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Abstract

Understanding the forces that shape eco-evolutionary patterns often requires linking phenotypes to genotypes,

allowing characterization of these patterns at the molecular level. DNA-based markers are less informative in this

aim compared to markers associated with gene expression and, more specifically, with protein quantities. The charac-

terization of eco-evolutionary patterns also usually requires the analysis of large sample sizes to accurately estimate

interindividual variability. However, the methods used to characterize and compare protein samples are generally

expensive and time-consuming, which constrains the size of the produced data sets to few individuals. We present

here a method that estimates the interindividual variability of protein quantities based on a global, semi-automatic

analysis of 1D electrophoretic profiles, opening the way to rapid analysis and comparison of hundreds of individu-

als. The main original features of the method are the in silico normalization of sample protein quantities using pic-

tures of electrophoresis gels at different staining levels, as well as a new method of analysis of electrophoretic

profiles based on a median profile. We demonstrate that this method can accurately discriminate between species

and between geographically distant or close populations, based on interindividual variation in venom protein pro-

files from three endoparasitoid wasps of two different genera (Psyttalia concolor, Psyttalia lounsburyi and Leptopili-

na boulardi). Finally, we discuss the experimental designs that would benefit from the use of this method.

Keywords: individual 1D SDS-PAGE, non-neutral markers, parasitoid venom, population proteomics, proteins, quantita-

tive variation
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Introduction

Deciphering the molecular basis of eco-evolutionary pro-

cesses requires a range of informative molecular markers

(Stapley et al. 2010; Davidson 2012). Common genetic

markers include microsatellites, SNPs (single nucleotide

polymorphisms) or markers obtained, for example, by

the recent RADseq technique (Davey & Blaxter 2010).

The large sets of markers identified are supposed to be

randomly distributed in the genome, and most of them

are expected to be neutral. However, neutral markers are

not the most informative to measure the evolvability of

phenotypic traits (Kirk & Freeland 2011; Karl et al. 2012).

Moreover, it is not easy to link non-neutral SNPs to phe-

notypes, and an important part of the phenotypic vari-

ability is not determined by SNPs.

An important way to gather information on non-neu-

tral molecular variation is to consider gene expression

levels, as gene expression is a main step in the building

of a phenotype (Diz et al. 2012) and a main source of

intra- and interspecific phenotypic variability (Fay &

Wittkopp 2008; Hodgins-Davis & Townsend 2009; Zheng

et al. 2011). Variation in gene expression can be esti-

mated through mRNA quantification using next-genera-

tion sequencing (NGS) approaches. However, mRNA

quantification is only a tool to approximate the variation

in protein quantities. Moreover, evolutionary signals are

often clearer when considering protein rather than

mRNA quantities (Feder & Walser 2005; Schrimpf et al.

2009; Guimaraes et al. 2014). Finally, natural selection
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rather acts on proteins, more directly involved in the

realization of a phenotype. Population proteomics has

thus been developed as a relevant tool to measure non-

neutral molecular variation occurring in the field (Biron

et al. 2006; Karr 2008; Diz et al. 2012).

Proteins can be separated using different methods,

from one (1D) or two dimensions (2D) SDS-PAGE,

including 2D DIGE (Differential gel electrophoresis), to

high performance chromatography. Their subsequent

identification and quantification can be performed using

methods based on mass spectrometry, such as proteomic

shotgun combined or not with chemical labelling (Domon

& Aebersold 2010; Slattery et al. 2012), that have been suc-

cessfully used in an eco-evolutionary context (Burstin

et al. 1994; L�opez et al. 2001; Mosquera et al. 2003; Cheva-

lier et al. 2004; L�opez 2005; Diz & Skibinski 2007; Gonz-

alez et al. 2010; Rees et al. 2011; Papakostas et al. 2012;

Slattery et al. 2012; Blein-Nicolas et al. 2013). However,

these methods do not easily apply to population proteo-

mics. Indeed, accurate estimation of interindividual vari-

ability relies on large sample sizes to ensure statistical

accuracy (Crawford & Oleksiak 2007; Bolnick et al. 2011;

Dall et al. 2012) whereas the number of individuals that

can be analysed remains pretty low (mean number of

11.4 per group in the studies mentioned above). This

leads to data sets composed of a large number of vari-

ables measured on a few individuals, that are thus statis-

tically ‘ill posed’ and difficult to analyse. Altogether,

proteomic techniques are too costly and time-consuming

for being routinely used in large-scale population

approaches. Besides, they require substantial protein

quantities that cannot be obtained from small size indi-

viduals or individual tissues.

1D electrophoresis, a simple and low-cost method,

has rarely been used to estimate interindividual variabil-

ity in eco-evolutionary studies (see Bobkov & Lazareva

2012; Krishnan et al. 2012). This is probably because no

automated method is available to rapidly and accurately

analyse large numbers of individual gel lanes. Several

image processing packages can correct for gel deforma-

tion, detect and align lanes, and transform each lane into

an ‘intensity profile’ (the description of a lane through

variations of intensity associated with bands). However,

they reach their limit when protein samples are complex,

mainly because of band overlapping. Indeed, automatic

bands detection in each individual lane leads to recur-

ring errors as soon as the intensities of the overlapping

bands are variable. The matching of bands across the dif-

ferent lanes is often a second source of error. These

errors call for manual corrections, incompatible with

large sample size analyses.

We report here the development of a semi-auto-

mated method, implemented by a set of R functions,

that allows analysis of individual 1D electrophoresis

profiles obtained from digital analysis of gel pictures.

This method is based on a semi-automated detection of

‘reference bands’ performed on a ‘median profile’,

obtained from the whole set of individual lanes. Then,

the intensities of these reference bands are recorded for

each individual lane. Because it avoids the automatic

detection of each band in each lane and thus the subse-

quent tedious manual screening of results, our method

is more suitable for large sets of complex 1D profiles.

The ultimate output of R functions mainly contains

coordinates of reference bands as well as raw and nor-

malized band intensities, as statistically analysable data

sets. It is noteworthy that in addition to any protein

sample analysable by 1D electrophoresis, the method

might be used to compare high numbers of profiles of

any kind, such as those obtained by HPLC, chromatog-

raphy, ALFP or RFLP.

The method has been set up and tested on venom

samples from three endoparasitoid wasp species, Leptop-

ilina boulardi (Hymenoptera: Figitidae), Psyttalia concolor

and P. lounsburyi (Hymenoptera: Braconidae), to assess

its power for detecting intergroup structure and thus

potential eco-evolutionary patterns. Endoparasitoid

wasps are insects that lay eggs in the body of their host

and develop at its expense, leading to its death. To

ensure parasitism success, they largely rely on injection

of venom inside the host along with the egg (Poiri�e et al.

2009), this venom being mainly composed of proteins.

Interstrain and interindividual variability have been evi-

denced for venom of Leptopilina and Psyttalia endopar-

asitoids (Colinet et al. 2013). Moreover, the virulence of

Leptopilina spp. was shown to evolve rather rapidly

(Dupas et al. 2013), suggesting venom evolution might

be involved in the observed variations of virulence.

Using our method, we show that species, as well as geo-

graphically distant or close populations, can be discrimi-

nated based on individual venom profiles.

Material and methods

Samples and electrophoresis conditions

Origin and number of individuals, electrophoresis. Psyttalia

lounsburyi populations from Burguret (Kenya) and Stel-

lenbosch (South Africa) were collected in 2003 and 2005,

respectively (Cheyppe-Buchmann et al. 2011), and reared

since under laboratory conditions (Math�e-Hubert et al.

2013). P. concolor populations were collected in 2010 in

Sicily and Crete. Leptopilina boulardi populations were

sampled in 2010 in four sites of the Rhône Valley

(France): Avignon, Eygui�eres, Sainte-Foy-l�es-Lyon and

Saint-Laurent-d’Agny. P. lounsburyi analyses were per-

formed using reared females stored at �80 °C before

analysis. P. concolor and L. boulardi analysed individuals



were females that were stored at �80 °C following field 
collection.

Sample preparation and analysis. Leptopilina boulardi venom

reservoirs and Psyttalia spp. venom glands (Psyttalia res-

ervoirs are mainly composed of muscle tissue) were dis-

sected individually in 15 lL of insect Ringer solution

supplemented with a protease inhibitors cocktail (PI;

Roche). Residual tissues were removed by centrifugation

(500 g, 5 min), and 10 lL of supernatant was mixed with

an equivalent volume of Laemmli reducing buffer and

heated (95 °C, 5 min). Proteins were separated by 1D

SDS-PAGE electrophoresis using commercial gels (Any-

kD Mini-PROTEAN� TGXTM, Bio-Rad) for gel homogene-

ity. Silver stained gels (Morrissey 1981) were photo-

graphed (EOS-5D-MkII, Canon, Japan), and the high-

resolution digital pictures (5626 9 3745 pixels; 16 bit;

TIFF file) were analysed with the PHORETIX-1D software

(TotalLab, UK). Psyttalia spp. venom samples were more

variable in protein quantity than L. boulardi samples

(data not shown). Therefore, for Psyttalia, three pictures

were taken per gel at different times during the staining

step and analysed with Phoretix 1D. The linear optical

density (OD) range of the camera was around 2 (OD grey

scale; T2115, Stouffer, IN, USA). Approximate cost of

consumables was 2 € per sample.

Main steps of analysis of individual electrophoretic
profiles

Adjusting for heterogeneity of gel migration and staining

intensity. Step one—Alignment of individual protein pro-

files was performed with PHORETIX 1D. It relies on manual

correction for relative mobility (hereafter abbreviated

‘Rf’), using a set of chosen reference Rf positions (e.g.

protein bands with few or no variation, easy to identify

in all lanes) to deal with gel deformation such as ‘gel

smiling’ (Biostep, 2008). Reference Rf positions are man-

ually placed in all lanes of a gel picture and then linked

to each other to create a Rf line. The software then calcu-

lates the Rf coordinates for all points between the Rf

lines, thus allowing alignment of bands within and

between gels (see Phoretix or GelAnalyzer information

manuals). For Psyttalia spp., this step was performed for

each of the three pictures per gel. As neither the gel nor

the camera moved between pictures, an R script was

used to map Rf lines from one analysed picture to the

others (R script available in Appendix S1, Supporting

information). Approximately 15 reference Rf positions

were used in the analysis.

Step two—The local level of background intensity can

vary between gels and lanes due to (i) variation in the

loaded protein quantities, (ii) variation of intensity of

adjacent bands or (iii) variations of gel staining and illu-

mination. To assess whether the background introduces

bias, we analysed each profile before and after removing

the background by the ‘rolling ball’ method (based on

the rolling of a ‘ball’ of 10 000 pixels of radius), following

PHORETIX 1D instructions. The intensity profile of each lane

(from each gel and picture) was thus exported two times,

with and without the background, into a data table con-

taining Rf positions and the intensity value for each pixel

along the profile. Profiles with or without the back-

ground were, respectively, called ‘B’ and ‘NB’.

Detecting and quantifying bands (corresponding to peaks on

profiles). Step three—In this step, a median profile was

‘calculated’ and used to semi-automatically detect ‘refer-

ence bands’. Then, the intensity of these bands was quan-

tified in each individual lane using the height (maximum

intensity of the band) and the volume (surface under the

peak and between borders). Three profiles were obtained

for each Psyttalia lane, corresponding to the three pic-

tures. In this case, the method semi-automatically selects

for each lane the profile showing the best staining level

(i.e. compromise between detection of the weakest bands

and absence of saturation of the most intense bands; see

Fig. S1). This part of the analysis relies on the successive

use of nine R functions (available in Appendix S1;

see Figs 1 and S1). The function (read.Profiles) creates

transformed profiles from the data table generated by

PHORETIX 1D. Raw profiles are reduced to a set of points

corresponding to the same Rf positions instead of

pixel positions. These transformed profiles are used

for the detection of reference bands (functions

Estim.2nd.derivative, Median.profiles_derivate, Detect.peaks,

plot.profile and modify.peaks.manually). The first two func-

tions, (Estim.2nd.derivative) and (Median.profiles_derivate),

calculate respectively for each Rf position (i) the second

derivative of each profile and (ii) the weighted median of

these second derivatives. To make the analysis more sen-

sitive for the detection of rare bands, the median is

weighted for each Rf position by the absolute value of

the individual second derivatives. Thus, for each Rf posi-

tion in the median profile, more weight is given to sam-

ples for which the second derivative has a signal, that is

samples that display a band at the given Rf position.

(Detect.peaks) function then detects local minima and

maxima of the weighted median second derivative. Local

minima reveal the position of bands common to individ-

ual profiles and they are used as reference peaks. Local

maxima correspond to borders of these reference peaks.

The function (plot.profile) plots notably the median sec-

ond derivative calculated by the function (Median.pro-

files_derivate) and the position of detected peaks (Fig. S2,

Supporting information). This helps to decide how

reference peaks should be adjusted using the function



(modify.peaks.manually). Once borders are set for each

reference peak of a profile, the seventh function

(Measure.peak) records the coordinate of the top of peaks

and their intensity (measure of the volume and the

height of the peak). This procedure prevents two recur-

rent problems that occur in classical automated analyses

of 1D electrophoresis. First, if two bands of unequal

intensity partly overlap, the weaker band often appears

as a shoulder of the stronger band instead of an indepen-

dent peak. As band detection usually relies on the use of

local maxima of the profiles (instead of the second deriv-

ative), only one large band is detected. Our method

bypasses this problem by the use of second derivatives.

Second, the automated step of band matching makes

recurrent errors in case of polymorphism for the

presence of bands that are close to each other. This prob-

lem is avoided by the use of fixed border coordinates,

corresponding to the reference bands detected on the

median profile, instead of the use of the band matching.

Taking into account the heterogeneity in the loaded protein

quantity. Step four—This step aims at removing

experimental variation to accurately analyse the variabil-

ity in sample protein composition. The last R functions,

(select.photo) and (Compare.normalizations), correct for the

variability in the amount of loaded proteins, based on

the analysis of different pictures of a gel (different stain

levels). These functions can be used independently and

(select.photo) is optional. The function (select.photo) selects

for a given lane the picture that provides the best match

between the intensity of the lane and the median inten-

sity of all lanes (of all gels). This prevents heterogeneity

in the level of saturation of lanes (see also Fig S1). The

function (Compare.normalizations) normalizes the intensi-

ties using the ‘limma’ R package (Smyth 2005) to perform

the three main normalization procedures (scale, quan-

tiles and cyclic-loess; Smyth et al. 2003; Bolstad et al.

2003; Smyth 2005). The function ‘removeBatchEffect’ of

the ‘limma’ package is also used at this step to remove

1  2   3    4   5   6   7   8   9  10 11 12

Second derivatives
+

Median of second derivatives
From gels to aligned profiles

Profile

2nd derivatives :
sets of points (   )  showing
slope changes

Weighted median
of 2nd derivatives

Detection of reference peaks
+

Intensity measurement

Local maxima

Peak height

Peak volume

1 2 3 4 5 6 7 8 9 10 1112

Same for 
each point

Fig. 1 Summary of the main analysis steps. The left part of the figure describes the preprocessing of gels pictures. The right part illus-

trates the analysis steps (details in the Material and Methods). Briefly, slope changes along the intensity profiles are calculated for each

point of each profile, using second derivatives. The positions of the different points that correspond to the second derivatives are sum-

marized by the blue dashed lines (only one point is represented per profile, as a circle). Second derivatives are then used to compute the

weighted median (blue line) which summaries the slope changes of the analysed profiles. Local maxima of this weighted median of sec-

ond derivatives correspond to the mean position of the inflection points of the profiles, and they are thus considered as borders of the

‘reference bands’ (vertical dashed lines with arrows at the top). These borders are used to measure the bands intensity, either with the

height or the volume.



the gel effect, estimated through a linear model. Then,

the function produces a graph comparing results

obtained with different parameters combinations (‘B’ or

‘NB’ 9 peak height or volume 9 normalization by cyclic-

loess, quantiles or scale procedures).

Tests of the method accuracy

Sensitivity of the method. For the sensitivity analysis, a

pool of venom was prepared from 13 venom glands of

P. lounsburyi (see Sample preparation and analysis) and

volumes equivalent to 0.1, 0.25, 0.5, 0.75, 1, 1.5 and 2

individual gland(s) were loaded twice on separate lanes

of an SDS-PAGE gel. Following migration, the gel was

silver stained and pictures were taken at three different

staining levels (Fig. S3, Supporting information). This

experiment was used to (i) analyse the saturation on pro-

files using different protein quantities and pictures, (ii)

assess the power of the method to accurately describe

variations of band intensity and (iii) check whether band

intensity was equally sensitive to variations in protein

quantity and staining duration. The pictures were analy-

sed as described above without the functions select.photo

and Compare.normalizations to obtain raw intensities.

To fulfil the first objective, the saturation range was

characterized graphically (Fig. S3). For the second objec-

tive, a Box-Cox model (MASS package of the R 3.0.2

software; Venables & Ripley 2002) was fitted for each

reference band and for the four parameters combina-

tions (‘B’ or ‘NB’ 9 peak volume or height). Explanatory

variables were (i) the loaded quantity, in equivalent of a

venom gland, as a continuous variable, (ii) the picture

as a discrete variable and (iii) the loaded quantity 9 pic-

ture interaction. To assess the power of the method, the

coefficient of determination of each model was mea-

sured by the adjusted R², providing one coefficient of

determination by band and parameters combination.

This allowed comparison of accuracy of parameters

combinations (Fig. S4, Supporting information). To com-

pare the sensitivity of band intensity to staining and

protein quantity, we used four coefficients per Box-Cox

model to construct the two variables ‘sensitivity to pro-

tein quantity’ and ‘sensitivity to staining duration’. The

first coefficient of each model, the slope associated to

the variation of protein quantity, represents the variable

‘sensitivity to protein quantity’. In each model, three

other coefficients describe the band intensity at the three

staining duration (three pictures). The standard devia-

tions of these three coefficients correspond to the vari-

able ‘sensitivity to staining duration’. We then checked

graphically whether the relationship between the two

constructed variables was linear, as expected if bands

are equally sensitive to variation in protein quantity and

staining duration.

Case studies: Test of the method. To test whether the method

could discriminate between species and populations, we

compared venom profiles between samples from differ-

ent species (P. concolor and P. lounsburyi) and from dif-

ferent populations of a species (P. concolor, P. lounsburyi

and L. boulardi). Psyttalia comparisons were based on

analysis of 14 individuals for each of the two P. louns-

buryi populations and the two P. concolor populations,

loaded on four gels in a mixed design. L. boulardi sample

sizes were 11, 20, 25 and 29 for ‘Avignon’, ‘Eygui�eres’,

‘Sainte-Foy-l�es-Lyon’ and ‘Saint-Laurent-d’Agny’,

respectively. Individuals were analysed on seven gels in

a mixed design. Psyttalia spp. and L. boulardi gels were

analysed separately.

Comparison of the accuracy of combinations of parameters—

To compare the ‘false’ intersample variability (hereafter

called noise) associated with the 12 parameter combina-

tions (‘B’ or ‘NB’ 9 peak height or volume 9 the three

normalization procedures), we calculated the ratio of

intergroup variability to intragroup variability. This

ratio is expected to decrease when the noise level

increases, as noise introduces artificial interindividual

variability but is not predicted to change interpopula-

tion variability. The ratio was computed for each

reference band, in the four studies designed to check

intergroup variability [(i) P. concolor and P. lounsburyi,

(ii) Cretan and Sicilian P. concolor populations, (iii)

South African and Kenyan P. lounsburyi populations

and (iv) the four L. boulardi populations] and a general-

ized linear model (GLM) with a gamma-distributed

dependent variable was fitted to this ratio. Explanatory

variables were the 12 parameters combinations and the

identification number of the reference band. The

gamma distribution was selected based on a Park test

(‘LDdiag’ R package). Explanatory variables were tested

with log-likelihood ratio tests. To compare the effect of

each parameter combination, post hoc comparisons

were performed with the ‘multcomp’ package (Hothorn

et al. 2008).

Sensitivity of results to the combination of parameters—To

check the power of the method to detect intergroup vari-

ation, we performed linear discriminant analyses (LDA)

on normalized venom band intensities, for each case

study and each combination of parameters. The sensitiv-

ity of LDA to the combination of parameters was tested

for each case by selecting and comparing two LDAs. The

first LDA used the combination of parameters with the

highest ratio of intergroup versus intragroup variability.

The second LDA used the combination of parameters

that had both (i) a high inter- versus intragroup ratio and

(ii) one of the most different combination of parameters

compared to the first LDA. The parameters combinations



of the two LDAs for each case study are summarized in

Table 1. In each case, the two LDAs were compared

using correlations of bands to LDA axes, which allow

identifying bands that show intergroup variation. More

precisely, we checked whether each band was similarly

correlated to axes of the two LDA. The correlations of

bands to the LDA axis were tested by a Spearman rank

correlation test with a Bonferroni correction for the num-

ber of reference bands (38 for Psyttalia spp. and 32 for

L. boulardi). LDAs were performed and tested with the

ADE4 R package (Dray & Dufour 2007).

Results

Sensitivity and validity of the method

Comparison of electrophoretic profiles between individ-

uals requires (i) the accurate alignment of profiles and

(ii) the detection of variation in staining intensity as a

reliable evaluation of the protein amount per band. The

first requirement was fulfilled by the profile analysis per-

formed using Phoretix 1D and the following treatment of

data based on R functions, combined with a manual

adjustment for some of the reference bands based on the

constructed ‘median profile’. For the second require-

ment, a sensitivity analysis was performed using protein

profiles corresponding to different amounts of the same

sample and three pictures corresponding to different

stain levels. Although a low saturation of the band inten-

sity occurred in the tested range of protein amounts (Fig.

S3), it did not prevent detection of variations in intensity

(Fig. S4). Indeed, the adjusted R² that describe for each

band the amount of variation in intensity explained by

the loaded quantity and the staining duration were over-

all much higher than 0.95 before background subtraction

and ranged between 0.9 and 1 after background subtrac-

tion. This indicates that background subtraction margin-

ally reduced the sensitivity (Fig. S4).

We also used this experiment to check whether the

shooting of gels at different staining times was a useful

approach to deal with the variation in loaded protein

amounts, thus allowing comparing lanes of similar stain

levels. This required that the band intensity varied simi-

larly with changes in the staining duration and the

loaded protein amount. A strong linear relationship was

indeed observed between the variables ‘sensitivity to

protein quantity’ and ‘sensitivity to staining duration’,

although the correlation was lower after background

subtraction (Fig. 2).

Comparison of the accuracy of combinations of
parameters on real data sets

In this section, we have used real data sets of venom of

three wasp species to compare the 12 combinations of

parameters with respect to their capacity to identify in-

terpopulation differences.

The developed analysis was used on two independent

data sets. Venom profiles of P. lounsburyi and P. concolor

were analysed together, providing 38 reference bands,

while analysis of L. boulardi profiles led to identification

of 32 reference bands. To compare the noise level associ-

ated with different parameter combinations, the ratio

between the inter- and intragroup variability was com-

puted for each parameter combination and each band,

using data from the four cases (venom profiles compari-

son between Psyttalia species and between populations

of P. concolor, P. lounsburyi and L. boulardi; see 3b. in

material and methods). A significant effect of the two

explanatory variables (‘combination of parameters’ and

‘reference band’) was observed in all cases (Table S1,

Supporting information), with post hoc comparisons evi-

Table 1 Combinations of parameters used for the LDAs in the four case studies. The parameter combination used for each of the two

LDAs of each case study is provided in the three last columns. The column ‘Background’ indicates whether the background was sub-

tracted (NB) or not (B). The column ‘Intensity’ indicates whether band intensity was measured with the peak height (H) or the peak vol-

ume (V)

Case studies (Groups) LDA

Parameters combination

Background Normalization Intensity

Psyttalia spp.

(P. lounsburyi, P. concolor) Fig. 4a

1 NB Quantiles H

2 NB Scale V

P. lounsburyi

(South Africa, Kenya) Fig. 4b

1 NB Scale H

2 NB Quantiles V

P. concolor

(Crete, Sicily) Fig. 4c

1 NB Quantiles H

2 B Cyclic-loess V

L. boulardi

(Avignon, Eygui�eres, Ste Foy

L�es Lyon, St Laurent d’Agny) Fig. 5

1 B Scale H

2 NB Quantiles V



dencing differences between specific parameters combi-

nations (Fig. 3). Although the best parameter combina-

tion was not the same in all cases, it always involved the

‘peak height’ quantification. Moreover, similar trends

occurred for (i) P. lounsburyi and P. concolor and (ii)

P. lounsburyi populations (Fig. 3a and b), with higher

ratio values without background subtraction and using a

quantiles normalization. However, striking differences

were also observed. For example, although the combina-

tion ‘No background’ (‘NB’), height, with quantiles nor-

malization was among the best ones in all situations

involving Psyttalia spp., it was one of the worst when

considering L. boulardi data (Fig. 3). This absence of com-

mon trend is probably due to interactions between the

combination of parameters and the characteristics of the

bands showing a high intergroup variability (e.g. size,

shape flat or pointed and distances to adjacent bands).

Background subtraction was shown to introduce

some noise in the sensitivity test (Fig. S4), performed

with a unique venom sample, while it seemed to

decrease noise when using data from Psyttalia species

(Fig. 3). This suggests that local background subtraction

may improve analyses in some cases. Although results

seem to be rather robust to the combination of parame-

ters, it is then advisable to compare results obtained with

different combinations of parameters as far as new sam-

ples/biological models are to be analysed.

Nonetheless, the ratio values were clearly higher

for comparisons of (i) P. lounsburyi and P. concolor and

(ii) P. lounsburyi populations whatever the combina-

tion of parameters, suggesting a higher intergroup

differentiation. Similarly, the lowest ratio values were

observed for comparison of P. concolor populations

whatever the combination of parameters.

Case studies: Test of the method

Linear discriminant analyses (LDA) were used in the

four comparisons to test the power of the method to

detect intergroup variation. All combinations of

parameters allowed the detection of highly significant

(P < 10�3) intergroup differences in venom in the four

cases. Pattern detection was thus not hampered

by the noise due to a combination of parameters

despite the small sample sizes (11–20 individuals per

population).

To compare LDA layouts obtained with different

parameters (Table 1), we used the correlations of bands

with LDA axes, which allow identifying bands that show

intergroup variation. When venom composition was

compared at the species level (P. concolor vs. P. louns-

buryi), 18 bands were significantly correlated with the

LDA axes and two bands with the axis of the first LDA

only (Fig. 4a).
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Fig. 2 Linearity of the effect of the pro-

tein quantity and of the staining duration

on the band intensity. Four parameters

combinations [with (B), or without (NB)

background; detection of height (H) or

volume (V)] were tested. For each refer-

ence band, a model was fitted to explain

the band intensity by the protein quantity

and the picture identifying number. Each

point represents one reference band. The

x-axis and y-axis correspond to the vari-

able ‘sensitivity to the protein quantity’

and ‘sensitivity to the staining duration’,

respectively. For logarithmic scale, the

two variables were transformed by sub-

tracting each value by the minimum of

the variable and adding one. The red

spiny shapes at the lower left of the two

left graphs represent overlapping points

(one ‘spine’ per overlapping point).



At the population level, for P. lounsburyi (South

Africa vs. Kenya), four bands were significantly corre-

lated with the discriminant axis of the two LDA, while

six bands were correlated with the axis of the first LDA

only (Fig. 4b). For P. concolor (Cretan vs. Sicilian popu-

lations), only the band #6 was significantly correlated

with axis of both LDAs, one band being correlated with

the axis of the second LDA only (Fig. 4c). This low

number of discriminating bands is in agreement with

the low intergroup versus intragroup variation for

P. concolor populations (see above). Interestingly, varia-

tion of intensity of band #6 was detectable (Fig. 4d)

although this band is among the weakest ones in terms

of intensity (Fig. S5a, Supporting information). This

indicates that the method is powerful enough to detect

intergroup differences based on a low number of bands

of low intensity, even using small sample sizes.

In the comparison of venom proteins of L. boulardi

French populations (Avignon, Eygui�eres, Sainte-Foy-l�es-

Lyon and Saint-Laurent-d’Agny), the first and second

discriminant axes were inverted, probably because

eigenvalues of first and second axes were similar (0.78

and 0.72 in the first LDA, 0.79 and 0.70 in the second

LDA). Once the two axes of the second LDA were

inverted, the global patterns of LDAs 1 and 2 were quali-

tatively similar, the main difference being a slight clock-

wise rotation from LDA 1 to LDA 2 (Fig. 5). Seven bands

were significantly correlated to the first axis of LDA1

and the second axis of LDA2 (horizontal axes; arrows

with triangle or star at the origin and at the end, Fig. 5b),

while 12 bands were correlated to one of these two axes

only (arrows with triangle or star at one of the two

extremities only; Fig. 5b). For the vertical axes, one band

was correlated to the second axis of LDA1 only (arrow

with a cross at the origin only, Fig. 5b) and two bands to

the first axis of LDA2 only (arrows with a cross or a star

at the end only, Fig. 5b). This lack of conservation of the

significance level is mainly due to the slight clockwise

rotation from LDA 1 to LDA 2.

Overall, variability in band correlations to discrimi-

nant axes was mainly found for bands that were poorly

or not correlated to LDA axes (Figs 4 and 5).

In summary, the structures between groups described

by the LDAs are well conserved through the different

parameters combinations, meaning that the choice of a

combination only marginally affects the results, provided

that the selected combination is one of those displaying

the highest ‘intergroup vs. intragroup variation’.
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Fig. 3 Comparisons of the accuracy of

combinations of parameters. The ratio (In-

tergroup variation/Intragroup variation)

+1 is shown for each band and parameters

combination. Boxplots compare the ability

of parameters combinations to detect

venom-based intergroup structure

between (a) P. lounsburyi and P. concolor,

(b) P. lounsburyi populations, (c) P. concol-

or populations and (d) L. boulardi popula-

tions. Horizontal lines above boxplots

indicate significant differences. Thin lines

group combinations that are related by a

dotted thick line indicate significant dif-

ferences between parameters combina-

tions on the left versus the right side of

this dotted thick line. This graph resem-

bles graphs produced by the R function

(Compare.normalizations), except for the

statistical significance part.



Discussion

The method

The last 10 years have seen an increasing number of

applications of proteomics to a wide range of biological

fields such as behavioural ecology, molecular ecology or

evolution (Navas & Albar 2004; Biron et al. 2006; Karr

2008; Melzer et al. 2008; Rees et al. 2011; Diz et al. 2012;

Valcu & Kempenaers 2014). Proteomes show large differ-

ences in protein abundance which carry biological

information not accessible through genomics or transcri-

ptomics (Feder & Walser 2005; Maier et al. 2009; Laurent

et al. 2010; Diz et al. 2012). Here, we have developed and

tested a method allowing the semi-automated analysis of

1D protein electrophoresis profiles as an helpful tool to

address eco-evolutionary questions.

Because this method relies on simple 1D electrophore-

sis, it makes it possible and affordable to analyse the

large numbers of individuals required for accurate esti-

mation of interindividual variation, a keystone to ecolog-

ical and evolutionary studies (Crawford & Oleksiak

2007; Bolnick et al. 2011; Violle et al. 2012). For instance,

although we present here significant results from analy-

sis of a low number of individuals and populations,

gathering information from a higher number of locations

and individuals will be required to identify the causes of

the observed population structure. Results are currently

being obtained from experimental evolution experiments

using the developed method, which already required

analysis of the venom content of more than 1000 parasit-

oid individuals in a short period of time.

A critical step in biochemical experiments is to nor-

malize sample quantities to make them comparable. This

step is tedious and can require a large amount of each

protein sample, as for parasitoid venom. Here, we show

that sample quantities can be homogenized in silico by

analysing gels at different staining level. The number of

pictures required per gel depending on the variability in

protein quantities (Appendix S2, Supporting informa-

tion). This makes it possible to compare lanes of similar

stain level, equally prone to saturation, following a last

normalization step to deal with the remaining variabil-

ity.

Another important feature of the method is that it

bypasses the problem of recurrent errors arising from

automated band detection on gel lanes, by detecting ref-

erence bands on a median profile and by recording the

intensity between the borders of these reference bands.

However, one constraint is that the method accuracy

depends on the precision of the detection of the reference

bands which itself depends on the homogeneity of the

profiles. For example, it could be preferable to analyse

the intraspecific variability of P. lounsburyi and P. concol-

or venom profiles separately (with one set of reference

bands per species) because the venom profiles of these

species largely differ.

Analysis of 1D electrophoresis patterns has some

intrinsic limitations, such as the absence of detection of

low-abundant proteins, or the problem of band overlap-

ping with adjacent bands that can result in artefactual

correlations between bands intensities. Notably, statisti-

cal approaches to handle multicollinearity and its possi-

ble modulation by the choice of the combination of

parameters are discussed in Appendix S2. Another limi-

tation is that a large part of the post-translational modifi-

cations is not detected by 1D electrophoresis-based
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Fig. 4 Discriminant analyses on Psyttalia spp. venom. The

graphs compare results of LDAs performed on data from Psyt-

talia spp. with different parameter combinations. (a) Compari-

son between P. lounsburyi and P. concolor, (b) Comparison

between South African and Kenyan P. lounsburyi populations,

(c) Comparison between Cretan (Cr) and Sicilian (Si) P. concolor

populations. There is only one discriminant axis per LDA as

only two groups are to be discriminated. Plots describe the ade-

quacy between the first and second LDA obtained with different

combinations of parameters (see Table 1): x- and y-axes corre-

spond to the correlation between the LDA axes and the band

intensities obtained with the combination of parameters used in

the LDA. Symbols ‘stars’, ‘triangles’, ‘crosses’ and ‘circles’ corre-

spond, respectively, to bands significantly correlated to (i) the

axis of the two LDAs, (ii) the LDA1 axis, (iii) the LDA2 axis, (iv)

none of the axis. (d) Intensity of band #6 (only band significantly

correlated to both LDA axes) in Cretan and Sicilian P. concolor

populations measured with the same combination of parameters

as for the LDA1 (Table 1). The position of band #6 is indicated

on Fig. S4a by the arrows.



studies (Sickmann et al. 2001; Jensen 2006; Jacob & Turck

2008; Karve & Cheema 2011). Future technological

advances will hopefully overcome part of these limita-

tions. Overall, the best statistical approaches for analysis

of the data sets obtained with the method seem to be

multivariate analyses. Alternative approaches, R pack-

ages and softwares are also discussed in Appendix S2.

Although the individual variation in protein expres-

sion cannot be entirely described by 1D electrophoresis,

our method still identified enough variation to perform

accurate analyses of the populations structure. This

opens the way to a rapid and cost-effective analysis of

natural variability of protein expression.

The example of parasitoid venom analysis

Endoparasitoid venom was a good protein sample to test

the developed method because it is a protein-composed

fluid of medium complexity, easy to collect through indi-

vidual dissection. Our results demonstrate that the

method can accurately discriminate between species, as

well as geographically distant or close populations of a

species, through estimation of interindividual variation

in protein quantities. They also provide the first evidence

that endoparasitoid populations can be discriminated on

the basis on their venom composition.

At the intraspecific level, laboratory populations of

P. lounsburyi were the most differentiated, followed by

field populations of L. boulardi and P. concolor. Although

differences in P. lounsburyi may also be attributed to

genetic drift and/or rearing effects, they are in agree-

ment with the strong neutral differentiation in the field

between Kenyan and South African populations

(FST = 0.4; Cheyppe-Buchmann et al. 2011). In contrast,

Mediterranean P. concolor populations have a low level

of genetic divergence (Karam et al. 2008). Finally, the

four L. boulardi populations could all be discriminated

by their venom content although some of them were

sampled in close locations.

Explaining an observed quantitative variation in a

protein band detected on 1D SDS-PAGE is not straight-

forward. Indeed, variation can be due to post-transla-
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tional differences (frequency of isoforms) or to genetic

or epigenetic differences in the regulation of protein

expression. Protein profiles can also be influenced by

individual variables (e.g. sex, age) and environmental

conditions. Their geographic variation thus probably

results from both plasticity and genetically based modi-

fications that may be neutral or involve local adaptation.

As we only aimed here at measuring and statistically

analyse the naturally occurring proteomic variability,

the presented data do not discriminate between neutral

genetic variation and local adaptation as main factors of

the venom-based population structure. Disentangling

the causes of the observed variability will require specif-

ically designed approaches as for instance common gar-

den experiments or/and the coupling of protein profiles

characterization with neutral markers. Once protein

bands associated with population divergence have been

identified, such as the band #6 of P. concolor, they can be

more thoroughly investigated to identify the molecular

bases of the observed variability. As one protein band

usually contains several proteins, complementary

approaches to the global analysis may be useful, for

example the use of tools specific to already character-

ized proteins or the knock-down of specific genes

through RNA interference (e.g. Li et al. 2012; Colinet

et al. 2014). The primary identification of protein mark-

ers may thus lead to the final characterization of pro-

teins involved in population structuring or associated to

a specific phenotype.

Perspectives: Application for ecology and population
studies

Not all protein samples may be suitable for analysis

using the developed method. Indeed, it relies on the

assumption that abundant proteins, easily detected in

1D SDS-PAGE, are those that display eco-evolutionary

patterns of interest. Specific tissues, such as glands or

fluid compartments, have often been successfully analy-

sed by classical 1D electrophoresis [see for instance:

venom (Colinet et al. 2013), vitelline envelope (Aagaard

et al. 2006), seeds storage proteins (Bobkov & Lazareva

2012), eyes tear film (Green-Church et al. 2008), liver and

brain extracts (Gonzalez et al. 2010; Fig. S2)], but the

interest of this approach remains to be tested for other

tissues or small entire organisms. The use of individual

1D electrophoresis in an ecological or evolutionary con-

text has only been reported, to our knowledge, for snake

venom (Angulo et al. 2007; Alape-giron et al. 2008; Sanz

et al. 2008; N�u~nez et al. 2009) and rodent seminal fluid

(Ramm et al. 2009).

The method generates a set of markers independently

from prior knowledge on the studied species. It is thus

suitable for ecological studies on nonmodel organisms.

Moreover, the protein content of chosen bands can be

easily characterized even for nonmodel organisms (Ar-

mengaud et al. 2014), paving the way for identification of

sets of proteins and genes involved in an adaptive trait.

This method can thus be useful in the process of identify-

ing environmental or geographic factors that explain var-

iation in protein expression, or of testing hypotheses

based, for instance, on experimental evolution studies.

Finally, such markers of protein expression may be

helpful to track and predict the effects of global change

on population dynamics by providing data on adaptive

and plastic responses to environmental conditions (Reus-

ch & Wood 2007). They could also be valuable in the con-

text of trait-based community ecology that aims to

explain the structure of community of species by their

traits. For instance, the data produced could be inte-

grated in the framework that relies on estimation of traits

variability at each organizational level (from individuals

to communities of species) to determine which level

mostly impacts the trait in the community (Violle et al.

2012).
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ble improvements of the method.

Fig. S1 Schematic diagram of the main analysis steps.

Fig. S2 Example of graph of a median profile and reference

bands produced by the (plot.profile) function.

Fig. S3 Sensitivity experiment results: saturation range and gels

used to test the linearity between the ‘sensitivity to staining

duration’ and the ‘sensitivity to protein quantity’.

Fig. S4 Sensitivity experiment results: Assessment of the power

of the method to describe variation in band intensity.

Fig. S5 Examples of the gels used in case studies and identifica-

tion of band #6.

Table S1. Summary of the four gamma GLM fitted to the ratio

of inter group/ intra group variability.
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Figure S1.
Details of the main analysis steps

The two first steps summarize
the experimental design, the third
step correspond to the pre-
processing of gel pictures with
the Phoretix software. The next
steps were performed using the
developed R functions.
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Figure S2. Example of a graph produced by the plot.profile function

The graph shows (i) the median profile and part of its variability (ii) the second derivative that

is used to detect the peaks and (iii) the automatically detected peaks. These peaks have to be edited

manually, this task being performed using both the gel pictures and the graphs. Due to space

constraints, only part of the whole Rf range (0 to 1) is shown. The solid and dotted black lines

represent the weighted and unweighted median of intensities, respectively. Dotted grey lines are the

weighted quartiles of median. The dotted blue line, the most informative, corresponds to the weighted

median of the second derivatives used for the automatic detection of reference peaks. Colored vertical

lines (by default, blue, red and black) are the peak positions (local minima of the weighted median of

second derivatives), and grey vertical lines are the borders of the peaks (local maxima of the weighted

median of second derivatives). Black numbers below the horizontal 0 line are the ID (reference

number) of peaks, which allow the handling of peaks in the function modify.peaks.manually. Colored

numbers (on grey dotted lines) indicate the Rf coordinates of the borders of peaks. The color of these

numbers correspond to the color of the vertical line that indicates the position of the center of the

peak to which borders coordinates refer. Colored numbers are positioned on four lines on the y axes,

the two first ones corresponding to left borders, the others to right borders.

Peaks shown on the figure have been automatically detected and manual corrections have to be

performed using the function modify.peaks.manually. For example, peak 19 may not exist at all,

while supplementary peaks are likely present between peaks 14 and 15 and peaks 16 and 17 (to be

confirmed on gels pictures). Band 12 is typically a rare but intense band as the weighted 0.75 quartiles

of median (grey dotted line) is mutch higher than the weighted median (solid black line).
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Picture 3

Figure S3. Sensitivity experiment results: Saturation range

Pictures 1, 2 and 3 correspond to the three pictures  taken at different times  during the gel 

staining procedure. Values above the pictures indicate the amount of loaded sample as individual 

venom gland fractions. Plots illustrate the relationship between the amount of loaded sample and the 

intensity of three bands (7, weak intensity - 19, high intensity - 24, medium intensity), indicated on 

gels by arrows.
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Figure S4. Sensitivity experiment results: Assessment of the power of the method in

describing variation in band intensity.

The boxplots represent for each reference band and each of the four parameter combinations,

the ajusted-R² of models explaining the band intensity by the protein quantity, the staining duration

and their interaction. “V” and “H” letters indicate respectively if the peak volume or the peak height

was recorded. “B” and “NB” letters correspond to the analysis of profiles with or without the

background, respectively.
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Figure S5. Examples of the gels used to test the analysis method

a) Picture of a gel used to analyze Psyttalia spp. venom. Letters indicate the species and

population for each individual. “K”, Kenyan P. lounsburyi; “SA”, South African P. lounsburyi; “Cr”,

Cretan P. concolor; “Si”, Sicilian P. concolor. Arrows points to the P. concolor band #6 which

variability in intensity is described Figure 4c. (blue and red arrows for Cretan and Sicilian individuals,

respectively). b) Picture of a gel used to analyze L. boulardi venom. Molecular weight standards are in

kDa.



Table S1. Summary of the four gamma GLM fitted to the ratio of inter group / intra 

group variability  

Groups 
Explanatory 

variables 

Likelihood-ratio test 

χ² d.f. P value 

Psyttalia sp 

 (P. lounsburyi, P. concolor) 

Parameters 38.18 11 <  1.10-3

Ref Bands 571.67 37 <  1.10-3 

P. concolor   

(Crete, Sicily) 

Parameters 39.85 11 <  1.10-3

Ref Bands 388.31 37 <  1.10-3 

P. lounsburyi   

(South Africa, Kenya) 

Parameters 34.33 11 <  1.10-3

Ref Bands 713.80 37 <  1.10-3 

L. boulardi   

(Avignon, Eyguières,  

Ste Foy Lès Lyon, St Laurent d’Agny) 

Parameters 34.26 11 <  1.10-3

Ref Bands 380.62 31 
<  1.10-3

Gamma GLM models are used to compare, for each case study (“Groups”), the power

of the parameters combination in detecting the inter-group structure. For each model, 

the explained variable is the ratio between the inter group and the intra group 

variability. 



Appendix S2: General statistical and practical advices

In silico sample quantities homogenization by the use of several pictures (select.photo)

Sample quantities can be homogenized in silico using pictures of different staining levels.

To this end, the function (select.photo) selects, for a given lane, the picture ensuring the best

match between the intensity of the lane and the median1 intensity of all lanes (of all gels).

It is recommended that each lane has one picture with the desired coloration level. Thus

the number of pictures to analyze for a given gel will depend on the level of variability in

protein quantities on the gel. It is advised to take many pictures during coloration (e.g. 10 or

even more pictures), and then to choose a subset of pictures to analyze.

What before and after this method?

In terms of data analysis, the method developed is positioned between two major steps

of the 1D data analysis. Upstream, it requires the preliminary conversion of gel pictures

into a set of aligned intensity profiles (second step of the Fig. S1).

For some kind of profiles (e.g. gels of low complexity or variability), future improvement

may come from the automation of the alignment between lanes, instead of manual setting of

Rf lines (as we did with Phoretix). This might be done using the R package PTW

(Parametric Time Warping; Eilers 2004) that uses aligned profiles using warping for

optimizing cross-correlation between profiles. But this seems to be only efficient if

the cross-correlation between profiles (once aligned) is high, or if peaks are well delimited.

Downstream, statistical analyses can be performed on the output of our procedure, which

is composed of a great number of continuous variables, each corresponding to a reference

band.

1: or other manually set value



Below, we present a list (far from exhaustive) of the statistical tools that could be useful to 

analyze the datasets provided by the method. These datasets are characterized by the 

presence of many continuous variables, and multivariate statistics are thus the most 

suitable for their analysis.

Generally, the first step will be to describe the main features of the dataset. To this end, 

methods such as PCA that allows reducing the dimensionality of datasets, or heatmaps that 

allow the sorting of individuals into clusters and the characterization of these clusters by 

clusters of bands may be useful. R packages dedicated to the analysis of ecological data are 

specifically suitable to this aims. The ADE4 package implements many useful multivariate 

tools (such as within and between PCA, instrumental PCA, and others K-tables methods), a 

large documentation is available on the website (Dray & Dufour 2007; Dray et al. 2007), and 

this package contains a Graphical User Interface. However, many other packages can also be 

successfully used (e.g.: “labdsv”, “cluster”, “pvclust”, and “vegan”; Dixon 2003; Suzuki & 

Shimodaira 2006; Roberts 2013; Maechler et al. 2014). For example, the “pvclust” package 

allows testing the significance of a given cluster viewed in a heatmap.

An objective of the analysis performed with the method might be to test the effect of

the variation of protein composition on a particular phenotype. This approach requires

first to test if the overall protein variability has an effect on the phenotype of interest. This can

be achieved using multivariate regression, possibly with a previous reduction of

dimensionality through PCAs methods. If the overall protein variability has a phenotypic

effect, a next step would be to identify bands that contain proteins involved. This will be

particularly difficult if bands of interest are prone to multcollinearity, a recurrent problem

in studies aiming to identify such candidates. Indeed, accurate identification of the respective

roles of highly correlated factors requires large sample sizes. Various statistical

http://pbil.univ-lyon1.fr/ade4/home.php?lang=eng


b)
methods allowing to handle multcollinearity have been compared and discussed by Dormann et 

al. (2013) and El-Dereny & Rashwan (2011).

But the level of multicollinearity can also be modulated by the choice of the combination of 

parameters. For instance, removal of the background (mainly linked to the problem of adjacent 

bands), will reduce multicollinearity. Similarly, although the volume may be more accurate than 

the height to quantify band intensity, it measures intensity at the borders of the band and thus is 

more likely to co-vary with adjacent bands. This should be taken into account 

when choosing a combination of parameters.

Another approach might be to virtually merge too highly correlated bands in the analysis and 

accept the uncertainty about the respective role of the proteins they contain. This approach may be 

particularly valuable if few bands are highly correlated since this will only increase the number of 

candidate proteins to investigate. Importantly, it is also expected that some bands are highly 

correlated for biological reasons. For example, bands containing subunits of a same protein are 

expected to be strongly positively correlated. An interesting and friendly discussion about 

multicollinearity can be found here: 

http://psychologicalstatistics.blogspot.fr/2013/11/multicollinearity-and-collinearity-in.html.

Another aim of such analyses might be to test if geographical or environmental

factors may explain multivariate differences in the protein expression MANOVA would be

particularly suitable for such analyses but it requires multivariate normality that is

sometimes impossible to obtain. The non parametric MANOVA (Anderson 2001) that is

implemented by the “adonis” function of the R package “vegan” could be a good alternative.

Interestingly, this approach has already been used for proteomic analysis (Zerzucha et al. 2012).

However, caution must be taken when interpreting the results of this function (Roff et al.

2012b). Functions developed by Roff et al. (2012a) and Aguirre et al. (2014) might be more

appropriate.

Many of these tools are available in other statistical software.

http://psychologicalstatistics.blogspot.fr/2013/11/multicollinearity-and-collinearity-in.html


Applicability of the method for the analysis of bands on Western-blots

Although the method can easily be used for Western-blot analysis, the normalization step

must be avoided because of the very low number of bands usually analyzed. In addition, the interest

of the method is that it allows a very rapid analysis of a large number of bands. It may be less useful

when a low number of bands are to be analysed. 
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Needed steps of the Phoretix (CLIQS) tutorial (available on the Phoretix/CLIQS website, and inside the software)


For the analysis presented in the paper, you only need the “1D” part of the user guide.



 (Step ) → at a pinch


  Step   → Useful for our analysis


  Step   → Crucialfor our analysis


(Main menu bar)



(The Program Windows)



Tutorial



Lane Creation



Grimaces


Background Subtraction



Automatic Background Subtraction Methods in 1D



(Manual Background Subtraction Methods)


Band Detection


Rf Calibration


Export Lane Profile to File (keyboard short cut = Alt+x+a)
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This part is not working anymore with CLIQS – so fare.



It would need to be update the script “script to map Rf lines.R”. This should not be complicated to do for any R programmer. But I don’t have time to do it currently. Hopefully this update only require to change the strings that looked for in the 1dxml files. If someone want this to do this, you can send me an email to discuss (hugomh@gmx.fr).



In order to map Rf lines from one analyzed picture to the other pictures of the same gel, you will need to have one “phoretix experiment 
” by picture.



Thus, after having fully analyzed one reference picture 
,


For each supplementary picture :


1) Copy and paste the file 



2) Rename the new 1dxml file with the name of the supplementary picture : « name_of_the_supplementary_picture.1dxml ».


3) Open the « name_of_the_supplementary_picture.1dxml » file with the text editor software (e.g.: TextPad)


4) Replace all « name_of_the_reference_picture » by« name_of_the_supplementary_picture ». There are two replacements to perform. Case does not matter.


5) Save and close your file.


6) Open the « name_of_the_supplementary_picture.1dxml » file with Phoretix. Phoretix opens the supplementary picture, but keeps the profiles of the reference picture.


To make phoretix update profiles, you have to 


(i) Add a grimace on each lane (no matter its shape, it will be removed later)



(ii) Go to the mode “peak detection” which should make Phoretix update profiles.



(iii) Remove the grimace added in (i)


(iv) Return to the mode “peak detection” to make Phoretix re-update profiles.



(v) You now have the true profiles of the supplementary picture. But you can see that Phoretix have removed the Rf lines … 



(vi) Close Phoretix, we will now retrieve Rf lines from the files « name_of_the_reference_picture.1dxml ».


For each picture (supplementary and reference picture) :


7) Open the files « name_of_the_picture.1dxml » with the text editor software (e.g.: TextPad)



8) Add the character « > » to the first line ( R will consider these files as fasta files).


9) Save and close


10)  Apply the “script to map Rf lines.R” (instruction in the file) 


� Files with the extention “.1dxml”



� Without performing the background removal step!
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# install requiered packages
install.packages("seqinr")


## Then copy and past in the R consol the function "Recyl.Rf" that is bellow the "#######"characters
# You kow have a function  called "Recyl.Rf", you just have to use it
# by replacing "NULL" by your arguments



Recyl.Rf (

## Pathname to the 1dxml file corresponding to picture that as been completly analysed
# exemple :
# adresse_danalyse =  "/DISQUE/aaPSY/photos_de_gels/0_Annalise/comparaison des methodes/GELS_Si_Cr_K_AS/IV/IMG_6702.1dxml"
adresse_danalyse = NULL,

## Pathnames to the 1dxml files corresponding to picture on which you want to map the Phoretix analysis
# Exemple :
# adresses_manque_Rf = c(
#   "/DISQUE/aaPSY/photos_de_gels/0_Annalise/comparaison des methodes/GELS_Si_Cr_K_AS/IV/IMG_6701.1dxml",
#   "/DISQUE/aaPSY/photos_de_gels/0_Annalise/comparaison des methodes/GELS_Si_Cr_K_AS/IV/IMG_6703.1dxml",
#   "",
#   "",
#   "")
adresses_manque_Rf = NULL
  )









############################################################################################################################################################################
Recyl.Rf <- function(
  ## Pathname to the 1dxml file corresponding to picture that as been completly analysed
## exemple :
## adresse_danalyse =  "/DISQUE/aaPSY/photos_de_gels/0_Annalise/comparaison des m?thodes/GELS_Si_Cr_K_AS/IV/IMG_6702.1dxml"
adresse_danalyse = NULL,

## Pathnames to the 1dxml files corresponding to picture on which you want to map the Phoretix analysis
# Exemple :
# adresses_manque_Rf = c(
#   "/DISQUE/aaPSY/photos_de_gels/0_Annalise/comparaison des m?thodes/GELS_Si_Cr_K_AS/IV/IMG_6701.1dxml",
#   "/DISQUE/aaPSY/photos_de_gels/0_Annalise/comparaison des m?thodes/GELS_Si_Cr_K_AS/IV/IMG_6703.1dxml",
#   "",
#   "",
#   "")

adresses_manque_Rf=NULL
    ){

library(seqinr)

Recyl_Rf <- function(supl,analyse){
Supl     <- strsplit(supl    [[1]],"<Profile>|<FittedProfile>")  ;  Analysee <- strsplit(analyse[[1]],"<Profile>|<FittedProfile>")
suplementaire <- Analysee # les Rf sont r?par?e, maintenant on r?cup?re les profiles
for(i in 1:length(Analysee[[1]])){             if(as.integer(i/2)==i/2){ # si i est paire
suplementaire[[1]][i] <- Supl[[1]][i]}}
Suplementaire <- supl ; Suplementaire[[1]] <- as.list(NULL)
for(i in 1:length(Analysee[[1]])){if(i==1){  Suplementaire[[1]] <- paste(Suplementaire[[1]],suplementaire[[1]][i],sep="")}
if(!as.integer(i/2)==i/2 & !i==1){Suplementaire[[1]] <- paste(Suplementaire[[1]],suplementaire[[1]][i],sep="<FittedProfile>")}
if( as.integer(i/2)==i/2){Suplementaire[[1]] <- paste(Suplementaire[[1]],suplementaire[[1]][i],sep="<Profile>")}}
nom_1_supl <- strsplit(supl[[1]],   "<BaseName>|</BaseName>"   )[[1]][2]   ;   nom_2_supl <- strsplit(supl[[1]],"<GelFileName>|</GelFileName>")[[1]][2]
Supl <- strsplit(Suplementaire[[1]],   "<BaseName>|</BaseName>"   )[[1]]   ;   Suplementaire[[1]] <- paste(Supl[1],  "<BaseName>"  ,nom_1_supl,  "</BaseName>"  ,Supl[3],sep="")
Supl <- strsplit(Suplementaire[[1]],   "<GelFileName>|</GelFileName>"   )[[1]]
Suplementaire[[1]] <- paste(Supl[1],  "<GelFileName>"  ,nom_2_supl,  "</GelFileName>"  ,Supl[3],sep="")
Suplementaire[[1]]<-paste(strsplit(  Suplementaire[[1]] , "\\" ,fixed=TRUE)[[1]],collapse="")
return(Suplementaire)}

analyse <-         read.fasta(adresse_danalyse,as.string=TRUE ,forceDNAtolower = FALSE)

for(i in 1 : length(which(!adresses_manque_Rf==""))){
manques_Rf <- read.fasta(adresses_manque_Rf[i],as.string=TRUE ,forceDNAtolower = FALSE)

avec_Rf <- Recyl_Rf(manques_Rf,analyse)
write.table(rbind(    paste(strsplit( paste(strsplit( attributes(manques_Rf[[1]])$Annot,">")[[1]][2],">",sep="") , "\\" ,fixed=TRUE)[[1]],collapse="")  ,  avec_Rf[[1]]),file=adresses_manque_Rf[i],quote=FALSE, row.names=FALSE,  col.names=FALSE)

print(i/length(which(!adresses_manque_Rf=="")))
}

write.table(rbind(    paste(strsplit( paste(strsplit( attributes(analyse[[1]])$Annot,">")[[1]][2],">",sep="") , "\\" ,fixed=TRUE)[[1]],collapse="")  ,  analyse[[1]]),file=adresse_danalyse,quote=FALSE, row.names=FALSE,  col.names=FALSE)

cat("Phoretix experiments should be ready !")
}






Appendix S1_R scripts and functions_v2/R_functions/Functions_to_be_loaded_in_R/.Rhistory

msPeakMRD
P$mz
-msDenoiseMRD(NA0(P$derivee2)
-msDenoiseMRD(NA0(P$derivee2) ,levels=1:level_of_denoising_derivee2,keep.details = FALSE)
-msDenoiseMRD(NA0(P$derivee2) ,levels=1:level_of_denoising_derivee2,keep.details = FALSE)
-msDenoiseMRD(NA0(P$derivee2) ,levels=1:level_of_denoising_derivee2,keep.details = FALSE)
)
-msDenoiseMRD(NA0(P$derivee2) ,levels=1:level_of_denoising_derivee2,keep.details = FALSE)
length(-msDenoiseMRD(NA0(P$derivee2) ,levels=1:level_of_denoising_derivee2,keep.details = FALSE))
length(P$mz)
msPeakMRD(P$mz,-msDenoiseMRD(NA0(P$derivee2) ,levels=1:level_of_denoising_derivee2,keep.details = FALSE),concavity.threshold=10, snr.thresh=2, n.level=4)
msPeakMRD(P$mz,-msDenoiseMRD(NA0(P$derivee2) ,levels=1:level_of_denoising_derivee2,keep.details = FALSE),concavity.threshold=10, snr.thresh=2, n.level=1)
msPeakMRD(P$mz,-msDenoiseMRD(NA0(P$derivee2) ,levels=1:level_of_denoising_derivee2,keep.details = FALSE),concavity.threshold=1, snr.thresh=2, n.level=4)
msPeakMRD(P$mz,-msDenoiseMRD(NA0(P$derivee2) ,levels=1:level_of_denoising_derivee2,keep.details = FALSE))
??msPeakMRD
plot(P$mz,-msDenoiseMRD(NA0(P$derivee2) ,levels=1:level_of_denoising_derivee2,keep.details = FALSE))
plot(P$mz,P$derivee2)
plot(P$mz,P$derivee1)
plot(P$mz,P$intensity)
plot(A$intensity_without_BG$profiles_to_detect_borders$mz,A$intensity_without_BG$profiles_to_detect_borders$intensity[,1])
plot(A$intensity_without_BG$profiles_to_detect_borders$mz,A$intensity_without_BG$profiles_to_detect_borders$intensity[,2])
plot(A$intensity_without_BG$profiles_to_detect_borders$mz,A$intensity_without_BG$profiles_to_detect_borders$intensity[,3])
pathname_with_BG_
pathname_with_BG
Files <- listDirectory(path=pathname,pattern=pattern,recursive=recursive,allNames=allNames,fullNames=TRUE)
profiles <- as.list(NULL) ; i=0 ; for(files in Files){i=i+1
profiles[[i]] <- read.table(files,head=TRUE,skipNul = TRUE)
if(max(profiles [[i]][,1]) > 2){print("it seems that the profil") ; print(files) ; print("has been exported with pixel rather than with Rf")}
print(paste(BG_en_cours," :    ","step 1 of 3 :",signif(i/length(Files),3)*100,"%"))}
## sorting by profil names
Names <- sapply(profiles , function(x)colnames(x)[2])
P <- profiles ; profiles <- as.list(NULL)
l = 0 ; for(n in sort(unique(Names))){
for(i in which(Names == n)){l = l+1 ; profiles[[l]] <- P[[i]]}}
names(profiles) <- sort(Names)
########## STEP 2 ##########
# DATA formatting
print("STEP 2 OF 3")
## mise au format "msProcess"
qcset <- list(NULL,NULL) ; names(qcset)=c("mz","intensity") ; A<-profiles
for(i in 1:length(profiles)){
A[[i]]           <- qcset
A[[i]]$mz        <- profiles[[i]][,1]
A[[i]]$intensity <- cbind( profiles[[i]][,2] )
## coordonnees < 0   -->>   0
A[[i]]$mz[A[[i]]$mz<0] <- 0
## convertion of 8 bit profiles into 16 bit profiles
if(max(A[[i]]$intensity) <= 2^8  ){A[[i]]$intensity <- A[[i]]$intensity/(2^8 ) * (2^16)}
## convertion of 32 bit profiles into 16 bit profiles
if(max(A[[i]]$intensity) >= 2^16 ){A[[i]]$intensity <- A[[i]]$intensity/(2^32) * (2^16)}
## Les valeurs des Rf sont arrondi, il y a donc des doublons
mz<-apply(           cbind(A[[i]]$mz[-1]  ,  A[[i]]$mz[-length(A[[i]]$mz)])      ,1,mean)
mz<-apply(cbind(mz[-1],mz[-length(mz)]),1,mean)
A[[i]]$mz <- c(A[[i]]$mz[1],mz,A[[i]]$mz[length(A[[i]]$mz)])
print(paste(BG_en_cours," :    ","step 2 of 3 :",signif(i/length(Files),3)*100,"%"))}
profiles<-A
print("STEP 3 OF 3   longest step")
newcoord = function(x,actuel){ ## interpolation
diff<-(x - actuel)
if(any(diff<0)&any(diff>0)){
y1<-which(diff<0)[  which.min(diff[which(diff<0)])  ]
y2<-which(diff>0)[  which.min(diff[which(diff>0)])  ]
x1<-actuel[y1] ; x2<-actuel[y2]
Y <- y1+(x-x1)*(y2-y1)/(x2-x1)}
if(!(any(diff<0)&any(diff>0))){Y<-which.min(diff)}
return(Y)}
MZ<-seq(0,1,length=resolution)
profil<-qcset
profil$mz<-MZ
profil$intensity<-NULL
i
i=1
A[[i]]$intensity <- A[[i]]$intensity /  quantile(A[[i]]$intensity,probs=.75) *  (2^16*0.75) ## 75% de la valeur max pour du 16 bit
multiplication <- round( resolution*2 / length(A[[i]]$mz))
A________=A
A________=A
approx(xout=seq(1,length(A[[i]]$intensity),by=1/multiplication),x = 1:length(A[[i]]$intensity), y = A[[i]]$intensity)$y
A[[i]]$intensity <- approx(xout=seq(1,length(A[[i]]$intensity),by=1/multiplication),x = 1:length(A[[i]]$intensity), y = A[[i]]$intensity)$y
A[[i]]$mz <-        approx(xout=seq(1,length(A[[i]]$mz       ),by=1/multiplication),x = 1:length(A[[i]]$mz       ), y = A[[i]]$mz)$y
plot(A[[i]]$mz, A[[i]]$intensity)
sapply((MZ*(length(A   [[i]]$intensity)-1)+1)   ,function(x)newcoord(x,(A   [[i]]$mz*(length(A   [[i]]$intensity)-1)+1)))
range(sapply((MZ*(length(A   [[i]]$intensity)-1)+1)   ,function(x)newcoord(x,(A   [[i]]$mz*(length(A   [[i]]$intensity)-1)+1))))
(MZ*(length(A   [[i]]$intensity)-1)+1)   ,function(x)newcoord(x,(A   [[i]]$mz*(length(A   [[i]]$intensity)-1)+1)))
MZ
range(MZ)
range(A   [[i]]$mz)
(MZ*(length(A   [[i]]$intensity)-1)+1)
plot(A[[i]]$mz, A[[i]]$intensity,type='l')
(A   [[i]]$mz*(length(A   [[i]]$intensity)-1)+1)))
(A   [[i]]$mz*(length(A   [[i]]$intensity)-1)+1))
(A   [[i]]$mz*(length(A   [[i]]$intensity)-1)+1)
A   [[i]]$mz
(A   [[i]]$mz*(length(A   [[i]]$intensity)-1)+1)))
(A   [[i]]$mz*(length(A   [[i]]$intensity)-1)+1))
(A   [[i]]$mz*(length(A   [[i]]$intensity)-1)+1)
tail(A   [[i]]$mz*(length(A   [[i]]$intensity)-1)+1)
A   [[i]]$mz*(length(A   [[i]]$intensity)-1)+1
A   [[i]]$mz
range(A   [[i]]$mz)
range((MZ*(length(A   [[i]]$intensity)-1)+1))
x=1
newcoord(x,(A   [[i]]$mz*(length(A   [[i]]$intensity)-1)+1))
range((A   [[i]]$mz*(length(A   [[i]]$intensity)-1)+1))
actuel = ((A   [[i]]$mz*(length(A   [[i]]$intensity)-1)+1))
diff<-(x - actuel)
any(diff<0)&any(diff>0)
!(any(diff<0)&any(diff>0))
diff
which.min(diff)
plot(diff)
plot(actuel)
plot(diff)
newcoord = function(x,actuel){ ## interpolation
diff<-abs(x - actuel)
if(any(diff<0)&any(diff>0)){
y1<-which(diff<0)[  which.min(diff[which(diff<0)])  ]
y2<-which(diff>0)[  which.min(diff[which(diff>0)])  ]
x1<-actuel[y1] ; x2<-actuel[y2]
Y <- y1+(x-x1)*(y2-y1)/(x2-x1)}
if(!(any(diff<0)&any(diff>0))){Y<-which.min(diff)}
return(Y)}
sapply((MZ*(length(A   [[i]]$intensity)-1)+1)   ,function(x)newcoord(x,(A   [[i]]$mz*(length(A   [[i]]$intensity)-1)+1)))
plot(approx(  xout =  sapply((MZ*(length(A   [[i]]$intensity)-1)+1)   ,function(x)newcoord(x,(A   [[i]]$mz*(length(A   [[i]]$intensity)-1)+1))),  x = 1:length( A   [[i]]$intensity),y=A   [[i]]$intensity)$x)
newcoord = function(x,actuel){ ## interpolation
diff<-(x - actuel)
if(any(diff<0)&any(diff>0)){
y1<-which(diff<0)[  which.min(diff[which(diff<0)])  ]
y2<-which(diff>0)[  which.min(diff[which(diff>0)])  ]
x1<-actuel[y1] ; x2<-actuel[y2]
Y <- y1+(x-x1)*(y2-y1)/(x2-x1)}
if(!(any(diff<0)&any(diff>0))){Y<-which.min(diff)}
return(Y)}
plot(diff)
min(actuel)
min(x)
range(sapply((MZ*(length(A   [[i]]$intensity)-1)+1)   ,function(x)newcoord(x,(A   [[i]]$mz*(length(A   [[i]]$intensity)-1)+1))))
which.min(diff)
any(diff<0)&any(diff>0)
summary(MZ*(length(A   [[i]]$intensity)-1)+1)
summary((A   [[i]]$mz*(length(A   [[i]]$intensity)-1)+1))
newcoord = function(x,actuel){ ## interpolation
diff<-(x - actuel)
if(any(diff<0)&any(diff>0)){print('happen')
y1<-which(diff<0)[  which.min(diff[which(diff<0)])  ]
y2<-which(diff>0)[  which.min(diff[which(diff>0)])  ]
x1<-actuel[y1] ; x2<-actuel[y2]
Y <- y1+(x-x1)*(y2-y1)/(x2-x1)}
if(!(any(diff<0)&any(diff>0))){Y<-which.min(diff)}
return(Y)}
sapply((MZ*(length(A   [[i]]$intensity)-1)+1)   ,function(x)newcoord(x,(A   [[i]]$mz*(length(A   [[i]]$intensity)-1)+1)))
seq(1,length(x))
length(x)
newcoord = function(x,actuel){ ## interpolation
diff<-(x - actuel)
if(any(diff<0)&any(diff>0)){plot(diff[seq(1,length(x),by = 1000)],type='l')
y1<-which(diff<0)[  which.min(diff[which(diff<0)])  ]
y2<-which(diff>0)[  which.min(diff[which(diff>0)])  ]
x1<-actuel[y1] ; x2<-actuel[y2]
Y <- y1+(x-x1)*(y2-y1)/(x2-x1)}
if(!(any(diff<0)&any(diff>0))){Y<-which.min(diff)}
return(Y)}
sapply((MZ*(length(A   [[i]]$intensity)-1)+1)   ,function(x)newcoord(x,(A   [[i]]$mz*(length(A   [[i]]$intensity)-1)+1)))
(MZ*(length(A   [[i]]$intensity)-1)+1)
round(x)
200%10
200 %/% 10
500 %/% 10
10 %/% 500
10 %/% 50
200 %% 10
10 %% 500
10 %% 50
10 %% 5
500%2
500 % 2
4%2
newcoord = function(x,actuel){ ## interpolation
diff<-(x - actuel)
if(any(diff<0)&any(diff>0)){if(round(round(x)/1000) == round(x)){plot(diff[seq(1,length(x),by = 1000)],type='l')}
y1<-which(diff<0)[  which.min(diff[which(diff<0)])  ]
y2<-which(diff>0)[  which.min(diff[which(diff>0)])  ]
x1<-actuel[y1] ; x2<-actuel[y2]
Y <- y1+(x-x1)*(y2-y1)/(x2-x1)}
if(!(any(diff<0)&any(diff>0))){Y<-which.min(diff)}
return(Y)}
sapply((MZ*(length(A   [[i]]$intensity)-1)+1)   ,function(x)newcoord(x,(A   [[i]]$mz*(length(A   [[i]]$intensity)-1)+1)))
newcoord = function(x,actuel){ ## interpolation
diff<-(x - actuel)
if(any(diff<0)&any(diff>0)){if(round(round(x)/1000)*1000 == round(x)){plot(diff[seq(1,length(x),by = 1000)],type='l')}
y1<-which(diff<0)[  which.min(diff[which(diff<0)])  ]
y2<-which(diff>0)[  which.min(diff[which(diff>0)])  ]
x1<-actuel[y1] ; x2<-actuel[y2]
Y <- y1+(x-x1)*(y2-y1)/(x2-x1)}
if(!(any(diff<0)&any(diff>0))){Y<-which.min(diff)}
return(Y)}
sapply((MZ*(length(A   [[i]]$intensity)-1)+1)   ,function(x)newcoord(x,(A   [[i]]$mz*(length(A   [[i]]$intensity)-1)+1)))
newcoord = function(x,actuel){ ## interpolation
diff<-(x - actuel)
if(any(diff<0)&any(diff>0)){if(round(round(x)/1000)*1000 == round(x)){plot(diff,type='l')}
y1<-which(diff<0)[  which.min(diff[which(diff<0)])  ]
y2<-which(diff>0)[  which.min(diff[which(diff>0)])  ]
x1<-actuel[y1] ; x2<-actuel[y2]
Y <- y1+(x-x1)*(y2-y1)/(x2-x1)}
if(!(any(diff<0)&any(diff>0))){Y<-which.min(diff)}
return(Y)}
sapply((MZ*(length(A   [[i]]$intensity)-1)+1)   ,function(x)newcoord(x,(A   [[i]]$mz*(length(A   [[i]]$intensity)-1)+1)))
newcoord = function(x,actuel){ ## interpolation
diff<-(x - actuel)
if(any(diff<0)&any(diff>0)){
y1<-which(diff<0)[  which.min(diff[which(diff<0)])  ]
y2<-which(diff>0)[  which.min(diff[which(diff>0)])  ]
x1<-actuel[y1] ; x2<-actuel[y2]
Y <- y1+(x-x1)*(y2-y1)/(x2-x1)}
if(!(any(diff<0)&any(diff>0))){Y<-which.min(diff)}
if(round(round(x)/1000)*1000 == round(x)){plot(diff,type='l',main=Y)}
return(Y)}
sapply((MZ*(length(A   [[i]]$intensity)-1)+1)   ,function(x)newcoord(x,(A   [[i]]$mz*(length(A   [[i]]$intensity)-1)+1)))
plot(A   [[i]]$intensity)
plot(A   [[i]]$intensity)
newcoord = function(x,actuel){ ## interpolation
diff<-(x - actuel)
if(any(diff<0)&any(diff>0)){
y1<-which(diff<0)[  which.min(diff[which(diff<0)])  ]
y2<-which(diff>0)[  which.min(diff[which(diff>0)])  ]
x1<-actuel[y1] ; x2<-actuel[y2]
Y <- y1+(x-x1)*(y2-y1)/(x2-x1)}
if(!(any(diff<0)&any(diff>0))){Y<-which.min(diff)}
# if(round(round(x)/1000)*1000 == round(x)){plot(diff,type='l',main=Y)}
return(Y)}
summary(sapply((MZ*(length(A   [[i]]$intensity)-1)+1)   ,function(x)newcoord(x,(A   [[i]]$mz*(length(A   [[i]]$intensity)-1)+1))))
read.Profiles <- function( ## depend on package : ptw (for the function "interpol" (written in C))
## depending on the intended analysis, give at least one of the two pathname :
pathname_with_BG=NULL     # pathname to the folder that contain files WITH background
,pathname_without_BG=NULL  # pathname to the folder that contain files WITHOUT background
,resolution=10000          # number of points for each profiles (notice that change of the resolution may imply the necessity to change default values used to calculate the second derivate and to detect peaks
,pattern=NULL,recursive=FALSE,allNames=TRUE # for the help of these arguments, cf the help of "listDirectory"
) { library(R.utils)
pathname_with_BG_    <- !is.null(pathname_with_BG)
pathname_without_BG_ <- !is.null(pathname_without_BG)
#   if(pathname_with_BG_ & pathname_without_BG_){
#   ##########
#   ## Cheking files
# Names <- as.list(NULL)
# print("checking concordance between files with and without background")
# for(pathname in c(pathname_with_BG,pathname_without_BG)  [c(pathname_with_BG_,pathname_without_BG_)]){ BG_en_cours <- c("with_BG","without_BG")[c(pathname == pathname_with_BG  ,pathname == pathname_without_BG)]
#   Files <- listDirectory(path=pathname,pattern=pattern,recursive=recursive,allNames=allNames,fullNames=TRUE)
#   Names_ <- NULL ; i=0 ; for(files in Files){i=i+1
# Names_[i] <- colnames(read.table(files,head=TRUE,nrows=0))[2]   }
#
# if(BG_en_cours == "with_BG"   ){Names$names_with_BG    <- paste(unique(Names_),table(Names_),sep="__")}
# if(BG_en_cours == "without_BG"){Names$names_without_BG <- paste(unique(Names_),table(Names_),sep="__")}   }}
#
# INT <- intersect(Names$names_with_BG,Names$names_without_BG)
#
# Names$names_with_BG    <- Names$names_with_BG    [which(!duplicated(c(INT,Names$names_with_BG   ))[-c(1:length(INT))])]
# Names$names_without_BG <- Names$names_without_BG [which(!duplicated(c(INT,Names$names_without_BG))[-c(1:length(INT))])]
#
# head(cbind(sort(Names$names_with_BG),sort(Names$names_without_BG)))
##########
PROFILES_with_and_withoutBG <- as.list(NULL)
for(pathname in c(pathname_with_BG,pathname_without_BG)  [c(pathname_with_BG_,pathname_without_BG_)]){ BG_en_cours <- c("with_BG","without_BG")[c(pathname == pathname_with_BG  ,pathname == pathname_without_BG)]
########## STEP 1 ##########
# FILES LOADING
Files <- listDirectory(path=pathname,pattern=pattern,recursive=recursive,allNames=allNames,fullNames=TRUE)
profiles <- as.list(NULL) ; i=0 ; for(files in Files){i=i+1
profiles[[i]] <- read.table(files,head=TRUE,skipNul = TRUE)
if(max(profiles [[i]][,1]) > 2){print("it seems that the profil") ; print(files) ; print("has been exported with pixel rather than with Rf")}
print(paste(BG_en_cours," :    ","step 1 of 3 :",signif(i/length(Files),3)*100,"%"))}
## sorting by profil names
Names <- sapply(profiles , function(x)colnames(x)[2])
P <- profiles ; profiles <- as.list(NULL)
l = 0 ; for(n in sort(unique(Names))){
for(i in which(Names == n)){l = l+1 ; profiles[[l]] <- P[[i]]}}
names(profiles) <- sort(Names)
########## STEP 2 ##########
# DATA formatting
print("STEP 2 OF 3")
## mise au format "msProcess"
qcset <- list(NULL,NULL) ; names(qcset)=c("mz","intensity") ; A<-profiles
for(i in 1:length(profiles)){
A[[i]]           <- qcset
A[[i]]$mz        <- profiles[[i]][,1]
A[[i]]$intensity <- cbind( profiles[[i]][,2] )
## coordonnees < 0   -->>   0
A[[i]]$mz[A[[i]]$mz<0] <- 0
## convertion of 8 bit profiles into 16 bit profiles
if(max(A[[i]]$intensity) <= 2^8  ){A[[i]]$intensity <- A[[i]]$intensity/(2^8 ) * (2^16)}
## convertion of 32 bit profiles into 16 bit profiles
if(max(A[[i]]$intensity) >= 2^16 ){A[[i]]$intensity <- A[[i]]$intensity/(2^32) * (2^16)}
## Les valeurs des Rf sont arrondi, il y a donc des doublons
mz<-apply(           cbind(A[[i]]$mz[-1]  ,  A[[i]]$mz[-length(A[[i]]$mz)])      ,1,mean)
mz<-apply(cbind(mz[-1],mz[-length(mz)]),1,mean)
A[[i]]$mz <- c(A[[i]]$mz[1],mz,A[[i]]$mz[length(A[[i]]$mz)])
print(paste(BG_en_cours," :    ","step 2 of 3 :",signif(i/length(Files),3)*100,"%"))}
profiles<-A
########## STEP 3 ##########
# alignment on one reference coordinates
print("STEP 3 OF 3   longest step")
newcoord = function(x,actuel){ ## interpolation
diff<-(x - actuel)
if(any(diff<0)&any(diff>0)){
y1<-which(diff<0)[  which.min(diff[which(diff<0)])  ]
y2<-which(diff>0)[  which.min(diff[which(diff>0)])  ]
x1<-actuel[y1] ; x2<-actuel[y2]
Y <- y1+(x-x1)*(y2-y1)/(x2-x1)}
if(!(any(diff<0)&any(diff>0))){Y<-which.min(diff)}
# if(round(round(x)/1000)*1000 == round(x)){plot(diff,type='l',main=Y)}
return(Y)}
MZ<-seq(0,1,length=resolution)
profil<-qcset
profil$mz<-MZ
profil$intensity<-NULL ; for(i in 1:length(Files)){
## normalisation : normalisation par rapport au quantile 75%
A[[i]]$intensity <- A[[i]]$intensity /  quantile(A[[i]]$intensity,probs=.75) *  (2^16*0.75) ## 75% de la valeur max pour du 16 bit
## resolution multiplication to obtain approximatly [2 * resolution] points by profils
multiplication <- round( resolution*2 / length(A[[i]]$mz))
A[[i]]$intensity <- approx(xout=seq(1,length(A[[i]]$intensity),by=1/multiplication),x = 1:length(A[[i]]$intensity), y = A[[i]]$intensity)$y
A[[i]]$mz <-        approx(xout=seq(1,length(A[[i]]$mz       ),by=1/multiplication),x = 1:length(A[[i]]$mz       ), y = A[[i]]$mz)$y
plot(A[[i]]$mz, A[[i]]$intensity)
profil$intensity <- cbind(
profil   $intensity,
approx(  xout =  sapply((MZ*(length(A   [[i]]$intensity)-1)+1)   ,function(x)newcoord(x,(A   [[i]]$mz*(length(A   [[i]]$intensity)-1)+1))),  x = 1:length( A   [[i]]$intensity),y=A   [[i]]$intensity)$y)
print(paste(BG_en_cours," :    ","the last and longest step 3 of 3 :",signif(i/length(Files),3)*100,"%"))}
profil$intensity <- sweep(profil$intensity,2,  apply(profil$intensity,2,min)  ,"-")
PROFILES <- list(profiles,profil)
names(PROFILES) <- c("profiles_to_quantify","profiles_to_detect_borders")
colnames(PROFILES$profiles_to_detect_borders$intensity) <- names(PROFILES$profiles_to_quantify)
if(BG_en_cours == "with_BG"){
PROFILES_with_and_withoutBG$intensity_with_BG    <- PROFILES}
if(BG_en_cours == "without_BG"){
PROFILES_with_and_withoutBG$intensity_without_BG <- PROFILES}
print(paste(BG_en_cours," :    ","the last and longest step 3 of 3 :",signif(i/length(Files),3)*100,"%"))}
if(pathname_with_BG_ &  pathname_without_BG_){
ID_with   <- names(PROFILES_with_and_withoutBG$intensity_with_BG$profiles_to_quantify)
ID_without<- names(PROFILES_with_and_withoutBG$intensity_without_BG$profiles_to_quantify)
if(length(ID_with) > length(ID_without)){ID_without <- c(ID_without,rep("No more profiles",abs(length(ID_with) - length(ID_without))))}
if(length(ID_with) < length(ID_without)){ID_with    <- c(ID_with   ,rep("No more profiles",abs(length(ID_with) - length(ID_without))))}
temp <- cbind(ID_with , ID_without, ID_with == ID_without )
colnames(temp) <- c("NAMES_intensity_with_BG","NAMES_intensity_without_BG","egal_names")   ;   print(temp)}
PROFILES_with_and_withoutBG$Comparision_of_profiles_ID_with_vs_withoutBG <- temp
return(PROFILES_with_and_withoutBG)}
,pattern=NULL,recursive=FALSE,allNames=TRUE # for the help of these arguments, cf the help of "listDirectory"
A=read.Profiles(pathname_with_BG = '../../Dataset_of_-Statistical analysis of the individual variability of 1D protein profiles as a tool in ecology-/Leptopilina_boulardi_Real_dataset1/Profiles_input_for_R_functions/with_Bg/',  pathname_without_BG = '../../Dataset_of_-Statistical analysis of the individual variability of 1D protein profiles as a tool in ecology-/Leptopilina_boulardi_Real_dataset1/Profiles_input_for_R_functions/without_Bg/')
B= Estim.2nd.derivative(A)
C= Median.profiles_derivative(B)
D= Detect.peaks(C)
plot(C$intensity_without_BG$profiles_to_detect_borders)
plot(C$intensity_without_BG$profiles_to_detect_borders$intensity)
plot(C$intensity_without_BG$profiles_to_detect_borders$intensity[,1])
PROFILES=C
threshold_intencity <- threshold_intensity
library(ifultools) # isVectorAtomic ; anyMissing
library(splus2R)
require(wmtsa)
msDenoiseMRD <- function(x, wavelet="s8",  levels=1, xform="modwt", reflect=TRUE,
keep.smooth=TRUE, keep.details=TRUE,
process="msDenoiseMRD")
{ # calculate a partial sum over the set MRD details (optional) and smooth
# via the wavMRDSum() function.
# Rely on this function to also check the input arguments.
wavMRDSum(x, wavelet=wavelet, levels=levels, xform=xform, reflect=reflect, keep.smooth=keep.smooth, keep.details=keep.details)}
NA0 <- function(vec){if(any(is.na(vec))){vec[is.na(vec)]<-0} ; return(vec)}
Dist <- function(vec,seuil_sur_X){    D<-0 ; for(i in 2:length(vec)){     D<-D + (((vec[i-1]-vec[i])^2/10+1)) / (mean(vec))^(1/5) ## il faut que la variation de hauteur compte moins
}
return(D*1)}
P <- PROFILES$Profil_moy
if(any(names(PROFILES)=="intensity_without_BG")){
P$mz <- PROFILES$intensity_without_BG$profiles_to_detect_borders$mz}
if(!any(names(PROFILES)=="intensity_without_BG")){
P$mz <- PROFILES$intensity_with_BG$profiles_to_detect_borders$mz}
Peak_derivee_seconde_4 <- msPeakMRD(P$mz,-msDenoiseMRD(NA0(P$derivee2) ,levels=1:level_of_denoising_derivee2,keep.details = FALSE),concavity.threshold=10, snr.thresh=100, n.level=4)
Peak_derivee_seconde_5 <- msPeakMRD(P$mz,-msDenoiseMRD(NA0(P$derivee2) ,levels=1:level_of_denoising_derivee2,keep.details = FALSE),concavity.threshold=10, snr.thresh=100, n.level=5)
Peak_derivee_seconde_4
plot(P$mz,-msDenoiseMRD(NA0(P$derivee2) ,levels=1:level_of_denoising_derivee2,keep.details = FALSE))
plot(P$mz,P$derivee2)
plot(P$mz,P$derivee1)
plot(P$mz,P$intensity)
PROFILES=B
PROFILES_ <- PROFILES
if(any(names(PROFILES_)=="intensity_without_BG")){
PROFILES <- PROFILES_$intensity_without_BG}
if(!any(names(PROFILES_)=="intensity_without_BG")){
PROFILES <- PROFILES_$intensity_with_BG}
if(is.null(groups)){groups <- rep("",ncol(PROFILES$profiles_to_detect_borders$derivee2))}
Profil_moy <- P <- as.list(NULL) ; l=0 ; for(G in unique(groups)){l=l+1
Sd <- apply(PROFILES$profiles_to_detect_borders$derivee2[ , groups == G ]  ,2  ,sd)
Profil_moy$derivee2    <- apply(            sweep(PROFILES$profiles_to_detect_borders$derivee2[ , groups == G ],2,Sd,"/"  )*mean(Sd)             ,1,function(x)weightedMedian  (x,(abs(x)))) # Give the same standard error to all second derivate profiles and estimate the weigthed median. For each pixel position, weigth correspond to the absolute value of second derivate profiles
Profil_moy   $intensity   <- apply(PROFILES$profiles_to_detect_borders$intensity,1,median)
M <- apply(PROFILES$profiles_to_detect_borders$intensity[ , groups == G ],2,median)
Profil_moy   $W_q0.25     <- apply(   sweep(PROFILES$profiles_to_detect_borders$intensity[ , groups == G ] ,2 ,M ,"/")*median(M)    ,1,function(x)weightedQuantile(x,(abs(x)),0.25))
Profil_moy   $W_intensity <- apply(   sweep(PROFILES$profiles_to_detect_borders$intensity[ , groups == G ] ,2 ,M ,"/")*median(M)    ,1,function(x)weightedMedian  (x,(abs(x))))
Profil_moy   $W_q0.75     <- apply(   sweep(PROFILES$profiles_to_detect_borders$intensity[ , groups == G ] ,2 ,M ,"/")*median(M)    ,1,function(x)weightedQuantile(x,(abs(x)),0.75))
P[[l]] <- Profil_moy}
Profil_moy$derivee2
Profil_moy$derivee2[,1]
Profil_moy$derivee2[1]
Profil_moy$derivee2
plot(Profil_moy$derivee2)
plot(PROFILES$profiles_to_detect_borders$derivee2[,1])
PROFILES=A
PROFILES_ <- PROFILES
if(any(names(PROFILES_)=="intensity_without_BG")){
PROFILES <- PROFILES_$intensity_without_BG}
if(!any(names(PROFILES_)=="intensity_without_BG")){
PROFILES <- PROFILES_$intensity_with_BG}
PROFILES$profiles_to_detect_borders$derivee2 <- PROFILES$profiles_to_detect_borders$derivee1 <- NULL ; for(lane in 1:ncol(PROFILES$profiles_to_detect_borders$intensity)){
profiles_LOG_1 <- msDenoiseMRD(NA0(PROFILES$profiles_to_detect_borders$intensity[,lane]) ,levels=1:levels_denosing[1],keep.details = FALSE) ## smooth du PROFILE
derivee1 <- derivee1_ <- NA0(approx(xout=(c(1:length(PROFILES$profiles_to_detect_borders$intensity[,lane]))-lag/2)    ,x = 1:length(diff(NA0(profiles_LOG_1),lag=lag)),y = diff(NA0(profiles_LOG_1),lag=lag) )$y)
deform <- log(PROFILES$profiles_to_detect_borders$mz+1,LOG)   ;   deform <- deform+1 / min(deform+1)
derivee1 <- derivee1 * deform
#  matplot(cbind(derivee1,derivee1_,derivee1.,profiles_LOG_1),type="l") ; abline(h=seq(-20000,40000,by=2000),col="grey",lwd=0.7) ; abline(v=seq(0,10000,by=200),col="grey",lwd=0.7)
derivee1[-c(c(1:(lag_smooth/2)),c((length(derivee1) - (lag_smooth/2)):(length(derivee1))))] <-
sapply( c(((lag_smooth/2)+1) : ((length(derivee1) - (lag_smooth/2))-1)) , function(i)    mean(derivee1[c((i-(lag_smooth/2)) :(i+(lag_smooth/2)) )])     ) ## smooth de la derivee deformee
derivee1 <- msDenoiseMRD(NA0(derivee1) ,levels=1:levels_denosing[2],keep.details = FALSE) ## smooth de la DERIVEE 1
PROFILES$profiles_to_detect_borders$derivee1 <- cbind(PROFILES$profiles_to_detect_borders$derivee1,     (derivee1 <- derivee1*(range_derive / (max(derivee1,na.rm=TRUE) - min (derivee1,na.rm=TRUE)))))
derivee2 <- msDenoiseMRD(NA0(approx(xout= (c(1:length(PROFILES$profiles_to_detect_borders$intensity[,lane]))-.5)    ,x = 1:length(diff(PROFILES$profiles_to_detect_borders$derivee1[,lane],lag=lag*2)),y=diff(PROFILES$profiles_to_detect_borders$derivee1[,lane],lag=lag*2)*10)$x) ,levels=1:4.,keep.details = FALSE)
derivee2 <- msDenoiseMRD(NA0(derivee2 ) ,levels=1:levels_denosing[3],keep.details = FALSE)
PROFILES$profiles_to_detect_borders$derivee2 <- cbind(PROFILES$profiles_to_detect_borders$derivee2 , derivee2)
print(lane / ncol(PROFILES$profiles_to_detect_borders$intensity))}
levels_denosing=c(4,5,4)
lag_smooth=30
lag=20
range_derive = 40000
PROFILES$profiles_to_detect_borders$derivee2 <- PROFILES$profiles_to_detect_borders$derivee1 <- NULL
lane
profiles_LOG_1 <- msDenoiseMRD(NA0(PROFILES$profiles_to_detect_borders$intensity[,lane]) ,levels=1:levels_denosing[1],keep.details = FALSE) ## smooth du PROFILE
profiles_LOG_1
plot(PROFILES$profiles_to_detect_borders$derivee2)
plot(profiles_LOG_1)
derivee1 <- derivee1_ <- NA0(approx(xout=(c(1:length(PROFILES$profiles_to_detect_borders$intensity[,lane]))-lag/2)    ,x = 1:length(diff(NA0(profiles_LOG_1),lag=lag)),y = diff(NA0(profiles_LOG_1),lag=lag) )$y)
plot(derivee1)
deform <- log(PROFILES$profiles_to_detect_borders$mz+1,LOG)   ;   deform <- deform+1 / min(deform+1)
derivee1 <- derivee1 * deform
derivee1[-c(c(1:(lag_smooth/2)),c((length(derivee1) - (lag_smooth/2)):(length(derivee1))))] <-
sapply( c(((lag_smooth/2)+1) : ((length(derivee1) - (lag_smooth/2))-1)) , function(i)    mean(derivee1[c((i-(lag_smooth/2)) :(i+(lag_smooth/2)) )])     ) ## smooth de la derivee deformee
derivee1 <- msDenoiseMRD(NA0(derivee1) ,levels=1:levels_denosing[2],keep.details = FALSE) ## smooth de la DERIVEE 1
deform <- log(PROFILES$profiles_to_detect_borders$mz+1,LOG)   ;   deform <- deform+1 / min(deform+1)
LOG=2
profiles_LOG_1 <- msDenoiseMRD(NA0(PROFILES$profiles_to_detect_borders$intensity[,lane]) ,levels=1:levels_denosing[1],keep.details = FALSE) ## smooth du PROFILE
derivee1 <- derivee1_ <- NA0(approx(xout=(c(1:length(PROFILES$profiles_to_detect_borders$intensity[,lane]))-lag/2)    ,x = 1:length(diff(NA0(profiles_LOG_1),lag=lag)),y = diff(NA0(profiles_LOG_1),lag=lag) )$y)
deform <- log(PROFILES$profiles_to_detect_borders$mz+1,LOG)   ;   deform <- deform+1 / min(deform+1)
derivee1 <- derivee1 * deform
derivee1[-c(c(1:(lag_smooth/2)),c((length(derivee1) - (lag_smooth/2)):(length(derivee1))))] <-
sapply( c(((lag_smooth/2)+1) : ((length(derivee1) - (lag_smooth/2))-1)) , function(i)    mean(derivee1[c((i-(lag_smooth/2)) :(i+(lag_smooth/2)) )])     ) ## smooth de la derivee deformee
derivee1 <- msDenoiseMRD(NA0(derivee1) ,levels=1:levels_denosing[2],keep.details = FALSE) ## smooth de la DERIVEE 1
plot(derivee1)
PROFILES$profiles_to_detect_borders$derivee1 <- cbind(PROFILES$profiles_to_detect_borders$derivee1,     (derivee1 <- derivee1*(range_derive / (max(derivee1,na.rm=TRUE) - min (derivee1,na.rm=TRUE)))))
derivee2 <- msDenoiseMRD(NA0(approx(xout= (c(1:length(PROFILES$profiles_to_detect_borders$intensity[,lane]))-.5)    ,x = 1:length(diff(PROFILES$profiles_to_detect_borders$derivee1[,lane],lag=lag*2)),y=diff(PROFILES$profiles_to_detect_borders$derivee1[,lane],lag=lag*2)*10)$x) ,levels=1:4.,keep.details = FALSE)
derivee2 <- msDenoiseMRD(NA0(derivee2 ) ,levels=1:levels_denosing[3],keep.details = FALSE)
plot(derivee2)
Estim.2nd.derivative <- function(   # depend on packages  wmtsa        for functions : wavDaubechies, wavMODWT, create.signalSeries, wavDictionary, wavTransform, wavMRD, wavTitle. But see after this function
#  and   ifultools    for functions : isVectorAtomic, anyMissing
# and msDenoiseMRD from the msProcess package that is not more maintained, the function has thus been added into this function
PROFILES ## An object obtained by read.Profiles (or by Estim.2nd.derivative)
## To correct for this, derivate is transformed by a function of there coordinate in the gel (Rf) and of a log parameter.
,LOG=2 ## With some gel, bands width tends to increase toward the low part of the gel and vice versa.
## This make weaker variation of derivate toward the low part of the gel and vice versa.
## The log parameter should be defined here.
## for the
## Any kD Mini-PROTEAN TGX Gel, 10 well, 30 ul #456-9036
## gels, this parameter should be 2
## To make no trasformation, (if bands have the same shape at the top and at the bottom of the gel) choose LOG = 0
,lag=20        # number of pixels of the windows used to calculate the derivate and the second derivate
,lag_smooth=30 # number of pixels of the windows used by the smooth mean-filter used on the derivate
,levels_denosing=c(4,5,4) # the maximum levels of denoising of (i) the profil, (ii) it's derivate and (iii) it's second derivate. For details see the msDenoiseMRD help
,range_derive = 40000 # range of the derivate (default = 40000)
){
require(wmtsa)
library(ifultools) # isVectorAtomic ; anyMissing
###
# msDenoiseMRD
###
msDenoiseMRD <- function(x, wavelet="s8",  levels=1, xform="modwt", reflect=TRUE,
keep.smooth=TRUE, keep.details=TRUE,
process="msDenoiseMRD")
{ # calculate a partial sum over the set MRD details (optional) and smooth
# via the wavMRDSum() function.
# Rely on this function to also check the input arguments.
wavMRDSum(x, wavelet=wavelet, levels=levels, xform=xform, reflect=reflect, keep.smooth=keep.smooth, keep.details=keep.details)}
NA0 <- function(vec){if(any(is.na(vec))){vec[is.na(vec)]<-0} ; return(vec)}
####
PROFILES_ <- PROFILES
# if the backgroung has been removed, for instance by rolling ball, it is better to make the bands detection on these profiles
if(any(names(PROFILES_)=="intensity_without_BG")){
PROFILES <- PROFILES_$intensity_without_BG}
if(!any(names(PROFILES_)=="intensity_without_BG")){
PROFILES <- PROFILES_$intensity_with_BG}
PROFILES$profiles_to_detect_borders$derivee2 <- PROFILES$profiles_to_detect_borders$derivee1 <- NULL ; for(lane in 1:ncol(PROFILES$profiles_to_detect_borders$intensity)){
profiles_LOG_1 <- msDenoiseMRD(NA0(PROFILES$profiles_to_detect_borders$intensity[,lane]) ,levels=1:levels_denosing[1],keep.details = FALSE) ## smooth du PROFILE
derivee1 <- derivee1_ <- NA0(approx(xout=(c(1:length(PROFILES$profiles_to_detect_borders$intensity[,lane]))-lag/2)    ,x = 1:length(diff(NA0(profiles_LOG_1),lag=lag)),y = diff(NA0(profiles_LOG_1),lag=lag) )$y)
deform <- log(PROFILES$profiles_to_detect_borders$mz+1,LOG)   ;   deform <- deform+1 / min(deform+1)
derivee1 <- derivee1 * deform
#  matplot(cbind(derivee1,derivee1_,derivee1.,profiles_LOG_1),type="l") ; abline(h=seq(-20000,40000,by=2000),col="grey",lwd=0.7) ; abline(v=seq(0,10000,by=200),col="grey",lwd=0.7)
derivee1[-c(c(1:(lag_smooth/2)),c((length(derivee1) - (lag_smooth/2)):(length(derivee1))))] <-
sapply( c(((lag_smooth/2)+1) : ((length(derivee1) - (lag_smooth/2))-1)) , function(i)    mean(derivee1[c((i-(lag_smooth/2)) :(i+(lag_smooth/2)) )])     ) ## smooth de la derivee deformee
derivee1 <- msDenoiseMRD(NA0(derivee1) ,levels=1:levels_denosing[2],keep.details = FALSE) ## smooth de la DERIVEE 1
PROFILES$profiles_to_detect_borders$derivee1 <- cbind(PROFILES$profiles_to_detect_borders$derivee1,     (derivee1 <- derivee1*(range_derive / (max(derivee1,na.rm=TRUE) - min (derivee1,na.rm=TRUE)))))
derivee2 <- msDenoiseMRD(NA0(approx(xout= (c(1:length(PROFILES$profiles_to_detect_borders$intensity[,lane]))-.5)    ,x = 1:length(diff(PROFILES$profiles_to_detect_borders$derivee1[,lane],lag=lag*2)),y=diff(PROFILES$profiles_to_detect_borders$derivee1[,lane],lag=lag*2)*10)$y) ,levels=1:4.,keep.details = FALSE)
derivee2 <- msDenoiseMRD(NA0(derivee2 ) ,levels=1:levels_denosing[3],keep.details = FALSE)
PROFILES$profiles_to_detect_borders$derivee2 <- cbind(PROFILES$profiles_to_detect_borders$derivee2 , derivee2)
print(lane / ncol(PROFILES$profiles_to_detect_borders$intensity))}
if(any(names(PROFILES_)=="intensity_without_BG")){
PROFILES_$intensity_without_BG <- PROFILES}
if(!any(names(PROFILES_)=="intensity_without_BG")){
PROFILES_$intensity_without_BG <- PROFILES}
return(PROFILES_)}
B= Estim.2nd.derivative(A)
C= Median.profiles_derivative(B)
D= Detect.peaks(C)
source('./5_plot.profile.R')
source('./5_plot.profile.R')
plot.profile(D)







Appendix S1_R scripts and functions_v2/R_functions/Functions_to_be_loaded_in_R/1_read.Profiles.R

read.Profiles <- function( ## depend on package : ptw (for the function "interpol" (written in C))
  
                           ## depending on the intended analysis, give at least one of the two pathname :
                           pathname_with_BG=NULL     # pathname to the folder that contain files WITH background
                          ,pathname_without_BG=NULL  # pathname to the folder that contain files WITHOUT background
                           
                          ,resolution=10000          # number of points for each profiles (notice that change of the resolution may imply the necessity to change default values used to calculate the second derivate and to detect peaks
                          ,pattern=NULL,recursive=FALSE,allNames=TRUE # for the help of these arguments, cf the help of "listDirectory"
) { library(R.utils)
   

  pathname_with_BG_    <- !is.null(pathname_with_BG)
  pathname_without_BG_ <- !is.null(pathname_without_BG)  
  
#   if(pathname_with_BG_ & pathname_without_BG_){
#   ##########
#   ## Cheking files
# Names <- as.list(NULL)
# print("checking concordance between files with and without background")
# for(pathname in c(pathname_with_BG,pathname_without_BG)  [c(pathname_with_BG_,pathname_without_BG_)]){ BG_en_cours <- c("with_BG","without_BG")[c(pathname == pathname_with_BG  ,pathname == pathname_without_BG)]
#   Files <- listDirectory(path=pathname,pattern=pattern,recursive=recursive,allNames=allNames,fullNames=TRUE)
#   Names_ <- NULL ; i=0 ; for(files in Files){i=i+1
# Names_[i] <- colnames(read.table(files,head=TRUE,nrows=0))[2]   }
# 
# if(BG_en_cours == "with_BG"   ){Names$names_with_BG    <- paste(unique(Names_),table(Names_),sep="__")}
# if(BG_en_cours == "without_BG"){Names$names_without_BG <- paste(unique(Names_),table(Names_),sep="__")}   }}
# 
# INT <- intersect(Names$names_with_BG,Names$names_without_BG)
# 
# Names$names_with_BG    <- Names$names_with_BG    [which(!duplicated(c(INT,Names$names_with_BG   ))[-c(1:length(INT))])]
# Names$names_without_BG <- Names$names_without_BG [which(!duplicated(c(INT,Names$names_without_BG))[-c(1:length(INT))])]
# 
# head(cbind(sort(Names$names_with_BG),sort(Names$names_without_BG)))

  
  
  ##########
  
  PROFILES_with_and_withoutBG <- as.list(NULL)
  for(pathname in c(pathname_with_BG,pathname_without_BG)  [c(pathname_with_BG_,pathname_without_BG_)]){ BG_en_cours <- c("with_BG","without_BG")[c(pathname == pathname_with_BG  ,pathname == pathname_without_BG)]
  
  ########## STEP 1 ##########
  # FILES LOADING
  
  Files <- listDirectory(path=pathname,pattern=pattern,recursive=recursive,allNames=allNames,fullNames=TRUE)
  profiles <- as.list(NULL) ; i=0 ; for(files in Files){i=i+1
profiles[[i]] <- read.table(files,head=TRUE,skipNul = TRUE)
if(max(profiles [[i]][,1]) > 2){print("it seems that the profil") ; print(files) ; print("has been exported with pixel rather than with Rf")}
print(paste(BG_en_cours," :    ","step 1 of 3 :",signif(i/length(Files),3)*100,"%"))}
  
  ## sorting by profil names
  Names <- sapply(profiles , function(x)colnames(x)[2])
  P <- profiles ; profiles <- as.list(NULL)
  l = 0 ; for(n in sort(unique(Names))){
          for(i in which(Names == n)){l = l+1 ; profiles[[l]] <- P[[i]]}}
  names(profiles) <- sort(Names)
  
  ########## STEP 2 ##########
  # DATA formatting
  
  print("STEP 2 OF 3")
  
  ## mise au format "msProcess"
  qcset <- list(NULL,NULL) ; names(qcset)=c("mz","intensity") ; A<-profiles
  for(i in 1:length(profiles)){
    A[[i]]           <- qcset
    A[[i]]$mz        <- profiles[[i]][,1]
    A[[i]]$intensity <- cbind( profiles[[i]][,2] )
    ## coordonnees < 0   -->>   0
    A[[i]]$mz[A[[i]]$mz<0] <- 0
    
    ## convertion of 8 bit profiles into 16 bit profiles
    if(max(A[[i]]$intensity) <= 2^8  ){A[[i]]$intensity <- A[[i]]$intensity/(2^8 ) * (2^16)}
    ## convertion of 32 bit profiles into 16 bit profiles
    if(max(A[[i]]$intensity) >= 2^16 ){A[[i]]$intensity <- A[[i]]$intensity/(2^32) * (2^16)}
    
    ## Les valeurs des Rf sont arrondi, il y a donc des doublons
    mz<-apply(           cbind(A[[i]]$mz[-1]  ,  A[[i]]$mz[-length(A[[i]]$mz)])      ,1,mean)
    mz<-apply(cbind(mz[-1],mz[-length(mz)]),1,mean)
    A[[i]]$mz <- c(A[[i]]$mz[1],mz,A[[i]]$mz[length(A[[i]]$mz)])
    print(paste(BG_en_cours," :    ","step 2 of 3 :",signif(i/length(Files),3)*100,"%"))}
  profiles<-A
  
  ########## STEP 3 ##########
  # alignment on one reference coordinates
  
  print("STEP 3 OF 3   longest step")
    
  newcoord = function(x,actuel){ ## interpolation 
diff<-(x - actuel)
if(any(diff<0)&any(diff>0)){
y1<-which(diff<0)[  which.min(diff[which(diff<0)])  ]
y2<-which(diff>0)[  which.min(diff[which(diff>0)])  ]
x1<-actuel[y1] ; x2<-actuel[y2]
Y <- y1+(x-x1)*(y2-y1)/(x2-x1)}
if(!(any(diff<0)&any(diff>0))){Y<-which.min(diff)}
# if(round(round(x)/1000)*1000 == round(x)){plot(diff,type='l',main=Y)}
return(Y)}
    
  MZ<-seq(0,1,length=resolution)
  
  profil<-qcset
  profil$mz<-MZ
  
  profil$intensity<-NULL ; for(i in 1:length(Files)){ 
    
    ## normalisation : normalisation par rapport au quantile 75%
    A[[i]]$intensity <- A[[i]]$intensity /  quantile(A[[i]]$intensity,probs=.75) *  (2^16*0.75) ## 75% de la valeur max pour du 16 bit
    
    ## resolution multiplication to obtain approximatly [2 * resolution] points by profils
    multiplication <- round( resolution*2 / length(A[[i]]$mz))
    A[[i]]$intensity <- approx(xout=seq(1,length(A[[i]]$intensity),by=1/multiplication),x = 1:length(A[[i]]$intensity), y = A[[i]]$intensity)$y
    A[[i]]$mz <-        approx(xout=seq(1,length(A[[i]]$mz       ),by=1/multiplication),x = 1:length(A[[i]]$mz       ), y = A[[i]]$mz)$y
    plot(A[[i]]$mz, A[[i]]$intensity)
    profil$intensity <- cbind(
      profil   $intensity,     
      approx(  xout =  sapply((MZ*(length(A   [[i]]$intensity)-1)+1)   ,function(x)newcoord(x,(A   [[i]]$mz*(length(A   [[i]]$intensity)-1)+1))),  x = 1:length( A   [[i]]$intensity),y=A   [[i]]$intensity)$y)
    print(paste(BG_en_cours," :    ","the last and longest step 3 of 3 :",signif(i/length(Files),3)*100,"%"))}

  profil$intensity <- sweep(profil$intensity,2,  apply(profil$intensity,2,min)  ,"-")
  
  PROFILES <- list(profiles,profil)
  names(PROFILES) <- c("profiles_to_quantify","profiles_to_detect_borders")
  colnames(PROFILES$profiles_to_detect_borders$intensity) <- names(PROFILES$profiles_to_quantify)

    if(BG_en_cours == "with_BG"){
      PROFILES_with_and_withoutBG$intensity_with_BG    <- PROFILES}

    if(BG_en_cours == "without_BG"){
      PROFILES_with_and_withoutBG$intensity_without_BG <- PROFILES}
    
        print(paste(BG_en_cours," :    ","the last and longest step 3 of 3 :",signif(i/length(Files),3)*100,"%"))}

  if(pathname_with_BG_ &  pathname_without_BG_){
    
    ID_with   <- names(PROFILES_with_and_withoutBG$intensity_with_BG$profiles_to_quantify)
    ID_without<- names(PROFILES_with_and_withoutBG$intensity_without_BG$profiles_to_quantify)
    
    if(length(ID_with) > length(ID_without)){ID_without <- c(ID_without,rep("No more profiles",abs(length(ID_with) - length(ID_without))))}
    if(length(ID_with) < length(ID_without)){ID_with    <- c(ID_with   ,rep("No more profiles",abs(length(ID_with) - length(ID_without))))}
    
  temp <- cbind(ID_with , ID_without, ID_with == ID_without )
  colnames(temp) <- c("NAMES_intensity_with_BG","NAMES_intensity_without_BG","egal_names")   ;   print(temp)}
  
PROFILES_with_and_withoutBG$Comparision_of_profiles_ID_with_vs_withoutBG <- temp

return(PROFILES_with_and_withoutBG)}









Appendix S1_R scripts and functions_v2/R_functions/Functions_to_be_loaded_in_R/2_Estim.2nd.derivative.R

Estim.2nd.derivative <- function(   # depend on packages  wmtsa        for functions : wavDaubechies, wavMODWT, create.signalSeries, wavDictionary, wavTransform, wavMRD, wavTitle. But see after this function  
                                                 #  and   ifultools    for functions : isVectorAtomic, anyMissing
  # and msDenoiseMRD from the msProcess package that is not more maintained, the function has thus been added into this function 
                           PROFILES ## An object obtained by read.Profiles (or by Estim.2nd.derivative)
                           ## To correct for this, derivate is transformed by a function of there coordinate in the gel (Rf) and of a log parameter.
                           ,LOG=2 ## With some gel, bands width tends to increase toward the low part of the gel and vice versa.
                           ## This make weaker variation of derivate toward the low part of the gel and vice versa.
                           ## The log parameter should be defined here.
                           ## for the 
                           ## Any kD Mini-PROTEAN TGX Gel, 10 well, 30 ul #456-9036
                           ## gels, this parameter should be 2
                           ## To make no trasformation, (if bands have the same shape at the top and at the bottom of the gel) choose LOG = 0
                           ,lag=20        # number of pixels of the windows used to calculate the derivate and the second derivate
                           ,lag_smooth=30 # number of pixels of the windows used by the smooth mean-filter used on the derivate
                           ,levels_denosing=c(4,5,4) # the maximum levels of denoising of (i) the profil, (ii) it's derivate and (iii) it's second derivate. For details see the msDenoiseMRD help
                           ,range_derive = 40000 # range of the derivate (default = 40000)
){
  require(wmtsa)
  library(ifultools) # isVectorAtomic ; anyMissing
###
# msDenoiseMRD
###
msDenoiseMRD <- function(x, wavelet="s8",  levels=1, xform="modwt", reflect=TRUE,
  keep.smooth=TRUE, keep.details=TRUE,
  process="msDenoiseMRD")
{ # calculate a partial sum over the set MRD details (optional) and smooth
  # via the wavMRDSum() function.
  # Rely on this function to also check the input arguments.
 wavMRDSum(x, wavelet=wavelet, levels=levels, xform=xform, reflect=reflect, keep.smooth=keep.smooth, keep.details=keep.details)}
  
  NA0 <- function(vec){if(any(is.na(vec))){vec[is.na(vec)]<-0} ; return(vec)}
####  
  PROFILES_ <- PROFILES

  # if the backgroung has been removed, for instance by rolling ball, it is better to make the bands detection on these profiles
  if(any(names(PROFILES_)=="intensity_without_BG")){
  PROFILES <- PROFILES_$intensity_without_BG}
  
  if(!any(names(PROFILES_)=="intensity_without_BG")){
  PROFILES <- PROFILES_$intensity_with_BG}
  
  PROFILES$profiles_to_detect_borders$derivee2 <- PROFILES$profiles_to_detect_borders$derivee1 <- NULL ; for(lane in 1:ncol(PROFILES$profiles_to_detect_borders$intensity)){
    
    profiles_LOG_1 <- msDenoiseMRD(NA0(PROFILES$profiles_to_detect_borders$intensity[,lane]) ,levels=1:levels_denosing[1],keep.details = FALSE) ## smooth du PROFILE
    
    derivee1 <- derivee1_ <- NA0(approx(xout=(c(1:length(PROFILES$profiles_to_detect_borders$intensity[,lane]))-lag/2)    ,x = 1:length(diff(NA0(profiles_LOG_1),lag=lag)),y = diff(NA0(profiles_LOG_1),lag=lag) )$y)
    deform <- log(PROFILES$profiles_to_detect_borders$mz+1,LOG)   ;   deform <- deform+1 / min(deform+1)
    derivee1 <- derivee1 * deform
    #  matplot(cbind(derivee1,derivee1_,derivee1.,profiles_LOG_1),type="l") ; abline(h=seq(-20000,40000,by=2000),col="grey",lwd=0.7) ; abline(v=seq(0,10000,by=200),col="grey",lwd=0.7)
    derivee1[-c(c(1:(lag_smooth/2)),c((length(derivee1) - (lag_smooth/2)):(length(derivee1))))] <-
      sapply( c(((lag_smooth/2)+1) : ((length(derivee1) - (lag_smooth/2))-1)) , function(i)    mean(derivee1[c((i-(lag_smooth/2)) :(i+(lag_smooth/2)) )])     ) ## smooth de la derivee deformee
    derivee1 <- msDenoiseMRD(NA0(derivee1) ,levels=1:levels_denosing[2],keep.details = FALSE) ## smooth de la DERIVEE 1
    PROFILES$profiles_to_detect_borders$derivee1 <- cbind(PROFILES$profiles_to_detect_borders$derivee1,     (derivee1 <- derivee1*(range_derive / (max(derivee1,na.rm=TRUE) - min (derivee1,na.rm=TRUE))))) 
    
    derivee2 <- msDenoiseMRD(NA0(approx(xout= (c(1:length(PROFILES$profiles_to_detect_borders$intensity[,lane]))-.5)    ,x = 1:length(diff(PROFILES$profiles_to_detect_borders$derivee1[,lane],lag=lag*2)),y=diff(PROFILES$profiles_to_detect_borders$derivee1[,lane],lag=lag*2)*10)$y) ,levels=1:4.,keep.details = FALSE)
    derivee2 <- msDenoiseMRD(NA0(derivee2 ) ,levels=1:levels_denosing[3],keep.details = FALSE)
    PROFILES$profiles_to_detect_borders$derivee2 <- cbind(PROFILES$profiles_to_detect_borders$derivee2 , derivee2)
    print(lane / ncol(PROFILES$profiles_to_detect_borders$intensity))}
  
  
    if(any(names(PROFILES_)=="intensity_without_BG")){
  PROFILES_$intensity_without_BG <- PROFILES}
  
  if(!any(names(PROFILES_)=="intensity_without_BG")){
  PROFILES_$intensity_without_BG <- PROFILES}
  
  return(PROFILES_)}







Appendix S1_R scripts and functions_v2/R_functions/Functions_to_be_loaded_in_R/3_Median.profiles_derivative.R

Median.profiles_derivative <- function( # depend on packages     laeken        for functions :   weightedMedian   and   weightedQuantile  . But see after this function  
  
                                         PROFILES     # An object obtained by Estim.2nd.derivative (or by Median.profiles_derivate)
                                        ,groups=NULL  # optional : a vector or a factor giving the name of the group of each individuals
                                        ,weights=NULL # weight of each group (if NULL, each group have the same weight), weight _must_ be given in the same order of unique(groups)
){require(laeken)
  library(ifultools) # isVectorAtomic ; anyMissing
  
  PROFILES_ <- PROFILES

  # if the backgroung has been removed, for instance by rolling ball, it is better to make the bands detection on these profiles
  if(any(names(PROFILES_)=="intensity_without_BG")){
  PROFILES <- PROFILES_$intensity_without_BG}
  
  if(!any(names(PROFILES_)=="intensity_without_BG")){
  PROFILES <- PROFILES_$intensity_with_BG}
  
  
  if(is.null(groups)){groups <- rep("",ncol(PROFILES$profiles_to_detect_borders$derivee2))}
  
  Profil_moy <- P <- as.list(NULL) ; l=0 ; for(G in unique(groups)){l=l+1
   Sd <- apply(PROFILES$profiles_to_detect_borders$derivee2[ , groups == G ]  ,2  ,sd)
Profil_moy$derivee2    <- apply(            sweep(PROFILES$profiles_to_detect_borders$derivee2[ , groups == G ],2,Sd,"/"  )*mean(Sd)             ,1,function(x)weightedMedian  (x,(abs(x)))) # Give the same standard error to all second derivate profiles and estimate the weigthed median. For each pixel position, weigth correspond to the absolute value of second derivate profiles

Profil_moy   $intensity   <- apply(PROFILES$profiles_to_detect_borders$intensity,1,median)
M <- apply(PROFILES$profiles_to_detect_borders$intensity[ , groups == G ],2,median)
Profil_moy   $W_q0.25     <- apply(   sweep(PROFILES$profiles_to_detect_borders$intensity[ , groups == G ] ,2 ,M ,"/")*median(M)    ,1,function(x)weightedQuantile(x,(abs(x)),0.25))
Profil_moy   $W_intensity <- apply(   sweep(PROFILES$profiles_to_detect_borders$intensity[ , groups == G ] ,2 ,M ,"/")*median(M)    ,1,function(x)weightedMedian  (x,(abs(x))))
Profil_moy   $W_q0.75     <- apply(   sweep(PROFILES$profiles_to_detect_borders$intensity[ , groups == G ] ,2 ,M ,"/")*median(M)    ,1,function(x)weightedQuantile(x,(abs(x)),0.75))
P[[l]] <- Profil_moy}
  
  if(is.null(weights)){weights <- rep(1,length(unique(groups)))}
  weights <- weights/sum(weights)
  names(weights) <- unique(groups)
  
  PROFILES$Profil_moy$derivee2    <- apply(sapply(P,function(x)x$derivee2   ),1,function(x)weightedMedian( x , weights ))
  PROFILES$Profil_moy$intensity   <- apply(sapply(P,function(x)x$intensity  ),1,function(x)weightedMedian( x , weights ))
  PROFILES$Profil_moy$W_q0.25     <- apply(sapply(P,function(x)x$W_q0.25    ),1,function(x)weightedMedian( x , weights ))
  PROFILES$Profil_moy$W_intensity <- apply(sapply(P,function(x)x$W_intensity),1,function(x)weightedMedian( x , weights ))
  PROFILES$Profil_moy$W_q0.75     <- apply(sapply(P,function(x)x$W_q0.75    ),1,function(x)weightedMedian( x , weights ))
  
  
  PROFILES_$Profil_moy <- PROFILES$Profil_moy
  
  if(length(unique(groups)) > 1){
  Table <- table(groups)
  if(min(Table) < 30 & min(Table) < mean(Table)/2){
    print("Number of individuals is rather low in one group AND groups size is quite unbalanced.")
    print("This give a height weight to individuals of the under-represented group")
    print("This *might* be problematic if there is a great inter-individual variability")
    print("Question is simply : are  you sure that you can relie on the 'law of large numbers' ?")
    print("Group size are")
    print(Table)
    print("(data have been proceced normaly)")}
  
  print("The following weights have been used :")
  print(weights)}
  
  return(PROFILES_)  }











Appendix S1_R scripts and functions_v2/R_functions/Functions_to_be_loaded_in_R/4_Detect.peaks.R

Detect.peaks <- function( # depend on packages     wmtsa        and the msProcess for the msPeakMRD function. But msProcess is no more available (on the 11.26.2013)
                          # the msPeakMRD function is thus ginven after this one.
                         PROFILES   # An object obtained by Median.profiles_derivate (or by Detect.peaks)
                         ,merge_dist=0.005 # value proportional to the number of peaks merged because they are too close
                         ,min_abruptness=9 ## minimum change of the second derivate : how the shoulder / peak should be abrupt ? :
                         ## (min(value of the second derivative at borders) - second derivative at the centre)  /  peak width
                         ,threshold_intensity=100 # minium intensity of peaks
                         ,level_of_denoising_derivee2=4 # the median second derivee is denoised before peak detection. Here is the strength of the denoising. 
  )
{threshold_intencity <- threshold_intensity
  library(ifultools) # isVectorAtomic ; anyMissing
library(splus2R)
require(wmtsa)
   msDenoiseMRD <- function(x, wavelet="s8",  levels=1, xform="modwt", reflect=TRUE,
  keep.smooth=TRUE, keep.details=TRUE,
  process="msDenoiseMRD")
{ # calculate a partial sum over the set MRD details (optional) and smooth
  # via the wavMRDSum() function.
  # Rely on this function to also check the input arguments.
 wavMRDSum(x, wavelet=wavelet, levels=levels, xform=xform, reflect=reflect, keep.smooth=keep.smooth, keep.details=keep.details)}
    NA0 <- function(vec){if(any(is.na(vec))){vec[is.na(vec)]<-0} ; return(vec)}
Dist <- function(vec,seuil_sur_X){    D<-0 ; for(i in 2:length(vec)){     D<-D + (((vec[i-1]-vec[i])^2/10+1)) / (mean(vec))^(1/5) ## il faut que la variation de hauteur compte moins
}
return(D*1)}

  
   
  P <- PROFILES$Profil_moy
  
  if(any(names(PROFILES)=="intensity_without_BG")){
  P$mz <- PROFILES$intensity_without_BG$profiles_to_detect_borders$mz}
  
  if(!any(names(PROFILES)=="intensity_without_BG")){
  P$mz <- PROFILES$intensity_with_BG$profiles_to_detect_borders$mz}
  
  
  Peak_derivee_seconde_4 <- msPeakMRD(P$mz,-msDenoiseMRD(NA0(P$derivee2) ,levels=1:level_of_denoising_derivee2,keep.details = FALSE),concavity.threshold=10, snr.thresh=100, n.level=4)
  Peak_derivee_seconde_5 <- msPeakMRD(P$mz,-msDenoiseMRD(NA0(P$derivee2) ,levels=1:level_of_denoising_derivee2,keep.details = FALSE),concavity.threshold=10, snr.thresh=100, n.level=5)
  
  supr<-apply(t(Peak_derivee_seconde_4[,1]),2,function(x)any(x>Peak_derivee_seconde_5[,2] & x<Peak_derivee_seconde_5[,3]))
  Peak_derivee_seconde_4 <- Peak_derivee_seconde_4[!supr,]
  Peak_derivee_seconde_4_5 <- rbind(Peak_derivee_seconde_4 , Peak_derivee_seconde_5)
  
  Peak_derivee_seconde_6 <- msPeakMRD(P$mz,-msDenoiseMRD(NA0(P$derivee2) ,levels=1:level_of_denoising_derivee2,keep.details = FALSE),concavity.threshold=10, snr.thresh=100, n.level=6)
  
  supr<-apply(t(Peak_derivee_seconde_6[,1]),2,function(x)any(x>Peak_derivee_seconde_4_5[,2] & x<Peak_derivee_seconde_4_5[,3]))
  Peak_derivee_seconde_6 <- Peak_derivee_seconde_6[!supr,]
  Peak_derivee_seconde_4_5_6 <- rbind(Peak_derivee_seconde_4_5 , Peak_derivee_seconde_6)
  Peak_derivee_seconde <- Peak_derivee_seconde_4_5_6
  
  Peak_derivee_seconde_7 <- msPeakMRD(P$mz,-msDenoiseMRD(NA0(P$derivee2) ,levels=1:level_of_denoising_derivee2,keep.details = FALSE),concavity.threshold=10, snr.thresh=100, n.level=7)
  
  supr<-apply(t(Peak_derivee_seconde_7[,1]),2,function(x)any(x>Peak_derivee_seconde_4_5_6[,2] & x<Peak_derivee_seconde_4_5_6[,3]))
  Peak_derivee_seconde_7 <- Peak_derivee_seconde_7[!supr,]
  Peak_derivee_seconde_4_5_6 <- rbind(Peak_derivee_seconde_4_5_6 , Peak_derivee_seconde_7)
  
  local_max       <- which(peaks( - msDenoiseMRD(NA0(P$derivee2)  ,levels=1:level_of_denoising_derivee2,keep.details = FALSE),span=30))
  local_max_front <- which(peaks(   msDenoiseMRD(NA0(P$derivee2)  ,levels=1:level_of_denoising_derivee2,keep.details = FALSE),span=20))
  
  Peak_local_max  <- NULL ; for(x in local_max){if((any(local_max_front>x)    &    any(local_max_front<x))){
    xinf <- max(local_max_front[which(local_max_front<x)])
    xsup <- min(local_max_front[which(local_max_front>x)])
    if(max(P$intensity[c(xinf,xsup)]) - P$intensity[x] > 300){
      
      Peak_local_max  <- rbind(Peak_local_max, c(    x,   xinf,xsup,
                                                     NA,NA ,    P$intensity[x] ,  
                                                     P$mz[x],       P$mz[max(local_max_front[which(local_max_front<x)])] ,    P$mz[min(local_max_front[which(local_max_front>x)])] ,    NA          )
      )}}}
  
  colnames(Peak_local_max) <- colnames(Peak_derivee_seconde_7)
  
  supr<-apply(t(Peak_local_max[,1]),2,function(x)any(x>Peak_derivee_seconde_4_5_6[,2] & x<Peak_derivee_seconde_4_5_6[,3]))
  Peak_local_max <- Peak_local_max[!supr,]
  Peak_derivee_seconde_4_5_6_local_max <- rbind(Peak_derivee_seconde_4_5_6 , Peak_local_max)
  
  Peak_derivee_seconde <- Peak_derivee_seconde_4_5_6_local_max
  
  ## remove absurd peaks
  Peak_derivee_seconde <- Peak_derivee_seconde[which(Peak_derivee_seconde[,3] > Peak_derivee_seconde[,2]),]
  
  ## remove peaks detected by border effect
  Peak_derivee_seconde <- Peak_derivee_seconde[which(!Peak_derivee_seconde[,2]<10),]
  Peak_derivee_seconde <- Peak_derivee_seconde[which(!Peak_derivee_seconde[,3]>(length(P$mz)-10)),]
  Peak_derivee_seconde <- Peak_derivee_seconde[which(!P$intensity[     Peak_derivee_seconde[,1]] <10  ),]
  
  ## some peaks are overlapping
  Peak_derivee_seconde <- Peak_derivee_seconde[order(Peak_derivee_seconde[,1]),]
  
  i<-0 ; supr<-NULL ; for( l in 1:nrow(Peak_derivee_seconde)){i<-i+1
                                                              
                                                              centre      <- Peak_derivee_seconde[i,1]
                                                              frontieres1 <- Peak_derivee_seconde[i,2]
                                                              frontieres2 <- Peak_derivee_seconde[i,3]
                                                              
                                                              centre_fait<-"non" ; if(   any(Peak_derivee_seconde[-i,2] < centre & Peak_derivee_seconde[-i,3] > centre )){centre_fait<-"oui"
                                                                                                                                                                          
                                                                                                                                                                          chevauchant <- which(Peak_derivee_seconde[-i,2] < centre & Peak_derivee_seconde[-i,3] > centre )
                                                                                                                                                                          
                                                                                                                                                                          Peak_derivee_seconde[c(i,chevauchant)[which.max(P$intensity[Peak_derivee_seconde[c(i,chevauchant),1]])],c(2,3)] <- range(c(frontieres1,frontieres2,Peak_derivee_seconde[chevauchant,c(2,3)]))
                                                                                                                                                                          Peak_derivee_seconde <- Peak_derivee_seconde[-c(i,chevauchant)[-which.max(P$intensity[Peak_derivee_seconde[c(i,chevauchant),1]])],]
                                                                                                                                                                          i<-i-1
                                                              }
                                                              if(i>=nrow(Peak_derivee_seconde)-1){break()}
                                                              
                                                              if(centre_fait=="non"){
                                                                if(any(c(   any(Peak_derivee_seconde[-i,2] < frontieres1 & Peak_derivee_seconde[-i,3] > frontieres1) , any(Peak_derivee_seconde[-i,2] < frontieres2 & Peak_derivee_seconde[-i,3] > frontieres2)        ))){
                                                                  
                                                                  if( any(Peak_derivee_seconde[,2] < frontieres1 & Peak_derivee_seconde[,3] > frontieres1)){
                                                                    chevauchant <- which(Peak_derivee_seconde[,2] < frontieres1 & Peak_derivee_seconde[,3] > frontieres1)}
                                                                  if( any(Peak_derivee_seconde[,2] < frontieres2 & Peak_derivee_seconde[,3] > frontieres2)){
                                                                    chevauchant <- which(Peak_derivee_seconde[,2] < frontieres2 & Peak_derivee_seconde[,3] > frontieres2)}
                                                                  
                                                                  if (!   any(frontieres1 < Peak_derivee_seconde[chevauchant,1] & frontieres2 > Peak_derivee_seconde[chevauchant,1] )   ){# verification qu'on est pas dans le cas inverse : le centre de "chevauchant" est dans les frontieres de "i"
                                                                    Peak_derivee_seconde[sort(c(i,chevauchant))[1],3] <- Peak_derivee_seconde[sort(c(i,chevauchant))[2],2] <- mean(c(Peak_derivee_seconde[sort(c(i,chevauchant))[1],3],Peak_derivee_seconde[sort(c(i,chevauchant))[2],2]))
                                                                  }}}}
  
  ## abruptness threshold
  cassure_min <- (apply(cbind(P$derivee2[Peak_derivee_seconde [,2]],P$derivee2[Peak_derivee_seconde [,3]]) , 1, min) - apply(Peak_derivee_seconde [,c(2:3)],1,function(x)min(P$derivee2[x[1]:x[2]])))
  cassure_min <- cassure_min / (Peak_derivee_seconde [,3] - Peak_derivee_seconde [,2])
  Peak_derivee_seconde <- Peak_derivee_seconde [ which(cassure_min > min_abruptness ),  ]
  
  #### merger of peaks when there are too close
  Peak_derivee_seconde <- Peak_derivee_seconde[order(Peak_derivee_seconde[,1]),]
  Intens <- msDenoiseMRD(NA0(P$intensity) ,levels=1:5.,keep.details = FALSE)
  coord <- as.numeric(paste(Peak_derivee_seconde[,1]))
  distance <- NULL ; for(i in 2:length(coord)){
    distance[i-1] <- Dist(
      Intens  [ coord[i-1]   :  coord[i] ]
      ,length(P$intensity)*merge_dist)}
  
  for(supr in which(distance/(length(P$intensity)*merge_dist)<1)){ ## merge of 2 peaks on the keept peak #->.
    Peak_derivee_seconde[(supr+1),1] <- mean(Peak_derivee_seconde[supr:(supr+1),1])
    Peak_derivee_seconde[(supr+1),2] <- min (Peak_derivee_seconde[supr:(supr+1),2])
    Peak_derivee_seconde[(supr+1),3] <- max (Peak_derivee_seconde[supr:(supr+1),3])
    Peak_derivee_seconde[(supr+1),7] <- mean(Peak_derivee_seconde[supr:(supr+1),7])
    Peak_derivee_seconde[(supr+1),8] <- min (Peak_derivee_seconde[supr:(supr+1),8])
    Peak_derivee_seconde[(supr+1),9] <- max (Peak_derivee_seconde[supr:(supr+1),9])}
  
  Peak_derivee_seconde <- Peak_derivee_seconde[distance/(length(P$intensity)*merge_dist) > 1,] ##   .<-# remove remove of the other peak
  
  ##
  P$peak.list <- Peak_derivee_seconde
  
  #### Remove of bands which intencity is above a threshold
  P$peak.list <- P$peak.list [ which(P$intensity[as.numeric(paste(P$peak.list[,1]))] > threshold_intencity),  ]
  
  ##############################
  ############################################################
  ##############################
  
  ## adding peak that have not been detected by the second derivative
  peak.list_5 <- msPeakMRD(P$mz,P$intensity,concavity.threshold=20, snr.thresh=10, n.level=5)
  peak.list_6 <- msPeakMRD(P$mz,P$intensity,concavity.threshold=20, snr.thresh=10, n.level=6)
  peak.list_7 <- msPeakMRD(P$mz,P$intensity,concavity.threshold=20, snr.thresh=10, n.level=7)
  peak.list_8 <- msPeakMRD(P$mz,P$intensity,concavity.threshold=20, snr.thresh=10, n.level=8)
  
  supr<-apply(t(peak.list_6[,c(1:3)]),2,function(x)any(x[1]>peak.list_5[,2]     & x[1]<peak.list_5[,3])) # & peak.list_5[,1]>x[2] & peak.list_5[,1]<x[3]))
  peak.list_6 <- peak.list_6[!supr,]
  peak.list_5_6 <- rbind(peak.list_5 , peak.list_6)
  
  supr<-apply(t(peak.list_7[,c(1:3)]),2,function(x)any(x[1]>peak.list_5_6[,2]   & x[1]<peak.list_5_6[,3])) #  & peak.list_5_6[,1]>x[2] & peak.list_5_6[,1]<x[3]))
  peak.list_7 <- peak.list_7[!supr,]
  peak.list_5_6_7 <- rbind(peak.list_5_6 , peak.list_7)
  
  supr<-apply(t(peak.list_8[,c(1:3)]),2,function(x)any(x[1]>peak.list_5_6_7[,2] & x[1]<peak.list_5_6_7[,3])) #  & peak.list_5_6_7[,1]>x[2] & peak.list_5_6_7[,1]<x[3]))
  peak.list_8 <- peak.list_8[!supr,]
  peak.list_5_6_7_8 <- rbind(peak.list_5_6_7 , peak.list_8)
  
  ## some peak are overlapping 1) between "peak.list_5_6_7_8"
  peak.list_5_6_7_8 <- peak.list_5_6_7_8[order(peak.list_5_6_7_8[,1]),]
  
  i<-0 ; for( l in 1:nrow(peak.list_5_6_7_8)){i<-i+1
                                              
                                              centre      <- peak.list_5_6_7_8[i,1]
                                              frontieres1 <- peak.list_5_6_7_8[i,2]
                                              frontieres2 <- peak.list_5_6_7_8[i,3]
                                              centre_fait<-"non" ; if(   any(peak.list_5_6_7_8[-i,2] < centre & peak.list_5_6_7_8[-i,3] > centre )){centre_fait<-"oui"
                                                                                                                                                    
                                                                                                                                                    chevauchant <- which(peak.list_5_6_7_8[-i,2] < centre & peak.list_5_6_7_8[-i,3] > centre )
                                                                                                                                                    
                                                                                                                                                    peak.list_5_6_7_8[c(i,chevauchant)[which.max(P$intensity[peak.list_5_6_7_8[c(i,chevauchant),1]])],c(2,3)] <- range(c(frontieres1,frontieres2,peak.list_5_6_7_8[chevauchant,c(2,3)]))
                                                                                                                                                    peak.list_5_6_7_8 <- peak.list_5_6_7_8[-c(i,chevauchant)[-which.max(P$intensity[peak.list_5_6_7_8[c(i,chevauchant),1]])],]
                                                                                                                                                    i<-i-1
                                              }
                                              if(i>=nrow(peak.list_5_6_7_8)){break()}
                                              
                                              if(centre_fait=="non"){
                                                if(any(c(   any(peak.list_5_6_7_8[-i,2] < frontieres1 & peak.list_5_6_7_8[-i,3] > frontieres1) , any(peak.list_5_6_7_8[-i,2] < frontieres2 & peak.list_5_6_7_8[-i,3] > frontieres2)        ))){
                                                  
                                                  if( any(peak.list_5_6_7_8[,2] < frontieres1 & peak.list_5_6_7_8[,3] > frontieres1)){
                                                    chevauchant <- which(peak.list_5_6_7_8[,2] < frontieres1 & peak.list_5_6_7_8[,3] > frontieres1)}
                                                  if( any(peak.list_5_6_7_8[,2] < frontieres2 & peak.list_5_6_7_8[,3] > frontieres2)){
                                                    chevauchant <- which(peak.list_5_6_7_8[,2] < frontieres2 & peak.list_5_6_7_8[,3] > frontieres2)}
                                                  
                                                  if (!   any(frontieres1 < peak.list_5_6_7_8[chevauchant,1] & frontieres2 > peak.list_5_6_7_8[chevauchant,1] )   ){# verification qu'on est pas dans le cas inverse : le centre de "chevauchant" est dans les frontieres de "i"
                                                    peak.list_5_6_7_8[sort(c(i,chevauchant))[1],3] <- peak.list_5_6_7_8[sort(c(i,chevauchant))[2],2] <- mean(c(peak.list_5_6_7_8[sort(c(i,chevauchant))[1],3],peak.list_5_6_7_8[sort(c(i,chevauchant))[2],2]))
                                                  }}}}
  
  ## some peak are overlapping 2) between detection on the second derivative and on the intencity
  peak.list_5_6_7_8 <- peak.list_5_6_7_8[order(peak.list_5_6_7_8[,1]),]
  
  i<-0 ; for( l in 1:nrow(peak.list_5_6_7_8)){i<-i+1
                                              
                                              centre      <- peak.list_5_6_7_8[i,1]
                                              frontieres1 <- peak.list_5_6_7_8[i,2]
                                              frontieres2 <- peak.list_5_6_7_8[i,3]
                                              centre_fait<-"non" ; if(   any(P$peak.list[,1] > frontieres1 & P$peak.list[,1] < frontieres2 )){centre_fait<-"oui"
                                                                                                                                              
                                                                                                                                              peak.list_5_6_7_8 <- peak.list_5_6_7_8[-i,]
                                                                                                                                              i<-i-1
                                              }
                                              if(i>=nrow(peak.list_5_6_7_8)){break()}
                                              
                                              if(centre_fait=="non"){
                                                if(any(c(   any(P$peak.list[-i,2] < frontieres1 & P$peak.list[-i,3] > frontieres1) , any(P$peak.list[-i,2] < frontieres2 & P$peak.list[-i,3] > frontieres2)        ))){
                                                  
                                                  if( any(P$peak.list[,2] < frontieres1 & P$peak.list[,3] > frontieres1)){
                                                    chevauchant <- which(P$peak.list[,2] < frontieres1 & P$peak.list[,3] > frontieres1)}
                                                  if( any(P$peak.list[,2] < frontieres2 & P$peak.list[,3] > frontieres2)){
                                                    chevauchant <- which(P$peak.list[,2] < frontieres2 & P$peak.list[,3] > frontieres2)}
                                                  
                                                  peak.list_5_6_7_8[i,c(2,3)[which.max(c(i,chevauchant))]  ] <- P$peak.list[chevauchant,c(2,3)[which.max(c(chevauchant,i))]  ] <- mean(c(peak.list_5_6_7_8[i,c(2,3)[which.max(c(i,chevauchant))]  ]  ,  P$peak.list[chevauchant,c(2,3)[which.max(c(chevauchant,i))]  ]))
                                                }}}
  
  seuil <- 100
  peak.list_5_6_7_8 <- peak.list_5_6_7_8 [ which(P$intensity[as.numeric(paste(peak.list_5_6_7_8[,1]))] > seuil),  ]
  
  ##
  P$peak.list <- rbind(P$peak.list,peak.list_5_6_7_8)
  P$peak.list <- P$peak.list[order(P$peak.list[,1]),]
  
  ## removing peaks overlap
  i<-0 ; supr<-NULL ; for( l in 1:nrow(P$peak.list)){i<-i+1
                                                     
                                                     centre      <- P$peak.list[i,1]
                                                     frontieres1 <- P$peak.list[i,2]
                                                     frontieres2 <- P$peak.list[i,3]
                                                     centre_fait<-"non" ; if(   any(P$peak.list[-i,2] < centre & P$peak.list[-i,3] > centre  & P$peak.list[-i,1] > frontieres1 & P$peak.list[-i,1] < frontieres2)){centre_fait<-"oui"
                                                                                                                                                                                                                   
                                                                                                                                                                                                                   chevauchant <- which(P$peak.list[-i,2] < centre & P$peak.list[-i,3] > centre  & P$peak.list[-i,1] > frontieres1 & P$peak.list[-i,1] < frontieres2)
                                                                                                                                                                                                                   
                                                                                                                                                                                                                   P$peak.list[c(i,chevauchant)[which.max(P$intensity[P$peak.list[c(i,chevauchant),1]])],c(2,3)] <- range(c(frontieres1,frontieres2,P$peak.list[chevauchant,c(2,3)]))
                                                                                                                                                                                                                   P$peak.list <- P$peak.list[-c(i,chevauchant)[-which.max(P$intensity[P$peak.list[c(i,chevauchant),1]])],]
                                                                                                                                                                                                                   i<-i-1
                                                     }
                                                     if(i>=nrow(P$peak.list)-1){break()}
                                                     
                                                     if(centre_fait=="non"){
                                                       if(any(c(   any(P$peak.list[-i,2] < frontieres1 & P$peak.list[-i,3] > frontieres1) , any(P$peak.list[-i,2] < frontieres2 & P$peak.list[-i,3] > frontieres2)        ))){
                                                         
                                                         if( any(P$peak.list[,2] < frontieres1 & P$peak.list[,3] > frontieres1)){
                                                           chevauchant <- which(P$peak.list[,2] < frontieres1 & P$peak.list[,3] > frontieres1)}
                                                         if( any(P$peak.list[,2] < frontieres2 & P$peak.list[,3] > frontieres2)){
                                                           chevauchant <- which(P$peak.list[,2] < frontieres2 & P$peak.list[,3] > frontieres2)}
                                                         
                                                         if (!   any(frontieres1 < P$peak.list[chevauchant,1] & frontieres2 > P$peak.list[chevauchant,1] )   ){# verification qu'on est pas dans le cas inverse : le centre de "chevauchant" est dans les frontieres de "i"
                                                           
                                                           P$peak.list[sort(c(i,chevauchant))[1],3] <- P$peak.list[sort(c(i,chevauchant))[2],2] <- mean(c(P$peak.list[sort(c(i,chevauchant))[1],3],P$peak.list[sort(c(i,chevauchant))[2],2]))
                                                         }}}}
  
  P$peak.list <- P$peak.list[!duplicated(P$peak.list[,1]) , ]
  
  ## abruptness threshold
  cassure_min <- (apply(cbind(P$derivee2[P$peak.list [,2]],P$derivee2[P$peak.list [,3]]) , 1, min) - apply(P$peak.list [,c(2:3)],1,function(x)min(P$derivee2[x[1]:x[2]])))
  cassure_min <- cassure_min / (P$peak.list [,3] - P$peak.list [,2])
  
  P$peak.list <- P$peak.list [ which(cassure_min > min_abruptness ),  ]
  
  
  ############################################################################################################################
  ####  merger of peaks when there are too close
  P$peak.list <- P$peak.list[order(P$peak.list[,1]),] 
  
  Intens = msDenoiseMRD(NA0(P$intensity) ,levels=1:5.,keep.details = FALSE)
  coord <- as.numeric(paste(P$peak.list[,1]))
  distance <- NULL ; for(i in 2:length(coord)){
    distance[i-1] <- Dist(
      Intens[ coord[i-1]   :  coord[i] ]
      ,length(P$intensity)*merge_dist)}
  
  for(supr in which(distance/(length(P$intensity)*merge_dist )<1)){ ## merge of 2 peaks on the keept peak #->.
    P$peak.list[(supr+1),1] <- mean(P$peak.list[supr:(supr+1),1])
    P$peak.list[(supr+1),2] <- min (P$peak.list[supr:(supr+1),2])
    P$peak.list[(supr+1),3] <- max (P$peak.list[supr:(supr+1),3])
    P$peak.list[(supr+1),7] <- mean(P$peak.list[supr:(supr+1),7])
    P$peak.list[(supr+1),8] <- min (P$peak.list[supr:(supr+1),8])
    P$peak.list[(supr+1),9] <- max (P$peak.list[supr:(supr+1),9])}
  
  P$peak.list <- P$peak.list[distance/(length(P$intensity)*merge_dist) > 1,]  ##   .<-# remove remove of the other peak
  ############################################################################################################################
  ## some peaks are weakly overlapping
  for( i in 1:(nrow(P$peak.list)-1)){
    if(P$peak.list[i,9] >  P$peak.list[i+1,8]){
      P$peak.list[i,9] <- P$peak.list[i+1,8] <- mean(c(P$peak.list[i,9] , P$peak.list[i+1,8]))
      P$peak.list[i,3] <- P$peak.list[i+1,2] <- mean(c(P$peak.list[i,3] , P$peak.list[i+1,2]))
    }}
  
  ############################################################################################################################
  ## match Rf coordiantes on pixel coordinates
  P$peak.list[,c(7:9)] <- apply(P$peak.list[,c(1:3)], 2, function(vec)P$mz[vec] )
  
  PROFILES$Peaks  <- P$peak.list  
  print("")
  print("")
  
  print(paste("merge_dist   value was",merge_dist,".             This value is proportional to the number of peaks merged because they are too close"))
  print(paste("min_abruptness   value was",min_abruptness,".            This value is the minimum change of the second derivate : how the shoulder or peak should be abrupt ?"))
  print(paste("threshold_intencity   value was",threshold_intencity,    "      Peaks which median intencity was above this value have been removed"))
  print(paste("level_of_denoising_derivee2   value was",level_of_denoising_derivee2,    "   The higher this value is, the more details of the second derivate are removed"))
  
  print("")
  
  print(paste("This combination of parameter detected",nrow(PROFILES$Peaks),"Peaks"))
  return(PROFILES)}






##  ##  ##  ##  ##  ##  ##  ##  ##  ##  ##  ##  ##  ##  ##  ##  ##  ##  ##  ##  ##  ##  ##  ##  ##  ##  ##  ##  ##  ##  ##  ##  ##  
##### http://cran.r-project.org/web/packages/msProcess/
##### msPeakMRD is from the msProcess, that is no more available (on the 11.26.2013).
##### msPeakMRD is thus given below : 

msPeakMRD= # msProcess
  function(x, y, n.level=floor(log2(length(y))),
           concavity.threshold=0, snr.thresh=0, process="msPeakMRD")
  {  
zeroCross <- function(x, slope="positive")
{ checkVectorType(x,"numeric")
  checkScalarType(slope,"character")
  slope <- match.arg(slope,c("positive","negative"))
  slope <- match.arg(lowerCase(slope), c("positive","negative"))
  ipost  <- ifelse1(slope == "negative", sort(which(c(x, 0) < 0 & c(0, x) > 0)),
  sort(which(c(x, 0) > 0 & c(0, x) < 0)))
  offset <- apply(matrix(abs(x[c(ipost-1, ipost)]), nrow=2, byrow=TRUE), MARGIN=2, order)[1,] - 2
  ipost + offset}
    
    msPeakInfo <- function(x, y, index.min, index.max, noise.local=NULL, snr.thresh=2)
{
  # check inputs
  nvar <- length(x)
  if (!all(c(length(y), length(index.min), length(index.max)) == nvar))
    stop("x, y, index.min, and index.max must be vectors of equal length")
  if (!is.null(noise.local)){
    checkVectorType(noise.local,"numeric")
    if (length(noise.local) != nvar)
      stop("noise.local must be a numeric vector of length equal to that of the original mass spectrum")
  }

  # gather peak information

  # calculate signal to noise ratio
  # use intensity if noise.local is NULL, i.e., treat noise.local as 1
  # NOTE: snr is a vector containing only the snr values estimated for each peak,
  # i.e., its length will typically be must less than the length of nvar
  imax <- which(index.max)
  snr <- ifelse1(is.null(noise.local), y[imax], y[imax] / noise.local[imax])

  # remove peaks with low snr
  good.snr <- (snr > snr.thresh)
  snr <- snr[good.snr]

  tick.loc <- imax[good.snr]

  # find the tick.left and tick.right bounds of each peak
  # TODO: is there any way to get rid of the for loop?
  if ((npeak=length(tick.loc))==0) return(data.frame())
  tick.left <- tick.right <- rep(1, length(tick.loc))

  for (i in 1:length(tick.loc)) {    for (j in tick.loc[i]:1) {      if (index.min[j]){        tick.left[i] <- j
        break      }    }

    for (j in tick.loc[i]:length(x)) {      if (index.min[j]){        tick.right[i] <- j
      break      }    }

#    # NOTE: the above two for loops could be replaced with the following code
#    # it is simpler but much slower
#    if(any(index.min[1:tick.loc[i]]))
#      tick.left[i] <- max(which(index.min[1:tick.loc[i]]))
#    if(any(index.min[tick.loc[i]:length(x)]))
#      tick.right[i] <- min(which(index.min[tick.loc[i]:length(x)])) + tick.loc[i] - 1
  }

  # special handling for the span of the last peak
  if (tick.right[length(tick.loc)]==1)
    tick.right[length(tick.loc)] <- length(x)

  # remove duplicated peaks (due to plateaus) by keeping only the most left
  # TODO: take the average location as the new location?
  keep <- !duplicated(tick.left)

  # gather peak information
  tick.loc   <- tick.loc[keep]
  tick.left  <- tick.left[keep]
  tick.right <- tick.right[keep]
  mass.left  <- x[tick.left]
  mass.right <- x[tick.right]

  # Return peak info
  data.frame(
    tick.loc, tick.left, tick.right,
    tick.span = tick.right - tick.left + 1,
    snr = snr[keep], intensity = y[tick.loc],
    mass.loc = x[tick.loc], mass.left, mass.right,
    mass.span = mass.right - mass.left,
    row.names = NULL)}

    checkVectorType(n.level,"integer")
    checkScalarType(concavity.threshold,"numeric")
    if (concavity.threshold < 0)
      stop("Concavity threshold must be non-negative")
    
    # initialize variables
    crystal <- paste("d", n.level, sep="")
    
    # Given the series D obtained by summing the wavelet details over the specified levels, approximate the first and
    # second derivative of D by forming (approximate) zero phase shifted versions of the MODWT(D) coefficients using the
    # Haar and D4 wavelets, respectively.
    W1D <- wavShift(wavMODWT(y, wavelet="haar", n.level=n.level))[[crystal]]
    W2D <- wavShift(wavMODWT(y, wavelet="d4", n.level=n.level))[[crystal]]
    
    # find the zero crossings of the first derivative approximation of D corresponding to local maxima in D. subject the result to a second
    # concavity test using a user-defined threshold. here we note that we are looking for a positive convavity due to a natural negation of
    # the second derivative approximation.
    icandidate.neg <- zeroCross(W1D, slope="negative")
    imax <- icandidate.neg[which(W2D[icandidate.neg] > concavity.threshold)]
    index.max <- rep(FALSE, length=length(y))
    index.max[imax] <- TRUE
    
    # find the local minima to define the peak boundary
    icandidate.pos <- zeroCross(W1D, slope="positive")
    #  imin <- icandidate.pos[which(W2D[icandidate.pos] < -concavity.threshold)]
    imin <- icandidate.pos[which(W2D[icandidate.pos] < 0)]
    index.min <- rep(FALSE, length=length(y))
    index.min[imin] <- TRUE
    
#     # write history information (only once)
#     if (!isProcessRecorded(process)){
#       
#       report <- list(process=process, transform="MODWT",
#                      n.level=n.level, concavity.threshold=concavity.threshold,
#                      snr.thresh=snr.thresh)
#       assignEvent(report, process)
#     }
     msPeakInfo(x, y, index.min=index.min, index.max=index.max, snr.thresh=snr.thresh)
  }








Appendix S1_R scripts and functions_v2/R_functions/Functions_to_be_loaded_in_R/5_plot.profile.R

plot.profile <- function(PROFILES   # An object obtained by Detect.peaks
                        ,xlim=c(0,1) # x limits (x1, x2) of the plot (0 = begining the gel ; 1 = end of the gel)
                        # NEEDED TO SEE THE PLOT PIECE BY PIECE !
                        # for instance, you can set xlim=c(0,0.1) ; then xlim=c(0.1,0.2) ; ... ; then xlim=c(0.7,1) 
                        ,help_to_read_into_the_graph=TRUE # should the help be written ?
                        ,digits=3    # integer indicating the number of decimal text indicating peaks borders
                        ,Peak.colors=c(4,2,1) # peak colors, by default, the three blue, red, black are used and recycled
                        ,cex=0.7     # size of the text printed on the graph
                        ,level_of_denoising=4 # profils are denoised before to be printed
                        ,main=NULL)
{library(ifultools) # isVectorAtomic ; anyMissing
 require(wmtsa)
 msDenoiseMRD <- function(x, wavelet="s8",  levels=1, xform="modwt", reflect=TRUE,
  keep.smooth=TRUE, keep.details=TRUE,
  process="msDenoiseMRD")
   

   
{ # calculate a partial sum over the set MRD details (optional) and smooth
  # via the wavMRDSum() function.
  # Rely on this function to also check the input arguments.
 wavMRDSum(x, wavelet=wavelet, levels=levels, xform=xform, reflect=reflect, keep.smooth=keep.smooth, keep.details=keep.details)}
 
NA0 <- function(vec){if(any(is.na(vec))){vec[is.na(vec)]<-0} ; return(vec)}

  par(mar=c(2,2,2,2)) # c(bottom, left, top, right)
  Profil_moy    <- PROFILES$Profil_moy ; Profil_moy <- sapply( Profil_moy , function(x)msDenoiseMRD(NA0(x) ,levels=1:level_of_denoising,keep.details = FALSE),simplify=FALSE) 
  
  if( any(names(PROFILES)=="intensity_without_BG")){     Profil_moy$mz <- PROFILES$intensity_without_BG$profiles_to_detect_borders$mz}
  if(!any(names(PROFILES)=="intensity_without_BG")){     Profil_moy$mz <- PROFILES$intensity_with_BG$profiles_to_detect_borders$mz   }
  
# If some peaks have already been modified, the modifyed peaks are ploted
  if( any(names(PROFILES)=="Modified.Peaks")){  Profil_moy$peak.list <- PROFILES$Modified.Peaks}  
  if(!any(names(PROFILES)=="Modified.Peaks")){  Profil_moy$peak.list <- PROFILES$Peaks}
  
  matplot(Profil_moy   $mz[which(Profil_moy   $mz>=xlim[1] & Profil_moy   $mz<=xlim[2])] , cbind(Profil_moy   $W_intensity,Profil_moy   $intensity,Profil_moy   $W_q0.25,Profil_moy   $W_q0.75,Profil_moy   $derivee2)[which(Profil_moy   $mz>=xlim[1] & Profil_moy   $mz<=xlim[2]),],type="l",col=c(1,1,"dark grey","dark grey",4),lty=c(1,2,3,3,2),lwd=c(1,1,2,2,1),ylab="intensity",xlab="Rf line",main=main) ; abline(v=Profil_moy   $peak.list[,7],col=c(4,2,1),lty=4)   # ; abline(h=seq(-20000,40000,by=2000),col="grey",lwd=0.7) ; abline(v=seq(0,10000,by=200),col="grey",lwd=0.7)
  Min <- min(as.vector(cbind(Profil_moy   $W_intensity,Profil_moy   $intensity,Profil_moy   $W_q0.25,Profil_moy   $W_q0.75,Profil_moy   $derivee2)[which(Profil_moy   $mz>=xlim[1] & Profil_moy   $mz<=xlim[2]),]),na.rm=TRUE)
  abline(v = as.vector(t(Profil_moy$peak.list[,c(8,9)])),col="grey",lty=2,lwd=0.7)
  text(  Profil_moy$peak.list[,7] ,  c(Min/10 ,Min/8) , cex=cex  )
  text( labels = signif(Profil_moy$peak.list[,8] , digits) , Profil_moy$peak.list[,8] , c(Min/1.8,Min/1.6) , cex=cex , col=Peak.colors)
  text( labels = signif(Profil_moy$peak.list[,9] , digits) , Profil_moy$peak.list[,9] , c(Min/1.4,Min/1.3) , cex=cex , col=Peak.colors)
  abline(h=0)
  
  if(help_to_read_into_the_graph){
    cat("\n          HELP ! :")
    cat("\nThis graph is intended to allow visualizing")
    cat("\n- the median profile and a part of the variability around it")
    cat("\n- the second derivative that was used to detect peaks (this is the blue doted line)")
    cat("\n- the detected peaks that you now HAVE TO edit 'by hand':")
    cat("\n\nTo edit the detected peaks 'by hand' you need to specify precisely in the “modify.peaks.manually” function")
    cat("\n- which peaks you want to remove")
    cat("\n- which peaks you want to merge")
    cat("\n- the coordinate (top and borders) of the peaks you want to add")
    cat("\n- Peaks that need to be modified must be removed and added with the modifications")
    cat("\nTo do that, you will need to (i) scan this graph from begin (Rf=0) to the end (Rf=1) and (ii) compare it visually with one gel of the Phoretix experiment and check:")
    cat("\nWhich bands are too weak or have been wrongly detected, and which “true” bands have not been detected ?")
    
    cat("\n\n --------> How to read this graph? <---------")
    
    cat("\n\n          CURVATED LINES OF THE PROFILE :")
    cat("\nSolid black line is the weighted median")
    cat("\nDotted grey lines are the weighted quartiles")
    cat("\nDotted black line is the UNweighted median")
    cat("\nDotted blue line is the weighted second derivative")
    cat("\nThe weighted second derivative is usually the most informative but it is sometimes also too sensitive.")
    cat("\nThat’s why you have to compare this graph to some gels visualised in Phoretix.")
    
    cat("\n\n          VERTICAL LINES :")
    cat("\nColored lines (by default, blue, red, black) are the peaks positions")
    cat("\nGrey lines are the borders of peaks")
    
    cat("\n\n          NUMBERS")
    cat("\nBlack numbers just below the horizontal 0 line are the number of the peaks.")
    cat("\nThis is their ID. You will need these ID to specify which peaks must be removed or merged.")
    cat("\nAs for other numbers, a little shift in the y coordinate is introduced to prevent too much overlapping of close numbers.")
    cat("\n\nColored numbers indicate the coordinates of the borders of peaks.")
    cat("\nThey are thus positioned on a grey line.")
    cat("\nOn the y axes, they are positioned on four lines. The two first lines correspond to left borders and the two last lines correspond to right borders.")
    cat("\nThe color of numbers indicate the peak they correspond to : they are of the same color of the vertical line that indicates the position of the center of the peak.")
    cat("\nIt is advised to use these number to see on Phoretix (or equivalent software) where detected peaks are.")
    cat("\n\n!!  USE THE 'xlim' ARGUMENT !! to see your profile piece by piece :")
    cat("\nIt is usually not possible to see the whole profile in a single plot.")}
}







Appendix S1_R scripts and functions_v2/R_functions/Functions_to_be_loaded_in_R/6_modify.peaks.manually.R

modify.peaks.manually <- function(PROFILES  # An object obtained by Detect.peaks 
                                 ,remove=NULL     # A VECTOR listing the number (The ID) of the peaks that must be removed
                                 # To modify the coordinates of a peak, put it here and ad it with modified coordinates
                                 
                                 ,merge=NULL      # A LIST of vectors : one vector by group of peaks that must be merged
                                 
                                 ,add=NULL        # A LIST of vectors containing Rf coordinates of peaks to add : one vector by peak to add.
                                 # Each vectors must contain 3 values : (1) _First_ the coordinate of the top, (2) _Second_ coordinate of the left border and (3) _Third_ coordinate of the right border
                                 # To modify the coordinates of a peak, you must remove it (see above) and its new coordinates here
                                 ,plot.changes=TRUE # is changes must be plotted ?)
                                 ,nbr.of.plot=3      # into how many plot changes must be plotted (: how many plots are need to see the whole profile ?)
                                 ,help_to_read_into_the_graph=FALSE
){
  if(any(names(PROFILES)=="intensity_without_BG")){
  mz <- PROFILES$intensity_without_BG$profiles_to_detect_borders$mz}
  
  if(!any(names(PROFILES)=="intensity_without_BG")){
  mz <- PROFILES$intensity_with_BG$profiles_to_detect_borders$mz }
  
  ## sorting things to do
  if(!is.null(remove)){ remove=sort(unique(remove)) }

  if(!is.null(merge)){
  merge_=merge ; Reorder<-order(sapply(merge,mean)) ; merge <- as.list(NULL) ; Merge_vec <- NULL
  l=0 ; for(M in Reorder){l<-l+1 ; merge[[l]] <- merge_[[M]]
                          Merge_vec <- c(Merge_vec , merge_[[M]])}}
  
  if(!is.null(add)){
  add_=add ; Reorder<-order(sapply(add,mean)) ; add <- as.list(NULL)
  l=0 ; for(M in Reorder){l<-l+1 ; add[[l]] <- add_[[M]]}}
  
  ## checking entries
  OK <- TRUE
  if(!all(sapply(merge , function(x) length(x)==length(c(min(x):max(x))) ))){
    cat(paste("\ngroup",merge[which(!sapply(merge , function(x) length(x)==length(c(min(x):max(x))) ))],"contain some non adjacent bands to merge"))
    cat("\ncheck what you want to do\nnothing have been done")
    OK<-FALSE}
  
  if(!is.null(merge)){
  if(any(duplicated(Merge_vec))){
    duplicate <- Merge_vec[anyDuplicated(Merge_vec)]
    cat(paste("\nthe peak",duplicate,"appear in more than one group"))
    cat("\ncheck what you want to do\nnothing have been done")
    OK<-FALSE}}
  
  if(!all(sapply(add,function(x)  x[1]>x[2] &  x[3]>x[1] ))){
    cat(paste("\nthe peak",add[which(!sapply(add,function(x) x[1]>x[2] & x[3]>x[1] ))],"CAN T be in the right order !"))
    cat("\norder must be top, left, right\ncheck what you want to do\nnothing have been done")
    OK<-FALSE}
  
  if(any( as.vector(sapply(add,function(x)x)) > 1 | as.vector(sapply(add,function(x)x)) < 0 )){
    cat(paste("\nValues",as.vector(sapply(add,function(x)x))[which( as.vector(sapply(add,function(x)x)) > 1 | as.vector(sapply(add,function(x)x)) < 0 )],"is out of range !"))
    cat("\nThe range of Rf values is [0 ; 1]\ncheck what you want to do\nnothing have been done")
    OK<-FALSE}
  
  if(!is.null(remove) & !is.null(merge)){
  if(any(duplicated(c(unique(Merge_vec),remove)))){
    duplicate <- c(unique(Merge_vec),remove)[anyDuplicated(c(unique(Merge_vec),remove))]
    cat(paste("\nthe peak",duplicate,"appear both in peaks to be removed and in peak to be merged"))
    cat("\ncheck what you want to do\nnothing have been done")
    OK<-FALSE}}
    
  ##########
  ## DOING !
  if(OK){
    Peak <- PROFILES$Peaks
    if(!is.null(remove)){Peak <- Peak[-remove,]} # suppression
    
    if(! is.null(merge) & !is.null(remove)){                # s il y a des peaks à fusionner et a supprimer
      for(supr in remove[length(remove):1]){                # pour chaquune des suppressions (en commençant par la FIN)
        for(i in 1:length(merge)){            # pour chaqu une des fusion
          if(merge[[i]][1] > supr){             # si la suppression a cree un decalage dans la fusion
            merge[[i]] <- merge[[i]]-1 # on corrige la fusion
          }}}}
    
    if(! is.null(merge)){           # s il y a des peaks a fusionner
      for(fusion in length(merge):1){ # pour chacune des fusion EN COMMENCANT PAR LA FIN
        
        Peak[merge[[fusion]][1] , c(3,9) ] <- Peak[merge[[fusion]][length(merge[[fusion]])],c(3,9)] # recuperation de la frontiere droite
        Peak[merge[[fusion]][1] , c(1,7) ] <- apply(Peak[merge[[fusion]],c(1,7)],2,median)# recuperation du sommet
        Peak <- Peak[-merge[[fusion]][c(2:length(merge[[fusion]]))] , ]# effacement des peaks fusionnes
}}
    
    if(! is.null(add)){ 
    for(ajout in 1:length(add)){
      
      peak_aj <- c(
        which.min(abs(mz-add[[ajout]][1])),
        which.min(abs(mz-add[[ajout]][2])),
        which.min(abs(mz-add[[ajout]][3])),
        NA,NA,NA,add[[ajout]],NA)
      
      Peak <- rbind(Peak,peak_aj)
    }}
    
    Peak <- Peak[order(Peak[,7]),] # remise des peaks dans l ordre
    
    
    PROFILES_to_plot_before_modif <- PROFILES
    if(any(names(PROFILES_to_plot_before_modif) == "Modified.Peaks")){  names(PROFILES_to_plot_before_modif)[which(names(PROFILES_to_plot_before_modif) == "Modified.Peaks")] <- ""  }
    PROFILES$Modified.Peaks       <- Peak
    
    ## Plot changes
    if(plot.changes){
      Xlim <- seq(0,1,length=(nbr.of.plot+1))
      for(i in nbr.of.plot:1){
        xlim=Xlim[c(i,i+1)]
        X11()
        layout(matrix(1:2,nrow=2))
        plot.profile(PROFILES_to_plot_before_modif  ,xlim=xlim,help_to_read_into_the_graph=FALSE                       ,main="Before manual adjustment")
        plot.profile(PROFILES                       ,xlim=xlim,help_to_read_into_the_graph=help_to_read_into_the_graph ,main="After manual adjustment")
      }}
    cat(paste("You now have",nrow(PROFILES$Modified.Peaks),"peaks"))
    return(PROFILES)
  }}









Appendix S1_R scripts and functions_v2/R_functions/Functions_to_be_loaded_in_R/7_Measure.peak.R

Measure.peak <- function(PROFILES    # An object obtained by    modify.peaks.by.hand  (or by Measure.peak)
                         ,na.rm=TRUE # Some bands at the end of the gel may not have any intentity if some gels migrate more than other.
                         # (In those gels, some bands are outside the gel, in the running buffer ...). When this happen, this make some missing data
                         # Should these bands be removed for *all* lanes ?
                         # (if TRUE, removed bands will be listed)
){
  Stat<-as.list(NULL)
  Peak<-PROFILES$Modified.Peaks
  
  if(any(names(PROFILES)=="intensity_without_BG")){ without_BG_ <- TRUE}
  if(any(names(PROFILES)=="intensity_with_BG"   )){ with_BG_    <- TRUE}  
  
  if( any(names(PROFILES)=="intensity_without_BG")){
  MZ <- PROFILES$intensity_without_BG$profiles_to_detect_borders$mz
  Pderivee2 <- PROFILES$intensity_without_BG$profiles_to_detect_borders$derivee2}
  if(!any(names(PROFILES)=="intensity_without_BG")){
  MZ <- PROFILES$intensity_with_BG   $profiles_to_detect_borders$mz
  Pderivee2 <- PROFILES$intensity_with_BG$profiles_to_detect_borders$derivee2}
  
  for(BG_en_cours in c("with_BG","without_BG") [c(with_BG_ , without_BG_)]){
    
  if(BG_en_cours == "with_BG"   ){ P = PROFILES$intensity_with_BG   $profiles_to_quantify }
  if(BG_en_cours == "without_BG"){ P = PROFILES$intensity_without_BG$profiles_to_quantify }
    
  PISTE <- names(P)
  Volume <- Hauteur <- coord_Top <- matrix(NA,nrow=nrow(Peak),ncol=length(PISTE))
  c<-0 ; for(lane in 1:length(PISTE)){ c<-c+1

                             for(PEAK in 1:nrow(Peak)){
                               L <- which( abs(P[[lane]]$mz - Peak$mass.left [PEAK]) == min(abs(P[[lane]]$mz - Peak$mass.left [PEAK])) )
                               R <- which( abs(P[[lane]]$mz - Peak$mass.right[PEAK]) == min(abs(P[[lane]]$mz - Peak$mass.right[PEAK])) )
                               S <- which( abs(P[[lane]]$mz - Peak$mass.loc  [PEAK]) == min(abs(P[[lane]]$mz - Peak$mass.loc  [PEAK])) )
                               l <- max(L)+1
                               r <- min(R)-1
                               Vol_front_L    <- sum(P   [[lane]]$intensity[L]) / 2
                               Vol_front_R    <- sum(P   [[lane]]$intensity[R]) / 2

                               Volume           [PEAK,lane] <- sum(Vol_front_L    , P   [[lane]]$intensity[l:r] , Vol_front_R)
                               
                               coord_Top_pixel <- round(mean(c(   c(l:r)[which.max( P[[lane]]$intensity[l:r])]                ,  which.min(abs(P[[lane]]$mz - MZ[c(which.min(abs(MZ - Peak$mass.left [PEAK])) : which.min(abs(MZ - Peak$mass.right[PEAK])))     [
                               which.min( PROFILES$Profil_moy$derivee2[which.min(abs(MZ - Peak$mass.left [PEAK])) : which.min(abs(MZ - Peak$mass.right[PEAK])) ])   ]   ]))))) # intencite du point a mis chemin entre le point le plus haut et la hauteur au point detecte comme etant le plus haut par la derivee seconde
                               Hauteur          [PEAK,lane] <-  P[[lane]]$intensity[coord_Top_pixel]
                               
                               # Permet de faire un compromis entre les imprécisions possibles de la derivee seconde et les problemes des epaulements pour les quels le point le plus haut correspond à la frontiere avec le peak d'à coté
                               coord_Top[PEAK,lane] <- P[[lane]]$mz[  coord_Top_pixel ]}
  ### Gaussian volume
    
    
                             print(paste(BG_en_cours," :    ",round(c/length(PISTE)*100,1),"%"))}

  if(na.rm){
    supr <- apply(cbind(Volume,Hauteur,coord_Top ), 1 ,function(x)(length(which(is.na(x)))/length(PISTE)) > 0 )
    Hauteur    <- Hauteur    [!supr,]
    Volume     <- Volume     [!supr,]
    coord_Top  <- coord_Top  [!supr,]
  if(any(supr)){cat(paste("\nThe following peaks have been removed because of missing values:",which(supr)))}
  }
  
  Stat <- list(Volume,Hauteur,coord_Top)
  names(Stat)<-c("Volume" , "Height" , "coord_Top")
  
  for(i in 1:length(Stat)){  colnames(Stat[[i]]) <- PISTE  }
    
  if(BG_en_cours == "with_BG"   ){ PROFILES$peak.size.with_BG    <- Stat }
  if(BG_en_cours == "without_BG"){ PROFILES$peak.size.without_BG <- Stat }
 
  }
    
  return(PROFILES)}







Appendix S1_R scripts and functions_v2/R_functions/Functions_to_be_loaded_in_R/8_select.photo.R

select.photo <- function(PROFILES # An object obtained by    Measure.peak (or by select.photo)
      ,fac=NULL  # A factor or a vector with one level by lane; if NULL, the name of lanes is used
      ,Ref_Median_with_BG=NULL,Ref_Median_without_BG=NULL
                 # (1) for each photo, for each lane, median intencity will be computed
                 # (2) for each lane, the photo for which the median intensity of the lane is the nearest of the Reference Median (Ref_Median_with.or.without_BG) will be selected
                 # if NULL (the default), then Ref_Median_with.or.without_BG is the median of     the median intensity of each lanes
  
                 # If not NULL, the Ref_Median_with.or.without_BG arguments must be a vectors of 2 value : (1) the Volume and (2) the Height
                 # Setting yourself these Ref_Median_with.or.without_BG can permit you to analyse weak peaks* or big peaks** before saturation
                 # * : to analyse weak peaks you have to select photos of the end       of the revelation process                         and thus to set high values in Ref_Median
                 # **: to analyse big  peaks you have to select photos of the beginning of the revelation process (before any saturation) and thus to set low  values in Ref_Median
                 # it is advised to firstly obtain the median value by setting Ref_Median_with.or.without_BG=NULL, and then to choose a higher or lower value
){
  
  Mode <- function(x) {
    d <- density(x)
    d$x[which.max(d$y)]  }
  
  if(!is.null(fac)){fac <- as.factor(fac)}
  fac.NULL <- FALSE
  if( is.null(fac)){fac.NULL <- TRUE}
  
PROFILES_ <- PROFILES
  
  if(any(names(PROFILES_)=="intensity_without_BG")){ without_BG_ <- TRUE}
  if(any(names(PROFILES_)=="intensity_with_BG"   )){ with_BG_    <- TRUE}  
  
##   
  for(BG_en_cours in c("with_BG","without_BG") [c(with_BG_ , without_BG_)]){
    
    
  if(BG_en_cours == "with_BG"   ){ PROFILES$peak.size = PROFILES_$peak.size.with_BG
  if(any(names(PROFILES_)=="peak.size.with_BG.before_photo_selection"   )){PROFILES$peak.size = PROFILES_$peak.size.with_BG.before_photo_selection   }}
  if(BG_en_cours == "without_BG"){ PROFILES$peak.size = PROFILES_$peak.size.without_BG
  if(any(names(PROFILES_)=="peak.size.without_BG.before_photo_selection")){PROFILES$peak.size = PROFILES_$peak.size.without_BG.before_photo_selection}}

  if( fac.NULL ){fac <- as.factor(colnames(PROFILES$peak.size[[1]]))}
  
# Ref_Median estimation
Ref_Median <- NULL

if(is.null(Ref_Median_without_BG)){for(stat in 1:2){     Ref_Median[stat] <- Mode (sapply(split(as.data.frame(t(PROFILES$peak.size[[stat]])),fac),function(x)    median(apply(as.matrix(x),1,median))  ))}}
if(is.null(Ref_Median_with_BG   )){for(stat in 1:2){     Ref_Median[stat] <- Mode (sapply(split(as.data.frame(t(PROFILES$peak.size[[stat]])),fac),function(x)    median(apply(as.matrix(x),1,median))  ))}}

Ref_Q <- NULL ; for(stat in 1:2){  Ref_Q <- cbind(Ref_Q, quantile(sapply(split(as.data.frame(t(PROFILES$peak.size[[stat]])),fac),function(x)median(as.matrix(x))),c(0.25,.75)))}
  
  PROFILES$peak.size.selected.photos <- list(NULL,NULL,NULL)
for(stat in 1:2){    
  PROFILES$peak.size.selected.photos[[stat]] <- 
    sapply(split(as.data.frame(t(PROFILES$peak.size[[stat]])),fac),function(x)t(  x[which.min(abs(  apply(x,1,median) - Ref_Median[stat])),]  ))
}
  stat <- 3
  PROFILES$peak.size.selected.photos[[stat]] <- sapply(split(as.data.frame(t(PROFILES$peak.size[[stat]])),fac),function(x)t(  apply(x,2,median)  ))

  names(PROFILES$peak.size.selected.photos) <- names(PROFILES$peak.size)
  
  cat(paste("\n",BG_en_cours,":       median    Volume and Height intensities (the Ref_Median argument) were",Ref_Median[1],"and",Ref_Median[2],"respectively"))
  cat(paste("\nfor information","       quartiles Volume and Height intensities were",Ref_Q[1,1],Ref_Q[2,1],"and",Ref_Q[1,2],Ref_Q[2,2],"respectively"))
  
  if(BG_en_cours == "with_BG"   ){if(!any(names(PROFILES_)=="peak.size.with_BG.before_photo_selection"   )){PROFILES_$peak.size.with_BG.before_photo_selection    =  PROFILES_$peak.size.with_BG}
                                  PROFILES_$peak.size.with_BG    = PROFILES$peak.size.selected.photos}
  if(BG_en_cours == "without_BG"){if(!any(names(PROFILES_)=="peak.size.without_BG.before_photo_selection"   )){PROFILES_$peak.size.without_BG.before_photo_selection =  PROFILES_$peak.size.without_BG}
                                  PROFILES_$peak.size.without_BG = PROFILES$peak.size.selected.photos}
  
  
  }
  
  return(PROFILES_)}







Appendix S1_R scripts and functions_v2/R_functions/Functions_to_be_loaded_in_R/9_Compare.normalizations.R

Compare.normalizations <- function(    # This function depend on the limma package for functions : removeBatchEffect and loessFit, normalizeCyclicLoess, normalizeQuantiles, normalizeMedianValues, normalizeBetweenArrays.  But see after this function  
  
                                       # This function makes three kind of normalization ("scale", "quantile" and "cyclicloess") and plot a comparision of its ability to detect intergroup variability:
                                       # Errors will increase inter-sample variability, but not the inter-biological group variability = Errors will lower the ratio 
                                       # inter-biological group variability / intra-biological group variability
  
                                       # Theses variability and Normalized data are also returned
  
                            PROFILES   # An object obtained either by     Measure.peak or by select.photo (or by Compare.normalizations)
                           ,group      # A vector or a factor giving the bilogical group of each lanes [e.g.: the population or the exprimental modality or the individuals(if each individuals have been deposited in several wells))]
                           ,log=FALSE  # logical: Should the y axis be log transformed ?
                           ,Gel=NULL   # A vector or a factor giving the gel of each lane. Set to NULL if only one gel is analysed
                          ,design=NULL # the design that will be used in normalizeBetweenArrays
                                       # if NULL, the following will be computed : model.matrix(~group)
                                       # To don't account for the group, set the "design" to FALSE
                           ,ylim=NULL
) { require(limma) ; require(arm)
    
    without_BG_ <-  with_BG_    <- FALSE
  
  if(any(names(PROFILES)=="intensity_without_BG")){ without_BG_ <- TRUE}
  if(any(names(PROFILES)=="intensity_with_BG"   )){ with_BG_    <- TRUE}
  
  NORM <- as.list(NULL)
  bg=0 ; for(BG_en_cours in c("with_BG","without_BG") [c(with_BG_ , without_BG_)]){bg <- bg + 1
  
  if(BG_en_cours == "with_BG"   ){Stat <- PROFILES$peak.size.with_BG   }
  if(BG_en_cours == "without_BG"){Stat <- PROFILES$peak.size.without_BG}
  
  NORM[[bg]] <- as.list(NULL)
for(stat in c(1:length(Stat)))
 {Stat_ <-names(Stat)[stat]
  NORM[[bg]][[stat]] <- as.list(NULL)  
  
      # VSN => 
# Erreur dans exprs(vsnMatrix(x = as.matrix(x), ...)) : 
#   erreur d'?valuation de l'argument 'object' lors de la s?lection d'une m?thode pour la fonction 'exprs' : Erreur dans vsnMatrix(x = as.matrix(x), ...) : 
#   This function is worried that the number of rows in the data matrix, XXX, is too small for reliable estimation of the vsn transformation parameters. If you think that your data really have more rows, then please check whether there is a data transmission problem (e.g., matrix transposition?). Otherwise, if you are sure about what you are doing, you can change the parameter 'minDataPointsPerStratum' in order to reduce the minimal number of rows acceptable for proceeding.

# => supr VNS  ["norm in 1:3"     rather than   "norm in 1:4"]
  for( norm in 1:3)
  {Norm <- c("scale", "quantile","cyclicloess","VSN")[norm]
   NORM[[bg]][[stat]][[norm]] <- as.list(NULL)
   
   if(!Norm == "VSN"){NORM[[bg]][[stat]][[norm]] <- 
                        normalizeBetweenArrays(Stat[[stat]],method = Norm)}
   if( Norm == "VSN"){NORM[[bg]][[stat]][[norm]] <- 
                        t(normalizeVSN        (t(Stat[[stat]])))}
  }}}

###
names(NORM) <- c("with_BG","without_BG")[c(with_BG_ , without_BG_)]
for(bg in 1:length(NORM)){ names(NORM[[bg]]) <- names(Stat)
for(stat in 1:length(Stat)  ){names(NORM[[bg]][[stat]]) <- c("scale", "quantile","cyclicloess")}}
  
###########################
## Removing gels effect  
if(!is.null(Gel)){
  if(!is.logical(design)){
  if(is.null(design)){  design <- model.matrix(~group)  }
  
NORM_removedBatchEffect <- NORM
for(bg in 1:length(NORM)){ for( stat in 1:length(Stat)){ for( norm in 1:3){
  NORM_removedBatchEffect[[bg]][[stat]][[norm]] <- removeBatchEffect(NORM[[bg]][[stat]][[norm]],Gel,design=design)
}}}}

  if( is.logical(design)){  if(design){print("TRUE is not a accepted value for the argument 'design") ; stop() }
  
NORM_removedBatchEffect <- NORM
for(bg in 1:length(NORM)){ for( stat in 1:length(Stat)){ for( norm in 1:3){
  NORM_removedBatchEffect[[bg]][[stat]][[norm]] <- removeBatchEffect(NORM[[bg]][[stat]][[norm]],Gel)
}}}}}

if( is.null(Gel)){
  NORM_removedBatchEffect <- NORM}


## calculing inter and intra variability
BG <- Normalization <- Stat_names <- 
  CV_Var_intra<-CV_Var_intra_median<-CV_Var_inter <- CV_Var_inter_median <- 
  Var_intra<-Var_intra_median<-Var_inter <- Var_inter_median <- Names <- NULL
  
  bg=0 ; for(BG_en_cours in c("with_BG","without_BG") [c(with_BG_ , without_BG_)]){bg <- bg + 1
  for( stat in 1:length(Stat)){ for( norm in 1:3){
    
 resum <- sapply(split(as.data.frame(t(NORM_removedBatchEffect[[bg]][[stat]][[norm]])),group),function(x)cbind(apply(x,2,var),apply(x,2,mean),apply(x,2,median)),simplify=FALSE)

 Var_intra        <- cbind(Var_intra       ,apply(sapply(resum,function(x)x[,1]),1,mean)  )
 Var_intra_median <- cbind(Var_intra_median,apply(sapply(resum,function(x)x[,1]),1,median))
 
 Var_inter        <- cbind(Var_inter       ,apply(sapply(resum,function(x)x[,2]),1,var))
 Var_inter_median <- cbind(Var_inter_median,apply(sapply(resum,function(x)x[,3]),1,var))
 
 ##
 CV_Var_intra        <- cbind(CV_Var_intra       ,apply(sapply(resum,function(x)x[,1])          /  sapply(resum,function(x)x[,2]) ,1,mean))
 CV_Var_intra_median <- cbind(CV_Var_intra_median,apply(sapply(resum,function(x)x[,1])          /  sapply(resum,function(x)x[,3]) ,1,median))
 
 CV_Var_inter        <- cbind(CV_Var_inter       ,apply(sapply(resum,function(x)x[,2]),1,var)   /  apply(sapply(resum,function(x)x[,2]),1,mean  ))
 CV_Var_inter_median <- cbind(CV_Var_inter_median,apply(sapply(resum,function(x)x[,3]),1,var)   /  apply(sapply(resum,function(x)x[,3]),1,median))

 BG   <- c(  BG                    ,BG_en_cours)
 Normalization    <- c(Normalization,c("scale", "quantile","cyclicloess")[norm])
 Stat_names <- c(Stat_names                    ,substr(names(Stat),start=1,stop=1)[stat])
 
 Names <- c(Names,paste(BG_en_cours,substr(names(Stat),start=1,stop=1)[stat],c("Scale", "Quantile","C.loess")[norm],sep="_"))
}}}
  
colnames(CV_Var_intra    ) <- colnames(CV_Var_intra_median) <- colnames(CV_Var_inter       ) <- colnames(CV_Var_inter_median) <- 
colnames(Var_intra       ) <- colnames(Var_intra_median) <- colnames(Var_inter       ) <- colnames(Var_inter_median) <- Names
  

    
  ratio_Var            <- as.vector(( Var_inter           / Var_intra           )[,!Stat_names=="c"])
  ratio_Var_median     <- as.vector(( Var_inter_median    / Var_intra_median    )[,!Stat_names=="c"])
  ratio_Var_CV         <- as.vector(( CV_Var_inter        / CV_Var_intra        )[,!Stat_names=="c"])
  ratio_Var_CV_median  <- as.vector(( CV_Var_inter_median / CV_Var_intra_median )[,!Stat_names=="c"])
  
  ratio_Var           [!is.finite(ratio_Var          )] <- NA
  ratio_Var_median    [!is.finite(ratio_Var_median   )] <- NA 
  ratio_Var_CV        [!is.finite(ratio_Var_CV       )] <- NA
  ratio_Var_CV_median [!is.finite(ratio_Var_CV_median)] <- NA
    
###############
## Ploting correlations

nbr_de_bandes <- nrow(NORM_removedBatchEffect[[1]][[1]][[1]])
bg=0 ; for(BG_en_cours in c("with_BG","without_BG") [c(with_BG_ , without_BG_)]){bg <- bg + 1
for( stat in 1:(length(Stat)-1)){ for( norm in 1:3){ par(las=1)

  TAB <- t(NORM_removedBatchEffect[[bg]][[stat]][[norm]])
  TAB <- sapply(split(as.data.frame(TAB),group),function(tab)t(sweep(tab,2,apply(tab,2,median,na.rm=TRUE),"-")),simplify = FALSE)
  TAB_ <- NULL ; for(g in 1:length(TAB)){TAB_ <- rbind(TAB_,t(TAB[[g]]))}
  TAB <- TAB_[colnames(NORM_removedBatchEffect[[bg]][[stat]][[norm]]),]
corrplot(TAB,cutpts=seq(from=0,to=1,length=5),digits = 2,cex.var = 0.7,varnames = 1:nbr_de_bandes)
abline(v=c(0:nbr_de_bandes)+0.5,lty=3,lwd=0.4) ; abline(h=c(0:nbr_de_bandes)+0.5,lty=3,lwd=0.4)

mtext(side = 3,text = paste("Abs (correlations between bands)\n",BG_en_cours,c("Volume","Height")[stat],c("scale","quantile","cyclicloess")[norm]))  
mtext(side = 1,text = paste("GROUP VARIATION HAS BEEN REMOVED (median subtraction)\n=> correlations are not due to group effects"),cex = 0.5,line = -1)  
    
  }}}

###############
## Ploting variance - inter -intra
if(log){
  layout(matrix(1:4,nrow=2))
par(las=3) ; par(mar=c(10,4,4,4))
boxplot((ratio_Var-min(ratio_Var,na.rm=TRUE)+1)           ~ as.vector(matrix(Names[!Stat_names=="c"],nrow=nrow(Var_inter),ncol=ncol(Var_inter[,!Stat_names=="c"]),byrow=TRUE)),log="y",col= (as.numeric(as.factor(Normalization))+1),main="(Variation inter / Variation intra)+1\nbased on mean",ylim=ylim)
abline(v=(3*c(1:5)+.5),lty=3) ; abline(v=c(6.5,6*2+.5),lwd=3)

boxplot((ratio_Var_median-min(ratio_Var_median,na.rm=TRUE)+1)    ~ as.vector(matrix(Names[!Stat_names=="c"],nrow=nrow(Var_inter),ncol=ncol(Var_inter[,!Stat_names=="c"]),byrow=TRUE)),log="y",col= (as.numeric(as.factor(Normalization))+1),main="(Variation inter / Variation intra)+1\nbased on median",ylim=ylim)
abline(v=(3*c(1:5)+.5),lty=3) ; abline(v=c(6.5,6*2+.5),lwd=3)

boxplot((ratio_Var_CV-min(ratio_Var_CV,na.rm=TRUE)+1)        ~ as.vector(matrix(Names[!Stat_names=="c"],nrow=nrow(Var_inter),ncol=ncol(Var_inter[,!Stat_names=="c"]),byrow=TRUE)),log="y",col= (as.numeric(as.factor(Normalization))+1),main="(Coeff. of variation inter / Coeff. of variation intra)+1\nbased on mean",ylim=ylim)
abline(v=(3*c(1:5)+.5),lty=3) ; abline(v=c(6.5,6*2+.5),lwd=3)

boxplot((ratio_Var_CV_median-min(ratio_Var_CV_median,na.rm=TRUE)+1) ~ as.vector(matrix(Names[!Stat_names=="c"],nrow=nrow(Var_inter),ncol=ncol(Var_inter[,!Stat_names=="c"]),byrow=TRUE)),log="y",col= (as.numeric(as.factor(Normalization))+1),main="(Coeff. of variation inter / Coeff. of variation intra)+1\nbased on median",ylim=ylim)
abline(v=(3*c(1:5)+.5),lty=3) ; abline(v=c(6.5,6*2+.5),lwd=3)

  cat("\n\nplots show:      (Variance_inter/Variance_intra) - min(Variance_inter/Variance_intra) +1\n\nThis is often needed to allow the logaritmic scale,\n but this may be problematic if min(Variance_inter/Variance_intra) is an outlier\nif min(Variance) is an outlier, you have three solutions:\n- identify and remove it (to this end, the list ''PROFILE$Variance_inter.intra'' created by 'Compare.normalizations' should help you)\n- more simply, set 'log=FALSE', eventually, in combination with the ylim argument\n- make your own graphics!!! from ''PROFILES$peak.size.without_BG'' and ''PROFILES$peak.size.with_BG''")
  
# X11()
# layout(matrix(1:4,nrow=2))
# par(las=3) ; par(mar=c(10,4,4,6))
# boxplot((ratio_Var+1)           ~ as.vector(matrix(Names[Stat_names=="c"],nrow=nrow(Var_inter),ncol=ncol(Var_inter[,Stat_names=="c"]),byrow=TRUE)),log="y",col= (as.numeric(as.factor(Normalization))+1),main="Coordinates\n(Variation inter / Variation intra)+1\nbased on mean")
# abline(v=(3*c(1:9)+.5),lty=3) ; abline(v=c(9.5,9*2+.5),lwd=3)
# 
# boxplot((ratio_Var_median+1)    ~ as.vector(matrix(Names[Stat_names=="c"],nrow=nrow(Var_inter),ncol=ncol(Var_inter[,Stat_names=="c"]),byrow=TRUE)),log="y",col= (as.numeric(as.factor(Normalization))+1),main="Coordinates\n(Variation inter / Variation intra)+1\nbased on median")
# abline(v=(3*c(1:5)+.5),lty=3) ; abline(v=c(6.5,6*2+.5),lwd=3)
# 
# boxplot((ratio_Var_CV+1)        ~ as.vector(matrix(Names[Stat_names=="c"],nrow=nrow(Var_inter),ncol=ncol(Var_inter[,Stat_names=="c"]),byrow=TRUE)),log="y",col= (as.numeric(as.factor(Normalization))+1),main="Coordinates\n(Coeff. of variation inter / Coeff. of variation intra)+1\nbased on mean")
# abline(v=(3*c(1:5)+.5),lty=3) ; abline(v=c(6.5,6*2+.5),lwd=3)
# 
# boxplot((ratio_Var_CV_median+1) ~ as.vector(matrix(Names[Stat_names=="c"],nrow=nrow(Var_inter),ncol=ncol(Var_inter[,Stat_names=="c"]),byrow=TRUE)),log="y",col= (as.numeric(as.factor(Normalization))+1),main="Coordinates\n(Coeff. of variation inter / Coeff. of variation intra)+1\nbased on median")
# abline(v=(3*c(1:5)+.5),lty=3) ; abline(v=c(6.5,6*2+.5),lwd=3)
}

  
##########
if(!log){ 
layout(matrix(1:4,nrow=2))
par(las=3) ; par(mar=c(10,4,4,4))
boxplot((ratio_Var)           ~ as.vector(matrix(Names[!Stat_names=="c"],nrow=nrow(Var_inter),ncol=ncol(Var_inter[,!Stat_names=="c"]),byrow=TRUE)),col= (as.numeric(as.factor(Normalization))+1),main="(Variation inter / Variation intra)\nbased on mean",ylim=ylim)
abline(v=(3*c(1:9)+.5),lty=3) ; abline(v=c(6.5,6*2+.5),lwd=3)

boxplot((ratio_Var_median)    ~ as.vector(matrix(Names[!Stat_names=="c"],nrow=nrow(Var_inter),ncol=ncol(Var_inter[,!Stat_names=="c"]),byrow=TRUE)),col= (as.numeric(as.factor(Normalization))+1),main="(Variation inter / Variation intra)\nbased on median",ylim=ylim)
abline(v=(3*c(1:5)+.5),lty=3) ; abline(v=c(6.5,6*2+.5),lwd=3)

boxplot((ratio_Var_CV)        ~ as.vector(matrix(Names[!Stat_names=="c"],nrow=nrow(Var_inter),ncol=ncol(Var_inter[,!Stat_names=="c"]),byrow=TRUE)),col= (as.numeric(as.factor(Normalization))+1),main="(Coeff. of variation inter / Coeff. of variation intra)\nbased on mean",ylim=ylim)
abline(v=(3*c(1:5)+.5),lty=3) ; abline(v=c(6.5,6*2+.5),lwd=3)

boxplot((ratio_Var_CV_median) ~ as.vector(matrix(Names[!Stat_names=="c"],nrow=nrow(Var_inter),ncol=ncol(Var_inter[,!Stat_names=="c"]),byrow=TRUE)),col= (as.numeric(as.factor(Normalization))+1),main="(Coeff. of variation inter / Coeff. of variation intra)\nbased on median",ylim=ylim)
abline(v=(3*c(1:5)+.5),lty=3) ; abline(v=c(6.5,6*2+.5),lwd=3)

# X11()
#   layout(matrix(1:4,nrow=2))
# boxplot((ratio_Var)           ~ as.vector(matrix(Names[Stat_names=="c"],nrow=nrow(Var_inter),ncol=ncol(Var_inter[,Stat_names=="c"]),byrow=TRUE)),col= (as.numeric(as.factor(Normalization))+1),main="Coordinates\n(Variation inter / Variation intra)+1\nbased on mean")
# abline(v=(3*c(1:9)+.5),lty=3) ; abline(v=c(9.5,9*2+.5),lwd=3)
# 
# boxplot((ratio_Var_median)    ~ as.vector(matrix(Names[Stat_names=="c"],nrow=nrow(Var_inter),ncol=ncol(Var_inter[,Stat_names=="c"]),byrow=TRUE)),col= (as.numeric(as.factor(Normalization))+1),main="Coordinates\n(Variation inter / Variation intra)+1\nbased on median")
# abline(v=(3*c(1:5)+.5),lty=3) ; abline(v=c(6.5,6*2+.5),lwd=3)
# 
# boxplot((ratio_Var_CV)        ~ as.vector(matrix(Names[Stat_names=="c"],nrow=nrow(Var_inter),ncol=ncol(Var_inter[,Stat_names=="c"]),byrow=TRUE)),col= (as.numeric(as.factor(Normalization))+1),main="Coordinates\n(Coeff. of variation inter / Coeff. of variation intra)+1\nbased on mean")
# abline(v=(3*c(1:5)+.5),lty=3) ; abline(v=c(6.5,6*2+.5),lwd=3)
# 
# boxplot((ratio_Var_CV_median) ~ as.vector(matrix(Names[Stat_names=="c"],nrow=nrow(Var_inter),ncol=ncol(Var_inter[,Stat_names=="c"]),byrow=TRUE)),col= (as.numeric(as.factor(Normalization))+1),main="Coordinates\n(Coeff. of variation inter / Coeff. of variation intra)+1\nbased on median")
# abline(v=(3*c(1:5)+.5),lty=3) ; abline(v=c(6.5,6*2+.5),lwd=3)
}


##########################################
## Registering intra and inter variances 
PROFILES$Variance_inter.intra <- list(list(Var_intra, Var_inter, Var_intra_median, Var_inter_median),list(CV_Var_intra, CV_Var_inter, CV_Var_intra_median, CV_Var_inter_median))
names(PROFILES$Variance_inter.intra) <- c("Variances","Coefficients_of_variation")
names(PROFILES$Variance_inter.intra$Variances) <- c("Var_intra", "Var_inter", "Var_intra_median", "Var_inter_median")
names(PROFILES$Variance_inter.intra$Coefficients_of_variation) <- c("CV_intra", "CV_inter", "CV_intra_median", "CV_inter_median")
  
PROFILES$Normalized_data <- NORM_removedBatchEffect
  
  return(PROFILES)
}









Appendix S1_R scripts and functions_v2/R_functions/Functions_to_be_loaded_in_R/former version of some functions/1_former version of the function_read.Profiles.R

## Not used : former vertion of the function "read.Profiles". 


# read.Profiles <- function( ## depend on package : ptw (for the function "interpol" (written in C))
#   
#                            ## depending on the intended analysis, give at least one of the two pathname :
#                            pathname_with_BG=NULL     # pathname to the folder that contain files WITH background
#                           ,pathname_without_BG=NULL  # pathname to the folder that contain files WITHOUT background
#                            
#                           ,resolution=10000          # number of points for each profiles (notice that change of the resolution may imply the necessity to change default values used to calculate the second derivate and to detect peaks
#                           ,pattern=NULL,recursive=FALSE,allNames=TRUE # for the help of these arguments, cf the help of "listDirectory"
# ) { library(R.utils)
#     library(ptw)
#   
#   pathname_with_BG_    <- !is.null(pathname_with_BG)
#   pathname_without_BG_ <- !is.null(pathname_without_BG)  
#   
# #   if(pathname_with_BG_ & pathname_without_BG_){
# #   ##########
# #   ## Cheking files
# # Names <- as.list(NULL)
# # print("checking concordance between files with and without background")
# # for(pathname in c(pathname_with_BG,pathname_without_BG)  [c(pathname_with_BG_,pathname_without_BG_)]){ BG_en_cours <- c("with_BG","without_BG")[c(pathname == pathname_with_BG  ,pathname == pathname_without_BG)]
# #   Files <- listDirectory(path=pathname,pattern=pattern,recursive=recursive,allNames=allNames,fullNames=TRUE)
# #   Names_ <- NULL ; i=0 ; for(files in Files){i=i+1
# # Names_[i] <- colnames(read.table(files,head=TRUE,nrows=0))[2]   }
# # 
# # if(BG_en_cours == "with_BG"   ){Names$names_with_BG    <- paste(unique(Names_),table(Names_),sep="__")}
# # if(BG_en_cours == "without_BG"){Names$names_without_BG <- paste(unique(Names_),table(Names_),sep="__")}   }}
# # 
# # INT <- intersect(Names$names_with_BG,Names$names_without_BG)
# # 
# # Names$names_with_BG    <- Names$names_with_BG    [which(!duplicated(c(INT,Names$names_with_BG   ))[-c(1:length(INT))])]
# # Names$names_without_BG <- Names$names_without_BG [which(!duplicated(c(INT,Names$names_without_BG))[-c(1:length(INT))])]
# # 
# # head(cbind(sort(Names$names_with_BG),sort(Names$names_without_BG)))
# 
#   
#   
#   ##########
#   
#   PROFILES_with_and_withoutBG <- as.list(NULL)
#   for(pathname in c(pathname_with_BG,pathname_without_BG)  [c(pathname_with_BG_,pathname_without_BG_)]){ BG_en_cours <- c("with_BG","without_BG")[c(pathname == pathname_with_BG  ,pathname == pathname_without_BG)]
#   
#   ########## STEP 1 ##########
#   # FILES LOADING
#   
#   Files <- listDirectory(path=pathname,pattern=pattern,recursive=recursive,allNames=allNames,fullNames=TRUE)
#   profiles <- as.list(NULL) ; i=0 ; for(files in Files){i=i+1
# profiles[[i]] <- read.table(files,head=TRUE)
# if(max(profiles [[i]][,1]) > 2){print("it seems that the profil") ; print(files) ; print("has been exported with pixel rather than with Rf")}
# print(paste(BG_en_cours," :    ","step 1 of 3 :",signif(i/length(Files),3)*100,"%"))}
#   
#   ## sorting by profil names
#   Names <- sapply(profiles , function(x)colnames(x)[2])
#   P <- profiles ; profiles <- as.list(NULL)
#   l = 0 ; for(n in sort(unique(Names))){
#           for(i in which(Names == n)){l = l+1 ; profiles[[l]] <- P[[i]]}}
#   names(profiles) <- sort(Names)
#   
#   ########## STEP 2 ##########
#   # DATA formatting
#   
#   print("STEP 2 OF 3")
#   
#   ## mise au format "msProcess"
#   qcset <- list(NULL,NULL) ; names(qcset)=c("mz","intensity") ; A<-profiles
#   for(i in 1:length(profiles)){
#     A[[i]]           <- qcset
#     A[[i]]$mz        <- profiles[[i]][,1]
#     A[[i]]$intensity <- cbind( profiles[[i]][,2] )
#     ## coordonnees < 0   -->>   0
#     A[[i]]$mz[A[[i]]$mz<0] <- 0
#     
#     ## convertion of 8 bit profiles into 16 bit profiles
#     if(max(A[[i]]$intensity) <= 2^8  ){A[[i]]$intensity <- A[[i]]$intensity/(2^8 ) * (2^16)}
#     ## convertion of 32 bit profiles into 16 bit profiles
#     if(max(A[[i]]$intensity) >= 2^16 ){A[[i]]$intensity <- A[[i]]$intensity/(2^32) * (2^16)}
#     
#     ## Les valeurs des Rf sont arrondi, il y a donc des doublons
#     mz<-apply(           cbind(A[[i]]$mz[-1]  ,  A[[i]]$mz[-length(A[[i]]$mz)])      ,1,mean)
#     mz<-apply(cbind(mz[-1],mz[-length(mz)]),1,mean)
#     A[[i]]$mz <- c(A[[i]]$mz[1],mz,A[[i]]$mz[length(A[[i]]$mz)])
#     print(paste(BG_en_cours," :    ","step 2 of 3 :",signif(i/length(Files),3)*100,"%"))}
#   profiles<-A
#   
#   ########## STEP 3 ##########
#   # alignment on one reference coordinates
#   
#   print("STEP 3 OF 3   longest step")
#     
#   newcoord = function(x,actuel){ ## interpolation 
# diff<-(x - actuel)
# if(any(diff<0)&any(diff>0)){
# y1<-which(diff<0)[  which.min(diff[which(diff<0)])  ]
# y2<-which(diff>0)[  which.min(diff[which(diff>0)])  ]
# x1<-actuel[y1] ; x2<-actuel[y2]
# Y <- y1+(x-x1)*(y2-y1)/(x2-x1)}
# if(!(any(diff<0)&any(diff>0))){Y<-which.min(diff)}
# return(Y)}
#     
#     
#     
#   MZ<-seq(0,1,length=resolution)
#   
#   profil<-qcset
#   profil$mz<-MZ
#   
#   profil$intensity<-NULL ; for(i in 1:length(Files)){ 
#     
#     ## normalisation : normalisation par rapport au quantile 75%
#     A[[i]]$intensity <- A[[i]]$intensity /  quantile(A[[i]]$intensity,probs=.75) *  (2^16*0.75) ## 75% de la valeur max pour du 16 bit
#     
#     ## resolution multiplication to obtain approximatly [2 * resolution] points by profils
#     multiplication <- round( resolution*2 / length(A[[i]]$mz))
#     A[[i]]$intensity <- interpol(seq(1,length(A[[i]]$intensity),by=1/multiplication),A[[i]]$intensity)
#     A[[i]]$mz <-        interpol(seq(1,length(A[[i]]$mz),by=1/multiplication),A[[i]]$mz)
#     
#     profil$intensity <- cbind(profil   $intensity,     interpol(   sapply((MZ*(length(A   [[i]]$intensity)-1)+1)   ,function(x)newcoord(x,(A   [[i]]$mz*(length(A   [[i]]$intensity)-1)+1))),  A   [[i]]$intensity))
#     print(paste(BG_en_cours," :    ","the last and longest step 3 of 3 :",signif(i/length(Files),3)*100,"%"))}
# 
#   profil$intensity <- sweep(profil$intensity,2,  apply(profil$intensity,2,min)  ,"-")
#   
#   PROFILES <- list(profiles,profil)
#   names(PROFILES) <- c("profiles_to_quantify","profiles_to_detect_borders")
#   colnames(PROFILES$profiles_to_detect_borders$intensity) <- names(PROFILES$profiles_to_quantify)
# 
#     if(BG_en_cours == "with_BG"){
#       PROFILES_with_and_withoutBG$intensity_with_BG    <- PROFILES}
# 
#     if(BG_en_cours == "without_BG"){
#       PROFILES_with_and_withoutBG$intensity_without_BG <- PROFILES}
#     
#         print(paste(BG_en_cours," :    ","the last and longest step 3 of 3 :",signif(i/length(Files),3)*100,"%"))}
# 
#   if(pathname_with_BG_ &  pathname_without_BG_){
#     
#     ID_with   <- names(PROFILES_with_and_withoutBG$intensity_with_BG$profiles_to_quantify)
#     ID_without<- names(PROFILES_with_and_withoutBG$intensity_without_BG$profiles_to_quantify)
#     
#     if(length(ID_with) > length(ID_without)){ID_without <- c(ID_without,rep("No more profiles",abs(length(ID_with) - length(ID_without))))}
#     if(length(ID_with) < length(ID_without)){ID_with    <- c(ID_with   ,rep("No more profiles",abs(length(ID_with) - length(ID_without))))}
#     
#   temp <- cbind(ID_with , ID_without, ID_with == ID_without )
#   colnames(temp) <- c("NAMES_intensity_with_BG","NAMES_intensity_without_BG","egal_names")   ;   print(temp)}
#   
# PROFILES_with_and_withoutBG$Comparision_of_profiles_ID_with_vs_withoutBG <- temp
# 
# return(PROFILES_with_and_withoutBG)}
# 
# 







Appendix S1_R scripts and functions_v2/R_functions/Functions_to_be_loaded_in_R/former version of some functions/2_former version of the function_Estim.2nd.derivative.R

Estim.2nd.derivative <- function(   # depend on packages  wmtsa        for functions : wavDaubechies, wavMODWT, create.signalSeries, wavDictionary, wavTransform, wavMRD, wavTitle. But see after this function  
                                                 #  and   ifultools    for functions : isVectorAtomic, anyMissing
  # and msDenoiseMRD from the msProcess package that is not more maintained, the function has thus been added into this function 
                           PROFILES ## An object obtained by read.Profiles (or by Estim.2nd.derivative)
                           ## To correct for this, derivate is transformed by a function of there coordinate in the gel (Rf) and of a log parameter.
                           ,LOG=2 ## With some gel, bands width tends to increase toward the low part of the gel and vice versa.
                           ## This make weaker variation of derivate toward the low part of the gel and vice versa.
                           ## The log parameter should be defined here.
                           ## for the 
                           ## Any kD Mini-PROTEAN TGX Gel, 10 well, 30 ul #456-9036
                           ## gels, this parameter should be 2
                           ## To make no trasformation, (if bands have the same shape at the top and at the bottom of the gel) choose LOG = 0
                           
                           ,lag=20        # number of pixels of the windows used to calculate the derivate and the second derivate
                           ,lag_smooth=30 # number of pixels of the windows used by the smooth mean-filter used on the derivate
                           ,levels_denosing=c(4,5,4) # the maximum levels of denoising of (i) the profil, (ii) it's derivate and (iii) it's second derivate. For details see the msDenoiseMRD help
                           ,range_derive = 40000 # range of the derivate (default = 40000)
){
  require(wmtsa)
  library(ifultools) # isVectorAtomic ; anyMissing
  library(ptw)
###
# msDenoiseMRD
###
msDenoiseMRD <- function(x, wavelet="s8",  levels=1, xform="modwt", reflect=TRUE,
  keep.smooth=TRUE, keep.details=TRUE,
  process="msDenoiseMRD")
{ # calculate a partial sum over the set MRD details (optional) and smooth
  # via the wavMRDSum() function.
  # Rely on this function to also check the input arguments.
 wavMRDSum(x, wavelet=wavelet, levels=levels, xform=xform, reflect=reflect, keep.smooth=keep.smooth, keep.details=keep.details)}
  
  NA0 <- function(vec){if(any(is.na(vec))){vec[is.na(vec)]<-0} ; return(vec)}
####  
  PROFILES_ <- PROFILES

  # if the backgroung has been removed, for instance by rolling ball, it is better to make the bands detection on these profiles
  if(any(names(PROFILES_)=="intensity_without_BG")){
  PROFILES <- PROFILES_$intensity_without_BG}
  
  if(!any(names(PROFILES_)=="intensity_without_BG")){
  PROFILES <- PROFILES_$intensity_with_BG}
  
  PROFILES$profiles_to_detect_borders$derivee2 <- PROFILES$profiles_to_detect_borders$derivee1 <- NULL ; for(lane in 1:ncol(PROFILES$profiles_to_detect_borders$intensity)){
    
    profiles_LOG_1 <- msDenoiseMRD(NA0(PROFILES$profiles_to_detect_borders$intensity[,lane]) ,levels=1:levels_denosing[1],keep.details = FALSE) ## smooth du PROFILE
    
    derivee1 <- derivee1_ <- NA0(interpol( (c(1:length(PROFILES$profiles_to_detect_borders$intensity[,lane]))-lag/2)    ,diff(NA0(profiles_LOG_1),lag=lag) ))
    deform <- log(PROFILES$profiles_to_detect_borders$mz+1,LOG)   ;   deform <- deform+1 / min(deform+1)
    derivee1 <- derivee1 * deform
    #  matplot(cbind(derivee1,derivee1_,derivee1.,profiles_LOG_1),type="l") ; abline(h=seq(-20000,40000,by=2000),col="grey",lwd=0.7) ; abline(v=seq(0,10000,by=200),col="grey",lwd=0.7)
    derivee1[-c(c(1:(lag_smooth/2)),c((length(derivee1) - (lag_smooth/2)):(length(derivee1))))] <-
      sapply( c(((lag_smooth/2)+1) : ((length(derivee1) - (lag_smooth/2))-1)) , function(i)    mean(derivee1[c((i-(lag_smooth/2)) :(i+(lag_smooth/2)) )])     ) ## smooth de la derivee deformee
    derivee1 <- msDenoiseMRD(NA0(derivee1) ,levels=1:levels_denosing[2],keep.details = FALSE) ## smooth de la DERIVEE 1
    PROFILES$profiles_to_detect_borders$derivee1 <- cbind(PROFILES$profiles_to_detect_borders$derivee1,     (derivee1 <- derivee1*(range_derive / (max(derivee1,na.rm=TRUE) - min (derivee1,na.rm=TRUE))))) 
    
    derivee2 <- msDenoiseMRD(NA0(interpol( (c(1:length(PROFILES$profiles_to_detect_borders$intensity[,lane]))-.5)    ,diff(PROFILES$profiles_to_detect_borders$derivee1[,lane],lag=lag*2)*10)) ,levels=1:4.,keep.details = FALSE)
    derivee2 <- msDenoiseMRD(NA0(derivee2 ) ,levels=1:levels_denosing[3],keep.details = FALSE)
    PROFILES$profiles_to_detect_borders$derivee2 <- cbind(PROFILES$profiles_to_detect_borders$derivee2 , derivee2)
    print(lane / ncol(PROFILES$profiles_to_detect_borders$intensity))}
  
  
    if(any(names(PROFILES_)=="intensity_without_BG")){
  PROFILES_$intensity_without_BG <- PROFILES}
  
  if(!any(names(PROFILES_)=="intensity_without_BG")){
  PROFILES_$intensity_without_BG <- PROFILES}
  
  return(PROFILES_)}







Appendix S1_R scripts and functions_v2/R_functions/How_to.doc




INSTRUCTIONS TO RUN FUNCTIONS


Please, find in this document:
 -  A detailed description of the job of the nine functions.
 -  Explications on how to use these functions
 -  The argument taken by each function
 -  An example of script with some details on the structure of the output of each function


R codes are in bold bleu Courier New
Functions names are in  Italics 
Functions parameters are underlined
Optional functions parameters are underlined in grey


Detailed description of the job of the nine functions


read.Profiles
This first function permits to load profiles aligned to Rf. These profiles have to be provided in separate text files (one file per profile), each organized as follow: one line per pixel, Rf position in the first column and intensity in the second column. Name of the first column should be “Rf” and name of the second column is the ID of the sample. In the following steps, this sample ID will be noted “ID_of_the_lane_that_will_be_used_in_the_analysis”.


Rf
ID_of_the_lane_that_will_be_used_in_the_analysis
0.000
54.927
0.001
55.099
0.002
55.219
 



…
…



0.936
69.885
0.936
70.474
0.937
69.526


The name of each file doesn’t matter, but the folder must only contain these profiles.


If lanes are to be analyzed both with and without background, profiles with and without background must be in two different folders, but same lanes must have the same ID_of_the_lane_that_will_be_used_in_the_analysis.


In case several pictures of the same lane will be analyzed, profiles of each picture must be provided in the same folder. It is also advised to give them the same ID_of_the_lane_that_will_be_used_in_the_analysis, but see detail of the argument fac of the function select.photo.


The function read.Profiles can be easily adapted in case files containing profiles are formatted in a different manner. For example, if there is one file per gel rather than one file per lane.


After loading profiles, the read.Profiles function creates transformed profiles that are aligned to each other and contain equal numbers of points that each refers to the same Rf position. These transformed profiles will be used for peak detection, but not for quantification.



Estim.2nd.derivative


This second function calculates the second derivative of each profile, after a standardization of profiles intensities. The standardization allows obtaining similar ranges of variation of the second derivative of each profile.


With some kind of gels, bands width tends to increase toward the lower part of the gel, and the amplitude of the variation of the second derivate is thus reduced. As the reference band detection is based on the second derivative, this difference between the upper and lower part of the gel would lead to detection of fewer bands at the bottom.


This function corrects for this problem by multiplying second derivatives by a value that depends of the Rf position. This value can be adjusted by the user, but remember that reference bands will have to be adjusted manually (i.e. with the function (modify.peaks.manually). The quality of this step will thus only influence the number of adjustments to perform manually.


Median.profiles_derivative


This third function calculates for each point of the profiles the weighted median of second derivative. Weights can be set for example to obtain the same weights for all biological groups, whatever their respective size. For each point of the profiles, weights are also automatically set to be proportional to the absolute value of the individual second derivatives. This gives more weight to individuals displaying a band in the considered position, which makes the analysis more sensitive for the detection of rare bands.



Detect.peaks


This fourth function detects local minima and maxima of the weighted median second derivative, after smoothing it more or less deeply. These local minima correspond to peaks or shoulders often present on individual profiles and are used as reference peaks. Local maxima correspond to borders of these reference peaks. In the output of this function, the “mass” correspond to the Rf coordinates.


plot.profile


This step is of key importance.



This fifth function plots the median of second derivatives, median and quartiles of individual profiles, and the position of detected peaks (Fig S1). This helps to decide to add, merge, remove or split some peaks or modify some peak border, which can be done with the sixth function (modify.peaks.manually). This sixth function allows modifying reference bands. This is of key importance because the intensity between borders of these reference bands will be measured in all individual lanes. In short: these will be the variables of your final dataset!


Measure.peak


This seventh function records for each profile the intensities between borders of each reference peak. These intensities are measured by the height (intensity at the top of the peak) and by the volume (surface under the profile and between borders). This function uses the raw profiles, i.e. the input of the function read.Profiles. 


select.photo 



The two last functions (select.photo and Compare.normalizations) are optional and can be used independently from each other. They correct for the variability in the total amount of loaded proteins. In case of important variability, some lanes will indeed be saturated before others can even be detected. To solve this problem, we analyze several pictures of the same gel with different stain levels and select for each lane the picture providing the closest global lane intensity compared to the median global intensity of all lanes. This is done by the function select.photo. This function also prints the median and quartile of the global lane intensity which allows selecting pictures in which the global lane intensity is the closest to a reference value other than the median. It is for example possible to perform two analyses, one on dark pictures to obtain information on very weak bands and one on clear pictures to gain information on strong bands before their saturation.


Compare.normalizations


This function normalizes intensities by removing the variability in bands intensity that is due to the variability in global lane intensity. To this aim, the function uses the limma package to perform the three main normalization procedures (namely: scale, quantiles and cyclic loess; Smyth et al. 2003; Bolstad et al. 2003; Smyth 2005) and to remove gel effects (to this end, it uses the function removeBatchEffect of the limma package). Then, the function compares the noise (false inter samples variability) introduced by the different steps, based on the postulate that the noise will likely increase the inter sample variability but not the variability between groups (e.g. populations, class ages, treatment levels, or individual replicates). Thus, the function compute for each combination of methods, and for each band, the ratio between the inter group variability and the intra group variability, and it produces a figure similar to figure 4 of the manuscript. When analyzing these figures, it is important to keep in mind that although we know that the noise will decrease this ratio, the value of this ratio in the absence of noise may vary depending on the experiment.


It is advised to use his function even if the function select.photo is used.



How to use these functions?



Functions have to be used in this order:



R_object <- read.Profiles(_parameters_)
R_object <- Estim.2nd.derivative(R_object, _parameters_)
R_object <- Median.profiles_derivative(R_object, _parameters_)
R_object <- Detect.peaks(R_object, _parameters_)
plot.profile(R_object, _parameters_)
R_object <- modify.peaks.manually(R_object, _parameters_)
R_object <- Measure.peak(R_object, _parameters_)
R_object <- select.photo(R_object, _parameters_)          # optional
R_object <- Compare.normalizations(R_object, _parameters_)# optional



But, it is also possible to do things like this:



R_object <- read.Profiles(_parameters_)
R_object <- Estim.2nd.derivative(R_object, _parameters_)
R_object <- Median.profiles_derivative(R_object, _parameters_)
########
## repeat steps until satisfactory parameters are found
R_object <- Detect.peaks(R_object , _parameters_)
plot.profile(R_object, _parameters_)
R_object <- Detect.peaks(R_object , _other_parameters_)
plot.profile(R_object, _parameters_)
R_object <- Detect.peaks(R_object , _other_other_parameters_)
plot.profile(R_object, _parameters_)
          ...
########


R_object <- modify.peaks.manually(R_object, _parameters_)
R_object <- Measure.peak(R_object, _parameters_)
R_object <- select.photo(R_object, _parameters_)          
R_object <- Compare.normalizations(R_object, _parameters_)



Indeed, R_object is a list and each function will add an element to the list or replace it, if it already exists.



Most functions use some functions of other packages. Some packages may evolve or become unavailable in R [link].



To prevent these problems as much as possible, some of these functions are provided in the file “Dependencies.txt”, they can be used in cases of dependency issue.


Parameters of each function


R codes are given in Bold bleu Courier New
Functions names are  in  Italics 
Functions parameters are underlined
And very optional functions parameters are underlined in grey



read.Profiles


pathname_with_BG   =NULL  # pathname to the folder that contain files WITH background



pathname_without_BG=NULL  # pathname to the folder that contain files WITHOUT background



# in case profiles are only analyzed with (or without) background only define the parameter pathname_with_BG  (pathname_without_BG).


resolution =10000                        # number of points for each profile (notice that changing the resolution may oblige to change default values used to calculate the second derivate and to detect peaks)


pattern=NULL, recursive=FALSE, allNames=TRUE  # for the help of these arguments, cf the help of "listDirectory" of the package R.utils


Estim.2nd.derivative


The quality of this step will only affect the number of adjustments to perform manually (with modify.peaks.manually).
PROFILES        # An object obtained by read.Profiles (or by Estim.2nd.derivative)


LOG = 2             # With some gels, bands width tends to increase toward the lower part of the gel which reduces the variation of the derivate in this part. To correct this, derivates are transformed by a function of their coordinate in the gel (Rf) and of a log parameter. The log parameter should be defined here.



For the Any kD Mini-PROTEAN TGX Gel, 10 well, 30 µl #456-9036 gels, this parameter should be LOG = 2


To make no transformation, (if bands have the same shape at the top and at the bottom of the gel) use LOG = 0



lag =20         # number of pixels of the windows used to calculate the derivate and then the second derivate



lag_smooth= 30 # number of pixels of the windows used by the smooth mean-filter used on the derivate



levels_denosing=c(4,5,4) # the maximum levels of denoising of (i) the profil, (ii) its derivate and (iii) its second derivate. For details, see the msDenoiseMRD help (on internet, the msProcess package is no longer available … )


range_derive = 40000 # range of the derivate (default = 40000)


Median.profiles_derivative


The quality of this step will only affect the number of adjustments to perform manually (with modify.peaks.manually).
PROFILES           # An object obtained by Estim.2nd.derivative (or by Median.profiles_derivative)



groups =NULL  # optional: a vector or a factor providing the name of the group of each lanes. Groups will have the same weight. Groups of size “one” are not allowed.


weights =NULL # optional: weight of each group (if NULL, all groups have the same weight), weight must be given in the same order of unique(groups)


Detect.peaks


The quality of this step will only affect the number of adjustments to perform manually (with modify.peaks.manually).
PROFILES           # An object obtained by Median.profiles_derivative (or by Detect.peaks)


merge_dist  =0.005 # optional: value proportional to the number of peaks merged because they are too close



min_abruptness =9 # optional: minimum change of the second derivate : how the shoulder / peak should be abrupt ? : (min(value of the second derivative at borders) - second derivative at the centre)  /  peak width



threshold_intensity =100 # optional: minium intensity of peaks



level_of_denoising_derivee2 = 4 # optional: the median second derivative is denoised before peak detection. This is the strength of the denoising.


plot.profile


PROFILES           # An object obtained by Detect.peaks (or by modify.peaks.manually)


xlim =c(0,1) # x limits (x1, x2) of the plot (0 = begining the gel ; 1 = end of the gel) ; This is required to see the plot piece by piece. For instance, you can set xlim=c(0,0.1) ; then xlim=c(0.1,0.2) ; ... ; then xlim=c(0.7,1) 



help_to_read_into_the_graph =TRUE # should the help be printed?



digits =3    # integer indicating the number of decimal of the coordinate of peaks borders position


Peak.colors =c(4,2,1) # e black are used and recycled



cex =0.7     # size of the text printed on the graph



level_of_denoising =4 # profiles are denoised before plotting


main =NULL # main


modify.peaks.manually


The quality of this step will affect the quality of the following analysis!


PROFILES             # An object obtained by Detect.peaks



remove =NULL    # A VECTOR listing the number (The ID) of the peaks that must be removed.
To modify the coordinates of a peak, put it here and add it with modified coordinates



merge =NULL      # A LIST of vectors : one vector by group of peaks that have to be merged, each vector containing the number (The ID) of the peaks that must be removed.


add =NULL           # A LIST of vectors containing Rf coordinates of peaks to add : one vector by peak to add.
# Each vectors must contain 3 values : (1) First the coordinate of the top, (2) Second the coordinate of the left border and (3) Third the coordinate of the right border. To modify the coordinates of a peak, the peak must be removed and its new coordinates defined here.


plot.changes =TRUE # is changes must be plotted? (allowing comparison of previous and modified set of peaks)


nbr.of.plot =3   # into how many plot changes must be plotted (: how many plots are needed to see the whole profile?)



help_to_read_into_the_graph =FALSE



Measure.peak



PROFILES        # An object obtained by modify.peaks.manually (or by Measure.peak)


na.rm =TRUE # Some bands at the end of the gel may have no intensity if some gels have migrated more than others.  # (In these gels, some bands have migrated outside the gel ...). When this happens, some data are missing. Should these bands be removed for *all* lanes?     # (if TRUE, removed bands will be listed) 


select.photo


PROFILES        # An object obtained by Measure.peak (or by select.photo)


fac                    # optional: A factor or a vector with one level by lane (i.e. levels should be repeated on pictures) ; this argument is not needed if  the same ID_of_the_lane_that_will_be_used_in_the_analysis, has been used for all photos of a given lane. i.e. the ID_of_the_lane_that_will_be_used_in_the_analysis will be used as the fac argument.


Ref_Median_with_BG =NULL, Ref_Median_without_BG =NULL


                           # There is two “Ref_Median” arguments, one for profiles with background, and one for profiles without background
                           # the following is performed for each type of profiles (with or without BG) present in the object “PROFILES”
                           # (1) for each picture, for each lane, median intensity of bands will be computed
                           # (2) for each gel lane, the picture providing the closest median intensity of the lane compared to the Reference Median (Ref_Median) will be selected. If NULL (the default), then Ref_Median is the median of the median intensity of all lanes [computed in (1)]. If not NULL, the Ref_Median argument must be a vector of 2 value : (1) the reference Volume and (2) the reference Height


Setting these Ref_Median manually can permit to analyze weak peaks* or strong peaks** before saturation.


                 # *: to analyse weak peaks, select pictures taken at the end of the revelation process                         and thus to set high values in Ref_Median


                 # **: to analyse strong peaks, select pictures taken at the beginning of the revelation process (before any saturation) and thus set low values in Ref_Median


                 # it is advised to first obtain the median and quartile values by setting Ref_Median =NULL, and then choose a higher or lower value (for example, quartile values)


Compare.normalizations


PROFILES        # An object obtained either by Measure.peak or by select.photo (or by Compare.normalizations)



group      # A vector or a factor providing the biological group of each lane; e.g. the population or the experimental modality or the individual (if an individual sample has been deposited in different wells)



log =TRUE   # logical: Should the y axis be log transformed ?



Gel        # A vector or a factor giving the gel of each lane



design =NULL # the design that will be used in normalizeBetweenArrays
# if NULL, the following will be computed : model.matrix(~group)
# To prevent accounting for the group, set the "design" to FALSE



Example of script:


Structures of objects are sometimes based on the structure of object of the msProcess package.
Thus : 
–  Rf coordinates are in objects called “mz” or mass
–  Peak positions are stored in dataframes (Profiles $ Peaks and Profiles $ Modified.Peaks) in which columns tick.span, snr, intensity and mass.span do not matter.



BG = Background
Duration is only indicated when it can be long



# Commentaries



# Output printed by functions



# Information on structures of output of functions not needed to run functions, but useful to understand how data are stored by each function.



# Elements specifics to this script (may differ for other data)



The main part of the script is written in black, (except function names and their arguments)
You can see that without supplementary information, the script is really short!


# Example of analysis of 1825 profiles (lanes pictures)   (X 2: with and without background)



# = very big dataset, so analyses take time.
# These 1825 profiles corresponds to 879 independent gel lanes, thus there is a mean of 1825/879 = 2.08 pictures per lane


# Functions were run on a computer with the following specification: Intel(R) Core(TM) CPU  Q 720 @ 1.60GHz. Time is indicated, but it may differ on other computers. 
# Needed packages are automatically loaded by functions, but an error appears if they are not installed



### Installing required packages



source("http://bioconductor.org/biocLite.R")
biocLite("limma")



install.packages("R.utils")
install.packages("wmtsa")
install.packages("laeken")
install.packages("ifultools")



## Set working directory (where are stored these R functions)
setwd("C:/Users/Analyses/Desktop/VENIN/Suplementaty_data/R_functions/")


# load functions
source("./1_read.Profiles.R")



source("./2_Estim.2nd.derivative.R")



source("./3_Median.profiles_derivative.R")



source("./4_Detect.peaks.R")



source("./5_plot.profile.R")



source("./6_modify.peaks.manually.R")



source("./7_Measure.peak.R")



source("./8_select.photo.R")



source("./9_Compare.normalizations.R")



Profiles <- read.Profiles( # took 9h 20 min (step 3 is really long) time will also 
                           # depend on the resolution of transformed profile (default : 
                           # resolution =10000)
pathname_with_BG=    "../../Evol_exp/PISTES/AVEC_bg_et_gels_1_a_13_sans_pool/",



pathname_without_BG= "../../Evol_exp/PISTES/SANS_bg_et_gels_1_a_13_sans_pool/")



# [1] "with_BG  :     the last and longest step 3 of 3 : 67.4 %"



# ..........................



# [1] "with_BG  :     step 1 of 3 : 45.8 %"



# [1] "with_BG  :     step 1 of 3 : 45.8 %"



# [1] "with_BG  :     step 1 of 3 : 45.9 %"



# ..........................



# [1] "with_BG  :     step 2 of 3 : 45.7 %"



# [1] "with_BG  :     step 2 of 3 : 45.8 %"



# [1] "with_BG  :     step 2 of 3 : 45.8 %"



# ..........................



# [1] "with_BG  :     step 3 of 3   longest step : 45.7 %"



# [1] "with_BG  :     step 3 of 3   longest step : 45.8 %"



# [1] "with_BG  :     step 3 of 3   longest step : 45.8 %"



# ..........................



# [1] "without_BG  :     step 1 of 3 : 45.8 %"



# [1] "without_BG  :     step 1 of 3 : 45.8 %"



# [1] "without_BG  :     step 1 of 3 : 45.9 %"



# ..........................



# [1] "without_BG  :     step 2 of 3 : 45.7 %"



# [1] "without_BG  :     step 2 of 3 : 45.8 %"



# [1] "without_BG  :     step 2 of 3 : 45.8 %"



# ..........................



# [1] "without_BG  :     step 3 of 3   longest step : 45.7 %"



# [1] "without_BG  :     step 3 of 3   longest step : 45.8 %"



# [1] "without_BG  :     step 3 of 3   longest step : 45.8 %"



# ..........................




save.image("../../Read_done.RData") # Save results in cases you make errors or R crash …


length( Profiles $ intensity_with_BG $ profiles_to_quantify) # a list object (one object per profile), this is your unmodified files
# [1] 1825



length( Profiles $ intensity_with_BG $ profiles_to_detect_borders $ mz)# a vector with Rf position of each point
# [1] 10000



dim(    Profiles $ intensity_with_BG $ profiles_to_detect_borders $ intensity)# a dataframe with intensities of each point (rows) of each profiles (columns)
# [1] 10000  1825



length( Profiles $ intensity_without_BG $ profiles_to_quantify)# same as above 
# [1] 1825


length( Profiles $ intensity_without_BG $ profiles_to_detect_borders $ mz)



# [1] 10000



dim(    Profiles $ intensity_without_BG $ profiles_to_detect_borders $ intensity)
# [1] 10000  1825


Profiles <- Estim.2nd.derivative(Profiles, # took 1 hour
                                 LOG=2     # fit rather well on the deformation of gels
                                 )         # Any kD Mini-PROTEAN TGX Gel, 10 well, 30 ul #456-9036


# [1] 0.4573643



# [1] 0.4579181



# [1] 0.4584718



# .............



# [1] 0.9988926



# [1] 0.9994463



# [1] 1


save.image("../../2nd.derivative_done.RData")


# New elements: first and second derivatives


dim(Profiles $ intensity_without_BG $ profiles_to_detect_borders $ derivee1) # first and 
# [1] 10000  1825                                                            #


dim(Profiles $ intensity_without_BG $ profiles_to_detect_borders $ derivee2) # second derivative


# [1] 10000  1825                                                            # for each profile


dim(Profiles $ intensity_with_BG $ profiles_to_detect_borders $ derivee1)    # But if you analyses 


# [1] 10000  1825                                                            # both with and


dim(Profiles $ intensity_with_BG $ profiles_to_detect_borders $ derivee2)    # without_BG, 


# [1] 10000  1825                                                            # But if you analyses
 











“derivee” is only












computed for profiles












whithout_BG.
 
Indeed, peaks detection works always better on the 2nd derivative of without_BG than on the 2nd derivative of with_BG. And the same set of peak coordinate is used to measure peaks on profiles with and without_BG.


# linking each lane with its group


individuals_lane <- read.table("../../individual_lane.txt",sep="\t",head=TRUE,fill=TRUE,stringsAsFactors=FALSE)



individuals_pop  <- read.table("../../individual_pop.txt" ,sep="\t",head=TRUE,fill=TRUE,stringsAsFactors=FALSE)


N <- sapply(names(Profiles $ intensity_without_BG $ profiles_to_quantify),function(x)paste(strsplit(x,"_")[[1]][1] , strsplit(x,"_")[[1]][2],sep="_"))



G <- NULL ; for(n in N){



  G <- c(G,



         individuals_pop $ POP[which(individuals_pop $ n. == individuals_lane $ n.indiv[which(individuals_lane $ Gel == strsplit(   strsplit(n,"_")[[1]][1]  , "X")[[1]][2] & individuals_lane $ Puit == strsplit(n,"_")[[1]][2])])]



)} 
G <- as.factor(G)



levels(G) <- c(rep("SA",10),rep("K",18))


# here time is not indicated because it depends on the number of levels in groups
# in this case, there are only two groups so the analysis was short
Profiles <- Median.profiles_derivative(Profiles,groups=G)
# By default, same weight for all groups




# "The following weights have been used:"



# K   SA # Two groups: Kenyan and South African populations
# 0.5 0.5 


save.image("../../Median.profiles_3_done.RData")


# New elements: summary of median profiles that will be used by the functions plot.profile and Measure.peak.


length(Profiles $ Profil_moy $ derivee2)# Median of second derivative. It will be used for peak detection


# [1] 10000


length(Profiles $ Profil_moy $ intensity) # Median of intensities
# [1] 10000



length(Profiles $ Profil_moy $ W_q0.25) # Weighed first quartile of intensities
# [1] 10000


length(Profiles $ Profil_moy $ W_intensity) # Weighed median of intensities
# [1] 10000


length(Profiles $ Profil_moy $ W_q0.75) # Weighed second quartile of intensities 
# [1] 10000


Profiles<- Detect.peaks(Profiles) # First, detection with default parameters


# span increased to next odd value:  31 # don’t matter


# span increased to next odd value:  21 # don’t matter
# [1] ""



# [1] ""                                # used parameters :


# [1] "merge_dist value was 0.005 This value proportional to the number of peaks merged because they are too close"



# [1] "min_abruptness value was 9 This value is the minimum change of the second derivate : how the shoulder or peak should be abrupt ?"



# [1] "threshold_intensity value was 100  Peaks which median intencity was above this value have been removed"



# [1] "level_of_denoising_derivee2 value was 4 The higher this value is, the more details of the second derivate are removed"



# [1] "This combination of parameter detected 50 Peaks" # number detected peaks


Profiles<- # Second detection with adjusted parameters (you have to grope for parameters)
           # (or to modify many peaks manually)
Detect.peaks(Profiles,level_of_denoising_derivee2=5,min_abruptness=15,merge_dist=0.01)


# span increased to next odd value:  31 



# span increased to next odd value:  21 



# [1] ""
# [1] "merge_dist   value was 0.01  This value is proportional to the number of peaks merged because they are too close"



# [1] "min_abruptness   value was 15 This value is the minimum change of the second derivate : how the shoulder or peak should be abrupt ?"



# [1] "threshold_intensity   value was 100  Peaks which median intensity was above this value have been removed"



# [1] "level_of_denoising_derivee2 value was 5  The higher this value is, the more details of the second derivate are removed"
# [1] "This combination of parameter detected 41 Peaks"


head( Profiles $ Peaks ) # one line per peaks


#    tick.loc tick.left tick.right tick.span        snr  intensity     mass.loc  mass.left mass.right  mass.span



# 54      133        85        174        NA         NA   2907.538   0.01320132 0.00840084 0.01730173         NA



# 1       276       227        326       101  76787.600  76787.600   0.02750275 0.02260226 0.03250325 0.01000100



# 3       430       404        452        49   2671.108   2671.108   0.04290429 0.04030403 0.04510451 0.00480048



# 4       477       452        525        74   2874.344   2874.344   0.04760476 0.04510451 0.05240524 0.00730073



# 5       606       525        720       196  12646.880  12646.880   0.06050605 0.05240524 0.07190719 0.01950195



# 6       777       720        830       111 280398.209 280398.209   0.07760776 0.07190719 0.08290829 0.01100110


## Only the tick.loc, tick.left, tick.right, mass.loc, mass.left and mass.right columns are of interest


## tick correspond to pixel position and mass to Rf position



## loc = position of the top
## left and right = borders



## To modify peaks by hand, you will be interested in columns mass.loc, mass.left and mass.right  


# plot.profile( ... ) by default, the function plot.profile prints information allowing to read the graph. It is shown only one time here: 
(you can see an example of the graph in the figure S2 of the manuscript)


          HELP ! :
This graph is intended to allow visualizing
- the median profile and a part of the variability around it
- the second derivative that was used to detect peaks (this is the blue doted line)
- the detected peaks that you now HAVE TO edit 'by hand':



To edit the detected peaks 'by hand' you need to specify precisely in the “modify.peaks.manually” function
- which peaks you want to remove
- which peaks you want to merge
- the coordinate (top and borders) of the peaks you want to add
- Peaks that need to be modified must be removed and added with the modifications
To do that, you will need to (i) scan this graph from begin (Rf=0) to the end (Rf=1) and (ii) compare it visually with one gel of the Phoretix experiment and check:
Which bands are too weak or have been wrongly detected, and which “true” bands have not been detected ?



 --------> How to read this graph? <---------



          CURVATED LINES OF THE PROFILE :
Solid black line is the weighted median
Dotted grey lines are the weighted quartiles
Dotted black line is the UNweighted median
Dotted blue line is the weighted second derivative
The weighted second derivative is usually the most informative but it is sometimes also too sensitive.
That’s why you have to compare this graph to some gels visualised in Phoretix.



          VERTICAL LINES :
Colored lines (by default, blue, red, black) are the peaks positions
Grey lines are the borders of peaks



          NUMBERS
Black numbers just below the horizontal 0 line are the number of the peaks.
This is their ID. You will need these ID to specify which peaks must be removed or merged.
As for other numbers, a little shift in the y coordinate is introduced to prevent too much overlapping of close numbers.
Colored numbers indicate the coordinates of the borders of peaks.
They are thus positioned on a grey line.
On the y axes, they are positioned on four lines. The two first lines correspond to left borders and the two last lines correspond to right borders.



The color of numbers indicate the peak they correspond to : they are of the same color of the vertical line that indicates the position of the center of the peak. It is advised to use these numbers to see where detected peaks are on Phoretix.



!!  USE THE 'xlim' ARGUMENT !! to see your profile piece by piece :
It is usually not possible to see the whole profile in a single plot. 



# visualize the profile piece by piece, use these plots to write arguments passed to the function modify.peaks.manually
plot.profile(Profiles, xlim = c(0   ,0.2 ))



plot.profile(Profiles, xlim = c(0.15,0.25))



plot.profile(Profiles, xlim = c(0.2 ,0.35))



plot.profile(Profiles, xlim = c(0.27,0.37))



plot.profile(Profiles, xlim = c(0.30,0.47))



plot.profile(Profiles, xlim = c(0.40,0.70))



plot.profile(Profiles, xlim = c(0.65,   1))



# Typical empty structure: 
Profiles<- modify.peaks.manually ( Profiles,


remove = c(,,,),# a vector of peaks to be removed



merge  = list(c(),c(),c()), # a list of vectors of peaks to be merged



add=list(c(,,), # a list of peaks to be added (one vector per peak) giving coordinates of
         c(,,), # (i) top, (ii) left border and (iii) right border IN THIS ORDER
         c(,,),
         c(,,)  ))


Profiles<- modify.peaks.manually(Profiles,


remove=c(1:5,10 # eg: border left of peak 10 will be modified => wool peak removed here


         ,11,19,31,34:43),


merge = NULL, # if not null write   merge =list(c(first  set of peaks to be merged),
                                                  #second set of peaks to be merged),...)


add=list(
# border left of the peak 10 will be modified here : keep top and right border, and change the left border


           c(Profiles $ Peaks $ mass.loc[10],0.113,Profiles $ Peaks $ mass.right[10]), 
           c(0.256,0.25,0.259), # a new peak
           c(Profiles $ Peaks $ mass.loc[19],0.259,Profiles $ Peaks $ mass.right[19]),



           c(Profiles $ Peaks $ mass.loc[31],Profiles $ Peaks $ mass.left[31],0.557),



           c(0.567,0.557,Profiles $ Peaks $ mass.right[32]),
           c(0.80,0.79,0.82),



           c(0.4715,0.464,0.479)))


head( Profiles $ Modified.Peaks ,3)


#   tick.loc tick.left tick.right tick.span       snr intensity   mass.loc  mass.left mass.right  mass.span



# 6      777       720        830       111 280398.21 280398.21 0.07760776 0.07190719 0.08290829 0.01100110



# 7      878       830        924        95  49699.08  49699.08 0.08770877 0.08290829 0.09230923 0.00940094



# 8      979       924       1032       109  40594.76  40594.76 0.09780978 0.09230923 0.10311031 0.01080108


## As Profiles $ Peaks, but with the peaks you edited


# Useful for possible analysis of some other samples with these references peaks:
write.table(Profiles $ Modified.Peaks,"../../REFERENCES_PEAKS.txt", sep="\t")


# And then if needed in another script (or in this one):
Profiles_from_others_analysis_but_likely_to_contains_peaks_at_the_same_Rf_positions $ Modified.Peaks <- 
read.table("../../REFERENCES_PEAKS.txt", sep="\t", head=TRUE)


# Useful for later identification of peaks on gels (for example to identify on gels bands that discriminate populations or evolve in response to a particular condition)
pdf("../../Plot_of_REFERENCES_PEAKS.pdf", width = 20,height =10)
plot.profile(Profiles, xlim = c(0   ,0.2 ))
plot.profile(Profiles, xlim = c(0.18,0.5 ))
plot.profile(Profiles, xlim = c(0.48,1   ))
dev.off()


Profiles <- Measure.peak(Profiles, # took 3 min
            na.rm=TRUE # TRUE is the default, but might not be what you want to do



                         )



#      ..............



# [1] "with_BG  :     54.6 %"



# [1] "with_BG  :     54.7 %"



# [1] "with_BG  :     54.7 %"



#      ..............



# [1] "without_BG  :     64.8 %"



# [1] "without_BG  :     64.8 %"



# [1] "without_BG  :     64.9 %"



#      ..............


Profiles <- select.photo(Profiles) # Here the fac argument is not needed (the function will use the ID_of_the_lane_that_will_be_used_in_the_analysis) but this might not be adapted to your specific case 


dim(  Profiles $ peak.size.with_BG.before_photo_selection    $ Volume)



# [1]   35 1825


dim(  Profiles $ peak.size.without_BG.before_photo_selection $ Volume)



# [1]   35 1825


dim(  Profiles $ peak.size.with_BG    $ Volume)



# [1]  35 879


dim(  Profiles $ peak.size.without_BG $ Volume)



# [1]  35 879



names(Profiles $ peak.size.with_BG)



[1] "Volume"    "Height"    "coord_Top" # same structure as above with


"Height"    "coord_Top" (coord_Top is the coordinate of the top of peaks in each lane)


save.image("../../select.photo_3_done.RData")


# linking each lane whith its group


individuals_lane <- read.table("../../individual_lane.txt",sep="\t",head=TRUE,fill=TRUE,stringsAsFactors=FALSE)



individuals_pop  <- read.table("../../individual_pop.txt" ,sep="\t",head=TRUE,fill=TRUE,stringsAsFactors=FALSE)



N <- sapply(colnames(Profiles $ peak.size.with_BG $ Volume),function(x)paste(strsplit(x,"_")[[1]][1] , strsplit(x,"_")[[1]][2],sep="_"))



G <- NULL ; for(n in N){



if(any(individuals_pop $ n. == individuals_lane $ n.indiv[which(individuals_lane $ Gel == strsplit(   strsplit(n,"_")[[1]][1]  , "X")[[1]][2] & individuals_lane $ Puit == strsplit(n,"_")[[1]][2])])){



  G <- c(G,



         individuals_pop $ POP[which(individuals_pop $ n. == individuals_lane $ n.indiv[which(individuals_lane $ Gel == strsplit(   strsplit(n,"_")[[1]][1]  , "X")[[1]][2] & individuals_lane $ Puit == strsplit(n,"_")[[1]][2])])])}



if(!any(individuals_pop $ n. == individuals_lane $ n.indiv[which(individuals_lane $ Gel == strsplit(   strsplit(n,"_")[[1]][1]  , "X")[[1]][2] & individuals_lane $ Puit == strsplit(n,"_")[[1]][2])])){



  G <- c(G,"")}



}



orig <- as.factor(G)



levels(orig) <- c("_",rep("labo",3),rep("SA",6),rep("K",18))



######



G <- NULL ; for(n in N){



if(any(individuals_pop $ n. == individuals_lane $ n.indiv[which(individuals_lane $ Gel == strsplit(   strsplit(n,"_")[[1]][1]  , "X")[[1]][2] & individuals_lane $ Puit == strsplit(n,"_")[[1]][2])])){



  G <- c(G,



         individuals_pop $ G[which(individuals_pop $ n. == individuals_lane $ n.indiv[which(individuals_lane $ Gel == strsplit(   strsplit(n,"_")[[1]][1]  , "X")[[1]][2] & individuals_lane $ Puit == strsplit(n,"_")[[1]][2])])])}



if(!any(individuals_pop $ n. == individuals_lane $ n.indiv[which(individuals_lane $ Gel == strsplit(   strsplit(n,"_")[[1]][1]  , "X")[[1]][2] & individuals_lane $ Puit == strsplit(n,"_")[[1]][2])])){



  G <- c(G,"")}}


G[is.na(G)] <- ""



G <- as.factor(G)



Gr <- paste(as.vector(orig),as.vector(G),sep="")


Gel <- sapply(colnames(Profiles $ peak.size.with_BG $ Volume),function(x)strsplit(x,"_")[[1]][1])


Profiles <- Compare.normalizations(Profiles, group=Gr  ,Gel=Gel)



names(Profiles $ Normalized_data $ with_BG $ Volume)
# [1] "scale"       "quantile"    "cyclicloess"


dim(Profiles $ Normalized_data $ with_BG $ Volume $ scale)
# [1] 35 879
# same structure as above with "Height" and "coord_Top" instead of "Volume"
# same structure as above with "quantile"    "cyclicloess" instead of "scale"


# Less useful: variance intra and inter group measured with each combination of method
dim(Profiles $ Variance_inter.intra $ Variances $ Var_intra)
# [1] 35 18 # one column per combination of method (_c_ = coordinate in Rf corrected for inter gel variation)


colnames(Profiles $ Variance_inter.intra $ Variances $ Var_intra)
# "with_BG_V_Scale"    "with_BG_V_Quantile"    "with_BG_V_C.loess"    "with_BG_H_Scale"    "with_BG_H_Quantile"    "with_BG_H_C.loess"    
# "with_BG_c_Scale"    "with_BG_c_Quantile"    "with_BG_c_C.loess"    "without_BG_V_Scale" "without_BG_V_Quantile" "without_BG_V_C.loess" 
# "without_BG_H_Scale" "without_BG_H_Quantile" "without_BG_H_C.loess" "without_BG_c_Scale" "without_BG_c_Quantile" "without_BG_c_C.loess"


names(Profiles $ Variance_inter.intra $ Variances)
# [1] "Var_intra"        "Var_inter"        "Var_intra_median" "Var_inter_median"
# same thing for variance intra group and variance measured on the bases of the median


names(Profiles $ Variance_inter.intra)
# [1] "Variances"                 "Coefficients_of_variation"
# same thing for coefficient of variance (variance standardized for the mean [or median])


save.image("../../Normalisation_3_done.RData")



Make your statistical analysis with any of the dataframe(s) contained in


Profiles $ Normalized_data $ ...
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INSTRUCTIONS TO RUN FUNCTIONS 



Please, find in this document: 



 -  A detailed description of the job of the nine functions. 



 -  Explications on how to use these functions 



 -  The argument taken by each function 



 -  An example of script with some details on the structure of the output of each function 



 



R codes are in bold bleu Courier New 



Functions names are in  Italics  



Functions parameters are underlined 



Optional functions parameters are underlined in grey 



 



Detailed description of the job of the nine functions 



read.Profiles 



This first function permits to load profiles aligned to Rf. These profiles have to be provided in separate text files (one file 



per profile), each organized as follow: one line per pixel, Rf position in the first column and intensity in the second 



column. Name of the first column should be “Rf” and name of the second column is the ID of the sample. In the 



following steps, this sample ID will be noted “ID_of_the_lane_that_will_be_used_in_the_analysis”. 



Rf ID_of_the_lane_that_will_be_used_in_the_analysis 
0.000 54.927 



0.001 55.099 



0.002 55.219 



  



… … 



 



0.936 69.885 
0.936 70.474 



0.937 69.526 



The name of each file doesn’t matter, but the folder must only contain these profiles. 



If lanes are to be analyzed both with and without background, profiles with and without background must be in two 



different folders, but same lanes must have the same ID_of_the_lane_that_will_be_used_in_the_analysis. 



In case several pictures of the same lane will be analyzed, profiles of each picture must be provided in the same 



folder. It is also advised to give them the same ID_of_the_lane_that_will_be_used_in_the_analysis, but see detail of the argument 



fac of the function select.photo. 











 



The function read.Profiles can be easily adapted in case files containing profiles are formatted in a different 



manner. For example, if there is one file per gel rather than one file per lane. 



After loading profiles, the read.Profiles function creates transformed profiles that are aligned to each other 



and contain equal numbers of points that each refers to the same Rf position. These transformed profiles will be used for 



peak detection, but not for quantification. 



Estim.2nd.derivative 



This second function calculates the second derivative of each profile, after a standardization of profiles intensities. 



The standardization allows obtaining similar ranges of variation of the second derivative of each profile. 



With some kind of gels, bands width tends to increase toward the lower part of the gel, and the amplitude of the 



variation of the second derivate is thus reduced. As the reference band detection is based on the second derivative, this 



difference between the upper and lower part of the gel would lead to detection of fewer bands at the bottom. 



This function corrects for this problem by multiplying second derivatives by a value that depends of the Rf 



position. This value can be adjusted by the user, but remember that reference bands will have to be adjusted manually (i.e. 



with the function (modify.peaks.manually). The quality of this step will thus only influence the number of 



adjustments to perform manually. 



Median.profiles_derivative 



This third function calculates for each point of the profiles the weighted median of second derivative. Weights can 



be set for example to obtain the same weights for all biological groups, whatever their respective size. For each point of 



the profiles, weights are also automatically set to be proportional to the absolute value of the individual second 



derivatives. This gives more weight to individuals displaying a band in the considered position, which makes the analysis 



more sensitive for the detection of rare bands. 



Detect.peaks 



This fourth function detects local minima and maxima of the weighted median second derivative, after smoothing 



it more or less deeply. These local minima correspond to peaks or shoulders often present on individual profiles and are 











 



used as reference peaks. Local maxima correspond to borders of these reference peaks. In the output of this function, the 



“mass” correspond to the Rf coordinates. 



plot.profile 



This step is of key importance. 



This fifth function plots the median of second derivatives, median and quartiles of individual profiles, and the 



position of detected peaks (Fig S1). This helps to decide to add, merge, remove or split some peaks or modify some peak 



border, which can be done with the sixth function (modify.peaks.manually). This sixth function allows 



modifying reference bands. This is of key importance because the intensity between borders of these reference bands will 



be measured in all individual lanes. In short: these will be the variables of your final dataset! 



Measure.peak 



This seventh function records for each profile the intensities between borders of each reference peak. These 



intensities are measured by the height (intensity at the top of the peak) and by the volume (surface under the profile and 



between borders). This function uses the raw profiles, i.e. the input of the function read.Profiles.  



select.photo  



The two last functions (select.photo and Compare.normalizations) are optional and can be used 



independently from each other. They correct for the variability in the total amount of loaded proteins. In case of important 



variability, some lanes will indeed be saturated before others can even be detected. To solve this problem, we analyze 



several pictures of the same gel with different stain levels and select for each lane the picture providing the closest global 



lane intensity compared to the median global intensity of all lanes. This is done by the function select.photo. This 



function also prints the median and quartile of the global lane intensity which allows selecting pictures in which the 



global lane intensity is the closest to a reference value other than the median. It is for example possible to perform two 



analyses, one on dark pictures to obtain information on very weak bands and one on clear pictures to gain information on 



strong bands before their saturation. 



 



 











 



Compare.normalizations 



This function normalizes intensities by removing the variability in bands intensity that is due to the variability in 



global lane intensity. To this aim, the function uses the limma package to perform the three main normalization 



procedures (namely: scale, quantiles and cyclic loess; Smyth et al. 2003; Bolstad et al. 2003; Smyth 2005) and to remove 



gel effects (to this end, it uses the function removeBatchEffect of the limma package). Then, the function compares 



the noise (false inter samples variability) introduced by the different steps, based on the postulate that the noise will likely 



increase the inter sample variability but not the variability between groups (e.g. populations, class ages, treatment levels, 



or individual replicates). Thus, the function compute for each combination of methods, and for each band, the ratio 



between the inter group variability and the intra group variability, and it produces a figure similar to figure 4 of the 



manuscript. When analyzing these figures, it is important to keep in mind that although we know that the noise will 



decrease this ratio, the value of this ratio in the absence of noise may vary depending on the experiment. 



It is advised to use his function even if the function select.photo is used. 



How to use these functions? 



Functions have to be used in this order: 



R_object <- read.Profiles(_parameters_) 



R_object <- Estim.2nd.derivative(R_object, _parameters_) 



R_object <- Median.profiles_derivative(R_object, _parameters_) 



R_object <- Detect.peaks(R_object, _parameters_) 



plot.profile(R_object, _parameters_) 



R_object <- modify.peaks.manually(R_object, _parameters_) 



R_object <- Measure.peak(R_object, _parameters_) 



R_object <- select.photo(R_object, _parameters_)          # optional 



R_object <- Compare.normalizations(R_object, _parameters_)# optional 



But, it is also possible to do things like this: 



R_object <- read.Profiles(_parameters_) 



R_object <- Estim.2nd.derivative(R_object, _parameters_) 



R_object <- Median.profiles_derivative(R_object, _parameters_) 



######## 



## repeat steps until satisfactory parameters are found 



R_object <- Detect.peaks(R_object , _parameters_) 



plot.profile(R_object, _parameters_) 



R_object <- Detect.peaks(R_object , _other_parameters_) 



plot.profile(R_object, _parameters_) 



R_object <- Detect.peaks(R_object , _other_other_parameters_) 



plot.profile(R_object, _parameters_) 



          ... 



######## 











 



R_object <- modify.peaks.manually(R_object, _parameters_) 



R_object <- Measure.peak(R_object, _parameters_) 



R_object <- select.photo(R_object, _parameters_)           



R_object <- Compare.normalizations(R_object, _parameters_) 



 



Indeed, R_object is a list and each function will add an element to the list or replace it, if it already 



exists. 



Most functions use some functions of other packages. Some packages may evolve or become unavailable 



in R [link]. 



To prevent these problems as much as possible, some of these functions are provided in the file 



“Dependencies.txt”, they can be used in cases of dependency issue. 



Parameters of each function 



R codes are given in Bold bleu Courier New 



Functions names are  in  Italics  



Functions parameters are underlined 



And very optional functions parameters are underlined in grey 



 



read.Profiles 



pathname_with_BG   =NULL  # pathname to the folder that contain files WITH background 



pathname_without_BG=NULL  # pathname to the folder that contain files WITHOUT background 



# in case profiles are only analyzed with (or without) background only define the parameter 



pathname_with_BG  (pathname_without_BG). 



resolution =10000                        # number of points for each profile (notice that changing the resolution 



may oblige to change default values used to calculate the second derivate and to detect peaks) 



pattern=NULL, recursive=FALSE, allNames=TRUE  # for the help of these arguments, cf the help 



of "listDirectory" of the package R.utils 



 



Estim.2nd.derivative 



The quality of this step will only affect the number of adjustments to perform manually (with modify.peaks.manually). 



PROFILES        # An object obtained by read.Profiles (or by Estim.2nd.derivative) 



LOG = 2             # With some gels, bands width tends to increase toward the lower part of the gel which reduces 



the variation of the derivate in this part. To correct this, derivates are transformed by a function of their 



coordinate in the gel (Rf) and of a log parameter. The log parameter should be defined here. 



For the Any kD Mini-PROTEAN TGX Gel, 10 well, 30 µl #456-9036 gels, this parameter should be LOG = 2 





http://en.wikipedia.org/wiki/Dependency_hell








 



To make no transformation, (if bands have the same shape at the top and at the bottom of the gel) use LOG = 0 



lag =20         # number of pixels of the windows used to calculate the derivate and then the second derivate 



lag_smooth= 30 # number of pixels of the windows used by the smooth mean-filter used on the derivate 



levels_denosing=c(4,5,4) # the maximum levels of denoising of (i) the profil, (ii) its derivate and (iii) its 



second derivate. For details, see the msDenoiseMRD help (on internet, the msProcess package is no longer 



available … ) 



range_derive = 40000 # range of the derivate (default = 40000) 



 



Median.profiles_derivative 



The quality of this step will only affect the number of adjustments to perform manually (with modify.peaks.manually). 



PROFILES           # An object obtained by Estim.2nd.derivative (or by 



Median.profiles_derivative) 



groups =NULL  # optional: a vector or a factor providing the name of the group of each lanes. Groups will 



have the same weight. Groups of size “one” are not allowed. 



weights =NULL # optional: weight of each group (if NULL, all groups have the same weight), weight must 



be given in the same order of unique(groups) 



 



Detect.peaks 



The quality of this step will only affect the number of adjustments to perform manually (with modify.peaks.manually). 



PROFILES           # An object obtained by Median.profiles_derivative (or by Detect.peaks) 



merge_dist  =0.005 # optional: value proportional to the number of peaks merged because they are too close 



min_abruptness =9 # optional: minimum change of the second derivate : how the shoulder / peak should 



be abrupt ? : (min(value of the second derivative at borders) - second derivative at the centre)  /  peak width 



threshold_intensity =100 # optional: minium intensity of peaks 



level_of_denoising_derivee2 = 4 # optional: the median second derivative is denoised before peak 



detection. This is the strength of the denoising. 



 



 



 











 



plot.profile 



PROFILES           # An object obtained by Detect.peaks (or by modify.peaks.manually) 



xlim =c(0,1) # x limits (x1, x2) of the plot (0 = begining the gel ; 1 = end of the gel) ; This is required to see 



the plot piece by piece. For instance, you can set xlim=c(0,0.1) ; then xlim=c(0.1,0.2) ; ... ; then xlim=c(0.7,1)  



help_to_read_into_the_graph =TRUE # should the help be printed? 



digits =3    # integer indicating the number of decimal of the coordinate of peaks borders position 



Peak.colors =c(4,2,1) # e black are used and recycled 



cex =0.7     # size of the text printed on the graph 



level_of_denoising =4 # profiles are denoised before plotting 



main =NULL # main 



 



modify.peaks.manually 



The quality of this step will affect the quality of the following analysis! 



PROFILES             # An object obtained by Detect.peaks 



remove =NULL    # A VECTOR listing the number (The ID) of the peaks that must be removed. 



To modify the coordinates of a peak, put it here and add it with modified coordinates 



merge =NULL      # A LIST of vectors : one vector by group of peaks that have to be merged, each vector 



containing the number (The ID) of the peaks that must be removed. 



add =NULL           # A LIST of vectors containing Rf coordinates of peaks to add : one vector by peak to add. 



# Each vectors must contain 3 values : (1) First the coordinate of the top, (2) Second the coordinate of the left 



border and (3) Third the coordinate of the right border. To modify the coordinates of a peak, the peak must be 



removed and its new coordinates defined here. 



plot.changes =TRUE # is changes must be plotted? (allowing comparison of previous and modified set of 



peaks) 



nbr.of.plot =3   # into how many plot changes must be plotted (: how many plots are needed to see the 



whole profile?) 



help_to_read_into_the_graph =FALSE 



 



 



 











 



Measure.peak 



PROFILES        # An object obtained by modify.peaks.manually (or by Measure.peak) 



na.rm =TRUE # Some bands at the end of the gel may have no intensity if some gels have migrated more than 



others.  # (In these gels, some bands have migrated outside the gel ...). When this happens, some data are 



missing. Should these bands be removed for *all* lanes?     # (if TRUE, removed bands will be listed)  



select.photo 



PROFILES        # An object obtained by Measure.peak (or by select.photo) 



fac                    # optional: A factor or a vector with one level by lane (i.e. levels should be repeated on 



pictures) ; this argument is not needed if  the same ID_of_the_lane_that_will_be_used_in_the_analysis, has been used for all 



photos of a given lane. i.e. the ID_of_the_lane_that_will_be_used_in_the_analysis will be used as the fac argument. 



Ref_Median_with_BG =NULL, Ref_Median_without_BG =NULL 



                           # There is two “Ref_Median” arguments, one for profiles with background, and one for 



profiles without background 



                           # the following is performed for each type of profiles (with or without BG) present in the 



object “PROFILES” 



                           # (1) for each picture, for each lane, median intensity of bands will be computed 



                           # (2) for each gel lane, the picture providing the closest median intensity of the lane compared 



to the Reference Median (Ref_Median) will be selected. If NULL (the default), then Ref_Median is the 



median of the median intensity of all lanes [computed in (1)]. If not NULL, the Ref_Median argument must 



be a vector of 2 value : (1) the reference Volume and (2) the reference Height 



Setting these Ref_Median manually can permit to analyze weak peaks* or strong peaks** before saturation. 



                 # *: to analyse weak peaks, select pictures taken at the end of the revelation process                         



and thus to set high values in Ref_Median 



                 # **: to analyse strong peaks, select pictures taken at the beginning of the revelation process (before 



any saturation) and thus set low values in Ref_Median 



                 # it is advised to first obtain the median and quartile values by setting Ref_Median =NULL, and 



then choose a higher or lower value (for example, quartile values) 



 



Compare.normalizations 



PROFILES        # An object obtained either by Measure.peak or by select.photo (or by 



Compare.normalizations) 



group      # A vector or a factor providing the biological group of each lane; e.g. the population or the 



experimental modality or the individual (if an individual sample has been deposited in different wells) 



log =TRUE   # logical: Should the y axis be log transformed ? 











 



Gel        # A vector or a factor giving the gel of each lane 



design =NULL # the design that will be used in normalizeBetweenArrays 



# if NULL, the following will be computed : model.matrix(~group) 



# To prevent accounting for the group, set the "design" to FALSE 



 



Example of script: 



Structures of objects are sometimes based on the structure of object of the msProcess package. 



Thus :  



–  Rf coordinates are in objects called “mz” or mass 



–  Peak positions are stored in dataframes (Profiles $ Peaks and Profiles $ Modified.Peaks) in which 



columns tick.span, snr, intensity and mass.span do not matter. 



BG = Background 



Duration is only indicated when it can be long 



# Commentaries 



 



# Output printed by functions 



 



# Information on structures of output of functions not needed to run functions, but 



useful to understand how data are stored by each function. 



 



# Elements specifics to this script (may differ for other data) 



 



The main part of the script is written in black, (except function names and their 



arguments) 



You can see that without supplementary information, the script is really 



short! 



 



# Example of analysis of 1825 profiles (lanes pictures)   (X 2: with and without background) 



# = very big dataset, so analyses take time. 



# These 1825 profiles corresponds to 879 independent gel lanes, thus there is a mean of 1825/879 = 



2.08 pictures per lane 



# Functions were run on a computer with the following specification: Intel(R) Core(TM) CPU  Q 720 @ 



1.60GHz. Time is indicated, but it may differ on other computers.  



# Needed packages are automatically loaded by functions, but an error appears if they are not 



installed 



 



### Installing required packages 



source("http://bioconductor.org/biocLite.R") 



biocLite("limma") 



install.packages("R.utils") 



install.packages("wmtsa") 











 



install.packages("laeken") 



install.packages("ifultools") 



## Set working directory (where are stored these R functions) 



setwd("C:/Users/Analyses/Desktop/VENIN/Suplementaty_data/R_functions/") 



# load functions 



source("./1_read.Profiles.R") 



source("./2_Estim.2nd.derivative.R") 



source("./3_Median.profiles_derivative.R") 



source("./4_Detect.peaks.R") 



source("./5_plot.profile.R") 



source("./6_modify.peaks.manually.R") 



source("./7_Measure.peak.R") 



source("./8_select.photo.R") 



source("./9_Compare.normalizations.R") 



 



 



 



Profiles <- read.Profiles( # took 9h 20 min (step 3 is really long) time will also  



                           # depend on the resolution of transformed profile (default :  



                           # resolution =10000) 



pathname_with_BG=    "../../Evol_exp/PISTES/AVEC_bg_et_gels_1_a_13_sans_pool/", 



pathname_without_BG= "../../Evol_exp/PISTES/SANS_bg_et_gels_1_a_13_sans_pool/") 



 



# [1] "with_BG  :     the last and longest step 3 of 3 : 67.4 %" 



# .......................... 



# [1] "with_BG  :     step 1 of 3 : 45.8 %" 



# [1] "with_BG  :     step 1 of 3 : 45.8 %" 



# [1] "with_BG  :     step 1 of 3 : 45.9 %" 



# .......................... 



# [1] "with_BG  :     step 2 of 3 : 45.7 %" 



# [1] "with_BG  :     step 2 of 3 : 45.8 %" 



# [1] "with_BG  :     step 2 of 3 : 45.8 %" 



# .......................... 



# [1] "with_BG  :     step 3 of 3   longest step : 45.7 %" 



# [1] "with_BG  :     step 3 of 3   longest step : 45.8 %" 



# [1] "with_BG  :     step 3 of 3   longest step : 45.8 %" 



# .......................... 



# [1] "without_BG  :     step 1 of 3 : 45.8 %" 



# [1] "without_BG  :     step 1 of 3 : 45.8 %" 



# [1] "without_BG  :     step 1 of 3 : 45.9 %" 



# .......................... 



# [1] "without_BG  :     step 2 of 3 : 45.7 %" 



# [1] "without_BG  :     step 2 of 3 : 45.8 %" 



# [1] "without_BG  :     step 2 of 3 : 45.8 %" 



# .......................... 



# [1] "without_BG  :     step 3 of 3   longest step : 45.7 %" 



# [1] "without_BG  :     step 3 of 3   longest step : 45.8 %" 



# [1] "without_BG  :     step 3 of 3   longest step : 45.8 %" 



# .......................... 



 



save.image("../../Read_done.RData") # Save results in cases you make errors or R crash … 



 



 











 



length( Profiles $ intensity_with_BG $ profiles_to_quantify) # a list object (one object per 



profile), this is your unmodified files 



# [1] 1825 



length( Profiles $ intensity_with_BG $ profiles_to_detect_borders $ mz)# a vector with Rf position 



of each point 



# [1] 10000 



dim(    Profiles $ intensity_with_BG $ profiles_to_detect_borders $ intensity)# a dataframe with 



intensities of each point (rows) of each profiles (columns) 



# [1] 10000  1825 



length( Profiles $ intensity_without_BG $ profiles_to_quantify)# same as above  



# [1] 1825 



length( Profiles $ intensity_without_BG $ profiles_to_detect_borders $ mz) 



# [1] 10000 



dim(    Profiles $ intensity_without_BG $ profiles_to_detect_borders $ intensity) 



# [1] 10000  1825 



 



Profiles <- Estim.2nd.derivative(Profiles, # took 1 hour 



                                 LOG=2     # fit rather well on the deformation of gels 



                                 )         # Any kD Mini-PROTEAN TGX Gel, 10 well, 30 ul #456-9036 



# [1] 0.4573643 



# [1] 0.4579181 



# [1] 0.4584718 



# ............. 



# [1] 0.9988926 



# [1] 0.9994463 



# [1] 1 



save.image("../../2nd.derivative_done.RData") 



# New elements: first and second derivatives 



dim(Profiles $ intensity_without_BG $ profiles_to_detect_borders $ derivee1) # first and  



# [1] 10000  1825                                                            # 



dim(Profiles $ intensity_without_BG $ profiles_to_detect_borders $ derivee2) # second derivative 



# [1] 10000  1825                                                            # for each profile 



dim(Profiles $ intensity_with_BG $ profiles_to_detect_borders $ derivee1)    # But if you analyses  



# [1] 10000  1825                                                            # both with and 



dim(Profiles $ intensity_with_BG $ profiles_to_detect_borders $ derivee2)    # without_BG,  



# [1] 10000  1825                                                            # But if you analyses 



             “derivee” is only 



            computed for profiles 



            whithout_BG. 



  Indeed, peaks detection works always better on the 2nd derivative of without_BG than on the 



2nd derivative of with_BG. And the same set of peak coordinate is used to measure peaks on profiles 



with and without_BG. 



# linking each lane with its group 



individuals_lane <- read.table("../../individual_lane.txt",sep="\t",head=TRUE,fill=TRUE,stringsAsFactors=FALSE) 



individuals_pop  <- read.table("../../individual_pop.txt" ,sep="\t",head=TRUE,fill=TRUE,stringsAsFactors=FALSE) 



N <- sapply(names(Profiles $ intensity_without_BG $ 



profiles_to_quantify),function(x)paste(strsplit(x,"_")[[1]][1] , strsplit(x,"_")[[1]][2],sep="_")) 



G <- NULL ; for(n in N){ 



  G <- c(G, 



         individuals_pop $ POP[which(individuals_pop $ n. == individuals_lane $ n.indiv[which(individuals_lane $ 



Gel == strsplit(   strsplit(n,"_")[[1]][1]  , "X")[[1]][2] & individuals_lane $ Puit == 











 



strsplit(n,"_")[[1]][2])])] 



)}  



G <- as.factor(G) 



levels(G) <- c(rep("SA",10),rep("K",18)) 



# here time is not indicated because it depends on the number of levels in groups 



# in this case, there are only two groups so the analysis was short 



Profiles <- Median.profiles_derivative(Profiles,groups=G) 



# By default, same weight for all groups 



 



# "The following weights have been used:" 



# K   SA # Two groups: Kenyan and South African populations 



# 0.5 0.5  



save.image("../../Median.profiles_3_done.RData") 



# New elements: summary of median profiles that will be used by the functions 



plot.profile and Measure.peak. 



length(Profiles $ Profil_moy $ derivee2)# Median of second derivative. It will be used for peak 



detection 



# [1] 10000 



length(Profiles $ Profil_moy $ intensity) # Median of intensities 



# [1] 10000 



length(Profiles $ Profil_moy $ W_q0.25) # Weighed first quartile of intensities 



# [1] 10000 



length(Profiles $ Profil_moy $ W_intensity) # Weighed median of intensities 



# [1] 10000 



length(Profiles $ Profil_moy $ W_q0.75) # Weighed second quartile of intensities  



# [1] 10000 



 



Profiles<- Detect.peaks(Profiles) # First, detection with default parameters 



# span increased to next odd value:  31 # don’t matter 



# span increased to next odd value:  21 # don’t matter 



# [1] "" 



# [1] ""                                # used parameters : 



# [1] "merge_dist value was 0.005 This value proportional to the number of peaks merged because 



they are too close" 



# [1] "min_abruptness value was 9 This value is the minimum change of the second derivate : how the 



shoulder or peak should be abrupt ?" 



# [1] "threshold_intensity value was 100  Peaks which median intencity was above this value have 



been removed" 



# [1] "level_of_denoising_derivee2 value was 4 The higher this value is, the more details of the 



second derivate are removed" 



# [1] "This combination of parameter detected 50 Peaks" # number detected peaks 



 



Profiles<- # Second detection with adjusted parameters (you have to grope for parameters) 



           # (or to modify many peaks manually) 



Detect.peaks(Profiles,level_of_denoising_derivee2=5,min_abruptness=15,merge_dist=0.01) 



# span increased to next odd value:  31  



# span increased to next odd value:  21  



# [1] "" 



# [1] "merge_dist   value was 0.01  This value is proportional to the number of peaks merged because they are too 



close" 



# [1] "min_abruptness   value was 15 This value is the minimum change of the second derivate : how the shoulder or peak 



should be abrupt ?" 











 



# [1] "threshold_intensity   value was 100  Peaks which median intensity was above this value have been removed" 



# [1] "level_of_denoising_derivee2 value was 5  The higher this value is, the more details of the second derivate are 



removed" 



# [1] "This combination of parameter detected 41 Peaks" 
 



head( Profiles $ Peaks ) # one line per peaks 



#    tick.loc tick.left tick.right tick.span        snr  intensity     mass.loc  mass.left mass.right  mass.span 



# 54      133        85        174        NA         NA   2907.538   0.01320132 0.00840084 0.01730173         NA 



# 1       276       227        326       101  76787.600  76787.600   0.02750275 0.02260226 0.03250325 0.01000100 



# 3       430       404        452        49   2671.108   2671.108   0.04290429 0.04030403 0.04510451 0.00480048 



# 4       477       452        525        74   2874.344   2874.344   0.04760476 0.04510451 0.05240524 0.00730073 



# 5       606       525        720       196  12646.880  12646.880   0.06050605 0.05240524 0.07190719 0.01950195 



# 6       777       720        830       111 280398.209 280398.209   0.07760776 0.07190719 0.08290829 0.01100110 



## Only the tick.loc, tick.left, tick.right, mass.loc, mass.left and mass.right columns are of interest 



## tick correspond to pixel position and mass to Rf position 



## loc = position of the top 



## left and right = borders 



## To modify peaks by hand, you will be interested in columns mass.loc, mass.left and mass.right   



 



# plot.profile( ... ) by default, the function plot.profile prints information allowing 



to read the graph. It is shown only one time here:  



(you can see an example of the graph in the figure S2 of the manuscript) 



          HELP ! : 



This graph is intended to allow visualizing 



- the median profile and a part of the variability around it 



- the second derivative that was used to detect peaks (this is the blue doted line) 



- the detected peaks that you now HAVE TO edit 'by hand': 



To edit the detected peaks 'by hand' you need to specify precisely in the “modify.peaks.manually” function 



- which peaks you want to remove 



- which peaks you want to merge 



- the coordinate (top and borders) of the peaks you want to add 



- Peaks that need to be modified must be removed and added with the modifications 



To do that, you will need to (i) scan this graph from begin (Rf=0) to the end (Rf=1) and (ii) compare it visually with 



one gel of the Phoretix experiment and check: 



Which bands are too weak or have been wrongly detected, and which “true” bands have not been detected ? 



 --------> How to read this graph? <--------- 



          CURVATED LINES OF THE PROFILE : 



Solid black line is the weighted median 



Dotted grey lines are the weighted quartiles 



Dotted black line is the UNweighted median 



Dotted blue line is the weighted second derivative 



The weighted second derivative is usually the most informative but it is sometimes also too sensitive. 



That’s why you have to compare this graph to some gels visualised in Phoretix. 



          VERTICAL LINES : 



Colored lines (by default, blue, red, black) are the peaks positions 



Grey lines are the borders of peaks 



          NUMBERS 



Black numbers just below the horizontal 0 line are the number of the peaks. 



This is their ID. You will need these ID to specify which peaks must be removed or merged. 



As for other numbers, a little shift in the y coordinate is introduced to prevent too much overlapping of close 



numbers. 



Colored numbers indicate the coordinates of the borders of peaks. 



They are thus positioned on a grey line. 



On the y axes, they are positioned on four lines. The two first lines correspond to left borders and the two last lines 



correspond to right borders. 



The color of numbers indicate the peak they correspond to : they are of the same color of the vertical line that 



indicates the position of the center of the peak. It is advised to use these numbers to see where detected peaks are on 



Phoretix. 











 



!!  USE THE 'xlim' ARGUMENT !! to see your profile piece by piece : 



It is usually not possible to see the whole profile in a single plot.  



 











 



# visualize the profile piece by piece, use these plots to write arguments passed to the 



function modify.peaks.manually 



plot.profile(Profiles, xlim = c(0   ,0.2 )) 



plot.profile(Profiles, xlim = c(0.15,0.25)) 



plot.profile(Profiles, xlim = c(0.2 ,0.35)) 



plot.profile(Profiles, xlim = c(0.27,0.37)) 



plot.profile(Profiles, xlim = c(0.30,0.47)) 



plot.profile(Profiles, xlim = c(0.40,0.70)) 



plot.profile(Profiles, xlim = c(0.65,   1)) 



 



# Typical empty structure:  



Profiles<- modify.peaks.manually ( Profiles, 



remove = c(,,,),# a vector of peaks to be removed 



merge  = list(c(),c(),c()), # a list of vectors of peaks to be merged 



add=list(c(,,), # a list of peaks to be added (one vector per peak) giving coordinates of 



         c(,,), # (i) top, (ii) left border and (iii) right border IN THIS ORDER 



         c(,,), 



         c(,,)  )) 



 



Profiles<- modify.peaks.manually(Profiles, 



remove=c(1:5,10 # eg: border left of peak 10 will be modified => wool peak removed here 



         ,11,19,31,34:43), 



merge = NULL, # if not null write   merge =list(c(first  set of peaks to be merged), 



                                                  #second set of peaks to be merged),...) 



add=list( 



# border left of the peak 10 will be modified here : keep top and right border, and change the left 



border 



           c(Profiles $ Peaks $ mass.loc[10],0.113,Profiles $ Peaks $ mass.right[10]),  



           c(0.256,0.25,0.259), # a new peak 



           c(Profiles $ Peaks $ mass.loc[19],0.259,Profiles $ Peaks $ mass.right[19]), 



           c(Profiles $ Peaks $ mass.loc[31],Profiles $ Peaks $ mass.left[31],0.557), 



           c(0.567,0.557,Profiles $ Peaks $ mass.right[32]), 



           c(0.80,0.79,0.82), 



           c(0.4715,0.464,0.479))) 



head( Profiles $ Modified.Peaks ,3) 



#   tick.loc tick.left tick.right tick.span       snr intensity   mass.loc  mass.left mass.right  mass.span 



# 6      777       720        830       111 280398.21 280398.21 0.07760776 0.07190719 0.08290829 0.01100110 



# 7      878       830        924        95  49699.08  49699.08 0.08770877 0.08290829 0.09230923 0.00940094 



# 8      979       924       1032       109  40594.76  40594.76 0.09780978 0.09230923 0.10311031 0.01080108 



## As Profiles $ Peaks, but with the peaks you edited 



# Useful for possible analysis of some other samples with these references peaks: 



write.table(Profiles $ Modified.Peaks,"../../REFERENCES_PEAKS.txt", sep="\t") 



# And then if needed in another script (or in this one): 



Profiles_from_others_analysis_but_likely_to_contains_peaks_at_the_same_Rf_positions $ Modified.Peaks <-  



read.table("../../REFERENCES_PEAKS.txt", sep="\t", head=TRUE) 



 











 



# Useful for later identification of peaks on gels (for example to identify on gels bands 



that discriminate populations or evolve in response to a particular condition) 



pdf("../../Plot_of_REFERENCES_PEAKS.pdf", width = 20,height =10) 
plot.profile(Profiles, xlim = c(0   ,0.2 )) 



plot.profile(Profiles, xlim = c(0.18,0.5 )) 



plot.profile(Profiles, xlim = c(0.48,1   )) 



dev.off() 



 



Profiles <- Measure.peak(Profiles, # took 3 min 



            na.rm=TRUE # TRUE is the default, but might not be what you want to do 



                         ) 



#      .............. 



# [1] "with_BG  :     54.6 %" 



# [1] "with_BG  :     54.7 %" 



# [1] "with_BG  :     54.7 %" 



#      .............. 



# [1] "without_BG  :     64.8 %" 



# [1] "without_BG  :     64.8 %" 



# [1] "without_BG  :     64.9 %" 



#      .............. 



 



Profiles <- select.photo(Profiles) # Here the fac argument is not needed (the function 



will use the ID_of_the_lane_that_will_be_used_in_the_analysis) but this might not be adapted to 



your specific case  



dim(  Profiles $ peak.size.with_BG.before_photo_selection    $ Volume) 



# [1]   35 1825 



dim(  Profiles $ peak.size.without_BG.before_photo_selection $ Volume) 



# [1]   35 1825 



dim(  Profiles $ peak.size.with_BG    $ Volume) 



# [1]  35 879 



dim(  Profiles $ peak.size.without_BG $ Volume) 



# [1]  35 879 



names(Profiles $ peak.size.with_BG) 



[1] "Volume"    "Height"    "coord_Top" # same structure as above with 



"Height"    "coord_Top" (coord_Top is the coordinate of the top of peaks in each lane) 



save.image("../../select.photo_3_done.RData") 



 



# linking each lane whith its group 



individuals_lane <- read.table("../../individual_lane.txt",sep="\t",head=TRUE,fill=TRUE,stringsAsFactors=FALSE) 



individuals_pop  <- read.table("../../individual_pop.txt" ,sep="\t",head=TRUE,fill=TRUE,stringsAsFactors=FALSE) 



 



N <- sapply(colnames(Profiles $ peak.size.with_BG $ Volume),function(x)paste(strsplit(x,"_")[[1]][1] , 



strsplit(x,"_")[[1]][2],sep="_")) 



 



G <- NULL ; for(n in N){ 



if(any(individuals_pop $ n. == individuals_lane $ n.indiv[which(individuals_lane $ Gel == strsplit(   strsplit(n,"_")[[1]][1]  , 



"X")[[1]][2] & individuals_lane $ Puit == strsplit(n,"_")[[1]][2])])){ 



 



  G <- c(G, 



         individuals_pop $ POP[which(individuals_pop $ n. == individuals_lane $ n.indiv[which(individuals_lane $ Gel == 



strsplit(   strsplit(n,"_")[[1]][1]  , "X")[[1]][2] & individuals_lane $ Puit == strsplit(n,"_")[[1]][2])])])} 



 











 



if(!any(individuals_pop $ n. == individuals_lane $ n.indiv[which(individuals_lane $ Gel == strsplit(   strsplit(n,"_")[[1]][1]  



, "X")[[1]][2] & individuals_lane $ Puit == strsplit(n,"_")[[1]][2])])){ 



  G <- c(G,"")} 



} 



 



orig <- as.factor(G) 



levels(orig) <- c("_",rep("labo",3),rep("SA",6),rep("K",18)) 



 



###### 



G <- NULL ; for(n in N){ 



if(any(individuals_pop $ n. == individuals_lane $ n.indiv[which(individuals_lane $ Gel == strsplit(   strsplit(n,"_")[[1]][1]  , 



"X")[[1]][2] & individuals_lane $ Puit == strsplit(n,"_")[[1]][2])])){ 



  G <- c(G, 



         individuals_pop $ G[which(individuals_pop $ n. == individuals_lane $ n.indiv[which(individuals_lane $ Gel == strsplit(   



strsplit(n,"_")[[1]][1]  , "X")[[1]][2] & individuals_lane $ Puit == strsplit(n,"_")[[1]][2])])])} 



 



if(!any(individuals_pop $ n. == individuals_lane $ n.indiv[which(individuals_lane $ Gel == strsplit(   strsplit(n,"_")[[1]][1]  



, "X")[[1]][2] & individuals_lane $ Puit == strsplit(n,"_")[[1]][2])])){ 



  G <- c(G,"")}} 



G[is.na(G)] <- "" 



G <- as.factor(G) 



 



 



Gr <- paste(as.vector(orig),as.vector(G),sep="") 



Gel <- sapply(colnames(Profiles $ peak.size.with_BG $ Volume),function(x)strsplit(x,"_")[[1]][1]) 



 



Profiles <- Compare.normalizations(Profiles, group=Gr  ,Gel=Gel) 
 



names(Profiles $ Normalized_data $ with_BG $ Volume) 



# [1] "scale"       "quantile"    "cyclicloess" 



dim(Profiles $ Normalized_data $ with_BG $ Volume $ scale) 



# [1] 35 879 



# same structure as above with "Height" and "coord_Top" instead of "Volume" 



# same structure as above with "quantile"    "cyclicloess" instead of "scale" 



# Less useful: variance intra and inter group measured with each combination of method 



dim(Profiles $ Variance_inter.intra $ Variances $ Var_intra) 



# [1] 35 18 # one column per combination of method (_c_ = coordinate in Rf corrected for 



inter gel variation) 



colnames(Profiles $ Variance_inter.intra $ Variances $ Var_intra) 



# "with_BG_V_Scale"    "with_BG_V_Quantile"    "with_BG_V_C.loess"    "with_BG_H_Scale"    "with_BG_H_Quantile"    "with_BG_H_C.loess"     



# "with_BG_c_Scale"    "with_BG_c_Quantile"    "with_BG_c_C.loess"    "without_BG_V_Scale" "without_BG_V_Quantile" "without_BG_V_C.loess"  



# "without_BG_H_Scale" "without_BG_H_Quantile" "without_BG_H_C.loess" "without_BG_c_Scale" "without_BG_c_Quantile" "without_BG_c_C.loess" 



names(Profiles $ Variance_inter.intra $ Variances) 



# [1] "Var_intra"        "Var_inter"        "Var_intra_median" "Var_inter_median" 



# same thing for variance intra group and variance measured on the bases of the median 



names(Profiles $ Variance_inter.intra) 



# [1] "Variances"                 "Coefficients_of_variation" 



# same thing for coefficient of variance (variance standardized for the mean [or median]) 



save.image("../../Normalisation_3_done.RData") 



 



 



Make your statistical analysis with any of the dataframe(s) contained in 



Profiles $ Normalized_data $ ... 












Appendix S1_R scripts and functions_v2/R_functions/Reason for the 2017 update.txt

In a previous version, the function "read.Profiles" was needing the "interpol" function from the "ptw" R package.
This function has been removed from the "ptw" package (https://github.com/rwehrens/ptw/tree/master/ptw/R).
This is the main reason of the update or the Appendix S1:
In the function "read.Profiles", "interpol" is now replace by "approx" from the package "stat" that is present in R by default.
## not needed anymore :     install.packages("ptw") # for the function "interpol" (written in C)







Appendix S1_R scripts and functions_v2/R_functions/z_Dependencies.txt

## package to install:


source("http://bioconductor.org/biocLite.R")
biocLite("limma")

install.packages("R.utils")
install.packages("wmtsa")
install.packages("laeken")
install.packages("ifultools")

###########################################################################################################################################################
###########                                                                     26.11.2013                                                     ############
###########  list of functions needed                                                                                                          ############
###########  They are only given in case of problem of maintnance of     packages      , or in case of problem of R compatibility              ############
###########  IT IS ADIVSED TO *NOT* USE THESE FUNCTIONs BUT THOSES FROM THE SOURCES PACKAGES THAT MIGHT HAVE BEEN UPDATE SINCE THE 26.11.2013  ############
###########################################################################################################################################################

# In case some functions are not available here and that their package is no more maintained,
# you shoud try to find the Package source. In the Package source, functions are usually in the folder "R".


################################################################################################################################################################################################################
wavDaubechies = ## wmtsa
  function (wavelet = "s8", normalized = TRUE) {
    filter <- mutilsFilterType(wavelet = wavelet)
    data <- .Call("RS_wavelets_filters_daubechies", as.integer(filter$length), 
                  as.integer(filter$type), as.logical(normalized), COPY = rep(FALSE, 
                                                                              3), CLASSES = c("integer", "integer", "logical"), 
                  PACKAGE = "ifultools")
    family <- switch(filter$type + 1, "Extremal Phase", "Least Asymmetric", 
                     "Best Localized", "Coiflet")
    filters <- list(wavelet = as.vector(data[[1]]), scaling = as.vector(data[[2]]), 
                    family = family, length = filter$length, normalized = normalized, 
                    name = wavelet)
    oldClass(filters) <- "wavDaubechies"
    filters}

################################################################################################################################################################################################################

wavMODWT = ## wmtsa
  function (x, wavelet = "s8", n.levels = ilogb(length(x), base = 2), 
            position = list(from = 1, by = 1, units = character()), units = character(), 
            title.data = character(), documentation = character(), keep.series = FALSE) 
  {
    if (is(x, "wavTransform")) 
      return(x)
    checkScalarType(n.levels, "integer")
    checkScalarType(wavelet, "character")
    "sortCrystals" <- function(x, reverse = FALSE) {
      if (!(class(x) == "character")) 
        stop("Input must be of class character")
      localsort <- function(x) x[order(as.numeric(substring(x, 
                                                            2)))]
      wave.crystals <- x[grep("d", x)]
      scal.crystals <- x[grep("s", x)]
      sorted.crystals <- c(localsort(wave.crystals), localsort(scal.crystals))
      if (!reverse) 
        return(sorted.crystals)
      else return(rev(sorted.crystals))
    }
    if (is(x, "wavTransform")) {
      if (x$xform == "modwt") 
        return(x)
      else stop("Cannot convert input transform to MODWT")
    }
    filters <- wavDaubechies(wavelet = wavelet, normalize = TRUE)
    if (is.null(n.levels)) {
      L <- length(filters$wavelet)
      N <- length(x)
      if (N > L) 
        n.levels <- ilogb(((N - 1)/(L - 1) + 1), base = 2)
      else if (N > 0) 
        n.levels <- 1
      else stop("length of time series must be positive")
    }
    series.name <- deparseText(substitute(x))
    if (!length(title.data)) 
      title.data <- series.name
    series <- create.signalSeries(ifelse1(keep.series, x, NULL), 
                                  position = position, units = units, title.data = title.data, 
                                  documentation = documentation)
    data <- lapply(.Call("RS_wavelets_transform_maximum_overlap", 
                         as.numeric(x), list(filters$wavelet, filters$scaling), 
                         n.levels, COPY = rep(FALSE, 3), CLASSES = c("numeric", 
                                                                     "list", "numeric"), PACKAGE = "ifultools"), as.vector)
    dict <- wavDictionary(wavelet = wavelet, dual = FALSE, decimate = FALSE, 
                          n.sample = length(x), attr.x = NULL, n.levels = as.integer(n.levels), 
                          boundary = "periodic", conv = TRUE, filters = filters, 
                          fast = TRUE, is.complex = FALSE)
    if ((J <- n.levels) > 0) 
      crystals <- c(paste("d", 1:J, sep = ""), paste("s", J, 
                                                     sep = ""))
    else crystals <- "s0"
    names(data) <- crystals
    for (j in seq(data)) {
      names(data[[j]]) <- paste(names(data[j]), "(", seq(0, 
                                                         length(data[[j]]) - 1), ")", sep = "")
    }
    wavTransform(data = data, series = series, n.levels = as.integer(n.levels), 
                 dictionary = dict, shifted = FALSE, xform = "modwt")
  }

################################################################################################################################################################################################################

create.signalSeries = ## wmtsa
  function (x = NULL, position = list(from = 1, by = 1, units = character()), 
            from = NULL, by = NULL, to = NULL, length.out = NULL, units = character(), 
            title.data = character(), documentation = character(), na.rm = TRUE) 
  {
    if (is(x, "signalSeries")) 
      return(x)
    if (is(x, "ts")) {
      title.data <- deparseText(substitute(x))
      position <- list(from = start(x)[1], by = deltat(x), 
                       units = character())
      x <- as.vector(x)
      length.out <- length(x)
    }
    "fill.missing.position" <- function(x) {
      defaults <- list(from = 1, by = 1, units = character(0))
      matches <- which(as.logical(charmatch(names(defaults), 
                                            names(x))))
      if (length(matches) < 1) 
        stop("Invalid position name")
      else position <- c(defaults[seq(along = defaults)[-matches]], 
                         x)
      position
    }
    if (is.null(x)) {
      y <- signalSeries()
      y@units.position <- position$units
      y@units <- units
      y@title <- title.data
      y@documentation <- documentation
      return(y)
    }
    na.indices <- is.na(x)
    if (any(na.indices)) {
      if (!na.rm) 
        stop("NaNs not allowed in x. Try setting: na.rm=TRUE")
      x <- x[!na.indices]
      warning("NaNs removed from x for conversion to signalSeries class")
    }
    from.is.null <- is.null(from)
    to.is.null <- is.null(to)
    length.is.null <- is.null(length.out)
    by.is.null <- is.null(by)
    is.from.an.index.vector <- (is.integer(from) & isVectorAtomic(from) & 
                                  length(from) > 1)
    if (!length.is.null) {
      if (length.out < 1) 
        stop("Length argument must be a positive integer")
    }
    position <- fill.missing.position(position)
    if (from.is.null) 
      from <- position$from
    cls <- class(x)
    if (cls == "signalSeries") {
      x@title <- title.data
      x@documentation <- documentation
      return(x)
    }
    if (isVectorAtomic(x)) 
      y <- as.vector(x)
    else stop("Input must be a vector, a single-column or single-row matrix,\n      or a named vector")
    if (is(x, "ts")) {
      if (is.from.an.index.vector) {
        tsp.data <- tsp(y)
        start.data <- tsp.data[1]
        end.data <- tsp.data[2]
        freq.data <- tsp.data[3]
        date.range <- approx(x = c(1, length(y)), y = c(start.data, 
                                                        end.data), xout = c(from[1], from[length(from)]), 
                             method = "linear")
        y <- ts(data = y[from], start = date.range$y[1], 
                frequency = freq.data)
      }
    }
    else {
      if (is.from.an.index.vector) 
        index <- from[from <= length(y)]
      else {
        ly <- length(y)
        pos.all <- seq(from = position$from, by = position$by, 
                       length = ly)
        if (!to.is.null && by.is.null) {
          if (from < to) 
            index <- which(pos.all >= from & pos.all <= 
                             to)
          else index <- which(pos.all >= to & pos.all <= 
                                from)
          if (length(index) > length.out) 
            index <- index[seq(length.out)]
        }
        else {
          if (to.is.null) 
            to <- pos.all[ly]
          if (by.is.null) 
            by <- sign(to - from) * position$by
          pos.larger <- pos.all[pos.all >= from]
          closest.from <- pos.larger[order(abs(pos.larger - 
                                                 from))[1]]
          if (by.is.null) {
            if (!anyMissing(closest.from)) {
              if (closest.from != from) 
                extract <- seq(from = closest.from, by = by, 
                               to = to)
              else extract <- seq(from = from, by = by, 
                                  to = to)
            }
            else extract <- NA
          }
          else extract <- seq(from = from, by = by, to = to)
          if (from <= max(pos.all)) {
            index <- pmatch(extract, pos.all)
            index <- index[!is.na(index)]
            index <- index[seq(length = min(length.out, 
                                            length(index)))]
          }
          else index <- NA
        }
      }
      if (anyMissing(index) || any(is.null(index))) 
        stop("Indexing out of range")
      y <- y[index]
      new.position = (index - 1) * position$by + position$from
      y <- signalSeries(data = y, from = new.position[1], by = diff(new.position[1:2]), 
                        units = units, units.position = position$units)
    }
    if (length(y@units) < 1 && !is.null(units)) 
      y@units <- units
    if (length(y@title) < 1 && !is.null(title.data)) 
      y@title <- title.data
    if (length(y@documentation) < 1 && !is.null(documentation)) 
      y@documentation <- documentation
    if (length(y@units.position) < 1 && !is.null(position$units)) 
      y@units.position <- position$units
    y
  }



################################################################################################################################################################################################################
wavDictionary = ## wmtsa
  function (wavelet, dual, decimate, n.sample, attr.x, n.levels, 
            boundary, conv, filters, fast, is.complex) {
    checkScalarType(wavelet, "character")
    checkScalarType(dual, "logical")
    checkScalarType(decimate, "logical")
    checkScalarType(n.sample, "integer")
    checkScalarType(n.levels, "integer")
    checkScalarType(boundary, "character")
    if (!is.list(filters)) 
      stop("filters must be a list")
    if (!all(is.element(c("scaling", "wavelet"), names(filters)))) 
      stop("filters list must have named elements \"scaling\" and \"wavelet\"")
    if (!isVectorAtomic(filters$wavelet) || !isVectorAtomic(filters$scaling)) 
      stop("filters$wavelet and filters$scaling must be vectors ", 
           "as defined by isVectorAtomic()")
    checkScalarType(fast, "logical")
    checkScalarType(is.complex, "logical")
    z <- list(wavelet = wavelet, dual = dual, decimate = decimate, 
              n.sample = n.sample, attr.x = attr.x, n.levels = n.levels, 
              boundary = boundary, conv = conv, analysis.filter = list(low = filters$scaling, 
                                                                       high = filters$wavelet), synthesis.filter = list(low = filters$scaling, 
                                                                                                                        high = filters$wavelet), fast = fast, is.complex = is.complex)
    oldClass(z) <- "wavDictionary"
    return(z)  }
################################################################################################################################################################################################################
wavTransform = ## wmtsa
  function (data, series, n.levels, dictionary, shifted, xform) 
  {   if (!is.list(data)) 
    stop("data must be a list")
    if (!all(unlist(lapply(data, isVectorAtomic)))) 
      stop("data list must contain vector objects as defined by isVectorAtomic()")
    if (!isVectorAtomic(series) && !is(series, "signalSeries")) 
      stop("series must be a vector as defined by isVectorAtomic() or ", 
           "an object of class \"signalSeries\"")
    if (!is.integer(n.levels) || length(n.levels) > 1 || n.levels < 
          1) 
      stop("n.levels must be a positive integer scalar")
    if (!is(dictionary, "wavDictionary")) 
      stop("dictionary must be an object of class \"wavDictionary\"")
    if (!is.logical(shifted) || length(shifted) > 1) 
      stop("shifted be a logical scalar")
    if (!is.character(xform) || length(xform) > 1) 
      stop("xform be a character string scalar")
    z <- list(data = data, scales = 2^(0:(n.levels - 1)), series = series, 
              dictionary = dictionary, shifted = shifted, xform = xform)
    oldClass(z) <- "wavTransform"
    return(z)}

################################################################################################################################################################################################################
wavMRD = ## wmtsa
  function (x, level = NULL, osc = NULL) 
  {
    dict <- x$dictionary
    n.sample <- dict$n.sample
    n.level <- dict$n.level
    xform <- lapply(x$data, function(x) matrix(x, nrow = 1))
    is.dwt <- is(x, "wavTransform") && is.element(x$xform, c("dwt", 
                                                             "modwt"))
    data.name <- wavTitle(x)
    wavelet.filter <- dict$analysis.filter$high
    scaling.filter <- dict$analysis.filter$low
    filters <- list(wavelet.filter, scaling.filter)
    supported.types <- c("modwt", "modwpt", "dwt", "dwpt")
    type <- match(x$xform, supported.types) - 1
    if (is.missing(type)) 
      stop("Unsupported transform type. Must be one of the following: ", 
           paste(supported.types, collapse = ", "))
    if (is.null(level) && is.null(osc)) {
      if (is.dwt) {
        level <- c(1:n.level, n.level)
        osc <- c(rep(1, n.level), 0)
      }
      else {
        level <- rep(n.level, 2^n.level)
        osc <- seq(0, 2^n.level - 1)
      }
    }
    else if (is.null(level) && !is.null(osc)) {
      stop(paste("The level argument must be specified", "when local node(s) are specified"))
    }
    else if (!is.null(level) && is.null(osc)) {
      if (is.dwt) {
        level <- unique(sort(level))
        J <- length(level)
        osc <- rep(1, J)
        if (level[J] == n.level) {
          level <- c(level, n.level)
          osc <- c(osc, 0)
        }
      }
      else {
        level <- unique(sort(level))
        newlevel <- NULL
        for (j in level) {
          osc <- c(osc, seq(0, 2^j - 1))
          newlevel <- c(newlevel, rep(j, 2^j))
        }
        level <- newlevel
      }
    }
    if (is.null(level)) 
      level <- 1
    if (any(level > n.level)) 
      stop("Level(s) exceeds maximum level in transform")
    if (is.null(osc)) {
      level <- level[1]
      if (is.dwt && (x$xform == "dwt")) {
        if (level == dict$n.levels) 
          osc <- 0:1
        else osc <- 1
      }
      else osc <- seq(0, 2^level - 1)
    }
    if (length(level) == 1) 
      osc <- sort(unique(osc))
    detail <- matrix(ncol = n.sample, nrow = length(osc))
    crystals <- rep("", length(osc))
    for (n in seq(length(osc))) {
      j <- min(n, length(level))
      detail[n, ] <- as.vector(.Call("RS_wavelets_transform_packet_detail", 
                                     xform, filters, as.integer(level[j]), as.integer(osc[n]), 
                                     as.integer(type), COPY = rep(FALSE, 5), CLASSES = c("list", 
                                                                                         "list", "integer", "integer", "integer"), PACKAGE = "ifultools"))
      if (is.dwt) 
        crystals[n] <- paste(switch(osc[n] + 1, "S", "D"), 
                             level[j], sep = "")
      else crystals[n] <- paste("W", level[j], ".", osc[n], 
                                sep = "")
    }
    dimnames(detail) <- list(crystals, paste("t=", seq(0, n.sample - 
                                                         1), sep = ""))
    detail <- t(detail)
    series.name <- wavTitle(x)
    dict <- x$dictionary
    dict$series.name <- series.name
    attr(detail, "crystal.names") <- crystals
    attr(detail, "dictionary") <- dict
    attr(detail, "type") <- "crystal"
    attr(detail, "crystal.type") <- class(x)
    attr(detail, "xform") <- x$xform
    attr(detail, "data.name") <- data.name
    oldClass(detail) <- "wavMRD"
    detail
  }

################################################################################################################################################################################################################
wavTitle = ## wmtsa
  function (x, default = "x") 
  {
    "wavStripString" <- function(x) {
      nch <- nchar(x)
      str <- substring(x, 1:nch, 1:nch)
      str.start <- which(as.logical(charmatch(str, "(")))
      if (all(!is.missing(str.start))) {
        str.start <- max(str.start)
        str <- str[(min(str.start + 1, nch):nch)]
        nch <- length(str)
        right.paren <- min(which(as.logical(charmatch(str, 
                                                      ")"))), 1)
        right.comma <- min(which(as.logical(charmatch(str, 
                                                      ","))), 1)
        str.end <- min(c(right.paren, right.comma), na.rm = TRUE)
        if (!is.na(str.end)) 
          y <- paste(str[(1:max(1, str.end - 1))], collapse = "")
        else y <- paste(str, collpase = "")
      }
      else y <- x
      y
    }
    wave.class <- class(x)
    if (is.element(wave.class, c("wavBoundary", "wavVarTest", 
                                 "wavTransform"))) {
      series.name <- x$series@title
      alternative <- x$dictionary$series.name
    }
    else if (is.element(wave.class, "signalSeries")) {
      series.name <- x@title
      alternative <- default
    }
    else if (is.element(wave.class, "wavFDP")) {
      series.name <- x$series@title
      alternative <- default
    }
    else series.name <- deparseText(substitute(x))
    if (length(series.name) < 1) 
      series.name <- alternative
    if (is.null(series.name)) 
      series.name <- default
    series.name
  }






###########################################################################################################################################################
###########                                                                     26.11.2013                                                     ############
###########  list of functions of the package    laeken     and need for the function   Median.profiles_derivate                               ############
###########  They are only given in case of problem of maintnance of     laeken     , or in case of problem of R compatibility                 ############
###########  IT IS ADIVSED TO *NOT* USE THESE FUNCTION BUT THOSES FROM THE laeken PACKAGE THAT MIGHT HAVE BEEN UPDATE SINCE THE 26.11.2013     ############
###########################################################################################################################################################


###########################################################################################################################################################
weightedMedian = # laeken
  function (x, weights = NULL, sorted = FALSE, na.rm = FALSE) 
  {    weightedQuantile(x, weights, probs = 0.5, sorted = sorted, 
                        na.rm = na.rm)}

###########################################################################################################################################################


weightedQuantile =  # laeken
  function (x, weights = NULL, probs = seq(0, 1, 0.25), sorted = FALSE, 
            na.rm = FALSE) 
  {
    if (!is.numeric(x)) 
      stop("'x' must be a numeric vector")
    n <- length(x)
    if (n == 0 || (!isTRUE(na.rm) && any(is.na(x)))) {
      return(rep.int(NA, length(probs)))
    }
    if (!is.null(weights)) {
      if (!is.numeric(weights)) 
        stop("'weights' must be a numeric vector")
      else if (length(weights) != n) {
        stop("'weights' must have the same length as 'x'")
      }
      else if (!all(is.finite(weights))) 
        stop("missing or infinite weights")
      if (any(weights < 0)) 
        warning("negative weights")
      if (!is.numeric(probs) || all(is.na(probs)) || isTRUE(any(probs < 
                                                                  0 | probs > 1))) {
        stop("'probs' must be a numeric vector with values in [0,1]")
      }
      if (all(weights == 0)) {
        warning("all weights equal to zero")
        return(rep.int(0, length(probs)))
      }
    }
    if (isTRUE(na.rm)) {
      indices <- !is.na(x)
      x <- x[indices]
      if (!is.null(weights)) 
        weights <- weights[indices]
    }
    if (!isTRUE(sorted)) {
      order <- order(x)
      x <- x[order]
      weights <- weights[order]
    }
    if (is.null(weights)) 
      rw <- (1:n)/n
    else rw <- cumsum(weights)/sum(weights)
    q <- sapply(probs, function(p) {
      if (p == 0) 
        return(x[1])
      else if (p == 1) 
        return(x[n])
      select <- min(which(rw >= p))
      if (rw[select] == p) 
        mean(x[select:(select + 1)])
      else x[select]
    })
    return(unname(q))
  }













######################################################################################################################################################
###########                                                                   26.11.2013                                                       ############
###########  list of functions of the package    wmtsa     and need for the function    Detect.peaks                                           ############
###########  They are only given in case of problem of maintnance of     wmtsa     , or in case of problem of R compatibility                  ############
###########  IT IS ADIVSED TO *NOT* USE THESE FUNCTION BUT THOSES FROM THE wmtsa PACKAGE THAT MIGHT HAVE BEEN UPDATE SINCE THE 26.11.2013      ############
###########################################################################################################################################################

###########################################################################################################################################################

################################################
## WMTSA wavelet functionality
##
##  Functions:
##
##    wavBootstrap
##    wavDWPTWhitest
##
################################################

###
# wavBootstrap
##

"wavBootstrap" <- function(x, white.indices=wavDWPTWhitest(x),
                           n.realization=1, wavelet="s8", n.level=NULL)
{
  if (!is(x, "wavTransform")){
    
    x <- create.signalSeries(x)
    
    # choose to do a partial decomposition out to level J - 2
    # where J is the maximum decomposition level.
    # this leaves us with 4 coefficients at the last level.
    # (any less and the sample with replacement scheme inherent
    # in the bootstrapping process would not make sense).
    max.level <- ilogb(length(x), base=2) - 2
    
    if (is.null(n.level))
      n.level <- max.level
    if (n.level > max.level)
      n.level <- max.level
    
    # TODO: create.signalSeries in wavDWPT is producing
    # Warning message:
    # is.na() applied to non-(list or vector) in: is.na(x)
    # but it doesn't show up if I use browser()! Odd.
    x <- wavDWPT(x, wavelet=wavelet, n.level=n.level)
  }
  
  # obtain the wavelet and scaling filters
  filters <- x$dictionary$analysis.filter
  
  zz <- lapply(x$data, as.matrix)
  
  z <- .Call("RS_wavelets_bootstrap",
             zz, list(filters$high,filters$low),
             white.indices, n.realization,
             COPY=rep(FALSE,4),
             CLASSES=c("list", "list", "matrix", "integer"),
             PACKAGE="ifultools")
  
  z <- lapply(z, as.vector)
  
  if (length(z) == 1)
    z <- z[[1]]
  
  z
}

###
# wavDWPTWhitest
##

"wavDWPTWhitest" <- function(x, significance=0.05, test="port2", wavelet="s8", n.level=NULL)
{
  
  if (!is(x,"wavTransform")){
    
    x <- create.signalSeries(x)
    
    # choose to do a partial decomposition out to level J - 2
    # where J is the maximum decomposition level.
    # this leaves us with 4 coefficients at the last level.
    # (any less and the sample with replacement scheme inherent
    # in the bootstrapping process would not make sense).
    max.level <- ilogb(length(x), base=2) - 2
    
    if (is.null(n.level))
      n.level <- max.level
    if (n.level > max.level)
      n.level <- max.level
    
    x <- wavDWPT(x, wavelet=wavelet, n.level=n.level)
  }
  
  white.noise.test <- switch(test,
                             port1= 0,
                             port2= 1,
                             port3= 2,
                             cumper= 3,
                             NULL)
  
  if (is.null(white.noise.test))
    stop("Unsupported white noise test type")
  
  zz <- lapply(x$data, as.matrix)
  
  z <- .Call("RS_wavelets_transform_packet_whitest",
             zz, significance, white.noise.test,
             COPY=rep(FALSE,3),
             CLASSES=c("list", "numeric", "integer"),
             PACKAGE="ifultools")
  
  dimnames(z) <- list(c("level", "osc"), rep("",ncol(z)))
  
  z
}

#############################################################
## WMTSA package wavelet transform coefficient functionality
##
##  Functions:
##
##    wavIndex
##
##  Constructor Functions and methods:
##
##    wavBoundary
##
##      [.wavBoundary
##      plot.wavBoundary
##      print.wavBoundary
##      print.summary.wavBoundary
##      summary.wavBoundary
##
#############################################################

###
# wavBoundary (constructor)
##

"wavBoundary" <- function(x)
{
  # define local functions
  
  "crystal.energy" <- function(x) sum(x^2)
  
  "crystals.sJ2d1" <- function(str){
    sindex <- which(as.logical(regexpr("s",str) > 0))
    ifelse1(sindex == 1, str, rev(str))
  }
  
  "extract.coefficients" <- function(W, low, high, interior=TRUE)
  {
    crystals <- names(W)
    
    obj <- lapply(crystals,
                  function(crystal, W, low, high, interior){
                    
                    # grab the appropriate crystal
                    WW <- W[[crystal]]
                    
                    # make an an index vector locating the interior coefficients
                    interior.indices <- seq(from=low[crystal], to=high[crystal])
                    all.indices      <- seq(from=1, to=length(WW))
                    
                    if (interior)
                      indices.to.grab <- interior.indices
                    else
                      indices.to.grab <- all.indices[setdiff(all.indices,interior.indices)]
                    
                    y <- WW[indices.to.grab]
                    
                    if (length(indices.to.grab) && length(y))
                      names(y) <- paste(indices.to.grab)
                    
                    invisible(y)
                  },
                  W=W, low=low, high=high, interior=interior)
    
    names(obj) <- crystals
    obj
  }
  
  # obtain the interior wavelet and scaling coefficient ranges.
  # wavIndex() also performs a check on the input class.
  separation <- wavIndex(x)
  
  # obtain the wavelet transform data (with
  # crystal names attached to the data),
  # and series information
  wave.class <- class(x)
  
  if (is(x,"wavBoundary"))
    return(x)
  else if (is(x,"wavTransform")){
    series    <- x$series
    dict      <- x$dictionary
    crystals  <- wavSortCrystals(names(x$data), reverse= TRUE)
    WW        <- x$data[crystals]
    xform     <- x$xform
  }
  
  # extract non-boundary (interior) coefficients
  # and boundary coefficients
  low  <- separation$interior$low
  high <- separation$interior$high
  
  interior <- extract.coefficients(WW, low, high, interior=TRUE)
  boundary <- extract.coefficients(WW, low, high, interior=FALSE)
  
  y <- list(boundary=boundary,
            interior=interior,
            all=WW,
            dictionary=dict,
            series=series,
            crystals=crystals,
            xform=xform,
            index=separation)
  
  # add energy
  y$boundary$energy <- unlist(lapply(boundary, crystal.energy))
  y$interior$energy <- unlist(lapply(interior, crystal.energy))
  
  # add length
  y$boundary$length <- separation$boundary$length[crystals]
  y$interior$length <- separation$interior$length[crystals]
  
  # add total enery and length objects
  y$all$energy <- y$boundary$energy + y$interior$energy
  y$all$length <- separation$all$length[crystals]
  
  # add names to each coefficient in the all object
  # which identifies it as a boundary or interior coefficient
  for (j in 1:length(crystals)){
    
    crystal                 <- crystals[j]
    coeff.labels            <- rep("b", length(y$all[[crystal]]))
    nb.index                <- low[crystal]:high[crystal]
    coeff.labels[nb.index]  <- "nb"
    names(y$all[[crystal]]) <- coeff.labels
  }
  
  # record shift
  y$shifted <- x$shifted
  oldClass(y) <- "wavBoundary"
  
  y
}

###
# print.wavBoundary
##

"print.wavBoundary" <- function(x, justify="left", sep=":", ...)
{
  series      <- x$series
  series.name <- wavTitle(x)
  dict        <- x$dictionary
  nms         <- wavSortCrystals(x$crystals)
  
  main <- paste("Boundary coefficient separation of",
                upperCase(x$xform), "series:", series.name)
  
  z <- list(
    "Wavelet"=dict$wavelet,
    "Length of series"=dict$n.sample,
    "Number of levels"=dict$n.levels,
    "Boundary correction rule"=dict$boundary,
    "Filtering technique"=ifelse1(dict$conv,"Convolution","Correlation"),
    "Zero phase shifted"=x$shifted )
  
  prettyPrintList(z, header=main, sep=sep, justify=justify, ...)
  cat("Crystals: ")
  if (length(nms) > 15)
    cat(paste(nms, collapse=" "),
        " ... (",length(nms)," bases)\n",sep="", fill=TRUE)
  else cat(nms, fill=TRUE)
  
  invisible(x)
}

###
# summary.wavBoundary
##

"summary.wavBoundary" <- function(object, ...)
{
  crystals <- wavSortCrystals(object$crystals)
  
  row.names <- c("Interior","Boundary","[Ratio]","Total")
  
  l.nonbound <- object$interior$length[crystals]
  l.bound    <- object$boundary$length[crystals]
  l.ratio    <- round(l.nonbound / l.bound)
  l.total    <- object$all$length[crystals]
  
  cmat <- rbind(l.nonbound, l.bound, l.ratio, l.total)
  dimnames(cmat) <- list(row.names,crystals)
  
  e.nonbound <- object$interior$energy[crystals]
  e.bound    <- object$boundary$energy[crystals]
  e.ratio    <- round(e.nonbound / e.bound)
  e.total    <- object$all$energy[crystals]
  
  emat <- rbind(e.nonbound, e.bound, e.ratio, e.total)
  dimnames(emat) <- list(row.names,crystals)
  
  obj <- list(emat=emat,
              cmat=cmat)
  
  oldClass(obj) <- "summary.wavBoundary"
  
  return(obj)
}

###
# print.summary.wavBoundary
##

"print.summary.wavBoundary" <- function(x, digits=max(2, .Options$digits - 4), ...)
{
  cat("\nNumber of coefficients:\n\n")
  print(x$cmat, digits=digits, ...)
  
  cat("\nEnergy of Wavelet Boundary \nand Interior Crystals:\n\n")
  print(x$emat, digits=digits, ...)
  cat("\n")
  
  invisible(x)
}

###
# plot.summary.wavBoundary
##

"plot.wavBoundary" <- function(x, x.axis=TRUE, y.axis=TRUE, type="l", plot=TRUE, xlab=NULL,
                               title=NULL, bars=FALSE, vgap=.05, grid=FALSE, times=NULL, grid.lty=par("lty")+1,
                               same.scale=NULL, zerocenter=FALSE, zeroline=FALSE, col=c("red","black"),
                               bar=list(lty=1, col=c("red","black"), lwd=2), ...)
{
  series         <- x$series
  series.omitted <- as.logical(length(series@data)==0)
  series.name    <- wavTitle(x)
  pos            <- series@positions
  position.units <- series@units.position
  data.units     <- series@units
  is.shifted     <- x$shifted
  
  if (is.null(xlab))
    xlab <- ifelse1(is.null(series.name), "Position",
                    ifelse1(length(position.units), position.units, "Position"))
  
  if (nchar(series.name) > 5)
    series.name <- paste(substring(series.name,1,5), "...")
  
  wavelet     <- x$dictionary$wavelet
  xform   <- upperCase(x$xform)
  
  # create title
  if (is.null(title)){
    title <- paste(xform, "(", wavelet, ")")
    if (!is.null(series.name))
      title <- paste(title, ":", series.name, sep="")
  }
  
  # obtain time vector for plotting
  
  combined.length <- length(x$boundary$d1) + length(x$interior$d1)
  if (is.null(times)){
    
    times <- ifelse1(series.omitted, seq(length=x$dictionary$n.sample),
                     seq(from=pos@from, by=pos@by, length=pos@length))
    
    if (is.null(times))
      times <- seq(length=combined.length)
  }
  
  # obtain crystals names, boundary
  # crystals, and interior crystals
  crystals  <- x$crystals
  if (is.null(crystals))
    crystals <- as.character(1:n)
  
  alldata  <- x$all[crystals]
  nonbound <- x$interior[crystals]
  n <- length(crystals)
  
  if (length(type)!=n)
    type <- rep(type[1], n)
  ycenters <- mi <- rep(0., n)
  
  # compute yrange
  for(i in 1:n){
    
    yi <- alldata[[i]]
    mi[[i]] <- ifelse1(zerocenter, 2*max(abs(yi), na.rm=TRUE)*(1+vgap),
                       diff(range(yi, na.rm=TRUE))*(1+vgap))
    
    if (mi[[i]] < .Machine$double.eps*100)   # constant case
      mi[[i]] <- diff(range(c(0, yi), na.rm=TRUE))*(1+vgap)
  }
  
  if (length(same.scale)==1 && is.logical(same.scale)){
    if (same.scale) same.scale <- 1:n
    else same.scale <- numeric(0)
  }
  if (length(same.scale)){
    maxmi <- max(unlist(mi[same.scale]), na.rm=TRUE)
    for(i in same.scale)
      mi[[i]] <- maxmi
  }
  
  # compute xrange
  tt.delta <- times[2] - times[1]
  tt.start <- times[1] - tt.delta/2
  tt.range <- times[length(times)] - times[1] + tt.delta
  
  # plot axes
  if (plot){
    xlim <- tt.start + c(0, tt.range) + c(-.03, .03+bars*.03)*tt.range
    ylim <- c(-n, 0)
    
    plot(xlim, ylim, type="n", axes=FALSE,
         xlab="", ylab="",xlim=xlim, ylim=ylim, col=1)
    if (x.axis)
      axis(side=1, at=pretty(times), line=1, srt=0, col=1, ...)
    if (y.axis)
      axis(side=2, at=-(1:n)+.5, lab=crystals, tick=FALSE, line=1, srt=0, col=1, ...)
  }
  
  # TODO: replace this with wavStackPlot functionality
  # plot the data
  
  for(i in 1:n){
    
    yi <- x$all[[i]]
    ni <- length(yi)
    tt <- ((0:(ni-1))/ni + 1/(2*ni))*tt.range + tt.start
    
    if (zerocenter){
      ycenters[[i]] <- -i+.5
      yi <- yi/mi[[i]]+ycenters[[i]]
      yzero <- TRUE
    }
    else if (all(yi>0, na.rm=TRUE) || all(yi<0, na.rm=TRUE)){
      ycenters[[i]] <- -i
      my <- min(yi, na.rm=TRUE)
      if (all(yi==my)) my <- 0
      yi <- (yi-my)/mi[[i]] + ycenters[[i]] + vgap/2
      yzero <- FALSE
    }
    else if (all(yi==0, na.rm=TRUE)){
      ycenters[[i]] <- -i+.5
      yi <- yi+ycenters[[i]]
      yzero <- TRUE
    }
    else{
      ycenters[[i]] <- -i + .5 - mean(range(yi, na.rm=TRUE)/mi[[i]])
      yi <- yi/mi[[i]] + ycenters[[i]]
      yzero <- TRUE
    }
    if (plot){
      if (type[i]=="h")
        segments(tt, rep(ycenters[[i]], ni), tt, as.vector(yi),col=col[i])
      else if (type[i]=="s"){
        tt <- tt - (tt[2]-tt[1])/2
        tt <- c(tt, tt[length(tt)]+(tt[2]-tt[1]))
        tt <- as.vector(rbind(tt, tt))
        yi <- as.vector(rbind(c(yi[2], yi), c(yi, yi[length(yi)-1])))
        
        lines(tt, yi, col=col[i], ...)
      }
      else {
        
        # plot the data
        lines(tt, yi, type=type[i], col=bar$col[2], lwd=1, ...)
        
        # draw lines separating the boundary from the
        # interior coefficients ...
        left.interior  <- as.integer(names(nonbound[[i]][1]))
        right.interior <- as.integer(names(nonbound[[i]][length(nonbound[[i]])]))
        
        # ... add left interior coefficient line
        x12 <- tt[left.interior]
        y1  <- max(yi)
        y2  <- min(yi)
        
        if (!is.missing(x12) && !is.missing(y1) && !is.missing(y2))
          segments(x12, y1, x12, y2, lty=bar$lty, col=bar$col[1], lwd=bar$lwd)
        
        # add right interior coefficient line if not already
        # on far right edge of the signal
        if (is.shifted){
          x12 <- tt[right.interior]
          if (!is.missing(x12) && !is.missing(y1) && !is.missing(y2))
            segments(x12, y1, x12, y2, lty=bar$lty, col=bar$col[1], lwd=bar$lwd)
        }
        
        # add text to help the user locate the interior
        # and boundary coefficients
        if (i == 1 && length(x12) > 0) {
          separation <- 0.1
          if (!is.shifted){
            mtext('<-- b', side=3, at=x12, col=bar$col[2], adj=1 + separation)
            mtext('nb -->', side=3, at=x12, col=bar$col[1], adj=- separation)
          }
          else{
            mtext('<-- nb -->', side=3, at=mean(tt[c(left.interior,right.interior)]), col=bar$col[1], adj=0.5)
          }
        }
        
      }
      if (yzero && zeroline)
        segments(tt[1], ycenters[[i]], tt[length(tt)], ycenters[[i]])
    }
  }
  if (plot && bars){
    mi <- 1/(mi)
    mi <- mi/max(mi)
    xloc <- times[length(times)] + .03*tt.range
    segments(xloc, -(1:n)+.5+mi/2, xloc, -(1:n)+.5-mi/2, lty=bar$lty, col=bar$col[1], lwd=bar$lwd)
  }
  if (plot && grid)
    abline(h=-(1:(n-1)), lty=grid.lty)
  
  title(main=title, xlab=xlab)
  
  invisible(ycenters)
}

###
# wavIndex
###

"wavIndex" <- function(x)
{
  # develop local functions
  "make.crystal.names" <- function(levels, wavelet=TRUE)
    paste(ifelse1(wavelet, "d", "s"),levels,sep="")
  
  wave.class <- class(x)
  supported.classes <- c("wavBoundary","wavTransform")
  
  if (!any(wave.class == supported.classes))
    stop("Class of input currently not supported")
  
  dict <- x$dictionary
  
  N      <- dict$n.sample
  L      <- length(dict$analysis.filter$low)
  J      <- dict$n.levels
  levels <- seq(length=J)
  
  # create crystal names
  wavelet.crystals <- make.crystal.names(levels, wavelet=TRUE)
  scaling.crystals <- make.crystal.names(levels, wavelet=FALSE)
  all.crystals     <- c(wavelet.crystals, scaling.crystals)
  
  # obtain index of boundary coefficients (Lj) and
  # maximum number of coefficients per scale (Nj)
  # from d1, ..., sJ order
  if (wave.class == "wavTransform"){
    
    if (!is.element(x$xform, c("dwt","modwt")))
      stop("Only the DWT and MODWT are supported for boundary/interior coefficient identification.")
    
    type <- mutilsTransformType(x$xform)
    
    
    separation <- .Call("RS_wavelets_transform_coefficient_boundaries",
                        as.integer(J), as.integer(L), as.integer(N), type,
                        COPY=c(FALSE,FALSE,FALSE,FALSE),
                        CLASSES=c("integer","integer","integer","integer"),
                        PACKAGE="ifultools")
    interior.low    <- rep(separation[[1]], 2)
    interior.high   <- rep(separation[[2]], 2)
    interior.length <- rep(separation[[3]], 2)
    boundary.length <- rep(separation[[4]], 2)
    all.length      <- interior.length + boundary.length
  }
  else if (wave.class == "wavBoundary"){
    Nj              <- x$all$length[wavelet.crystals]
    boundary.length <- x$boundary$length[wavelet.crystals]
    
    # calculate the length of interior coefficients
    # and total length of each scale
    interior.low    <- rep(pmin(Nj, boundary.length + 1), 2)
    interior.high   <- rep(Nj, 2)
    interior.length <- rep(Nj - boundary.length, 2)
    all.length      <- interior.length + boundary.length
  }
  
  # give names to the interior and all crystals
  names(interior.low)    <- all.crystals
  names(interior.high)   <- all.crystals
  names(interior.length) <- all.crystals
  names(boundary.length) <- all.crystals
  names(all.length)      <- all.crystals
  
  # form interior, boundary, and all lists. save into one list
  interior <- list(low=interior.low, high=interior.high, length=interior.length)
  boundary <- list(length=boundary.length)
  all      <- list(length=all.length)
  obj      <- list(interior=interior, boundary=boundary, all=all)
  
  # obtain the approximate zero phase shifts
  obj$shift <- wavZeroPhase(wavelet=dict$wavelet, levels=levels)
  
  obj
}
################################################
## WMTSA wavelet dictionary functionality
##
##  Constructor Functions and methods:
##
##    wavDictionary
##
##      as.list.wavDictionary
##      print.wavDictionary
##
################################################

###
# wavDictionary (constructor)
###

"wavDictionary" <- function(wavelet, dual, decimate, n.sample,
                            attr.x, n.levels, boundary, conv, filters, fast, is.complex)
{
  # check input arguments
  checkScalarType(wavelet,"character")
  checkScalarType(dual,"logical")
  checkScalarType(decimate,"logical")
  checkScalarType(n.sample,"integer")
  checkScalarType(n.levels,"integer")
  checkScalarType(boundary,"character")
  if (!is.list(filters))
    stop("filters must be a list")
  if (!all(is.element(c("scaling","wavelet"), names(filters))))
    stop("filters list must have named elements \"scaling\" and \"wavelet\"")
  if (!isVectorAtomic(filters$wavelet) || !isVectorAtomic(filters$scaling))
    stop("filters$wavelet and filters$scaling must be vectors ",
         "as defined by isVectorAtomic()")
  checkScalarType(fast,"logical")
  checkScalarType(is.complex,"logical")
  
  z <- list(wavelet=wavelet, dual=dual, decimate=decimate, n.sample=n.sample,
            attr.x=attr.x, n.levels=n.levels,
            boundary=boundary, conv=conv,
            analysis.filter=list(low=filters$scaling, high=filters$wavelet),
            synthesis.filter=list(low=filters$scaling, high=filters$wavelet),
            fast=fast, is.complex=is.complex)
  
  oldClass(z) <- "wavDictionary"
  
  return(z)
}

###
# as.list.wavDictionary
###

"as.list.wavDictionary" <- function(x,...)
{
  list(
    "Wavelet"=x$wavelet,
    "Length of series"=x$n.sample,
    "Number of levels"=x$n.levels,
    "Boundary correction rule"=x$boundary,
    "Degree of polynomial"=ifelse1(x$boundary=="polynomial", attr(x$boundary, "pdeg"), NULL),
    "Filtering technique"=ifelse1(x$conv,"convolution","correlation"))
}

###
# print.wavDictionary
###

"print.wavDictionary" <- function(x, ...)
{
  #define local functions
  
  "all.wavelet.names" <- function()
  {
    cnames <- c("c6","c12","c18","c24","c30")
    hnames <- c("haar","Haar")
    dnames <- c("d2", "d4","d6","d8","d10","d12","d14","d16","d18","d20")
    snames <- c("s4","s6", "s8","s10","s12","s14","s16","s18","s20")
    c(cnames, hnames, dnames, snames)
  }
  wn <- x$wavelet
  cat("Wavelet:", wn)
  if(!match(wn, all.wavelet.names(), nomatch=0)) print(x$analysis.filter, ...)
  cat("\nLength of series:", x$n.sample)
  cat("\nNumber of levels:", x$n.levels)
  boundary <- x$boundary
  cat("\nBoundary correction rule:", boundary)
  if(boundary=="polynomial")
    cat("\nDegree of polynomial:", attr(boundary, "pdeg"))
  
  # include filtering technique in printout
  conv <- x$conv
  cat("\nFiltering technique: ")
  if (conv) cat("convolution")
  else cat("correlation")
  cat("\n")
  
  invisible(x)
}



#############################################################
## WMTSA fractionally differenced process functionality
##
##  Functions:
##
##    wavFDPBand
##    wavFDPBlock
##    wavFDPSDF
##    wavFDPTime
##
##  Constructor Functions and methods:
##
##    wavFDP
##
##      eda.plot.wavFDP
##      plot.wavFDP
##      print.wavFDP
##      print.summary.wavFDP
##      summary.wavFDP
##
#############################################################

###
# wavFDPBand
##

"wavFDPBand" <- function(delta=1/4, method="bandpass", scaling=TRUE,
                         levels=1:5, n.sample=n.sample <- 2^(max(levels)+1))
{
  # force the levels to be monotonic and uniform if scaling is FALSE
  # i.e. ensure that j=1, ..., J and that no levels are skipped
  if (scaling && length(levels) != max(levels))
    stop("If scaling is TRUE, the levels vector must contain ",
         "indices j=1, 2, ..., max(levels)")
  
  method <- match.arg(method, c("bandpass", "integration"))
  
  if (method == "integration"){
    
    # develop band limits of integration
    
    lower.limit <- 2^(-(levels + 1))
    upper.limit <- 2^(-levels)
    mult.factor <- 2^(levels + 1)
    
    # set the process variance to unity for now until we establish
    # an MLE for delta
    variance <- 1
    
    # calculate the average SDF value at the center frequency for
    # each band, i.e. C'_j for j=1:J
    Cprime <- unlist(lapply(levels,
                            function(j, delta, lim.low, lim.high, mult.factor){
                              
                              y <- integrate(f=wavFDPSDF, lower=lim.low[j], upper=lim.high[j],
                                             delta=delta, variance=1, response=NULL)
                              
                              mult.factor[j] * y$value
                            },
                            delta    = delta,
                            lim.low  = lower.limit,
                            lim.high = upper.limit,
                            mult.factor = mult.factor)
    )
    
    "fdpsdf.bandpass.scaling" <- function(n.sample, delta, variance, Cprime)
    {
      J <- length(Cprime)
      levels <- seq_len(J)
      n.sample * ( variance * gamma(1 - 2 * delta) / gamma(1 - delta)^2 - sum(Cprime / 2^levels) )
    }
    
    # now calculate the average SDF value
    # for the scaling coefficient(s) band
    if (scaling){
      CprimeJP1 <- fdpsdf.bandpass.scaling(n.sample, delta, variance, Cprime)
      Cprime    <- c(Cprime, CprimeJP1 )
    }
  }
  else if (method == "bandpass"){
    
    if (!scaling)
      n.sample <- -1
    
    Cprime <- as.vector(.Call("RS_wavelets_fdp_bandpass_variance",
                              as.integer(levels),
                              as.numeric(delta),
                              as.integer(n.sample),
                              COPY=rep(FALSE,3),
                              CLASSES=c("integer","numeric","integer"),
                              PACKAGE="ifultools"))
  }
  else{
    stop("Unsupported method specified for mid-octave SDF value approximation")
  }
  
  # return the vector of average SDF bands
  crystals <- paste("d", levels, sep="")
  if (scaling)
    crystals <- c(crystals, paste("s",max(levels),sep=""))
  
  names(Cprime) <- crystals
  
  Cprime
}

###
# wavFDPBlock
##

"wavFDPBlock" <- function(x, wavelet="s8", levels=NULL, sdf=NULL,
                          boundary=NULL, edof.mode=1,
                          estimator="wlse", delta.range=c(-10.0,10.0),
                          position=list(from=1,by=1,units=character()), units=character(),
                          title.data=character(), documentation=character(), keep.series=FALSE )
{
  # get the series name from the parent
  # (or from this function if this is called as a top level function)
  series.title <- deparse(substitute(x))
  
  # map estimator
  estimator <- match.arg(estimator, c("wlse", "mle"))
  
  # map filter number and obtain length
  filter <- mutilsFilterType(wavelet=wavelet)
  
  # obtain filters (needed for storage in dictionary)
  filters <- wavDaubechies(wavelet=wavelet, normalize=TRUE)
  
  # store series
  series <- ifelse1(keep.series,
                    create.signalSeries(x, position=position, units=units,
                                        title.data=title.data, documentation=documentation),
                    create.signalSeries(NULL, position=position, units=units,
                                        title.data=series.title, documentation=documentation))
  
  # map estimator
  estimator <- lowerCase(estimator)
  full.decomposition <- FALSE
  
  # set default for boundary variable and make
  # sure that it coordinates with the estimator
  if (is.null(boundary))
    boundary <- ifelse1(estimator == "mle", "nonstationary", "unbiased")
  
  if (estimator == "wlse"){
    estim  <- 1
    imatch <- charmatch(boundary, c("biased", "unbiased"))
    
    if (is.na(imatch))
      stop("\nThe weighted least squares estimator requires that\n",
           "the boundary mode be either \"biased\" or \"unbiased\"")
    
    if (imatch == 1)
      bound <- list(mode=TRUE, description="biased")
    else if (imatch == 2)
      bound <- list(mode=FALSE, description="unbiased")
    else
      stop("Boundary method is unsupported")
  }
  else if (estimator == "mle"){
    
    estim  <- 0
    imatch <- charmatch(boundary, c("stationary", "nonstationary"))
    
    if (is.na(imatch))
      stop("\nThe maximum likelihood estimator requires that\n",
           "the boundary mode be either \"stationary\" or \"nonstationary\"")
    
    if (imatch == 1){
      bound <- list(mode=TRUE, description="stationary FD process model")
      full.decomposition <- TRUE
    }
    else if (imatch == 2)
      bound <- list(mode=FALSE,
                    description="stationary-nonstationary FD process model")
    else
      stop("Boundary method is unsupported")
    
  }
  else
    stop("Unsupported estimator method")
  
  # if not supplied, define the LEVELS vector
  max.level <- wavMaxLevel(n.taps=filter$length, n.sample=length(x),
                           xform=switch(estimator, mle="modwt", wlse="dwt"))
  
  if (is.null(levels))
    levels <- ifelse1(length(x) > filter$length,
                      ifelse1(max.level > 2, seq(from=2, length=max.level - 1), seq(1, max.level)), 1)
  
  if (full.decomposition)
    levels <- seq(1, max.level)
  
  if (max(levels) > max.level)
    stop(paste("\nNumber of levels exceeds maximum:", max.level,
               "\nEither reduce the filter length or maximum decomposition level."))
  
  names(levels) <- paste("d",levels,sep="")
  
  # calculate the block-averaged FD model
  # parameter estimates
  if (is.null(sdf) || !length(sdf)){
    
    sdf <- (1:2)
    sdf.empty <- TRUE
  }
  else
    sdf.empty <- FALSE
  
  data <- .Call("RS_wavelets_fdp_estimator_block",
                as.double(x),
                as.integer(levels),
                as.integer(filter$type),
                as.integer(filter$length),
                as.integer(estim),
                as.logical(bound$mode),
                as.integer(edof.mode),
                as.double(sdf),
                as.double(delta.range),
                COPY=rep(FALSE,9),
                CLASSES=c("numeric",rep("integer",4),"logical","integer","numeric","numeric"),
                PACKAGE="ifultools")
  
  # remove values outside of delta range. these values
  # are assigned by the C code as a flag for the case
  # where there are not enough interior coefficients
  # in which to form a maximum likelihood estimation
  na.indices <- which(data[[1]] < min(delta.range) | data[[1]] > max(delta.range))
  data <- lapply(data, function(x, na.indices){
    x[na.indices] <- NA
    x}, na.indices=na.indices)
  
  # create a dictionary
  dictionary <- wavDictionary(wavelet=wavelet,
                              dual=FALSE, decimate=FALSE, n.sample=length(x),
                              attr.x=NULL, n.levels=length(levels),
                              boundary="periodic", conv=TRUE, filters=filters,
                              fast=TRUE, is.complex=FALSE)
  
  # pack results into a list and return
  wavFDP(estimator=estimator,
         delta=as.vector(data[[1]]),
         variance.delta=ifelse1(estimator == "mle", NA, as.vector(data[[2]])),
         innovations.variance=ifelse1(estimator == "wlse", NA, as.vector(data[[3]])),
         delta.range=delta.range,
         dictionary=dictionary,
         levels=as.integer(levels),
         edof.mode=as.integer(edof.mode),
         boundary=bound,
         series=series,
         sdf.method="Integration lookup table",
         type="block")
}

###
# wavFDPSDF
##

"wavFDPSDF" <- function(f, delta=0.45, variance=1, response=NULL)
{
  mult.fact <- ifelse1(!is.null(response),
                       approx(response$frequency, response$sqrgain, f, rule=2)$y, 1)
  
  mult.fact * variance / (2 * sin(pi * f))^(2 * delta)
}

###
# wavFDPTime
##

"wavFDPTime" <- function(x, wavelet="s8", levels=NULL,
                         biased=FALSE, estimator="mle",
                         dof.order=0, delta.range=c(-10.0,10.0),
                         position=list(from=1,by=1,units=character()), units=character(),
                         title.data=character(), documentation=character(), keep.series=FALSE)
{
  # get the series name from the parent
  # (or from this function if this is called as a top level function)
  series.title <- deparse(substitute(x))
  
  # map filter number and obtain length
  filter <- mutilsFilterType(wavelet=wavelet)
  
  # obtain filters (needed for storage in dictionary)
  filters <- wavDaubechies(wavelet=wavelet, normalize=TRUE)
  
  # set the default number of decomposition levels
  # to be the largest scale at which there exists
  # at least one interior (non-boundary) wavelet
  # coefficient
  if (is.null(levels)){
    
    L <- filter$length
    N <- length(x)
    
    if (!biased){
      if (N > L)
        n.levels <- ilogb(((N - 1) / (L - 1) + 1), base=2)
      else if (N > 0)
        n.levels <- 1
      else stop("length of time series must be positive")
    }
    else
      n.levels <- 2
    
    levels <- seq(n.levels)
  }
  
  names(levels) <- paste("d",levels,sep="")
  
  # store series
  series <- ifelse1(keep.series,
                    create.signalSeries(x, position=position, units=units,
                                        title.data=title.data, documentation=documentation),
                    create.signalSeries(NULL, position=position, units=units,
                                        title.data=series.title, documentation=documentation))
  
  # test estimator
  estimator <- match.arg(lowerCase(estimator), c("mle","lse"))
  method    <- as.integer(estimator == "lse")
  
  # obtain MLEs of FDP paramter delta
  # and corresponding innovation variance
  
  data <- .Call("RS_wavelets_fdp_estimator_instantaneous",
                as.numeric(x),
                as.integer(levels),
                as.integer(filter$type),
                as.integer(filter$length),
                as.integer(method),
                as.logical(biased),
                as.integer(dof.order),
                as.numeric(delta.range),
                COPY=rep(FALSE,8),
                CLASSES=c("numeric",rep("integer",4),"logical","integer","numeric"),
                PACKAGE="ifultools")
  
  # remove values outside of delta range. these values
  # are assigned by the C code as a flag for the case
  # where there are not enough interior coefficients
  # in which to form a maximum likelihood estimation
  na.indices <- which(data[[1]] < min(delta.range) | data[[1]] > max(delta.range))
  data <- lapply(data, function(x, na.indices){
    x[na.indices] <- NA
    x}, na.indices=na.indices)
  
  # create a dictionary
  dictionary <- wavDictionary(wavelet=wavelet,
                              dual=FALSE, decimate=FALSE, n.sample=length(x),
                              attr.x=NULL, n.levels=length(levels),
                              boundary="periodic", conv=TRUE, filters=filters,
                              fast=TRUE, is.complex=FALSE)
  
  # pack results into a list and return
  boundary <- ifelse1(biased, list(mode=TRUE, description="biased"),
                      list(mode=FALSE, description="unbiased"))
  
  # pack results into a list and return
  wavFDP(estimator=estimator,
         delta=as.vector(data[[1]]),
         variance.delta=as.vector(data[[2]]),
         innovations.variance=as.vector(data[[3]]),
         delta.range=delta.range,
         dictionary=dictionary,
         levels=as.integer(levels),
         edof.mode=as.integer(dof.order),
         boundary=boundary,
         series=series,
         sdf.method="Integration lookup table",
         type="instantaneous")
}

################################################
##
##  Constructor Functions and methods:
##
##    wavFDP
##
##      eda.plot.wavFDP
##      plot.wavFDP
##      print.wavFDP
##      print.summary.wavFDP
##      summary.wavFDP
##
################################################


###
# wavFDP (constructor)
##

"wavFDP" <- function(estimator, delta, variance.delta,
                     innovations.variance, delta.range, dictionary, levels,
                     edof.mode, boundary, series, sdf.method, type)
{
  # check input arguments
  checkScalarType(estimator, "character")
  checkVectorType(delta)
  if (all(!is.na(variance.delta)))
    checkVectorType(variance.delta)
  if (all(!is.na(innovations.variance)))
    checkVectorType(innovations.variance)
  checkVectorType(delta.range)
  checkVectorType(delta)
  if (!is(dictionary, "wavDictionary"))
    stop("dictionary must be an object of class \"wavDictionary\"")
  checkVectorType(levels, "integer")
  checkScalarType(edof.mode, "integer")
  if (!is.list(boundary) || !all(is.element(names(boundary), c("mode","description"))))
    stop("boundary must be a list with named objects ",
         "\"mode\" and \"description\"")
  checkScalarType(boundary$mode, "logical")
  checkScalarType(boundary$description, "character")
  if (!is(series, "signalSeries"))
    stop("series must be an object of class \"signalSeries\"")
  checkScalarType(sdf.method, "character")
  checkScalarType(type, "character")
  type <- match.arg(type, c("block","instantaneous"))
  
  z <- list(estimator=estimator,
            delta=delta,
            variance.delta=variance.delta,
            innovations.variance=innovations.variance,
            delta.range=delta.range,
            dictionary=dictionary,
            levels=levels,
            edof.mode=edof.mode,
            boundary=boundary,
            series=series,
            sdf.method=sdf.method,
            type=type)
  
  oldClass(z) <- "wavFDP"
  
  return(z)
}

###
# print.wavFDP
##

"print.wavFDP" <- function(x, digits=5, justify="left", sep=":", ...)
{
  # define series string
  name <- ifelse1(!length(x$series@title), "", paste("of", x$series@title))
  type <- lowerCase(x$type)
  est  <- lowerCase(x$estimator)
  
  if (type == "block"){
    
    main <- paste("Block-dependent FD parameter estimation", name)
    
    # display block dependent results
    delta     <- x$delta
    var.delta <- x$variance.delta
    innov     <- x$innovations.variance
    
    # remove certain figures until resolved
    if (est == "mle")
      var.delta <- NA
    else if (est == "wlse")
      innov <- NA
    
    z <- list(
      "FD parameter estimate (delta)"=round(delta, digits),
      "var{delta} estimate"=round(var.delta, digits),
      "Innovations variance estimate"=round(innov, digits))
  }
  else if (type == "instantaneous"){
    
    #cat("\nInstantaneous FD parameter estimation", name, "\n\n")
    
    main <- paste("Instantaneous FD parameter estimation", name)
    
    # display block dependent results
    mean.delta <- mean(x$delta, na.rm=TRUE)
    mean.var.delta <- mean(x$variance.delta, na.rm=TRUE)
    mean.innovations <- mean(x$innovations.variance, na.rm=TRUE)
    
    # remove certain figures until resolved
    if (est == "mle")
      mean.var.delta <- NA
    else if (est == "lse")
      mean.innovations <- NA
    
    z <- list(
      "Mean of FD parameter estimates (deltas)"=round(mean.delta, digits),
      "Mean of var{delta} estimates"=round(mean.var.delta, digits),
      "Mean of innovations variance estimates"=round(mean.innovations, digits))
  }
  else{
    
    main <- "Unknown method."
  }
  
  dict <- x$dictionary
  
  z <- c(z, list(
    "Estimator"=upperCase(x$estimator),
    "Levels"=x$levels,
    "Boundary mode"=x$boundary$description,
    "EDOF mode"= ifelse1(est == "wlse" && type == "block", x$edof, NULL),
    "Chi-squared DOF"=ifelse1(type == "instantaneous", x$edof * 2 + 1, NULL),
    "Delta range"=x$delta.range,
    "Wavelet"=dict$wavelet,
    "Length of series"=dict$n.sample,
    "Number of levels"=dict$n.levels,
    "Boundary correction rule"=dict$boundary,
    "Filtering technique"=ifelse1(dict$conv,"Convolution","Correlation")))
  
  prettyPrintList(z, header=main, sep=sep, justify=justify, ...)
}

###
# summary.wavFDP
##

"summary.wavFDP" <- function(object, ...)
{
  obj  <- object
  oldClass(obj) <- "summary.wavFDP"
  return(obj)
}

###
# print.summary.wavFDP
##

"print.summary.wavFDP" <- function(x, ...)
{
  print.wavFDP(x, ...)
}

###
# plot.wavFDP
##

"plot.wavFDP" <- function(x, mean.delta=NULL, xlab="Time",
                          ylab=paste(ifelse1(x$boundary$mode, "Biased ", "Unbiased "), upperCase(x$estimator),"(delta)",sep=""),
                          title.str=NULL, type="l", show.key=TRUE, conf.color="lightblue", ...)
{
  # save plot parameters and restore upon exit
  old.plt <- splitplot(1,1,1)
  on.exit(par(old.plt))
  
  # local functions
  # shade the area between two discrete curves
  "patchLimits" <- function(x, y, t=seq(x),  color=13, border=FALSE, ...)
  {
    # perform argument checking
    if (length(x) != length(y) | length(x) != length(t))
      stop("All input vectors must be the same length")
    if (any(is.na(c(x,y,t))))
      stop("NA value not allowed")
    
    # concatenate the vertices in the proper order
    xdata <- c(t, rev(t))
    ydata <- c(x, rev(y))
    
    # plot the points without actually plotting the points
    plot(xdata, ydata,type="n", ...)
    
    # apply polygon shaded area
    polygon(xdata, ydata, col=color, border=border)
  }
  
  # check for instantaneous
  if (x$type != "instantaneous")
    stop("The plot method for FDP class objects is only supported for instantaneous estimators")
  
  # obtain the FDP parameters
  delta <- x$delta
  stdev <- sqrt(x$variance.delta);
  bad   <- which (is.na(delta));
  good  <- which (!is.na(delta));
  
  # define local plot variables
  pch.bad <- 5
  refstr <- ifelse1(is.numeric(mean.delta), paste(", ref=", mean.delta, sep=""), "")
  
  # for now this routine supports LSE biased/unbiased and MLE unbiased
  use.confidence <- !x$boundary$mode & (lowerCase(x$estimator) == "lse")
  
  # plot the error bars
  if (use.confidence){
    
    if (is.numeric(mean.delta)){
      
      high <- mean.delta + stdev[good]
      low  <- mean.delta - stdev[good]
    }
    else{
      
      low  <- delta[good] - stdev[good]
      high <- delta[good] + stdev[good]
    }
    
    ylim.low  <- min(low, delta[good])
    ylim.high <- max(high, delta[good])
    ylim      <- c(ylim.low, ylim.high)
    
    patchLimits(low, high, t=good, xlab=xlab, ylab=ylab, ylim=ylim, color=conf.color)
    
    # plot delta
    lines(good, delta[good], type=type,  col=1)
    
    # plot boundary coefficient points
    points(bad, rep(0, length(bad)), pch=pch.bad, col="red")
    
    # add a legend
    if (show.key){
      
      legend("bottom",
             c(paste("Delta(t)", refstr, sep=""),"NA Values","95% Confidence          "),
             lty=c(1,-1,-1),
             pch=c(-1,pch.bad,15),
             col=c(1,"red",conf.color),
             cex=1.5)
      
    }
  }
  else{
    
    # plot delta
    plot(good, delta[good], type=type,  col=1, xlab=xlab, ylab=ylab)
    
    # plot boundary coefficient points
    points(bad, rep(0, length(bad)), pch=pch.bad, col="red")
    
    # add a mean reference line
    if (is.numeric(mean.delta)){
      
      # plot mean reference line
      lines(range(good), rep(mean.delta, 2), lty= 2,  col=3)
      
      # add a legend
      if (show.key){
        
        legend("bottom",
               c("Delta(t)","NA Values", paste("Reference delta:", mean.delta,"               ")),
               lty=c(1,1,2),
               pch=c(-1,pch.bad,-1),
               col=c(1,"red",conf.color),
               cex=1.5)
      }
    }
    else{
      if (show.key){
        
        legend("bottom",
               c("Delta(t)","NA Values"),
               lty=c(1,-1),
               pch=c(-1,pch.bad),
               col=c(1,"red"),
               cex=1.5)
      }
    }
  }
  
  # add a title
  if (is.null(title.str) && (x$type == "instantaneous"))
    title.str <- paste("Instantaneous FD parameter estimation of", wavTitle(x))
  
  if (!is.null(title.str))
    title(title.str, cex=0.7)
  
  invisible(NULL)
}

###
# eda.plot.wavFDP
##

"eda.plot.wavFDP" <- function(x, mean.delta=NULL, xlab="Time",
                              ylab=paste(ifelse1(x$boundary$mode, "Biased ", "Unbiased "), x$estimator,"(delta)",sep=""),
                              title.str=NULL, type="l", ...)
{
  # local functions
  "edatitle" <- function(x) title(paste("\n",x,sep=""), adj=1, cex=0.6)
  
  # obtain the FDP parameters
  delta <- x$delta
  stdev <- sqrt(x$variance.delta);
  bad   <- which (is.na(delta));
  good  <- which (!is.na(delta));
  
  if (is.null(mean.delta))
    mean.delta <- mean(delta[good])
  
  # set up a 2x2 grid of plots
  old.plt <- splitplot(2,2,1)
  on.exit(par(old.plt))
  
  # create lines for the histogram ...
  delta.std <- unique(stdev)
  yloc      <- c(mean.delta - delta.std, mean.delta + delta.std)
  
  # plot the delta results with confidence intervals
  plot(x, show.key=FALSE, mean.delta=mean.delta)
  edatitle(paste("Delta(t) with 95% Confidence, ref=", round(mean.delta, 5), sep=""))
  ylim <- par("yaxp")
  
  # plot the probability density ...
  splitplot(2,2,2)
  hist(delta, prob=TRUE, xlab=ylab, horiz=TRUE,  xpd=TRUE, ylim=ylim, col=2)
  edatitle("Probability Density")
  box(1)
  
  xrange <- par("usr")[1:2]
  
  # ... draw mean line
  segments(xrange[1], mean.delta, xrange[2], mean.delta, lwd=3, col=8)
  
  # ... draw confidence interval limits
  xlocmin <- rep(xrange[1], length(yloc))
  xlocmax <- rep(xrange[2], length(yloc))
  
  segments(xlocmin, yloc, xlocmax, yloc, lty=2)
  
  # plot the delta results with confidence intervals
  splitplot(2,2,3)
  plot(x, show.key=FALSE, mean.delta=NULL)
  edatitle("Delta(t) with 95% Confidence")
  ylim <-  par("yaxp")
  
  # plot qqnorm and qqline
  splitplot(2,2,4)
  ylab <- paste(ifelse1(x$boundary$mode, "Biased ", "Unbiased "), upperCase(x$estimator),"(delta)",sep="")
  qqnorm(delta[good], ylab=ylab, mkh=0.02, ylim=ylim)
  qqline(delta[good], col=8)
  edatitle("QQ Normal")
  
  invisible(NULL)
}
################################################
## WMTSA filter functionality
##
##  Functions:
##
##    wavCWTFilters
##    wavShift
##    wavZeroPhase
##
##  Constructor Functions and methods:
##
##    wavDaubechies
##
##      plot.wavDaubechies
##      print.wavDaubechies
##
##    wavGain
##
##      plot.wavGain
##      print.wavGain
##
################################################

###
# wavCWTFilters
###

"wavCWTFilters" <- function(wavelet="Gaussian2", frequency=seq(0, 2*pi, length=1000),
                            shift=3, variance=1, times=NULL)
{
  checkScalarType(wavelet,"character")
  checkVectorType(frequency,"numeric")
  checkScalarType(shift,"numeric")
  checkScalarType(variance,"numeric")
  
  wavelet <- match.arg(lowerCase(wavelet),
                       c("haar","gaussian1", "gaussian2","sombrero","mexican hat","morlet"))
  
  # define local functions
  "haar" <- function(x){
    
    y    <- rep(0, length(x))
    ineg <- which(x > -1 & x <= 0)
    ipos <- which(x > 0 & x <= 1)
    
    y[ineg] <- - 1 / sqrt(2)
    y[ipos] <- 1 / sqrt(2)
    
    y
  }
  
  "gaussian1" <- function(x, s=1)
    (sqrt(2) * x * exp(-x^2 / (2 * s^2)) / s^(3 / 2) / pi^(1/ 4))
  
  "gaussian2" <- function(x, s=1)
    (2 * (1 - x^2 / s^2) * exp(-x^2 / (2 * s^2)) / sqrt(3 * s) / pi^(1/ 4))
  
  "morlet" <- function(x, w0=5){
    i <- complex(im=1, re=0)
    C <- pi^(-1 / 4) / sqrt(1 - 4/sqrt(3)*exp(-w0^2 / 4) + sqrt(2) * exp(-w0^2 / 2))
    (C * exp(-i * w0 * x) * (exp(-x^2 / 2) - sqrt(2) * exp(- w0^2 / 4) * exp(-x^2)))
  }
  
  # map the filter type to MUTILS type
  # 4: gaussian1
  # 5: gaussian2, sombrero, mexican hat
  # 6: morlet
  # 7: haar
  filter  <- mutilsFilterTypeContinuous(wavelet)
  
  if (!is.null(times)){
    
    return(switch(filter-3,
                  gaussian1(times, sqrt(variance)),
                  gaussian2(times, sqrt(variance)),
                  morlet(times, shift),
                  haar(times)))
  }
  
  funcarg <- switch(filter-3, sqrt(variance), sqrt(variance), shift, 0.0)
  
  z <- .Call("RS_wavelets_filters_continuous",
             as.integer(filter),
             as.numeric(funcarg),
             as.numeric(frequency),
             COPY=rep(FALSE,3),
             CLASSES=c("integer",rep("numeric",2)),
             PACKAGE="ifultools")
  
  z <- as.vector(z)
  attr(z, "frequency") <- frequency
  attr(z, "wavelet")   <- wavelet
  
  z
}

##############################################################################
##
##  Constructor wavDaubechies:
##
##    plot.wavDaubechies
##    print.wavDaubechies
##
##############################################################################

###
# Constructor: wavDaubechies
###

"wavDaubechies" <- function(wavelet="s8", normalized=TRUE)
{
  # map filter number and obtain length
  filter <- mutilsFilterType(wavelet=wavelet)
  
  # obtain filters
  data <- .Call("RS_wavelets_filters_daubechies",
                as.integer(filter$length), as.integer(filter$type), as.logical(normalized),
                COPY=rep(FALSE,3),
                CLASSES=c("integer","integer","logical"),
                PACKAGE="ifultools")
  
  family <- switch(filter$type + 1,
                   "Extremal Phase","Least Asymmetric","Best Localized","Coiflet")
  
  filters <- list(
    wavelet    = as.vector(data[[1]]),
    scaling    = as.vector(data[[2]]),
    family     = family,
    length     = filter$length,
    normalized = normalized,
    name       = wavelet)
  
  oldClass(filters) <- "wavDaubechies"
  filters
}

###
# plot.wavDaubechies
###

"plot.wavDaubechies" <- function(x, type="time", ...)
{
  "taps" <- function(filter, ...){
    
    L <- length(filter)
    n <- 0:(L-1)
    plot(n, filter, pch=18, ...)
    segments(n, rep(0,L), n, filter)
    abline(h=0, lty=2)
  }
  
  # save plot parameters and restore upon exit
  old.plt <- splitplot(2,1,1)
  on.exit(par(old.plt))
  
  if (charmatch(type, "time", 0)){
    
    taps(x$wavelet, ylab="Wavelet", xlab="")
    title(paste("IMPULSE RESPONSE: ", x$family, ", length=", x$length, sep=""), cex=0.7)
    splitplot(2,1,2)
    taps(x$scaling, ylab="Scaling", xlab="Tap")
  }
  else if (charmatch(type, "gain", 0) || charmatch(type, "phase", 0)){
    
    Npad <- 1024
    Nhalf <- Npad / 2 - 1
    pad <- rep(0, max(Npad - x$length, x$length))
    
    H <- fft(c(x$wavelet,pad))[1:Nhalf]
    G <- fft(c(x$scaling,pad))[1:Nhalf]
    
    if (charmatch(type, "phase", 0)){
      H <- Arg(H) * 180 / pi
      G <- Arg(G) * 180 / pi
      str <- "PHASE"
      ystr <- "(deg)"
    }
    else{
      H <- abs(H)
      G <- abs(G)
      ystr <- "(deg)"
      str <- "GAIN"
    }
    
    f <- seq(0, 0.5, length=Nhalf)
    
    plot(f, H, ylab=paste("Wavelet",ystr), xlab="", type="l")
    title(paste("FREQUENCY RESPONSE ", str, ": ", x$family, ", length=", x$length, sep =""), cex=0.7)
    splitplot(2,1,2)
    plot(f, G, xlab="Normalized Frequency", ylab=paste("Scaling",ystr), type="l")
  }
  else
    stop("Plot type not supported")
  
  invisible(NULL)
}

###
# print.wavDaubechies
###

"print.wavDaubechies" <- function(x, verbose=TRUE, ...)
{
  cat("Filter type:", x$family, "\n");
  cat("Filter length:", x$length, "\n");
  
  if (x$normalized)
    norm <- "TRUE"
  else
    norm <- "FALSE"
  
  cat("Filter normalized: ", norm, "\n")
  
  if (verbose){
    cat("\nWavelet filter:\n")
    print(x$wavelet)
    cat("\n\nScaling filter:\n")
    print(x$scaling)
  }
  invisible(x)
}

######################################################
## S+Fractal wavelet filter sqaured gain functions
##
## Class wavGain
## Constructor function: wavGain
## Methods:
##
##   plot.wavGain
##   print.wavGain
##
######################################################

###
# wavGain
##

"wavGain" <- function(wavelet="s8", n.levels=5, n.fft=1024, normalize=TRUE)
{
  # exclude biorthogonal wavelets: B-spline and V-spline
  if (any(substring(wavelet,1,1) == c("b","v"))){
    warning("Biorthogonal wavelets are currently unsupported in this routine")
    return(NA)
  }
  
  # map filter number and obtain length
  filter <- wavDaubechies(wavelet=wavelet, normalize=normalize)
  L      <- length(filter$wavelet)
  npad   <- max(L, n.fft)
  
  # form impulse response of wavelet and scaling filter
  g <- h <- rep(0, npad)
  g[seq(L)] <- filter$scaling
  h[seq(L)] <- filter$wavelet
  
  # form gain functions for wavelet and scaling filter
  # set as first row of the output matrix
  G <- H <- matrix(0+0i, nrow=n.levels, ncol=npad)
  G[1,] <- fft(g, inverse=FALSE)
  H[1,] <- fft(h, inverse=FALSE)
  
  # define Fourier frequencies
  df <- 1 / npad
  f  <- seq(0, npad-1) * df
  
  # form gain functions for remaining levels
  for (j in seq(2,n.levels)){
    
    fj <- as.integer(((2^(j-1) * f) %% 1) / df) + 1
    G[j,] <- G[1,fj] * G[j-1,]
    H[j,] <- H[1,fj] * G[j-1,]
  }
  
  # name the matrix components
  levnames    <- list(paste("Level", seq(n.levels)), f)
  dimnames(G) <- levnames
  dimnames(H) <- levnames
  
  # create return object (list)
  z <- list(gain=list(low=G, high=H),
            sqrgain= list(low=abs(G)^2, high=abs(H)^2),
            frequency=f,
            wavelet=wavelet,
            n.levels=n.levels,
            normalize=normalize)
  
  # define class
  oldClass(z) <- "wavGain"
  
  # return the object
  z
}

###
# plot.wavGain
##

"plot.wavGain" <- function(x, cex.main=1, adj=1, ...)
{
  
  "plot.wavelet.response" <- function(x, frequency, high=TRUE, ylab="", wavestr=NULL, norm=TRUE, cex.main=0.85, adj=1, ...){
    n.levels <- nrow(x$low)
    levels <- seq(n.levels)
    f.band <- 2^(-(levels+1))
    f.band <- c(f.band, 0.5, 1 - f.band)
    midoctave <- 3 / 4 * 2^(-levels)
    midoctave[1] <- 0.53
    
    
    if (high){
      tit  <- paste("Wavelet Filter",wavestr)
      data <- x$high
      data.max <- 1.1 * apply(abs(data),MARGIN=1,max)
      
      xtext <- sort(c(midoctave, 1 - rev(midoctave[-1])))
      ytext <- c(rev(data.max), data.max[-1])
      text.str <- c(paste(n.levels:1), paste(2:n.levels))
      
    }
    else{
      tit  <- paste("Scaling Filter",wavestr)
      data <- x$low
      data.max <- 1.1 * apply(abs(data),MARGIN=1,max)
      
      xtext <- f.band[ c(levels, (n.levels+2):(2*n.levels+1))]
      ytext <- data.max / 2 * rep(1, length(xtext))
      text.str <- paste(c(rev(levels),levels))
    }
    
    if (is.complex(data))
      data <- Mod(data)
    
    if (norm)
      tit <- paste("Normalized",tit)
    
    # plot the zeroth level response
    ylim <- c(-0.1, 1.1)*max(unlist(data))
    
    plot(frequency, data[1,], xlab="Normalized Frequency (f)", ylab=ylab,
         type="l", ylim=ylim, col=1, ...)
    
    title(main=tit, cex.main=cex.main, adj=adj, line=0.5)
    
    # add text to help identify curves when printed
    # in black and white
    
    if (high){
      text(xtext, ytext, text.str)
    }
    else{
      text(xtext[levels], ytext[levels], text.str[levels], adj=0)
      ix <- seq(n.levels+1, length(xtext))
      text(xtext[ix], ytext[ix], text.str[ix], adj=1)
    }
    
    if (n.levels > 1){
      
      if (n.levels == 2){
        points(frequency, data[2,], type="l")
      }
      else{
        for (j in 2:n.levels){
          points(frequency, data[j,], type="l", col=j)
        }
      }
    }
    
    # add vertical band lines
    
    abline(v=f.band, lty=2)
    
    invisible(NULL)
  }
  
  dots <- list(...)
  if (hasArg("sqrgain"))
    sqrgain <- dots$sqrgain
  else
    sqrgain <- TRUE
  
  norm    <- x$normalize
  wavestr <- paste("(",x$wavelet,")")
  
  if (!is(x,"wavGain"))
    stop("Input object has incorrect class")
  else{
    
    if (sqrgain) {
      old.plt <- splitplot(2,1,1)
      ylab <- "Squared Gain"
      data <- x$sqrgain
      plot.wavelet.response(data, x$frequency, high=TRUE,
                            ylab=ylab, wavestr=wavestr, norm=norm, ...)
      splitplot(2,1,2)
      plot.wavelet.response(data, x$frequency, high=FALSE,
                            ylab=ylab, wavestr=wavestr, norm=norm, ...)
    }
    else{
      old.plt <- splitplot(2,2,1)
      ylab <- "Gain"
      data <- x$gain
      
      plot.wavelet.response(data, x$frequency, high=TRUE,
                            ylab=ylab, wavestr=wavestr, norm=norm, ...)
      plot.wavelet.response(data, x$frequency, high=FALSE,
                            ylab=ylab, wavestr=wavestr, norm=norm, ...)
      
      splitplot(2,2,2)
      plot(x$frequency,Arg(x$gain$high[1,])*180/pi,type="l",
           xlab ="Frequency",ylab="Phase (deg)")
      title("Level 1",adj=1,cex=0.7)
      
      splitplot(2,2,3)
      plot(x$frequency,Arg(x$gain$low[1,])*180/pi,type="l",
           xlab ="Frequency",ylab="Phase (deg)")
      title("Level 1",adj=1,cex=0.7)
    }
  }
  
  par(c(old.plt, list(new=FALSE)))
  
  invisible(NULL)
}

###
# print.wavGain
##

"print.wavGain" <- function(x, justify="left", sep=":", ...)
{
  main <- paste("Gain functions for", x$wavelet,"filters")
  
  z <- list(
    "Number of levels"=x$n.levels,
    "Number of Fourier frequencies"=length(x$frequency),
    "Filters normalized"=x$normalize)
  
  prettyPrintList(z, header=main, sep=sep, justify=justify, ...)
  
  invisible(x)
}

###
# wavShift
###

"wavShift" <- function(x)
{
  # obtain class of inout and store for possible later conversion
  wave.class <- class(x)
  original.wave.class <- wave.class
  
  # obtain shift statistics and crystal data
  if (is(x, "wavTransform")){
    
    # obtain and check shift state
    shift.state <- x$shifted
    
    # obtain dictionary, crystal names, and crystal data
    dict     <- x$dictionary
    crystals <- names(x$data)
    data     <- x$data
  }
  else if (is(x,"wavBoundary")){
    
    shift.state <- x$shifted
    
    # obtain dictionary, crystal names, and crystal data
    dict     <- x$dictionary
    crystals <- x$crystals
    data     <- x$all[crystals]
  }
  else
    stop("Input class currently unsupported")
  
  # remove (mo)dwpt crystal "w0.0"
  bad <- which(as.logical(match(crystals,"w0.0")))
  if (length(bad) > 0)
    crystals <- crystals[-bad]
  
  # produce vector of acceptable wavelet identifier strings
  #  supported.wavelets <- c("s","c")
  
  # obtain wavelet used in the decomoposition
  wavelet <- dict$wavelet
  
  # check on the type of wavelet
  #  if (all(is.na(charmatch(supported.wavelets, wavelet)))){
  #    stop(cat("Wavelet type is not appropriate for zero phase ",
  #  "shifting operations. Try using symmlet or coiflet ",
  #  "wavelets as an alternative"))
  #  }
  
  # obtain zero phase shift factors
  zero <- wavZeroPhase(wavelet=dict$wavelet,
                       levels=seq(length=dict$n.levels))
  
  iextra <- which(crystals == "extra")
  
  if (length(iextra > 0))
    crystals <- crystals[-iextra]
  
  if (any(wave.class == c("wavTransform","wavBoundary"))){
    
    shifts <-  switch(x$xform,
                      dwt=zero$dwt[crystals],
                      modwt=zero$modwt[crystals],
                      dwpt=zero$dwpt[crystals],
                      modwpt=zero$modwpt[crystals],
                      NA)
  }
  
  if (anyMissing(shifts))
    stop("Zero phase shifts could not be calculated")
  
  # shift the crystals
  obj <- lapply(seq(along=shifts),
                function(j, data, shifts, forward){
                  
                  # obtain shift index for current crystal
                  v <- shifts[j]
                  
                  # negate shift if forward is FALSE
                  if (!forward)
                    v <- -v
                  
                  # permute the coefficient in the current crystal
                  rotateVector(data[[j]], v)
                  
                },
                data=data[crystals],
                shifts=shifts,
                forward=!shift.state)
  
  names(obj) <- crystals
  
  # into now repack the results into the original object class
  y <- x
  
  if (original.wave.class == "wavTransform"){
    
    # add the appropriate boundary and interior labels to
    # the coefficients if supplied and the shift is negated
    
    y$data[crystals]  <- obj[crystals]
    y$shifted         <- !shift.state
  }
  else if (original.wave.class == "wavBoundary"){
    
    y$all[crystals]   <- obj[crystals]
    
    # now replace the the boundary and
    # interior objects as well
    
    for (j in 1:length(crystals)){
      
      crystal <- crystals[j]
      
      data <- y$all[[crystal]]
      
      boundary.indices <- which(names(data) == "b")
      interior.indices <- which(names(data) == "nb")
      
      y$boundary[[crystal]]        <- data[boundary.indices]
      names(y$boundary[[crystal]]) <- paste(boundary.indices)
      y$interior[[crystal]]        <- data[interior.indices]
      names(y$interior[[crystal]]) <- paste(interior.indices)
      
    }
    
    y$shifted <- !shift.state
  }
  
  y
}


###
# wavZeroPhase
###

"wavZeroPhase" <- function(wavelet="s8", levels=1:3)
{
  # initialize variables
  L <- ifelse1(lowerCase(wavelet) == "haar", 2,
               as.integer(substring(wavelet,2)))
  level <- unique(sort(levels))
  
  # create crystal names
  dwt.crystals <- c(paste("d",levels,sep=""),paste("s",levels,sep=""))
  
  # produce vector of acceptable wavelet identifier strings
  wavelet <- lowerCase(wavelet)
  if (is.element(wavelet, c("d2","s2","haar")))
    wavelet <- "haar"
  if (is.element(wavelet, c("s4","d4")))
    wavelet <- "d4"
  supported.wavelets <- c("haar", paste("d", c(4,6), sep=""),
                          paste("s", seq(8,20,by=2), sep=""), paste("c", seq(6,30,by=6), sep=""))
  
  # check on the type of wavelet.
  # if acceptable, then calculate the amount of
  # circular shift needed to bring the crystals
  # to approximate zero phase. this is relevant only for Daubechies
  # least asymmetric and coiflet filters.
  map <- mutilsFilterType(wavelet)
  
  if (!is.element(wavelet, supported.wavelets))
    return(list(dwt=NA, modwt=NA, dwpt=NA, modwpt=NA))
  
  shifts <- .Call("RS_wavelets_filter_zero_phase",
                  map$type,
                  map$length,
                  max(levels),
                  COPY=rep(FALSE,3),
                  CLASSES=rep("integer",3),
                  PACKAGE="ifultools")
  
  # parse results
  dwtcols     <- c(levels, levels + max(levels))
  shift.dwt   <- shifts[[1]][dwtcols]
  shift.modwt <- shifts[[2]][dwtcols]
  dwpt        <- shifts[[3]]
  modwpt      <- shifts[[4]]
  
  shift.dwpt   <- NULL
  shift.modwpt <- NULL
  
  # grab the appropriate shifts and create crystal
  # names for wavelet packet transform crystals
  for (j in levels){
    
    first <- 2^j - 1
    last  <- first + 2^j - 1
    
    dwpt.vals   <- dwpt[first:last]
    modwpt.vals <- modwpt[first:last]
    crystals    <- paste("w",j,".",seq(0,last-first),sep="")
    
    names(dwpt.vals)   <- crystals
    names(modwpt.vals) <- crystals
    
    shift.dwpt   <- c(shift.dwpt, dwpt.vals)
    shift.modwpt <- c(shift.modwpt, modwpt.vals)
  }
  
  # name the components in shift
  names(shift.dwt)   <- dwt.crystals
  names(shift.modwt) <- dwt.crystals
  
  # return the shifts for the DWT , MODWT,
  # DWPT, and MODWPT for all levels
  list(dwt=shift.dwt, modwt=shift.modwt,
       dwpt=shift.dwpt, modwpt=shift.modwpt)
}
################################################
## WMTSA package generic functionality
##
##  Functions:
##
##    crystal.names
##    eda.plot
##    reconstruct
##    wavStackPlot
##
################################################

###
# crystal.names
##

"crystal.names" <- function(x, ...)
  UseMethod("crystal.names")

###
# eda.plot
##

"eda.plot" <- function(x, ...)
  UseMethod("eda.plot")

###
# reconstruct
###

"reconstruct" <- function(x,...)
  UseMethod("reconstruct")

###
# wavStackPlot
##

"wavStackPlot" <- function(x, ...)
  UseMethod("wavStackPlot")

#############################################################
## WMTSA package multiresolution decomposition functionality
##
##  Functions:
##
##    wavMRDSum
##
##  Constructor Functions and methods:
##
##    wavMRD
##
##      [.wavMRD
##      [<-.wavMRD
##      [[.wavMRD
##      as.matrix.wavMRD
##      boxplot.wavMRD
##      crystal.names.wavMRD
##      dotchart.wavMRD
##      eda.plot.wavMRD
##      plot.wavMRD
##      print.wavMRD
##      print.summary.wavMRD
##      reconstruct.wavMRD
##      stack.plot.wavMRD
##      summary.wavMRD
##
#############################################################

###
# wavMRD (constructor)
###

"wavMRD" <- function(x, level=NULL, osc=NULL)
{
  dict     <- x$dictionary
  n.sample <- dict$n.sample
  n.level  <- dict$n.level
  
  # put modwt crystals into a matrix the crystals MUST be in rows
  xform     <- lapply(x$data, function(x) matrix(x, nrow=1))
  is.dwt    <- is(x, "wavTransform") && is.element(x$xform, c("dwt","modwt"))
  data.name <- wavTitle(x)
  
  # obtain the wavelet and scaling filters
  wavelet.filter <- dict$analysis.filter$high
  scaling.filter <- dict$analysis.filter$low
  filters        <- list(wavelet.filter,scaling.filter)
  
  # map the transform to the transform type
  supported.types <- c("modwt","modwpt","dwt","dwpt")
  type <- match(x$xform, supported.types) - 1
  
  if (is.missing(type))
    stop("Unsupported transform type. Must be one of the following: ",
         paste(supported.types, collapse=", "))
  
  # in the case where both the level and osc
  # arguments are null, develop a full
  # decomposition. if the transform is a (mo)dwpt,
  # then select the first level by default
  if (is.null(level) && is.null(osc)){
    if (is.dwt){
      level <- c(1:n.level,n.level)
      osc   <- c(rep(1,n.level), 0)
    }
    else{
      level <- rep(n.level, 2^n.level)
      osc   <- seq(0, 2^n.level-1)
    }
  }
  else if (is.null(level) && !is.null(osc)){
    stop(paste("The level argument must be specified",
               "when local node(s) are specified"))
  }
  else if (!is.null(level) && is.null(osc)){
    if (is.dwt){
      level <- unique(sort(level))
      J     <- length(level)
      osc   <- rep(1,J)
      
      if (level[J] == n.level){
        level <- c(level,n.level)
        osc   <- c(osc,0)
      }
    }
    else{
      level    <- unique(sort(level))
      newlevel <- NULL
      for (j in level){
        osc      <- c(osc, seq(0, 2^j-1))
        newlevel <- c(newlevel, rep(j, 2^j))
      }
      level <- newlevel
    }
  }
  
  # check the level(s)
  if (is.null(level))
    level <- 1
  if (any(level > n.level))
    stop("Level(s) exceeds maximum level in transform")
  
  # check the osc index
  if (is.null(osc)){
    # if a node is specified then a single
    # level should be specified
    level <- level[1]
    if (is.dwt && (x$xform == "dwt")){
      if (level == dict$n.levels)
        osc <- 0:1
      else
        osc <- 1
    }
    else
      osc <- seq(0,2^level - 1)
  }
  
  # sort unique nodes
  if (length(level) == 1)
    osc <- sort(unique(osc))
  
  # form detail matrix
  detail <- matrix(ncol=n.sample, nrow=length(osc))
  
  # calculate the crystal detail sequence
  crystals <- rep("", length(osc))
  
  for (n in seq(length(osc))){
    
    j <- min(n, length(level))
    
    detail[n,] <-
      as.vector(
        .Call("RS_wavelets_transform_packet_detail",
              xform, filters, as.integer(level[j]), as.integer(osc[n]), as.integer(type),
              COPY=rep(FALSE,5),
              CLASSES=c("list","list","integer","integer","integer"),
              PACKAGE="ifultools"))
    
    if (is.dwt)
      crystals[n] <- paste(switch(osc[n]+1,"S","D"), level[j], sep="")
    else
      crystals[n] <- paste("W", level[j], ".", osc[n], sep="")
  }
  
  # name the details
  dimnames(detail) <- list(crystals, paste("t=",seq(0,n.sample-1),sep=""))
  detail <- t(detail)
  
  # store name
  series.name <- wavTitle(x)
  dict <- x$dictionary
  dict$series.name <- series.name
  
  # store attributes
  attr(detail, "crystal.names") <- crystals
  attr(detail, "dictionary")    <- dict
  attr(detail, "type")          <- "crystal"
  attr(detail, "crystal.type")  <- class(x)
  attr(detail, "xform")         <- x$xform
  attr(detail, "data.name")     <- data.name
  
  # cast in mrd class
  oldClass(detail) <- "wavMRD"
  
  detail
}

###
# [.wavMRD
##

"[.wavMRD" <- function(x,  ...,drop=TRUE)
{
  i <- ..1
  xattr <- attributes(x)
  y <- as.matrix(x)[, i, drop=FALSE]
  
  oldClass(y) <- oldClass(x)
  
  attr(y, "dictionary") <- xattr$dictionary
  attr(y, "tspar") <- xattr$tspar
  attr(y, "type") <- xattr$type
  attr(y, "crystal.type") <- xattr$crystal.type
  attr(y, "crystal.names") <- dimnames(y)[[2]]
  y
}

###
# [<-.wavMRD
##

"[<-.wavMRD" <- function(x, i, value)
{
  xattr <- attributes(x)
  if(is.numeric(value)){
    y <- as.matrix(x)
    y[, i] <- value
    attributes(y) <- xattr
    return(y)
  }
  if(!is.null(value))
    stop("Invalid value for assignment")
  
  # value is NULL; so return all but x[i]
  if(is.numeric(i))
    x[-i]
  else if(is.logical(i))
    x[!i]
  else if(is.character(i))
    x[!match(dimnames(as.matrix(x))[[2]],i,nomatch=0)]
  else
    stop("Invalid subscript for assignment")
}

###
# [[.wavMRD
##

"[[.wavMRD" <- function(x, ...)
{
  xattr <- attributes(x)
  y     <- as.vector(x[..1])
  if(!is.null(xattr$tspar)) attr(y, "tspar") <- xattr$tspar
  else if(!is.null(xattr$tsp)) attr(y, "tsp") <- xattr$tsp
  y
}


###
# as.matrix.wavMRD
##

"as.matrix.wavMRD" <- function(x, mode="any", names=TRUE, ...)
{
  y <- x
  attributes(y) <- NULL
  dims   <- dim(x)
  nrow   <- dims[1]
  ncol   <- dims[2]
  dimnms <- dimnames(x)
  
  y      <- matrix(as.vector(y, mode=mode), nrow=nrow, ncol=ncol)
  if (names)
    dimnames(y) <- dimnms
  y
}

###
# boxplot.wavMRD
##

"boxplot.wavMRD" <- function(x, data=TRUE, ...)
{
  n   <- ncol(x)
  nms <- rev(crystal.names(x))
  if(is.logical(data) && data){
    xlist <- vector("list", n+1)
    xlist[[1]] <- reconstruct.wavMRD(x)
    for(i in 1:n) xlist[[n+2-i]] <- x[i]
    nms <- c("Data", nms)
  }
  else{
    xlist <- vector("list", n)
    for(i in 1:n) xlist[[n+1-i]] <- x[i]
  }
  boxplot.default(xlist, names=nms, ...)
  invisible(NULL)
}

###
# crystal.names.wavMRD
###

"crystal.names.wavMRD" <- function(x, ...)
  attr(x, "crystal.names")

###
# dotchart.wavMRD
###

"dotchart.wavMRD" <- function(x, data=TRUE, xlab="Energy(100%)", new=FALSE, ...)
{
  pns <- rev(crystal.names(x))
  da  <- reconstruct.wavMRD(x)
  de  <- sum(da^2)
  xe  <- rev(apply(oldUnclass(x)^2, 2, "sum"))/de
  if(is.logical(data) && data){
    xe <- c(1, xe)
    names(xe) <- c("Data", pns)
  }
  else
    names(xe) <- pns
  
  dotchart(xe, xlab=xlab, xlim=c(0, 1), new=new, ...)
  invisible(NULL)
}

###
# eda.plot.wavMRD
###

"eda.plot.wavMRD" <- function(x, data=TRUE, cex=.6, mex=.6, ...)
{
  old.plt <- splitplot(1,2,1)
  on.exit(par(old.plt))
  boxplot(x, data=data, cex=cex, ..., srt=90, adj=1)
  splitplot(1,2,2)
  dotchart.wavMRD(x, data=data, cex=cex, new=FALSE, ...)
  invisible(NULL)
}

###
# plot.wavMRD
###

"plot.wavMRD" <- function(x, n.top=15, vgap=.05, col=1, show.sum=NULL, add=FALSE, sort.energy=FALSE, ...)
{
  if (!add){
    old.plt <- splitplot(1,1,1)
    on.exit(par(old.plt))
  }
  
  # attenuate clipping so that the text labels will fit
  old.xpd <- par(xpd=NA)
  on.exit(par(old.xpd))
  
  if (is.null(show.sum))
    show.sum <- all(dim(x) > 1)
  
  if (is.complex(x))
    stop("cannot plot complex data yet")
  
  nms <- crystal.names(x)
  xnc <- ncol(x)
  
  x  <- as.matrix(x)
  tt <- seq(nrow(x))
  
  # extract top crystals
  n.top <- min(n.top, length(nms))
  itop  <- seq(n.top)
  
  ixtop <- rev(order(colSums(x)))[itop]
  if (!sort.energy)
    ixtop <- sort(ixtop)
  
  x <- x[, ixtop, drop=FALSE]
  top.nms <- dimnames(x)[[2]]
  if (show.sum){
    x <- cbind(rowSums(x), x)
    dimnames(x) <- list(dimnames(x)[[1]],c("sum",top.nms))
  }
  
  nms <- dimnames(x)[[2]]
  
  nc <- ncol(x)
  
  if (length(col) < nc)
    col <- rep(col, nc)
  
  # scale all to same height
  for(j in 1:nc)
    x[,j] <- x[,j] - min(x[,j])
  
  x    <- x / ((1 + vgap) * max(x))
  yloc <- (nc:1) - 1
  
  plot(tt, x[,1], type="n", axes=FALSE, ylim=c(0, nc), xlab="", ylab="", ...)
  for(j in 1:nc)
    lines(tt, x[,j]+yloc[j], col=col[j], ...)
  
  text(rep(par("usr")[1], length(nms)), colMeans(as.matrix(x))+yloc, nms, adj=1)
  axis(side=1, at=pretty(tt), outer=FALSE, ...)
  
  invisible(yloc)
}

###
# print.wavMRD
###

"print.wavMRD" <- function(x, justify="left", sep=":", ...)
{
  dict        <- attr(x, "dictionary")
  series.name <- attr(x, "data.name")
  type        <- attr(x, "crystal.type")
  pns         <- crystal.names(x)
  
  if(type == "wp" || type == "dwt" || type == "dwtconv")
    main <- paste("Wavelet Decomposition of", series.name)
  else if(type == "wavTransform")
    main  <- paste(upperCase(attr(x, "xform")), "Multiresolution Decomposition of", series.name)
  else
    main  <- paste("Local Cosine Decomposition of", series.name)
  
  crystals <- ifelse1(length(pns) > 12,
                      paste(paste(pns[1:3], collapse=" "), " ... ",
                            paste(pns[seq(length(pns)-2,length=3)], collapse=" "), " (", length(pns), " crystals)", sep=""),
                      pns)
  
  z <- c(as.list(dict),
         list("Signal Components"=crystals))
  
  prettyPrintList(z, header=main, sep=sep, justify=justify, ...)
  
  invisible(x)
}

###
# print.summary.wavMRD
###

"print.summary.wavMRD" <- function(x, digits=max(2, .Options$digits-4), ...)
{
  cat("\nCorrelation Matrix:\n")
  print(round(x$cor, digits=digits), ...)
  cat("\nVariances:\n")
  print(round(x$var, digits=digits), ...)
  cat("\nStatistics for Components:\n")
  print(round(x$crystal.stat, digits=digits), ...)
  invisible(x)
}

###
# reconstruct.wavMRD
###

"reconstruct.wavMRD" <- function(x, ...) apply(x, 1, "sum")

###
# wavStackPlot.wavMRD
###

"wavStackPlot.wavMRD"  <- function(x, n.top=15, vgap=.05, col=1, ...)
  plot.wavMRD(x, n.top=n.top, vgap=vgap, col=col, ...)

###
# summary.wavMRD
###

"summary.wavMRD" <- function(object, ...)
{
  nm   <- crystal.names(object)
  m    <- length(nm)
  data <- reconstruct.wavMRD(object)
  allE <- sum(data^2)
  smat <- matrix(0, m, 9)
  dimnames(smat) <- list(nm, c("Min", "1Q", "Median", "3Q", "Max",
                               "Mean", "SD", "MAD", "Energy.%"))
  x <- as.matrix(object)
  for(i in 1:m){
    xi           <- x[,i]
    smat[i, 1:5] <- quantile(xi, c(0, .25, .5, .75, 1))
    smat[i, 6]   <- mean(xi)
    smat[i, 7]   <- sqrt(var(xi))
    smat[i, 8]   <- mad(xi)
    smat[i, 9]   <- sum(xi^2)/allE
  }
  x             <- cbind(data, x)
  cor           <- cor(x)
  var           <- diag(var(x))
  dimnames(cor) <- list(c("", nm), c("Data", nm))
  names(var)    <- c("Data", nm)
  out           <- list(cor=cor, var=var, crystal.stat=smat)
  
  oldClass(out) <- "summary.wavMRD"
  out
}

###
# wavMRDSum
###

"wavMRDSum" <- function(x, wavelet="s8",
                        levels=1, xform="modwt", reflect=TRUE,
                        keep.smooth=TRUE, keep.details=TRUE)
{
  # check input arguments
  if (is.element(class(x),c("named","signalSeries")))
    x <- as.vector(x)
  if (is.complex(x))
    stop("Time series must be real-valued")
  if (!isVectorAtomic(x))
    stop("Time series must be a vector")
  if (length(x) < 2)
    stop("Time series must contain more than one point")
  if (anyMissing(x))
    stop("Time series contains NA values")
  checkScalarType(xform, "character")
  checkScalarType(wavelet, "character")
  checkVectorType(levels,"integer")
  checkScalarType(reflect,"logical")
  checkScalarType(keep.smooth,"logical")
  checkScalarType(keep.details,"logical")
  
  # initialize variables
  xform <- match.arg(lowerCase(xform), c("dwt","modwt"))
  decimated <- xform == "dwt"
  
  # apply logic
  if (!(keep.smooth | keep.details))
    stop("One of keep.smooth or keep.details must be TRUE")
  
  # obtain the wavelet and scaling filters. the wavelet argument
  # is checked here
  filters <- wavDaubechies(wavelet=wavelet,
                           normalize=!decimated)[c("wavelet","scaling")]
  
  # initialize length parameters
  L <- length(filters$wavelet)
  N <- length(x)
  n.level <- max(levels)
  
  if (n.level < 1)
    stop("Number of wavelet transform decomposition levels must be positive")
  if ( (reflect && n.level > ilogb((N-1)/(L-1) + 1, base=2) ) ||
         (!reflect && n.level > ilogb(N, base=2) ) )
    stop("Number of wavelet transform decomposition levels exceeds maximum")
  
  if (reflect){
    
    # reflect the last Lj points of the series, where
    # Lj = (2^n.level - 1)(L - 1) + 1, and L=length(filters$wavelet)
    Lj <- (2^n.level - 1) * (L - 1) + 1
    ix <- seq(N-1, max(N-Lj,1))
    
    x <- c(x[rev(seq(along=ix))],x, x[ix])
  }
  
  # calculate a discrete wavelet transform
  xform <- ifelse1(decimated, wavDWT, wavMODWT)
  W <- xform(x, n.level=n.level, wavelet=wavelet, keep.series=FALSE)
  
  # specify the oscillation indices ala a DWPT:
  # set to NULL to have wavMRD() automatically
  # fill in the appropriate values in the case that
  # keep.details=TRUE. If keep.details=FALSE, set
  # the oscillation index to 0 (corresponding to the
  # first crystal of the last DWPT level) and (to be sure)
  # re-specify the level.
  if (keep.details)
    osc <- NULL
  else{
    osc <- 0
    levels <- max(levels)
  }
  
  # calculate the details and smooths.
  # ix an iy are the indices of the rows and columns, respectively,
  # to extract from the MRD matrix (the columns of the MRD matrix
  # contain the details and smooth). The column indices are obtained
  # based on the following truth table:
  #
  # keep.details  keep.smooth  iy
  # ------------  -----------  -------------
  # TRUE          TRUE         1:(J+1)
  # TRUE          FALSE        1:J
  # FALSE         TRUE         1
  #
  # where J is the number of levels.
  ix  <- ifelse1(reflect, seq(from=length(ix) + 1, length=N), seq(N))
  J   <- length(levels)
  iy  <- seq(ifelse1(keep.details & keep.smooth, J + 1,
                     keep.details & !keep.smooth, J,
                     !keep.details & keep.smooth, 1))
  mrd <- as.matrix(wavMRD(W, level=levels, osc=osc))[ix,iy]
  
  # form smooth approximation
  ifelse1(numCols(mrd) > 1, rowSums(mrd), mrd)
}
".onLoad" <- function(libname, pkgname)
{
}

".onUnload" <- function(libpath)
{
}
################################################
## WMTSA package plot functionality
##
##  Functions:
##
##   wavStackPlot.default
##
################################################

###
# wavStackPlot.default
##

"wavStackPlot.default" <- function(x, x.axis=TRUE, y.axis=TRUE, type="l", plot=TRUE,
                                   bars=FALSE, vgap=.05, grid=FALSE, times=time(x[[1]]),
                                   grid.lty="dashed", same.scale=NULL,
                                   zerocenter=FALSE, zeroline=FALSE, col=rep(1,n), complex.math="mod", cex.main=0.7, cex.axis=0.7, ...)
{
  
  # develop local functions
  
  "ComplexMath" <- function(x, mode="mod")
  {
    if (is.complex(x))
      x <- switch(lowerCase(mode),
                  mod=Mod(x), im =Im(x), arg=Arg(x), re=Re(x))
    x
  }
  
  if(is.numeric(x))
    x <- list(x)
  
  nms <- names(x)
  x   <- oldUnclass(x)
  n   <- length(x)
  
  if(is.null(nms))
    nms <- as.character(1:n)
  if(!is.element(length(type), c(1, n)))
    stop("type is the wrong length, should be", 1, "or", n)
  if(length(type) != n)
    type <- rep(type, n)
  ycenters <- mi <- rep(0., n)
  
  # compute yrange
  for(i in 1:n){
    yi <- ComplexMath(x[[i]], mode=complex.math)
    if(zerocenter)
      mi[[i]] <- 2*max(abs(yi), na.rm=TRUE)*(1+vgap)
    else
      mi[[i]] <- diff(range(yi, na.rm=TRUE))*(1+vgap)
    if(mi[[i]] < .Machine$double.eps*100)   # constant case
      mi[[i]] <- diff(range(c(0, yi), na.rm=TRUE))*(1+vgap)
  }
  
  if(length(same.scale)==1 && is.logical(same.scale)){
    if(same.scale)
      same.scale <- 1:n
    else
      same.scale <- numeric(0)
  }
  if(length(same.scale)){
    maxmi <- max(unlist(mi[same.scale]), na.rm=TRUE)
    for(i in same.scale)
      mi[[i]] <- maxmi
  }
  
  # compute xrange
  if (length(times) > 1)
    tt.delta <- times[2] - times[1]
  else
    tt.delta <- 0
  
  tt.start <- times[1] - tt.delta/2
  tt.range <- times[length(times)] - times[1] + tt.delta
  
  if (plot){
    xlim <- tt.start + c(0, tt.range) + c(-.03, .03+bars*.03)*tt.range
    ylim <- c(-n, 0)
    
    plot(xlim, ylim, type="n", axes=FALSE, xlab="", ylab="", xlim=xlim, ylim=ylim, cex.axis=cex.axis)
    if (x.axis)
      axis(side=1, at=pretty(times), line=1, srt=0, cex.axis=cex.axis, ...)
    if (y.axis)
      axis(side=2, at=-(1:n)+0.5, lab=nms, tick=FALSE, line=-1, srt=0, cex.axis=cex.axis, ...)
  }
  
  for(i in 1:n){
    yi <- ComplexMath(x[[i]], mode=complex.math)
    ni <- length(yi)
    tt <- ((0:(ni-1))/ni + 1/(2*ni))*tt.range + tt.start
    if(zerocenter){
      ycenters[[i]] <- -i+.5
      yi <- yi/mi[[i]]+ycenters[[i]]
      yzero <- TRUE
    }
    else if(all(yi>0, na.rm=TRUE) || all(yi<0, na.rm=TRUE)){
      ycenters[[i]] <- -i
      my <- min(yi, na.rm=TRUE)
      if(all(yi==my)) my <- 0
      yi <- (yi-my)/mi[[i]] + ycenters[[i]] + vgap/2
      yzero <- FALSE
    }
    else if(all(yi==0, na.rm=TRUE)){
      ycenters[[i]] <- -i+.5
      yi <- yi+ycenters[[i]]
      yzero <- TRUE
    }
    else{
      ycenters[[i]] <- -i + .5 - mean(range(yi, na.rm=TRUE)/mi[[i]])
      yi <- yi/mi[[i]] + ycenters[[i]]
      yzero <- TRUE
    }
    if(plot){
      if(type[i]=="h")
        segments(tt, rep(ycenters[[i]], ni), tt, as.vector(yi),col=col[i])
      else if(type[i]=="s"){
        tt <- tt - (tt[2]-tt[1])/2
        tt <- c(tt, tt[length(tt)]+(tt[2]-tt[1]))
        tt <- as.vector(rbind(tt, tt))
        yi <- as.vector(rbind(c(yi[2], yi), c(yi, yi[length(yi)-1])))
        lines(tt, yi, col=col[i], ...)
      }
      else lines(tt, yi, type=type[i], col=col[i], ...)
      if(yzero && zeroline)
        segments(tt[1], ycenters[[i]], tt[length(tt)], ycenters[[i]])
    }
  }
  if(plot && bars){
    mi <- 1/(mi)
    mi <- mi/max(mi)
    xloc <- times[length(times)] + .03*tt.range
    segments(xloc, -(1:n)+.5+mi/2, xloc, -(1:n)+.5-mi/2, lwd=2)
  }
  if(plot && grid) abline(h=-(1:(n-1)), lty=grid.lty)
  #  xc <- sapply(x, length)
  #  invisible(list(xc, ycenters))
  invisible(ycenters)
}
################################################
## WMTSA package wavelet shrinkage functionality
##
##  Functions:
##
##    wavShrink
##
################################################

###
# wavShrink
###

"wavShrink" <- function(x, wavelet="s8",
                        n.level=ilogb(length(x), base=2),
                        shrink.fun="hard", thresh.fun="universal", threshold=NULL,
                        thresh.scale=1, xform="modwt", noise.variance=-1.0,
                        reflect=TRUE)
{
  # initialize variables
  series.name <- deparse(substitute(x))
  
  # check input arguments
  if (is.element(class(x),c("named","signalSeries")))
    x <- as.vector(x)
  if (is.complex(x))
    stop("Time series must be real-valued")
  checkVectorType(x,"numeric")
  if (length(x) < 2)
    stop("Time series must contain more than one point")
  if (any(is.na(x)))
    stop("Time series contains NA values")
  checkScalarType(xform, "character")
  checkScalarType(thresh.fun, "character")
  checkScalarType(shrink.fun, "character")
  checkScalarType(wavelet, "character")
  checkScalarType(thresh.scale, "numeric")
  
  if (is.null(noise.variance))
    noise.variance <- -1.0 # flag to C-code to auto estimate noise variance
  checkScalarType(noise.variance, "numeric")
  
  xform <- match.arg(lowerCase(xform), c("dwt","modwt"))
  if (xform == "modwt"){
    thresh.fun <- "universal"
    decimated <- FALSE
  }
  else
    decimated <- TRUE
  
  if (n.level < 1)
    stop("Number of wavelet transform decomposition levels must be positive")
  if (n.level > ilogb(length(x), base=2))
    stop("Number of wavelet transform decomposition levels exceeds maximum")
  
  # obtain the wavelet and scaling filters. the wavelet argument
  # is checked here
  filters <- wavDaubechies(wavelet=wavelet, normalize=!decimated)[c("wavelet","scaling")]
  
  # initialize length parameters
  L <- length(filters$wavelet)
  N <- length(x)
  
  shrfun <- mutilsWSShrinkageFunction(shrink.fun)
  thrfun <- mutilsWSThresholdFunction(thresh.fun)
  
  if (thresh.scale <= 0)
    stop("Threshold scaling factor must be positive")
  
  if (!is.null(threshold)){
    
    # threshold values are explicitly set.
    # ensure that there are as many thresholds
    # as there are wavelet transform decomposition levels.
    # if a single threshold is given, replicate out to n.level.
    # and normalize appropriately (in the case of the MODWT this means
    # dividing the given threshold by 2^((j-1)/2) for level j
    checkVectorType(threshold, "numeric")
    if (length(threshold) != n.level){
      threshold <- ifelse1(xform == "modwt", threshold[1] / 2^(seq(0, n.level-1)/2),
                           rep(threshold[1], n.level))
    }
    
    if (any(threshold <= 0))
      stop("All thresholds must be positive")
  }
  else{
    
    # setting threshold to a single negative value
    # prompts the C code to automatically
    # estimate the thresholds in the .Call
    threshold <- -1.0
  }
  
  if (reflect){
    
    # reflect the last Lj points of the series, where
    # Lj = (2^n.level - 1)(L - 1) + 1, and L=length(filters$wavelet)
    Lj <- (2^n.level - 1) * (L - 1) + 1
    ix <- seq(N-1, max(N-Lj,1))
    x  <- c(x, x[ix])
  }
  
  z <- as.vector(.Call("RS_wavelets_shrink", as.numeric(x), filters,
                       as.double(matrix(threshold)),
                       thrfun$index, as.numeric(thresh.scale), as.numeric(noise.variance),
                       shrfun$index, as.integer(n.level), as.logical(decimated),
                       COPY=rep(FALSE,9),
                       CLASSES = c("matrix", "list", "matrix", "integer", rep("numeric",2),
                                   rep("integer",2), "logical"),
                       PACKAGE="ifultools"))
  
  if (reflect)
    z <- z[seq(N)]
  
  # assign attributes
  attr(z,"wavelet")        <- wavelet
  attr(z,"n.level")        <- n.level
  attr(z,"shrink.fun")     <- shrfun$shrinkfun
  attr(z,"thresh.fun")     <- thrfun$threshfun
  attr(z,"thresh.scale")   <- thresh.scale
  attr(z,"transform")      <- xform
  attr(z,"noise.variance") <- noise.variance
  attr(z,"reflect")        <- reflect
  
  z
}

################################################
## WMTSA series functionality
##
##  Functions:
##
##    create.signalSeries
##    make.signal
##
################################################

###
# create.signalSeries
##

"create.signalSeries" <- function(x=NULL, position=list(from=1,by=1,units=character()),
                                  from=NULL, by=NULL, to=NULL, length.out=NULL,
                                  units=character(), title.data=character(), documentation=character(), na.rm=TRUE)
{
  if (is(x,"signalSeries"))
    return(x)
  if (is(x,"ts")){
    title.data <- deparseText(substitute(x))
    position   <- list(from=start(x)[1], by=deltat(x), units=character())
    x          <- as.vector(x)
    length.out <- length(x)
  }
  
  # define local functions
  "fill.missing.position" <- function(x)
  {
    defaults <- list(from=1, by=1, units=character(0))
    matches  <- which(as.logical(charmatch(names(defaults), names(x))))
    
    if (length(matches) < 1) stop("Invalid position name")
    else position <- c(defaults[seq(along=defaults)[-matches]], x)
    
    position
  }
  
  # check for blank data set. if blank, return the
  # object without any position or amplitude data,
  # but put in place the units, title, and documentation
  if (is.null(x)){
    y                <- signalSeries()
    y@units.position <- position$units
    y@units          <- units
    y@title          <- title.data
    y@documentation  <- documentation
    
    return(y)
  }
  
  # check for NA
  
  na.indices <- is.na(x)
  
  if (any(na.indices)){
    if(!na.rm)
      stop("NaNs not allowed in x. Try setting: na.rm=TRUE")
    x <- x[!na.indices]
    warning("NaNs removed from x for conversion to signalSeries class")
  }
  
  # check for NULL arguments
  from.is.null   <- is.null(from)
  to.is.null     <- is.null(to)
  length.is.null <- is.null(length.out)
  by.is.null     <- is.null(by)
  
  # check whether from is an index vector of
  # the form a:b
  is.from.an.index.vector <- (is.integer(from) & isVectorAtomic(from) & length(from) > 1)
  
  # verify appropriate ranges
  if (!length.is.null){
    if (length.out < 1)
      stop("Length argument must be a positive integer")
  }
  
  # fill in missing position objects
  position <- fill.missing.position(position)
  
  # set from if not specified
  if (from.is.null)
    from <- position$from
  
  # obtain x class and convert
  # to a one dimensional vector
  # (not necessarily of numeric class,
  # it can be ts class)
  cls <- class(x)
  
  if (cls == "signalSeries"){
    x@title <- title.data
    x@documentation <- documentation
    return(x)
  }
  
  if (isVectorAtomic(x))
    y <- as.vector(x)
  else
    stop("Input must be a vector, a single-column or single-row matrix,
         or a named vector")
  
  if(is(x, "ts")){
    
    if (is.from.an.index.vector){
      # obtain time series specifications
      tsp.data   <- tsp(y)
      start.data <- tsp.data[1]
      end.data   <- tsp.data[2]
      freq.data  <- tsp.data[3]
      
      # perform linear interpolation to calculate
      # dates corresponding to the index vector
      date.range <- approx(x=c(1,length(y)), y=c(start.data, end.data),
                           xout=c(from[1],from[length(from)]), method="linear")
      
      # create a time series beginning at same time as ship
      y <- ts(data=y[from], start=date.range$y[1],
              frequency=freq.data)
    }
    
    #y <- ts.update(y)
    
  }
  else{
    
    if (is.from.an.index.vector)
      index <- from[from <= length(y)]
    else{
      # calculate length of vectorized data
      ly <- length(y)
      
      # develop position vector
      pos.all <- seq(from=position$from, by=position$by, length=ly)
      if (!to.is.null && by.is.null){
        if (from < to)
          index <- which(pos.all >= from & pos.all <= to)
        else
          index <- which(pos.all >= to & pos.all <= from)
        
        if(length(index) > length.out)
          index <- index[seq(length.out)]
      }
      else{
        if (to.is.null)
          to <- pos.all[ly]
        if (by.is.null)
          by <- sign(to-from)*position$by
        
        pos.larger   <- pos.all[pos.all >= from]
        closest.from <- pos.larger[order(abs(pos.larger - from))[1]]
        
        if (by.is.null){
          if (!anyMissing(closest.from)){
            if (closest.from != from)
              extract <- seq(from=closest.from, by=by, to=to)
            else
              extract <- seq(from=from, by=by, to=to)
          }
          else
            extract <- NA
        }
        else
          extract <- seq(from=from, by=by, to=to)
        
        if (from <= max(pos.all)){
          index <- pmatch(extract, pos.all)
          index <- index[!is.na(index)]
          index <- index[seq(length=min(length.out,length(index)))]
        }
        else
          index <- NA
      }
    }
    
    if (anyMissing(index) || any(is.null(index)))
      stop("Indexing out of range")
    
    y <- y[index]
    
    # finally, convert to a signalSeries class
    new.position=(index-1)*position$by + position$from
    y <- signalSeries(data=y,
                      from=new.position[1], by=diff(new.position[1:2]),
                      units=units, units.position=position$units)
  }
  
  # add title and documentation slots
  if (length(y@units) < 1 && !is.null(units))
    y@units <- units
  if (length(y@title) < 1 && !is.null(title.data))
    y@title <- title.data
  if (length(y@documentation) < 1 && !is.null(documentation))
    y@documentation <- documentation
  if (length(y@units.position) < 1 && !is.null(position$units))
    y@units.position <- position$units
  
  y
}

###
# make.signal
##

"make.signal" <- function(name, n=1024, snr=Inf)
{
  
  ".wave.demo.signals" <- c("dirac", "kronecker", "heavisine", "bumps", "blocks",
                            "doppler", "ramp", "cusp", "crease", "sing", "hisine",
                            "losine", "linchirp", "twochirp", "quadchirp",
                            "mishmash1", "mishmash2", "mishmash3", "levelshift",
                            "jumpsine", "gauss", "patches",
                            "linear", "quadratic", "cubic")
  
  x <- (0:(n-1.))/n
  z <- switch(name,
              dirac=n*(x == floor(.37*n)/n),
              kronecker=(x == floor(.37*n)/n),
              heavisine=4*sin(4*pi*x)-sign(x-.3)-sign(.72-x),
              bumps={
                pos <- c(.1, .13, .15, .23, .25, .4, .44, .65, .76, .78, .81)
                hgt <- c(4, 5, 3, 4, 5, 4.2, 2.1, 4.3, 3.1, 5.1, 4.2)
                wth <- c(.005, .005, .006, .01, .01, .03, .01, .01, .005, .008,.005)
                y <- rep(0, n)
                for(j in 1:length(pos)) y <- y+hgt[j]/(1+abs((x-pos[j]))/wth[j])^4
                y
              },
              blocks={
                pos <- c(.1, .13, .15, .23, .25, .4, .44, .65, .76, .78, .81)
                hgt <- c(4, -5, 3, -4, 5, -4.2, 2.1, 4.3, -3.1,2.1, -4.2)
                y <- rep(0, n)
                for(j in 1:length(pos)) y <- y+(1+sign(x-pos[j]))*hgt[j]/2
                y
              },
              doppler=sqrt(x*(1-x))*sin((2*pi*1.05)/(x+.05)),
              ramp=x-(x >= .37),
              cusp=sqrt(abs(x-.37)),
              crease=exp(-4*abs(x-.5)),
              sing=1/abs(x-(floor(n*.37)+.5)/n),
              hisine=sin(pi*n*.6902*x),
              midsine=sin(pi*n*.3333*x),
              losine=sin(pi*n*.03*x),
              linchirp=sin(.125*pi*n*x^2),
              twochirp=sin(pi*n*x^2) + sin((pi/3)*n*x^2),
              quadchirp=sin((pi/3)*n*x^3),
              # QuadChirp + LinChirp + HiSine
              mishmash1=sin((pi/3)*n*x^3) + sin(pi*n*.6902*x) + sin(pi*n*.125*x^2),
              # QuadChirp + LinChirp + HiSine + Bumps
              mishmash2={		# wernersorrows
                y   <- sin(pi*(n/2)*x^3)+sin(pi*n*.6902*x)+sin(pi*n*x^2)
                pos <- c(.1, .13, .15, .23, .25, .40, .44, .65, .76, .78, .81)
                hgt <- c(4, 5, 3, 4, 5, 4.2, 2.1, 4.3, 3.1, 5.1, 4.2)
                wth <- c(.005, .005, .006, .01, .01, .03, .01, .01, .005, .008,.005)
                for(j in 1:length(pos)) y <- y + hgt[j]/(1+abs((x-pos[j])/wth[j]))^4
                y
              },
              # QuadChirp + MidSine + LoSine + Sing/200.
              mishmash3=sin((pi/3)*n*x^3) + sin(pi*n*.3333*x) + sin(pi*n*.03*x) +
                (1/abs(x-(floor(n*.37)+.5)/n))/(200.*n/512.),
              gauss=dnorm(x, .3, .025),
              jumpsine=10.*(sin(4*pi*x) + as.numeric(x >= 0.625 & x < 0.875)),
              levelshift=as.numeric(x >= 0.25 & x < 0.39),
              patches={
                if(n<16) stop("n must be >= 16 to generate patches\n")
                J <- ilogb(n, base=2)
                y <- rep(0., n)
                for(j in 0:(J-4.)) y[(1:2^j)+3.*2.^(j+2.)] <- 1.
                y
              },
              linear=2.*x-1.,
              quadratic=4.*(1.-x)*x,
              cubic=64.*x*(x-1.)*(x-.5)/3.,
              stop("Unknown signal name.  Allowable names are:\n",
                   paste(.wave.demo.signals, collapse=", ")))
  
  if (snr > 0)
    z <- z + rnorm(n)*sqrt(var(z))/snr
  
  z <- signalSeries(data=z, from=0.0, by=1.0/n)
  z@title <- name
  z
}
################################################
## WMTSA utility functionality
##
##   oceansdf
##   wavMaxLevel
##   wavSortCrystals
##   wavTitle
##
################################################

###
# oceansdf
###

"oceansdf" <- function(f)
{
  ## spectral density function for ocean shear data
  
  ## develop frequency ranges
  ff <- abs(f)
  f.low <- f[ff <= (5/128)]
  f.mid <- f[ff > (5/128) & ff <= (5/8)]
  f.high <- f[ff > (5/8) & ff <= 5]
  
  ## develop spectral density function
  S.low <- rep(32.768, length(f.low))
  S.mid <- 32.768 * abs((128 * f.mid)/5)^(-3.5)
  S.high <- (abs(8/5 * f.high)^(-1.7))/500
  S <- c(S.low, S.mid, S.high)
  if(length(S) < length(f))
    warning("Some frequencies out of range")
  S
}

###
# wavMaxLevel
###

"wavMaxLevel" <- function(n.taps=8, n.sample=1024, xform="modwt")
{
  xform <- match.arg(lowerCase(xform), c("modwt","modwpt","dwt","dwpt"))
  xform <- ifelse1(xform == "dwpt", "dwt", xform == "modwpt", "modwt", xform)
  type  <- mutilsTransformType(xform)
  
  n.interior <- .Call("RS_wavelets_transform_coefficient_boundaries",
                      as.integer(20), as.integer(n.taps), as.integer(n.sample), as.integer(type),
                      COPY=rep(FALSE,4),
                      CLASSES=rep("integer",4),
                      PACKAGE="ifultools")[[3]]
  
  # here we require that the number of interior wavelet coefficients
  # be greater than unity (rather than greater than zero). we do this
  # because it leads to problems in the C code for wavelet variance in
  # the case that the n.coefficients is unity.
  
  as.integer(max(which(as.logical(n.interior > 1))))
}

###
# wavSortCrystals
###

"wavSortCrystals" <- function(x, reverse=FALSE)
{
  # check for proper class
  if (!is.character(x))
    stop("Input must be of class \"character\"")
  
  # develop local sort function
  localsort <- function(x)
    x[order(as.numeric(substring(x,2)))]
  
  # divide the string into wavelet and scaling crystals
  wave.crystals <- x[grep("d",x)]
  scal.crystals <- x[grep("s",x)]
  
  # now sort each individually and recombine
  sorted.crystals <- c(localsort(wave.crystals), localsort(scal.crystals))
  
  # reverse if requested
  if (!reverse)
    return(sorted.crystals)
  else
    return(rev(sorted.crystals))
}

###
# wavTitle
###

"wavTitle" <- function(x, default="x")
{
  # define local functions
  "wavStripString" <- function(x)
  {
    # strip the result by keeping the inner most
    # name within parentheses. For example,
    # "a(b(c(d, other_args)))" would return "d".
    # this assumes that the first argument
    # always contains the input time series argument.
    
    # turn string into a character vector
    # each element containing one character
    nch <- nchar(x)
    str <- substring(x, 1:nch, 1:nch)
    
    # now find the location of the innermost
    # "(" character
    str.start <- which(as.logical(charmatch(str,"(")))
    
    if (all(!is.missing(str.start))){
      
      str.start <- max(str.start)
      
      # remove first portion of string up to
      # the innermost "("
      str <- str[(min(str.start+1,nch): nch)]
      
      # redefine string length
      nch <- length(str)
      
      # now test for the end of the argument
      # which will be either where the next "," or
      # ")" occurs, whichever comes first
      
      right.paren <- min(which(as.logical(charmatch(str,")"))),1)
      right.comma <- min(which(as.logical(charmatch(str,","))),1)
      
      # find which occurs first, the comma or the right
      # parenthesis
      str.end <- min(c(right.paren, right.comma), na.rm=TRUE)
      
      # return the stripped substring
      if (!is.na(str.end))
        y <- paste(str[(1: max(1, str.end - 1))], collapse="")
      else
        y <- paste(str, collpase="")
    }
    else
      y <- x
    
    y
  }
  
  # obtain class of input data
  wave.class <- class(x)
  
  # based on the class, attempt to extract the
  # name of the data
  if (is.element(wave.class, c("wavBoundary",
                               "wavVarTest","wavTransform"))){
    series.name <- x$series@title
    alternative <- x$dictionary$series.name
  }
  else if (is.element(wave.class, "signalSeries")){
    series.name <- x@title
    alternative <- default
  }
  else if (is.element(wave.class, "wavFDP")){
    series.name <- x$series@title
    alternative <- default
  }
  else
    series.name <- deparseText(substitute(x))
  
  # convert the title
  if (length(series.name) < 1)
    series.name <- alternative
  
  if (is.null(series.name))
    series.name <- default
  
  # strip the series name
  #series.name <- wavStripString(series.name)
  
  series.name
}

################################################
## WMTSA package wavelet variance functionality
##
##  Functions:
##
##    D.statistic
##    D.table
##    wavVarConfidence
##    wavEDOF
##
##  Constructor Functions and methods:
##
##    wavVar
##
##      plot.wavVar
##      print.wavVar
##      summary.wavVar
##      print.summary.wavVar
##
##    wavVarTest:
##
##      plot.wavVarTest
##      print.wavVarTest
##
##################################################

###
# D.statistic
##

"D.statistic" <- function(x)
{
  # The D.statistic() function calculates the
  # the maximum departure from an expected
  # linear increase in cumulative energy
  
  N      <- length(x)
  Nm1    <- (N - 1)
  cumulative.energy <- cumsum(x[1:(length(x)-1)]^2)
  P      <- cumulative.energy / sum(x^2)
  index  <- seq(length=Nm1, from=0)
  Dplus  <- max((index + 1) / Nm1 - P)
  Dminus <- max(P - (index / Nm1))
  D      <- max(c(Dplus, Dminus))
  # my (dbp) very first comment!!! This was a great comment!
  D
}

###
# D.table
##

"D.table" <- function(n.sample=c(127, 130), significance=c(0.1,0.05,0.01),
                      lookup=TRUE, n.realization=10000, n.repetition=3, tolerance=1e-6)
{
  # define local functions
  "D.table.preprocess" <- function(significance, n.sample)
  {
    # The D.table.preprocess() function sorts the significance
    # and n.sample vectors and checks for appropriate ranges.
    # The new n.sample and significance vectors are returned
    # in a list object.
    
    # test to make sure the significance is in the proper range
    significance.range <- range(significance)
    checkRange(significance.range)
    
    n.sample <- as.integer(n.sample)
    
    if (!(all(n.sample > 0)))
      stop("n.sample value(s) must be positive integers")
    
    # sort the significances from high to low
    significance <- unique(rev(sort(significance)))
    
    # sort the n.sample vector from low to high
    n.sample <- unique(sort(n.sample))
    
    list(significance=significance, n.sample=n.sample)
  }
  
  assign("D.table.preprocess", D.table.preprocess)
  
  "D.table.names" <- function(n.sample, significance)
  {
    # The D.table.names() function creates the names for the
    # rows and columns of a D.table matrix
    ilow  <- which(n.sample < 128)
    method <- rep("Inclan-Tiao",length(n.sample))
    method[ilow] <- rep("Monte Carlo",length(ilow))
    list(method , c("N", paste(significance*100,"%",sep="")))
  }
  
  assign("D.table.names", D.table.names)
  
  "significance.percentage.to.number" <- function(x)
  {
    # The significance.percentage.to.number() function
    # converts the significance(s) expressed as a
    # character vector with a percentage to a number(s)
    # For example, "10%" goes to 10.
    
    # get rid of "%" characters and turn column
    # names into significances
    as.numeric(gsub("%","",x))/100
  }
  
  "D.table.make" <- function(significance=c(0.1, 0.05, 0.01), n.sample=c(10,200),
                             n.repetition=3, n.realization=10000, tolerance=1e-6)
  {
    # The D.table.make() function returns a matrix of D-statistics
    # corresponding to a single round of Monte Carlo simulations
    # if n.sample < 128 combined with the D-statistics
    # calculated via Incan-Tiao for n.sample >= 128.
    # The rows are the realization lengths while the columns are
    # the significances.
    
    # define local functions
    
    "D.MonteCarlo" <- function(n.sample=10, n.realization=10000, significance=0.1)
    {
      # The D.MonteCarlo() function returns the D-statistics corresponding to
      # the significance(s) for a single realization length (n.sample < 128)
      
      # precalculate the indices of the sorted D-statistic vector
      # corresponding to the significances
      index <- floor((1 - significance) * n.realization)
      
      D.realization <- sort(unlist(lapply(seq(length=n.realization),
                                          function(i, n.sample){
                                            
                                            # generate a N(0,1) realization
                                            G <- rnorm(n=n.sample, mean=0, sd=1)
                                            
                                            # calculate and return the D-statistic
                                            D.statistic(G)
                                          },
                                          n.sample=n.sample)))
      
      # return D-statistics corresponding to the significances
      (D.realization[index] + D.realization[index + 1]) / 2
    }
    
    "D.InclanTiao" <- function(n.sample=10, tolerance=1e-6, significance=0.1)
    {
      # define local functions
      "InclanTiao.root" <- function(d, n.sample=100, tolerance=1e-6, significance=0.1)
      {
        # The Inclan-Tiao root function is used in
        # combination with the uniroot function to approximate
        # the D-statistic for sample sizes larger than (say) 128.
        # The true function involves an infinite summation of exponentials
        # which tend to decay rather quickly. Thus, a tolerance
        # denoting the amplitude threshold limits the number of
        # of summations and increases the speed of calculation.
        
        if (n.sample > 100){
          max.iterations <- ceiling(sqrt(-log(tolerance/2) / n.sample / d^2))
          l <- seq(length=max.iterations)
          2 * sum((-1)^(l+1) * exp(-l*l*n.sample*d*d)) - significance
        }
        else
          stop("The Inclan-Tiao method works best for N.SAMPLE > 100")
      }
      
      # returns the D-statistics corresponding to
      # the significance(s) for a single realization length (n.sample >= 128)
      
      unlist(lapply(seq(along=significance),
                    function(i, n.sample, significance, tolerance,InclanTiao.root){
                      eps <- .Machine$double.eps
                      uniroot(InclanTiao.root,
                              c(1e-4,1-eps), n.sample=n.sample,
                              significance=significance[i],
                              tolerance=tolerance)$root
                    },
                    n.sample=n.sample,
                    significance=significance,
                    tolerance=tolerance,
                    InclanTiao.root=InclanTiao.root))
    }
    
    # PRIMARY CODE SET
    # check ranges on input and sort
    input        <- D.table.preprocess(significance, n.sample)
    significance <- input$significance
    n.sample     <- input$n.sample
    
    D.nsample <- unlist(lapply(seq(along=n.sample),
                               function(i, n.sample, n.realization, significance, tolerance,
                                        n.repetition, D.MonteCarlo, D.InclanTiao){
                                 
                                 # calculate the critical levels corresponding to
                                 # each realization length (n.sample)
                                 if (n.sample[i] < 128){
                                   
                                   D.round <- lapply(seq(length=n.repetition),
                                                     function(j, n.sample, n.realization, significance, D.MonteCarlo){
                                                       
                                                       D.MonteCarlo(n.sample=n.sample,
                                                                    n.realization=n.realization,
                                                                    significance=significance)
                                                     },
                                                     n.sample=n.sample[i],
                                                     n.realization=n.realization,
                                                     significance=significance,
                                                     D.MonteCarlo=D.MonteCarlo)
                                   
                                   D.array <- array(unlist(D.round), c(length(significance), n.repetition))
                                   D <- rowMeans(D.array)
                                 }
                                 else{
                                   
                                   D <- D.InclanTiao(n.sample=n.sample[i],
                                                     tolerance=tolerance,
                                                     significance=significance)
                                 }
                                 
                                 return(D)
                               },
                               n.sample=n.sample,
                               n.realization=n.realization,
                               significance=significance,
                               tolerance=tolerance,
                               n.repetition=n.repetition,
                               D.MonteCarlo=D.MonteCarlo,
                               D.InclanTiao=D.InclanTiao))
    
    D.tab <- cbind(n.sample, matrix(D.nsample, ncol=length(significance), byrow=TRUE))
    
    dimnames(D.tab) <- D.table.names(n.sample, significance)
    
    return(D.tab)
  }
  
  "D.table.fill.missing" <- function(D.row, D.table.make, col.names=NULL)
  {
    # The D.table.fill.missing() function fills in the
    # the D-statistics missing from a D.table row
    
    # define local functions
    "significance.percentage.to.number" <- function(x)
    {
      # The significance.percentage.to.number() function
      # converts the significance(s) expressed as a
      # character vector with a percentage to a number(s)
      # For example, "10%" goes to 10.
      
      # get rid of "%" characters
      x <- gsub("%","",x)
      
      # ... turn them into significances
      as.numeric(x)/100
    }
    
    missing.indices <- is.na(D.row)
    
    if (any(missing.indices)){
      
      significance.na <- significance.percentage.to.number(col.names[missing.indices])
      n.sample.na <- D.row[1]
      D.na <- D.table.make(significance=significance.na,
                           n.sample=n.sample.na,
                           n.realization=100)
      
      # invoke column offset for significances returned by the
      # D.table.make() function (the first column denotes the n.sample
      # value, so we skip this column when combining results)
      D.na.indices <- seq(from=2,length=length(which(missing.indices)))
      D.row[missing.indices] <- D.na[D.na.indices]
    }
    
    D.row
  }
  
  if (lookup){
    
    # check ranges on input and sort
    input        <- D.table.preprocess(significance, n.sample)
    significance <- input$significance
    n.sample     <- input$n.sample
    
    # verify existence of critical D statistic table.
    # if not available, issue error
    if (!exists("D.table.critical")){
      
      warning("The D.table.critical lookup table does not exist. The table is calculated explicitly")
      
      D <- D.table.make(significance=significance,
                        n.sample=n.sample,
                        n.repetition=n.repetition,
                        n.realization=n.realization,
                        tolerance=tolerance)
    }
    else{
      
      col.names <- dimnames(D.table.critical)[[2]]
      
      # find column names that have a "%" in them
      ipercentage <- grep("%", col.names)
      col.names   <- col.names[ipercentage]
      
      # ... turn them into significances
      table.significance <- significance.percentage.to.number(col.names)
      
      # find the column indices in D.critical which match the
      # significances. Non-matching elements of the significance
      # vector are returned as NA's
      column.offset <- min(ipercentage) - 1
      cols <- match(significance, table.significance) + column.offset
      
      # find the row indices in in D.critical which match the
      # n.sample values. Non-matching elements of the n.sample
      # vector are returned as NA's
      rows <- match(n.sample,  D.table.critical[,1])
      
      # build critical D-statistic table
      D <- cbind(N=n.sample, D.table.critical[rows,cols, drop=FALSE])
      dimnames(D) <- D.table.names(n.sample, significance)
      
      # if there are missing values in the table, fill them in
      if (any(is.na(D))){
        
        D <- t(apply(D, MARGIN=1,
                     function(x, D.table.fill.missing, D.table.make, col.names){
                       D.table.fill.missing(x, D.table.make, col.names)
                     },
                     D.table.fill.missing=D.table.fill.missing,
                     D.table.make=D.table.make,
                     col.names=dimnames(D)[[2]]))
      }
      
    } # end check for existence of D.table.critical
    
  } # end if lookup
  else{
    
    D <- D.table.make(significance=significance,
                      n.sample=n.sample,
                      n.repetition=n.repetition,
                      n.realization=n.realization,
                      tolerance=tolerance)
  }
  
  dimnames(D) <- D.table.names(n.sample, significance)
  
  # remove local functions
  remove("D.table.preprocess")
  remove("D.table.names")
  
  return(D)
}

###
# wavVarConfidence
###

"wavVarConfidence" <- function(wvar, edof, probability=0.95)
{
  
  # turn EDOF list into a vector, one EDOF element per scale
  
  edof <- unlist(edof)
  
  if (any(is.na(edof))){
    na.conf    <- rep(NA, length(edof))
    confidence <- list(low=na.conf, high=na.conf)
  }
  else{
    
    confidence <- .Call("RS_wavelets_variance_confidence",
                        wvar,
                        edof,
                        probability,
                        COPY=rep(FALSE,3),
                        CLASSES=c("numeric","numeric","numeric"),
                        PACKAGE="ifultools")
    
    confidence <- lapply(confidence,function(x,crystals){
      y <- as.vector(x)
      names(y) <- crystals
      return(y)
    },
    crystals=names(edof))
    
    names(confidence) <- c("low","high")
  }
  
  return(confidence)
}

###
# wavEDOF
###

"wavEDOF" <- function(x, wavelet="s8", levels=NULL, sdf=NULL, sdfargs=NULL, sampling.interval=1, n.fft=1024)
{
  if (is(x,"wavTransform")){
    
    # obtain interior wavelet coefficients
    Wb <- wavBoundary(x)
    J  <- x$dictionary$n.levels
    
    # form levels vector if empty
    if (is.null(levels))
      levels <- seq(J)
    
    if (max(levels) > J)
      stop("Levels exceeds maximum in transform")
    
    crystals <- paste("d", levels, sep="")
    interior <- Wb$interior[crystals]
    n.coeff  <- Wb$interior$length[crystals]
    
    # form the unbiased wavelet variance estimates
    variance <- unlist(lapply(interior,function(x) sum(x^2))) / n.coeff
    
    # adjust normalization for DWT style
    if (x$xform == "dwt")
      variance <- variance / 2^(levels)
    
    # map filters
    filter <- mutilsFilterType(x$dictionary$wavelet)
    
    # evaluate input SDF over frequencies [0, Nyquist]
    Sx <- mutilsSDF(sdf, sdfargs=sdfargs, n.freq=n.fft, sampling.interval=sampling.interval)
    
    # adjust for case where there are no interior coefficients
    # at a given level
    bad <- which(is.na(variance))
    if (length(bad)){
      interior <- interior[-bad]
      n.coeff  <- n.coeff[-bad]
      levels   <- levels[levels != bad]
      crystals <- crystals[-bad]
      variance <- variance[-bad]
    }
    
    # calculate the EDOF
    edof <- .Call("RS_wavelets_variance_edof",
                  as.numeric(unlist(interior)),
                  as.integer(n.coeff),
                  as.numeric(variance),
                  as.integer(levels),
                  as.numeric(Sx),
                  as.integer(filter$type),
                  as.integer(filter$length),
                  COPY=rep(FALSE,7),
                  CLASSES=c("numeric","integer","numeric","integer","numeric","integer","integer"),
                  PACKAGE="ifultools")
    
    edof <- lapply(edof,
                   function(x,crystals){
                     y <- as.vector(x)
                     names(y) <- crystals
                     invisible(y)}, crystals=crystals)
    
    names(edof) <- paste("EDOF", 1:3, sep="")
    names(n.coeff) <- crystals
    
    # pack results into a list
    edof <- c(edof, list(variance.unbiased=variance, n.coeff=n.coeff))
    
    # if any members of edof are < 0, that means that they
    # were not calculated. in this case, place an NA for
    # each element of that edof mode
    if (any (edof[[2]] < 0))
      edof[[2]] <- rep(NA,length(edof[[2]]))
    
    return(edof)
  }
  else if (is.element(class(x), c("numeric","ts","rts","signalSeries"))){
    
    y <- create.signalSeries(x)
    dt <- y@positions@by
    
    if (is.null(levels))
      n.level <- ilogb(length(y),base=2)
    else
      n.level <- as.integer(max(levels))
    
    xform <- wavMODWT(y, wavelet=wavelet, n.level=n.level)
    return(wavEDOF(xform, sdf=sdf, levels=levels, sampling.interval=dt, sdfargs=sdfargs))
  }
  else{
    stop("Class of input is unsupported")
  }
}

##############################################################################
##
##  Constructor wavVar:
##
##    plot.wavVar
##    print.wavVar
##    summary.wavVar
##    print.summary.wavVar
##
##############################################################################

###
# Constructor: wavVar
###

"wavVar" <- function(x, xform="modwt", wavelet="s8", n.levels=NULL,
                     position=list(from=1,by=1,units=character()), units=character(),
                     documentation=character(), sdf=NULL, sdfargs=NULL, sampling.interval=1, n.fft=1024)
{
  # get the series name from the parent
  # (or from this function if this is called as a top level function)
  series.name <- deparse(substitute(x))
  series <- create.signalSeries(x, position=position, units=units,
                                title.data=series.name, documentation=documentation)
  
  # map filters
  filter <- mutilsFilterType(wavelet)
  
  if (is.null(n.levels))
    n.levels <- wavMaxLevel(n.taps=filter$length, n.sample=length(x), xform=xform)
  
  # evaluate input SDF over frequencies [0, Nyquist]
  Sx <- mutilsSDF(sdf=sdf, sdfargs=sdfargs, n.freq=n.fft, sampling.interval=deltat(x))
  
  type <- mutilsTransformType(xform)
  
  obj <- .Call("RS_wavelets_variance",
               as.numeric(series@data),
               as.integer(type),
               as.integer(filter$type),
               as.integer(filter$length),
               as.integer(n.levels),
               as.numeric(Sx),
               COPY=rep(FALSE,6),
               CLASSES=c("numeric","integer","integer","integer","integer","numeric"),
               PACKAGE="ifultools")
  
  is.conf <- as.logical(lowerCase(xform) == "modwt")
  
  # develop crystal names
  levels   <- seq(along=obj[[2]][[1]])
  crystals <- paste("d",levels,sep="")
  sampling.interval <- series@positions@by
  scales   <- 2^(levels - 1)*sampling.interval
  
  # name the data
  names(scales) <- crystals
  
  vtime <- lapply(obj[[1]], as.vector)
  names(vtime) <- c("biased","unbiased")
  
  vblock <- lapply(obj[[2]], function(x,crystals){
    y <- as.vector(x);names(y) <- crystals;return(y) }, crystals=crystals)
  names(vblock) <- c("biased","unbiased")
  
  filters <- wavDaubechies(wavelet=wavelet, norm=(xform == "modwt"))
  
  if (is.conf){
    
    conf <- lapply(obj[[3]], function(x,crystals){
      low  <- x[1,]
      high <- x[2,]
      
      names(low)  <- crystals
      names(high) <- crystals
      
      return(list(low=low,high=high))
    },
    crystals=crystals)
    
    names(conf) <- paste("n",1:3,sep="")
    
    separation <- .Call("RS_wavelets_transform_coefficient_boundaries",
                        as.integer(n.levels), as.integer(filters$length), as.integer(length(series)), as.integer(type),
                        COPY=rep(FALSE,4),
                        CLASSES=rep("integer",4),
                        PACKAGE="ifultools")
    
    unbiased.length <- separation[[3]][levels]
    names(unbiased.length) <- crystals
    
    edof <- lapply(obj[[4]],
                   function(x,crystals){
                     y <- as.vector(x)
                     names(y) <- crystals
                     return(y)
                   }, crystals=crystals)
    names(edof) <- paste("EDOF",1:3,sep="")
  }
  else{
    conf <- list(EDOF1=NA, EDOF2=NA, EDOF3=NA)
    edof <- list("n1"=NA, "n2"=NA, "n3"=NA)
    unbiased.length <- NA
  }
  
  # create dictionary
  dict <- list(wavelet =wavelet,
               dual     = FALSE,
               decimate = FALSE,
               n.sample = length(x),
               attr.x   = NULL,
               n.levels = n.levels,
               boundary = "periodic",
               conv     = TRUE,
               analysis.filter=list(low=filters$scaling, high=filters$wavelet),
               synthesis.filter=list(low=filters$scaling, high=filters$wavelet),
               fast=TRUE,
               is.complex=FALSE)
  
  oldClass(dict) <- "wavDictionary"
  
  series@title <- series.name
  
  wvar <- list(time=vtime,
               block=vblock,
               scales=scales,
               xform=xform,
               dictionary=dict,
               series=series,
               sampling.interval=sampling.interval)
  
  z <- c(wvar, list(confidence=c(edof,conf,list(length=unbiased.length))))
  
  if (is.null(sdf))
    z$confidence$EDOF2 <- NA
  
  oldClass(z) <- "wavVar"
  
  z
}

###
# plot.wavVar
###

"plot.wavVar" <- function(x, type="unbiased", time=FALSE, xlab=NULL,
                          title=NULL, ylab=NULL, edof=3, pch=18, logfunc=log10, ...)
{
  # check input data
  checkVectorType(edof,"integer")
  checkRange(edof,c(1,3))
  
  # now that the internal functions are developed for plotting,
  # begin plot method code ...
  
  # map the plot type
  biased <- type == "biased"
  
  # obtain sequence name and, if too long, truncate
  series            <- x$series
  series.name       <- series@title
  sampling.interval <- x$sampling.interval
  
  if (length(series.name) < 1)
    series.name <- "x"
  if (length(sampling.interval) < 1)
    sampling.interval <- 1
  
  # obtain transform type, and wavelet type
  xform          <- upperCase(x$xform)
  wavelet        <- x$dictionary$wavelet
  wavelet.str    <- paste("(", wavelet, ")")
  biased.title   <- paste("Biased", xform, "Wavelet Variance", wavelet.str)
  unbiased.title <- paste("Unbiased", xform, "Wavelet Variance", wavelet.str)
  
  # create matrix of variance data
  biased.data   <- x$block$biased
  unbiased.data <- x$block$unbiased
  
  # obtain the crystals for each type of data
  unbiased.crystals <- names(unbiased.data)
  biased.crystals   <- names(biased.data)
  
  if (is.null(xlab)){
    if (time == FALSE) {
      
      xlab   <- "Scale"
      xunits <- x$series@units.position
      if (length(xunits) > 0)
        xlab <- paste(xlab, " (", xunits, ")",sep="")
    }
    else
      xlab <- "Time"
  }
  
  if (is.null(title))
    title <- paste("Wavelet Variance of", series.name)
  
  if (time){
    
    # time-dependent wavelet variance plots
    old.plt <- splitplot(1,1,1)
    on.exit(par(old.plt))
    
    same.scale <- TRUE   # make sure magnitudes are similar
    zero.line  <- TRUE
    
    N     <- x$dictionary$n.sample
    dt    <- x$series@positions@by
    times <- (1:N) * dt
    
    nms   <- rev(names(x$time$unbiased))
    
    if (biased){
      wavStackPlot(x$time$biased[nms], times=times, same.scale=same.scale, zeroline=zero.line)
      title(paste(biased.title,"\n\n",series.name),xlab=xlab)
    }
    else{
      wavStackPlot(x$time$unbiased[nms], times=times, same.scale=same.scale, zeroline=zero.line)
      title(paste(unbiased.title,"\n\n",series.name),xlab=xlab)
    }
    
  }
  else{
    
    # block-dependent wavelet variance plot
    xdata <- logfunc(x$scales)
    ydata <- logfunc(ifelse1(biased, biased.data, unbiased.data))
    
    if (any(is.na(x$confidence$EDOF2)))
      edof <- edof[edof != 2]
    
    if (!length(edof))
      stop("No data exists for current EDOF specification")
    
    conf <- ifelse1(xform == "DWT", list(), x$confidence[paste("n", edof, sep="")])
    
    # use the same plot limits for all EDOF plots for comparison purposes
    xlim <- range(xdata, na.rm=TRUE)
    if (length(conf))
      ylim <- range(logfunc(unlist(conf)), na.rm=TRUE)
    
    logtext <- deparse(substitute(logfunc))
    
    xlab <- paste(logtext, "(scale)", sep="")
    ylab <- paste(logtext, ifelse1(biased, biased.title, unbiased.title))
    
    for (i in seq(length(edof))){
      
      old.plt <- splitplot(1,length(edof),i, gap=0.1)
      if (i == 1)
        on.exit(par(old.plt))
      
      if (length(conf)){
        
        low  <- logfunc(conf[[i]]$low)
        high <- logfunc(conf[[i]]$high)
        
        plot(xlim, ylim, type="n", xlab=xlab, ylab=ifelse1(i==1,ylab,""))
        
        arrows(xdata, low, xdata, high, code=3, col="black", angle=90, lwd=2, length=0.1)
        points(xdata, ydata, pch=19, col="blue", cex=1.5)
        
        mtext(paste("EDOF", edof[i]), side=3, adj=1, line=0.5)
      }
      else
        plot(xdata, ydata, pch=19, col="blue", cex=1.5)
      
      
      grid()
    }
    
  }
  
  invisible(NULL)
}

###
# print.wavVar
###

"print.wavVar" <- function(x, justify="left", sep=":", ...)
{
  series            <- x$series
  title             <- series@title
  sampling.interval <- x$sampling.interval
  pos.units         <- series@units.position
  
  if (length(title) < 1)
    title <- "x"
  
  crystals  <- wavSortCrystals(names(x$block$biased))
  dict      <- x$dict
  main      <- paste(upperCase(x$xform)," wavelet variance of ", title, sep="")
  
  z <- c(as.list(x$dict), list("Sampling interval"=sampling.interval,
                               "Units"=ifelse1(length(pos.units) > 1,  paste("(", pos.units, ")"), NULL)))
  prettyPrintList(as.list(x$dict), header=main, sep=sep, justify=justify, ...)
  
  scales <- x$scales[crystals]
  print(matrix(scales,nrow=1,dimnames=list("Scales",crystals)), digits=2)
  
  invisible(x)
}

###
# summary.wavVar
###

"summary.wavVar" <- function(object, ...)
{
  # create matrix of variance data
  biased.data   <- object$block$biased
  unbiased.data <- object$block$unbiased
  
  # obtain the crystals for each type of data
  unbiased.crystals <- wavSortCrystals(names(unbiased.data))
  biased.crystals   <- wavSortCrystals(names(biased.data  ))
  
  # bind the variance data into a row major matrix.
  # Since the unbiased estimates use only interior
  # wavelet coefficients, and since some crystals
  # may not contain any interior coefficients,
  # those crystals are ignored. Consequently, the
  # length of the biased and unbiased wavelet vectors
  # may differ.
  data <- matrix(NA,nrow=2,ncol=length(biased.data))
  dimnames(data) <- list(c("Biased","Unbiased"),biased.crystals)
  data[1,] <- biased.data[biased.crystals]
  data[2,][unbiased.crystals] <- unbiased.data[unbiased.crystals]
  
  # obtain sequence name and, if too long, truncate
  series <- object$series
  series.name <- series@title
  sampling.interval <- object$sampling.interval
  if (length(series.name) < 1)
    series.name <- "x"
  if (length(sampling.interval) < 1)
    sampling.interval <- 1
  
  cut <- 15
  if (nchar(series.name) > cut)
    series.name <- paste(substring(series.name,1,cut), " ... ",sep="")
  
  J <- object$dictionary$n.levels
  
  if (object$xform == "modwt"){
    
    confidence <- object$confidence
    
    # produce matrix to hold data
    scale.data  <- unlist(object$scales[unbiased.crystals])
    EDOF1.data  <- unlist(round(confidence$EDOF1[unbiased.crystals]))
    EDOF2.data  <- unlist(round(confidence$EDOF2[unbiased.crystals]))
    EDOF3.data  <- unlist(round(confidence$EDOF3[unbiased.crystals]))
    length.data <- unlist(confidence$length[unbiased.crystals])
    level.data  <- ilogb(scale.data/sampling.interval, base=2) + 1
    
    conf.mat <- rbind(level.data, scale.data,
                      EDOF1.data, EDOF2.data,EDOF3.data,
                      length.data)
    
    # supply names for each dimension of matrix
    dimnames(conf.mat) <- list(c("Level","Scale","[EDOF1]","[EDOF2]","[EDOF3]","# coeffs"),
                               biased.crystals[1:ncol(conf.mat)])
  }
  else
    conf.mat <- NA
  
  obj <- list(conf.mat=conf.mat,
              xform=object$xform,
              vmat=data,
              series.name=series.name)
  
  oldClass(obj) <- "summary.wavVar"
  return(obj)
}

###
# print.summary.wavVar
###

"print.summary.wavVar" <- function(x, digits=max(2, .Options$digits - 4), ...)
{
  main <- paste(upperCase(x$xform)," wavelet variance of ", x$series.name,sep="")
  cat(main,"\n", rep("-",nchar(main)),"\n",sep="")
  
  print(x$vmat, digits=digits)
  
  if (x$xform == "modwt"){
    cat("\nConfidence Interval Data for Unbiased\nTime Independent Wavelet Variance:\n\n")
    print(x$conf.mat)
  }
  invisible(x)
}

##############################################################################
##
##  Constructor wavVarTest:
##
##    plot.wavVarTest
##    print.wavVarTest
##
##############################################################################

###
# wavVarTest (constructor)
##

"wavVarTest" <- function(x, wavelet="s8", n.levels=NULL,
                         significance=c(0.1,0.05,0.01), lookup=TRUE, n.realization=10000,
                         n.repetition=3, tolerance=1e-6)
{
  # define local functions
  "is.dyadic" <- function(x) as.logical(2^ilogb(x,base=2) == x && x > 0)
  
  "D.wavebound" <- function(x, good.crystals)
  {
    # Calculate the D statistic, which estimates the largest departure from an assumed
    # linear increase in cumulative (interior wavelet coefficient)
    # energy. If the wavelet energy is homogeneously distributed across time,
    # its cumulative energy should increase approximately linearly.
    
    if (!is(x,"wavBoundary"))
      stop("Input must be of class \"wavBoundary\"")
    
    # obtain energy interior coefficients
    # in each crystal
    energy   <- x$interior$energy[good.crystals]
    
    # obtain nonzero energy components and corresponding
    # crystal names
    energy   <- energy[energy > 0]
    crystals <- names(energy)
    
    # return D-statistic
    unlist(lapply(x$interior[crystals], D.statistic))
  }
  
  if (is(x,"wavBoundary")){
    
    # check for convolution style filtering
    if (!x$dictionary$conv)
      stop("Convolution style filtering must be used in the DWT ",
           "for for homogeneity of variance tests")
    
    series.name <- wavTitle(x)
  }
  else{
    
    # get the series name
    series.name <- deparseText(substitute(x))
    
    # check for power of 2
    dyad <- is.dyadic(length(x))
    
    # perform a dwt on the data
    n.sample <- length(x)
    
    if (is.null(n.levels))
      n.levels <- wavMaxLevel(
        n.taps= mutilsFilterType(wavelet)$length,
        n.sample=n.sample,
        xform="dwt")
    
    # perform the dwt using convolution style filtering
    W <- wavDWT(x, wavelet=wavelet, n.levels=n.levels)
    
    # perform a wavelet boundary separation
    WW <- wavBoundary(W)
  }
  
  # obtain dwt specifications
  dict       <- WW$dictionary
  n.levels   <- dict$n.levels
  series     <- WW$series
  wave.class <- class(W)
  crystals   <- WW$crystals
  
  # estimate departure from an assumed linear increase in cumulative
  # (interior wavelet coefficient) energy
  Nj <- WW$interior$length
  Nj <- Nj[Nj > 0]
  good.crystals <- names(Nj)
  
  # get rid of scaling coefficient crystals
  bad <- charmatch("s", good.crystals)
  
  if (!is.na(bad)){
    Nj <- Nj[-bad]
    good.crystals <- good.crystals[-bad]
  }
  
  Dj <- D.wavebound(WW, good.crystals)
  
  # create a D-statistics table
  D.critical <- D.table(n.sample=Nj,
                        significance=significance,
                        lookup=lookup,
                        tolerance=tolerance,
                        n.repetition=n.repetition,
                        n.realization=n.realization)
  
  # if duplicate Nj exist, replicate that row in D.critical.
  # this will occur with sJ and dJ wavelet crystals for example
  D.critical <- D.critical[pmatch(Nj,D.critical[,1],dup=TRUE),]
  
  # perform the homogeneity test
  is.homogeneous <- apply(D.critical[,-1], 2,
                          function(x,Dj) Dj < x ,Dj=Dj[good.crystals])
  
  dimnames(is.homogeneous)[[2]] <-
    dimnames(D.critical)[[2]][-1]
  
  crystal <- names(Dj)
  
  # explicitly set the series name
  series@title <- series.name
  
  z <- list(pass=is.homogeneous,
            D=Dj,
            D.critical=D.critical,
            significance=significance,
            n.sample=Nj,
            dictionary=dict,
            series=series,
            lookup=lookup,
            tolerance=tolerance,
            n.repetition=n.repetition,
            n.realization=n.realization)
  
  oldClass(z) <- "wavVarTest"
  
  return(z)
}

###
# plot.wavVarTest
##

"plot.wavVarTest" <- function(x, ...)
{
  series.name <- wavTitle(x)
  sigcols <- 2:ncol(x$D.critical)
  key.names <- dimnames(x$D.critical)[[2]][sigcols]
  
  xrange <- range(x$D.critical[,1])
  yrange <- range(as.vector(x$D.critical[,2:ncol(x$D.critical)]))
  
  for (i in 1:sigcols[length(sigcols)]){
    if (i == 1)
      plot(x$n.sample, x$D.critical[,i], ylab="D-statistic",
           xlab="Number of Samples", xlim=xrange,ylim=yrange,log="x")
    else
      points(x$n.sample, x$D.critical[,i], pch=i)
  }
  
  # obtain axis limits [x1 x2 y1 y2]
  ax <- par("usr")
  
  # add a title
  title(series.name)
}

###
# print.wavVarTest
##

"print.wavVarTest" <- function(x, ...)
{
  series.name <- wavTitle(x)
  dict        <- x$dictionary
  cat("Homogeneity Test for Discrete Wavelet Transform of", series.name, "\n")
  cat("\nPass:\n")
  print(x$pass)
  cat("\nD-statistic critical values comparison:\n")
  methods <- dimnames(x$D.critical)[[1]]
  
  D.cat <- cbind(N=x$D.critical[,1], "D"=x$D, x$D.critical[,-1])
  dimnames(D.cat)[[1]] <- paste(dimnames(x$pass)[[1]], methods, sep=": ")
  print(D.cat)
  cat("\nLookup:", x$lookup,"\n")
  
  if (any(dimnames(x$D.critical)[[1]] == "Inclan-Tiao"))
    cat("Inclan-Tiao tolerance: ", x$tolerance,"\n")
  
  if (x$lookup){
    cat("Repetitions: 3 (lookup),", x$n.repetition, "(non-lookup)\n")
    cat("Realizations/repetition: 10000 (lookup),", x$n.realization, "(non-lookup)\n")
  }
  else{
    cat("Repetitions:", x$n.repetition, "\n")
    cat("Realizations/repetition:", x$n.realization, "\n")
  }
  
  cat("\n")
  print(dict)
}

######################################################
## WMTSA package Holder spectrum functionality
##
##   holderSpectrum
##   wavCWTPeaks
##
## Class: wavCWTTree
## Constructor function: wavCWTTree
## Methods:
##
##   [.wavCWTTree
##   plot.wavCWTTree
##   print.summary.wavCWTTree
##   print.wavCWTTree
##   summary.wavCWTTree
##
######################################################

###
# holderSpectrum
###

"holderSpectrum" <- function(x, n.scale.min=3, fit=lmsreg)
{
  if (!is(x,"wavCWTTree"))
    stop("x must an object of class wavCWTTree")
  
  n.branch <- length(x)
  ibranch  <- vector(mode="integer", length=n.branch)
  branch   <- seq(n.branch)
  holder.exponent <- holder.time <- vector(mode="numeric", length=n.branch)
  
  count <- 0
  
  for (i in branch){
    
    times    <- x[[i]]$time
    logscale <- logb(x[[i]]$scale, base=2)
    logwtmm  <- logb(x[[i]]$extrema, base=2)
    
    if (length(logscale) > 1){
      
      # order data from small to large scale
      if (logscale[2] < logscale[1]){
        times    <- rev(times)
        logscale <- rev(logscale)
        logwtmm  <- rev(logwtmm)
      }
      
      # obtain the appropriate scaling range
      # choose the range of scale which corresponds
      # to the smallest scales
      breaks <- linearSegmentation(logscale, logwtmm)
      div    <- ifelse1(length(breaks), breaks[1], length(times))
      
      if (div >= n.scale.min){
        
        count <- count + 1
        holder.time[count] <- times[1]
        datalist <- list(logwtmm=logwtmm, logscale=logscale, div=div)
        
        model <- ifelse1(div > 5, fit(logwtmm ~ logscale, subset=seq(div), data=datalist),
                         lm(logwtmm ~ logscale, subset=seq(div), data=datalist))
        
        holder.exponent[count] <- coef(model)["logscale"]
        
        ibranch[count] <- i
      }
    }
  }
  
  igood <- seq(count)
  holder.exponent <- holder.exponent[igood] - 0.5
  holder.time     <- holder.time[igood]
  branch          <- branch[ibranch[igood]]
  
  itime <- order(holder.time)
  list(exponent=holder.exponent[itime], time=holder.time[itime], branch=branch[itime])
}

###
# wavCWTTree
###

"wavCWTTree" <- function(x, n.octave.min=1, tolerance=0.0, type="maxima")
{
  # define local functions
  "WTMM" <- function(x, tolerance=NULL, type="maxima"){
    
    if (!is(x,"wavCWT"))
      stop("Input object must be of class wavCWT")
    
    # obtain attributes
    x.attr   <- attributes(x)
    times    <- x.attr$time
    scales   <- x.attr$scale
    n.sample <- x.attr$n.sample
    series   <- x.attr$series
    
    # check tolerances
    if (is.null(tolerance)){
      
      # use Donoho and Johnstone universal thresholding
      # tol=sqrt(2 * sigma^2 * log(N)) where sigma^2
      # is the variance of the noise, and N is the length
      # of the original time series. Since we do not
      # know sigma^2 a priori, we use the median absolute deviation
      # the level 1 DWT coefficients using the Haar filter as an
      # approxiation. Finally, we divide by the sqrt(scale) to make
      # the threshold scale dependent
      
      # noise.variance <- (median(abs((diff(series)[seq(2,n.sample-1,by=2)] / sqrt(2))))/ 0.6745)^2
      # vprint(noise.variance)
      # tolerance <- sqrt(2 * noise.variance * log(n.sample)) / sqrt(scales)
      tolerance <- mad(Mod(x[,1])) / scales
    }
    
    if (length(tolerance) < length(scales))
      tolerance <- tolerance[1] / sqrt(scales)
    
    wtmmz <- .Call("RS_wavelets_transform_continuous_wavelet_modulus_maxima",
                   as.matrix(x)+0i, tolerance, mutilsTransformPeakType(type),
                   CLASSES=c("matrix","numeric","integer"),
                   COPY=rep(FALSE,3),
                   PACKAGE="ifultools")
    
    z <- matrix(0, nrow=nrow(x), ncol=ncol(x))
    z[matrix(unlist(wtmmz),ncol=2)+1] <- 1
    
    z
  }
  
  "wtmmBranches" <- function(wtmm, extrema.mask, times, scales, span.min=5, gap.max=3, skip=NULL, sampling.interval=1)
  {
    # define normalized scales
    scales <- as.integer(scales / sampling.interval)
    
    n.scale <- ncol(extrema.mask)
    n.sample <- nrow(extrema.mask)
    
    if (is.null(scales))
      scales <- 1:n.scale
    
    iwtmm <- which(extrema.mask[, n.scale] > 0)
    
    # scan from large to small scale
    iscale <- seq(n.scale-1,1,-1)
    
    tree <- as.list(iwtmm)
    names(tree) <- iwtmm
    peakStatus <- as.list(rep(0, length(iwtmm)))
    names(peakStatus) <- iwtmm
    orphanRidgeList <- NULL
    orphanRidgeName <- NULL
    
    n.level <- length(iscale)
    
    for (j in seq(n.level)){
      
      iscale.j <- iscale[j]
      scale.j <- scales[iscale.j]
      
      if (length(iwtmm) == 0){
        iwtmm <- which(extrema.mask[, iscale.j] > 0)
        next
      }
      
      span <- scale.j * 2 + 1
      
      if (span < span.min)
        span <- span.min
      
      remove.j <- selPeak.j <- NULL
      
      # loop through each point in the current scale's WTMM
      for (k in seq(along=iwtmm)){
        
        # define search range in the time index
        itime <- iwtmm[k]
        itime.start <- itime - span
        if (itime.start < 1)
          itime.start <- 1
        itime.end <- itime + span
        if (itime.end > n.sample)
          itime.end <- n.sample
        itime.candidates <- which(extrema.mask[itime.start:itime.end, iscale.j] > 0) + itime.start - 1
        
        if (length(itime.candidates) == 0){
          
          status.k <- peakStatus[[as.character(itime)]]
          
          if (status.k > gap.max & scale.j >= 2){
            temp            <- tree[[as.character(itime)]]
            orphanRidgeList <- c(orphanRidgeList, list(temp[1:(length(temp) - status.k)]))
            orphanRidgeName <- c(orphanRidgeName, paste(iscale.j + status.k + 1, itime, sep="_"))
            remove.j        <- c(remove.j, as.character(itime))
            next
          }
          else {
            itime.candidates <- itime
            peakStatus[[as.character(itime)]] <- status.k + 1
          }
        }
        else {
          peakStatus[[as.character(itime)]] <- 0
          if (length(itime.candidates) >= 2)
            itime.candidates <- itime.candidates[which.min(abs(itime.candidates - itime))]
          
        }
        
        tree[[as.character(itime)]] <- c(tree[[as.character(itime)]], itime.candidates)
        selPeak.j <- c(selPeak.j, itime.candidates)
      }
      
      if (length(remove.j) > 0){
        bad.tree   <- which(is.element(names(tree), remove.j))
        tree       <- tree[-bad.tree]
        peakStatus <- peakStatus[-bad.tree]
      }
      
      dupPeak.j <- unique(selPeak.j[duplicated(selPeak.j)])
      
      if (length(dupPeak.j) > 0){
        
        bad.tree <- NULL
        
        for (dupPeak.jk in dupPeak.j){
          selInd          <- which(selPeak.j == dupPeak.jk)
          selLen          <- sapply(tree[selInd], length)
          bad.tree.jk     <- which.max(selLen)
          bad.tree        <- c(bad.tree, selInd[-bad.tree.jk])
          orphanRidgeList <- c(orphanRidgeList, tree[bad.tree.jk])
          orphanRidgeName <- c(orphanRidgeName, paste(iscale.j, selPeak.j[bad.tree.jk], sep="_"))
        }
        
        selPeak.j  <- selPeak.j[-bad.tree]
        tree       <- tree[-bad.tree]
        peakStatus <- peakStatus[-bad.tree]
      }
      names(tree) <- selPeak.j
      names(peakStatus) <- selPeak.j
      
      if (scale.j >= 2){
        maxInd.next      <- which(extrema.mask[, iscale.j] > 0)
        unSelPeak.j      <- maxInd.next[!is.element(maxInd.next, selPeak.j)]
        newPeak.j        <- as.list(unSelPeak.j)
        names(newPeak.j) <- unSelPeak.j
        tree             <- c(tree, newPeak.j)
        iwtmm            <- c(selPeak.j, unSelPeak.j)
        newPeakStatus    <- as.list(rep(0, length(newPeak.j)))
        names(newPeakStatus) <- newPeak.j
        peakStatus       <- c(peakStatus, newPeakStatus)
      }
      else {
        iwtmm <- selPeak.j
      }
    }
    
    names(tree) <- paste(1, names(tree), sep="_")
    names(orphanRidgeList) <- orphanRidgeName
    tree <- c(tree, orphanRidgeList)
    tree <- lapply(tree, rev)
    tree <- tree[unique(names(tree))]
    
    tree <- lapply(seq(along=tree), function(i, tree, iscale.min, times, scales, wtmm){
      itime <- tree[[i]]
      iscale <- seq(iscale.min[i], length=length(itime))
      list(itime=itime, iscale=iscale, time=times[itime], scale=scales[iscale], extrema=wtmm[cbind(itime,iscale)])
    },
    tree=tree,
    iscale.min=as.integer(gsub("_.*","",names(tree))),
    times=times,
    scales=scales*sampling.interval,
    wtmm=wtmm)
    
    # remove any redundant branches
    iflat <- lapply(tree, function(x, nr) (x$iscale-1)*nr + x$itime, nr=nrow(wtmm))
    
    flatset <- iflat[[1]]
    bad <- NULL
    
    for (i in seq(2,length(iflat))){
      
      if (any(is.element(iflat[[i]], flatset)))
        bad <- c(bad, i)
      else
        flatset <- c(flatset, iflat[[i]])
    }
    
    if (length(bad) > 0)
      tree <- tree[-bad]
    
    tree
  }
  
  # obtain attributes
  x.attr   <- attributes(x)
  times    <- x.attr$time
  scales   <- x.attr$scale
  n.sample <- x.attr$n.sample
  sampling.interval <- x.attr$sampling.interval
  border.times <- range(times) + sampling.interval * c(1,-1)
  
  # locate the the extrema in the CWT matrix
  extrema.mask <- WTMM(x, tolerance=tolerance, type=type)
  
  if (!identical(dim(x),dim(extrema.mask)))
    stop("Input WTMM dimenions do not match those of the input CWT matrix")
  
  # develop WTMM tree
  z <- wtmmBranches(ifelse1(is.complex(x), Mod(as.matrix(x)), as.matrix(x)), extrema.mask, times, scales, sampling.interval=sampling.interval)
  
  # define minimum number of points needed per branch
  n.scale  <- length(scales)
  n.octave <- log2(max(scales) / min(scales))
  n.voice  <- (n.scale - 1) / n.octave
  n.scale.min <- as.integer(n.voice * n.octave.min)
  
  good <- which(unlist(lapply(z,function(x, n.scale.min) length(x[[1]]) > n.scale.min, n.scale.min=n.scale.min)))
  z <- z[good]
  endtime <- unlist(lapply(z,function(x,iscale) x$itime[iscale], iscale=which.min(scales)))
  isort <- order(endtime)
  z <- z[isort]
  
  names(z) <- seq(z)
  
  attr(z, "iendtime")     <- endtime[isort]
  attr(z, "endtime")      <- times[endtime[isort]]
  attr(z, "time")         <- times
  attr(z, "scale")        <- scales
  attr(z, "extrema.mask") <- extrema.mask
  attr(z, "noise")        <- x[,1]
  attr(z, "branch.hist")  <- colSums(extrema.mask*abs(x))
  attr(z, "wavelet")      <- attr(x,"wavelet")
  attr(z, "filter.arg")   <- attr(x,"filter.arg")
  attr(z, "series.name")  <- attr(x,"series.name")
  attr(z, "series")       <- attr(x,"series")
  attr(z, "sampling.interval") <- attr(x,"sampling.interval")
  
  oldClass(z) <- "wavCWTTree"
  
  z
}

###
# [.wavCWTTree
###

"[.wavCWTTree" <- function(x, i, ..., time=NULL, range=NULL)
{
  ax    <- attributes(x)
  times <- ax$endtime
  
  if (!missing(range)){
    
    if (length(range) == 2){
      
      i <- which(times >= range[1] & times <= range[2])
    }
    else{
      i <- seq(length(x))
    }
  }
  else if(!missing(time)){
    
    i <- sort(time)
    
    min.scale <- median(diff(times))
    
    itime <- NULL
    
    for (j in i){
      
      itime <- c(itime, which(times >= j - min.scale & times <= j + min.scale))
    }
    
    i <- itime
  }
  
  i <- i[i <= length(x) & i >= 1]
  
  z <- oldUnclass(x)[i]
  
  attributes(z) <- c(attributes(z),
                     ax[ setdiff(names(ax), c("names", "dim", "dimnames")) ])
  
  z
}

###
# plot.wavCWTTree
###

"plot.wavCWTTree" <- function(x, add=FALSE, pch="o",  label=TRUE, log.="y",
                              xlab=NULL, ylab=NULL, extrema=FALSE, zoom=NULL,
                              fit=FALSE, models= c("lm", "lmsreg", "ltsreg"),
                              cex=0.8, col.skip=max(1,round(256/length(x))),  ...)
{
  branches <- names(x)
  
  if (!length(x))
    stop("No branches found in input object")
  
  if (fit){
    
    n.branch <- min(length(x), 4)
    
    nrow <- 1
    ncol <- 1
    
    if (n.branch > 1)
      nrow <- 2
    if (n.branch > 2)
      ncol <- 2
    
    frame()
    gap <- 0.11
    old.plt <- splitplot(nrow,ncol,1,gap=gap)
    on.exit(par(old.plt))
    
    lwd <- c(2, 1, 2, rep(1,10))
    lty <- c(1, 1, 4, seq(5,length=10))
    
    # initialize arguments
    slope <- vector(mode="numeric", length=length(models))
    
    for (i in seq(n.branch)){
      
      if (i > 1)
        splitplot(nrow,ncol,i,gap=gap)
      
      x.branch <- log(x[[i]]$scale)
      y.branch <- log(x[[i]]$extrema)
      
      if (x.branch[length(x.branch)] < x.branch[1]){
        x.branch <- rev(x.branch)
        y.branch <- rev(y.branch)
      }
      
      breaks <- linearSegmentation(x.branch, y.branch)
      
      if (is.null(breaks))
        breaks <- length(x.branch)
      
      plot(x.branch, y.branch, xlab="log(scale)", ylab="log(|EXTREMA|)", type="b",
           pch="o", cex=cex)
      
      abline(v=x.branch[breaks], lty=2, xpd=FALSE)
      
      cut      <- seq(breaks[1]-1)
      x.branch <- x.branch[cut]
      y.branch <- y.branch[cut]
      
      # the lmsreg() and ltsreg() models will return an
      # error if less than 6 points are fit, so restrict
      # the models used accodingly
      if (length(x.branch) > 5)
        admissible.models <- models
      else
        admissible.models <- "lm"
      
      datalist <- list(x.branch=x.branch, y.branch=y.branch)
      
      for (imodel in seq(admissible.models)){
        
        eval(parse(text=paste("fit <- coef(", admissible.models[imodel],
                              "(y.branch ~ x.branch,data=datalist))", sep="")))
        abline(fit, lty=lty[imodel], lwd=lwd[imodel], xpd=FALSE)
        slope[imodel] <- fit[2]
      }
      
      imodel <- seq(admissible.models)
      
      key.cex <- 0.7
      
      mdlName <- upperCase(admissible.models)
      legend("bottomright",
             paste(format(mdlName), "\t: slope=", format(round(slope[imodel], 4))),
             lty=lty[imodel],
             lwd=lwd[imodel],
             cex=key.cex)
      
      mtext(paste("Branch", branches[i]), adj=1, cex=0.85, line=0.5)
    }
    
    return(invisible(NULL))
  }
  
  if (!add)
    frame()
  
  x.attr <- attributes(x)
  
  if (extrema){
    
    pch <- 20
    col <- "blue"
    
    mask <- which(x.attr$extrema.mask == 1, arr.ind=TRUE)
    
    data <- scaleZoom(x.attr$time[mask[,1]], x.attr$scale[mask[,2]], zoom=zoom, logxy=log., xy.linked=TRUE,
                      xlab="Time", ylab="Scale")
    if (!add)
      plot(data$x, data$y, col=col, pch=pch, xlab=data$xlab, ylab=data$ylab, cex=cex, ...)
    else
      points(data$x, data$y, col=col, pch=pch, cex=cex, ...)
    
    return(invisible(NULL))
  }
  
  if (!add){
    
    times  <- range(x.attr$time)
    scales <- range(x.attr$scale)
    
    if(is.element(log., "y")){
      scales <- logb(scales, base=2)
      if (is.null(ylab))
        ylab <- "log2(scale)"
    }
    else if (is.null(ylab))
      ylab <- "Scale"
    
    if(is.element(log., "x")){
      times <- logb(times, base=2)
      if (is.null(xlab))
        xlab <- "log2(time)"
    }
    else if (is.null(xlab))
      xlab <- "Time"
    
    plot(times, scales, type="n", xlab=xlab, ylab=ylab)
  }
  
  col <- c("black","red","blue","green","deeppink","orange","cyan","magenta","violet","navy","purple",
           "yellowgreen","orangered","goldenrod","cornflowerblue","plum","steelblue","tomato","pink")
  
  for (i in seq(along=x)){
    
    times  <- x[[i]]$time
    scales <- x[[i]]$scale
    
    if(is.element(log., "y"))
      scales <- logb(scales, base=2)
    if(is.element(log., "x"))
      times <- logb(times, base=2)
    
    icol <- ((i-1) %% length(col)) + 1
    
    if (label){
      
      imaxscale <- order(scales)[length(scales)]
      lines(times[-imaxscale], scales[-imaxscale], col=col[icol], pch=pch, cex=0.5, type="b", ...)
      text(times[imaxscale], scales[imaxscale], as.character(branches[i]), cex=1, col=col[icol])
    }
    else
      lines(times, scales, col=col[icol], lty=1, pch=pch, ...)
  }
  
  invisible(NULL)
}


###
# print.summary.wavCWTTree
###

"print.summary.wavCWTTree" <- function(x, digits=max(2, .Options$digits - 4), ...)
{
  oldOptions <- options(digits = digits)
  on.exit(options(oldOptions))
  NextMethod("print")
  invisible(x)
  
  #  print(round(data.frame(oldUnclass(x)), digits), ...)
  #  invisible(x)
}

###
# print.wavCWTTree
###

"print.wavCWTTree" <- function(x, justify="left", sep=":", ...)
{
  # obtain attributes
  xatt       <- attributes(x)
  times      <- xatt$time
  name       <- xatt$series.name
  scale      <- xatt$scale
  n.scale    <- length(scale)
  series     <- xatt$series
  sampling.interval <- xatt$sampling.interval
  n.branch   <- length(x)
  filter.arg <- xatt$filter.arg
  
  # pretty print strings
  waveletstr <- "Mexican Hat (Gaussian, second derivative)"
  filtcat1 <- "Wavelet variance"
  filtval1 <- filter.arg^2
  
  if (is(series, "signalSeries")){
    units.time <- series@units.position
    if (length(units.time) > 0)
      filtval1 <- paste(filtval1, " (", units.time, ")", sep="")
  }
  
  scale.range <- range(scale)
  
  main <- paste("Continuous Wavelet Transform Tree of", name)
  
  z <- list(
    "Wavelet"=waveletstr,
    "Wavelet variance"=filtval1,
    "Length of series"=length(series),
    "Sampling interval"=sampling.interval,
    "Number of scales"=n.scale,
    "Range of scales"=paste(scale.range[1], "to", scale.range[2]),
    "Number of branches"=n.branch
  )
  
  prettyPrintList(z, header=main, sep=sep, justify=justify, ...)
  
  invisible(x)
}

###
# summary.wavCWTTree
###

"summary.wavCWTTree" <- function(object, ...)
{
  tmpargs <- lapply(object, function(x){
    
    scale <- x$scale
    ext <- x$extrema
    
    c(x$time[which.min(scale)], length(x$time), log2(max(scale) / min(scale)), range(ext), mean(ext), sd(ext), var(ext), mad(ext))})
  
  z <- data.frame(do.call("rbind", tmpargs))
  
  names(z) <- c("End Time", "Length", "Octaves", "Min", "Max", "Mean", "SD", "Var", "MAD")
  
  oldClass(z) <- c("summary.wavCWTTree","data.frame")
  
  z
}

###
# wavCWTPeaks
###

"wavCWTPeaks" <- function(x, snr.min=3, scale.range=NULL, length.min=10,
                          noise.span=NULL, noise.fun="quantile", noise.min=NULL)
{
  if (!is(x,"wavCWTTree"))
    stop("Input must be an object of class wavCWTTree")
  
  xatt <- attributes(x)
  endtimes  <- attr(x, "endtime")
  times     <- attr(x, "time")
  scale     <- attr(x, "scale")
  noise     <- attr(x, "noise")
  wavelet   <- attr(x,"wavelet")
  series    <- attr(x,"series")
  branch.hist <- attr(x, "branch.hist")
  sampling.interval <- abs(diff(times[1:2]))
  
  if (!is.element(wavelet,"gaussian2"))
    stop("Only CWT developed using the Mexican hat (gaussian2) filter are supported")
  
  if (is.null(noise.min))
    noise.min <- quantile(abs(attr(x,"noise")), prob=0.05)
  
  # define default scale range
  if (is.null(scale.range))
    scale.range <- scale[range(which(branch.hist > quantile(branch.hist,prob=0.8)))]
  
  # define default noise span
  if (is.null(noise.span))
    noise.span <- max(0.01 * diff(range(times)), 5*sampling.interval)
  
  # obtain local noise estimates around the termination time of each branch
  noise.levels <- unlist(lapply(endtimes, function(x, noise.fun, times, times.range, noise, noise.min, noise.span){
    time.start <- x - noise.span
    if (time.start < times.range[1])
      time.start <- times.range[1]
    time.end <- x + noise.span
    if (time.end < times.range[2])
      time.end <- times.range[2]
    
    ix <- which(times >= time.start & times <= time.end)
    noise.local <- noise.fun(abs(noise[ix]))
    if (noise.local < noise.min)
      noise.local <- noise.min
    
    noise.local
  },
  noise.fun=switch(noise.fun, quantile=function(x){quantile(x, probs=0.95)}, sd=sd, mad=function(x){mad(x, center=0)}),
  times=times,
  times.range=range(times),
  noise=noise,
  noise.min=noise.min,
  noise.span=noise.span))
  
  tmpargs <- lapply(x, function(x) unlist(lapply(x, function(x, imax) x[imax], imax=which.max(x$extrema))))
  peaks <- data.frame(do.call("rbind", tmpargs))
  peaks <- cbind(data.frame(branch=row.names(peaks)), peaks, data.frame(iendtime=attr(x,"iendtime")))
  peak.snr <- peaks[["extrema"]] / noise.levels
  peak.scale <- peaks[["scale"]]
  
  branch.lengths <- unlist(lapply(x, function(x, scale.range)
    length(which(x$scale >= scale.range[1] & x$scale <= scale.range[2])),
    scale.range=scale.range))
  
  # prune branches
  #
  #  good.snr    : estimate of SNR at peak value is greater than or equal to the specified snr.min
  #  good.scale  : the scale of the peak is larger than the minimum of the specified scale range
  #  good.length : the length of the branch within the scale.range is greater than or equal to the specified minimum length.min
  #  good.end    : the index of the terminating time of the branch is on the interval (W, N-W), where N is the length of the time
  #                series and W is integer equivalent of 1/4 the length of the noise span or 3, whichever is greater.
  good.snr     <- peak.snr >= snr.min
  good.scale   <- peak.scale >= scale.range[1]
  good.length  <- branch.lengths >= length.min
  iendtime.min <- max(as.integer(noise.span / sampling.interval / 4),3)
  iendtime.max <- length(times) - iendtime.min + 1
  good.end     <- peaks[["iendtime"]] > iendtime.min & peaks[["iendtime"]] < iendtime.max
  
  peaks <- peaks[which(good.snr & good.scale & good.length & good.end),]
  row.names(peaks) <- as.character(seq(nrow(peaks)))
  
  z <- list(x=times[peaks$iendtime], y=series[peaks$iendtime])
  attr(z,"peaks")       <- peaks
  attr(z,"snr.min")     <- snr.min
  attr(z,"scale.range") <- scale.range
  attr(z,"length.min")  <- length.min
  attr(z,"noise.span")  <- noise.span
  attr(z,"noise.fun")   <- noise.fun
  attr(z,"noise.min")   <- noise.min
  z
}
################################################
## WMTSA package wavelet transform functionality
##
##  Functions:
##
##    wavBestBasis
##    wavDWPT
##    wavDWT
##    wavMODWPT
##    wavMODWT
##    wavPacketBasis
##    wavPacketIndices
##
##  Constructor Functions and methods:
##
##    wavCWT
##
##      as.matrix.wavCWT
##      plot.wavCWT
##      print.wavCWT
##
##    wavTransform
##
##      [.wavTransform
##      [<-.wavTransform
##      [[.wavTransform
##      as.matrix.wavTransform
##      boxplot.wavTransform
##      eda.plot.wavTransform
##      plot.wavTransform
##      plot.wavTransform.crystal
##      print.wavTransform
##      print.summary.wavTransform
##      wavStackPlot.wavTransform
##      summary.wavTransform
##      reconstruct.wavTransform
##
################################################

######################################################
##
##    wavCWT
##
##      as.matrix.wavCWT
##      plot.wavCWT
##      print.wavCWT
##
######################################################

###
# wavCWT (constructor)
###

"wavCWT" <- function(x, scale.range=deltat(x) * c(1, length(x)), n.scale=100,
                     wavelet="gaussian2", shift=5, variance=1){
  
  # check input argument types and lengths
  checkVectorType(scale.range,"numeric")
  checkScalarType(n.scale,"integer")
  checkScalarType(wavelet,"character")
  checkScalarType(shift,"numeric")
  checkScalarType(variance,"numeric")
  checkRange(n.scale, c(1,Inf))
  
  # obtain series name
  series.name <- deparse(substitute(x))
  
  if (length(scale.range) != 2)
    stop("scale.range must be a two-element numeric vector")
  if (variance <= 0)
    stop("variance input must be positive")
  
  # obtain sampling interval
  sampling.interval <- deltat(x)
  
  # create a vector of log2-spaced scales over the specified range of scale
  octave <- logb(scale.range, 2)
  scale  <- ifelse1(n.scale > 1, 2^c(octave[1] + seq(0, n.scale - 2) * diff(octave) /
                                       (floor(n.scale) - 1), octave[2]), scale.range[1])
  
  # project the scale vector onto a uniform grid of sampling interval width
  scale <- unique(round(scale / sampling.interval) * sampling.interval)
  n.scale <- length(scale)
  
  # check scale range
  if (abs(min(scale) - sampling.interval) > .Machine$double.eps)
    stop("Minimum scale must be greater than or equal to sampling interval ",
         "of the time series")
  
  # map the time vector
  if (inherits(x, "signalSeries"))
  {
    times <- as(x@positions,"numeric")
    x <- x@data
  }
  else
  {
    
    times <- time(x)
    x <- as.vector(x)
  }
  
  # ensure that x is a double vector
  storage.mode(x) <- "double"
  
  # map the wavelet filter and corresponding argument
  gauss1 <- c("gaussian1", "gauss1")
  gauss2 <- c("gaussian2", "gauss2", "mexican hat", "sombrero")
  supported.wavelets <- c("haar", gauss1, gauss2, "morlet")
  wavelet <- match.arg(lowerCase(wavelet), supported.wavelets)
  
  # map the filter type to MUTILS type
  # 4: gaussian1
  # 5: gaussian2, sombrero, mexican hat
  # 6: morlet
  # 7: haar
  filter <- mutilsFilterTypeContinuous(wavelet)
  
  if (filter == 4)
  {
    filter.arg <- sqrt(variance)
    wavelet    <- "gaussian1"
  }
  else if (filter == 5)
  {
    filter.arg <- sqrt(variance)
    wavelet    <- "gaussian2"
  }
  else if (filter == 6)
  {
    filter.arg <- shift
    wavelet    <- "morlet"
  }
  else if (filter == 7)
  {
    filter.arg <- 0.0
    wavelet    <- "haar"
    
    # in the case of the Haar, the Euler-Macluarin approximation
    # to the DFT of the wavelet filter is not defined for non-integer
    # multiples of the sampling interval. therefore, we coerce the
    # scales accordingly in this case
    scale <- sampling.interval * unique(round(scale / sampling.interval))
  }
  else
  {
    stop("Unsupported filter type")
  }
  
  # calculate the CWT
  z <- .Call("RS_wavelets_transform_continuous_wavelet",
             as.numeric(x),
             as.numeric(sampling.interval),
             as.integer(filter),
             as.numeric(filter.arg),
             as.numeric(scale),
             COPY=rep(FALSE, 5),
             CLASSES=c("numeric", "numeric", "integer", "numeric", "numeric"),
             PACKAGE="ifultools")
  
  # if the impulse response of the waveleyt filter is purely real
  # then transform CWT coefficients to purely real as well
  if (wavelet != "morlet")
    z <- Re(z)
  
  # assign attributes
  attr(z, "scale")       <- scale
  attr(z, "time")        <- as.vector(times)
  attr(z, "wavelet")     <- wavelet
  attr(z, "series")      <- x
  attr(z, "sampling.interval") <- sampling.interval
  attr(z, "series.name") <- series.name
  attr(z, "n.sample")    <- length(x)
  attr(z, "n.scale")     <- n.scale
  attr(z, "filter.arg")  <- filter.arg
  
  oldClass(z) <- "wavCWT"
  
  z
}

###
# as.matrix.wavCWT
###

"as.matrix.wavCWT" <- function(x, mode="any", names=TRUE, ...)
{
  checkScalarType(mode,"character")
  checkScalarType(names,"logical")
  y <- x
  attributes(y) <- NULL
  dims <- dim(x)
  nrow <- dims[1]
  ncol <- dims[2]
  dimnms <- dimnames(x)
  y <- matrix(as.vector(y, mode=mode), nrow=nrow, ncol=ncol)
  if(names)
    dimnames(y) <- dimnms
  y
}

###
# plot.wavCWT
###

"plot.wavCWT" <- function(x, xlab=NULL, ylab=NULL, logxy="y",
                          power.stretch=0.5, phase=FALSE, series=FALSE, series.ylab="",zoom=NULL,
                          type="image", grid.size=100, add=FALSE,  theta=120, phi=30, ...)
{
  # define local functions
  "imageScale" <- function(x, power.stretch=0, stretch.fun=NULL, ...){
    if(is.null(stretch.fun)) {
      if(power.stretch == 0)
        return(log(abs(x) + 1))
      else return((abs(x))^power.stretch)
    }
    else stretch.fun(x)
  }
  
  # set plot layout
  if (!add){
    frame()
    # store image plot settings for possible
    # overlay of WTMM skeleton
    if (is.element(type, "image")){
      on.exit(par(fig=fig))
      on.exit(par(usr=usr))
    }
    
    old.plt <- splitplot(1,1,1)
    on.exit(par(old.plt))
  }
  
  zz <- as.matrix(x)
  if(is.complex(x))
    zz <- ifelse1(phase, Arg(zz), Mod(zz))
  
  # obtain attributes
  xatt     <- attributes(x)
  times    <- xatt$time
  scales   <- xatt$scale
  x.series <- xatt$series
  n.sample <- xatt$n.sample
  n.scale  <- length(scales)
  
  x.series.units <- ifelse1(is(x.series,"signalSeries"),
                            x.series@units.position, NULL)
  
  if (is.null(xlab))
    xlab <- ifelse1(is.null(x.series.units), "Time", x.series.units)
  if (is.null(ylab))
    ylab <- ifelse1(is.null(x.series.units), "log2(scale)",
                    paste("Scale: log2(", x.series.units, ")"))
  type <- match.arg(type, c("image", "persp"))
  
  if (type == "image"){
    
    plt <- par("plt")
    
    if (series){
      old.fig <- par(fig=c(0,1,0,0.9))
      on.exit(par(old.fig))
    }
    
    data        <- scaleZoom(times, scales, zz, zoom=zoom, logxy=logxy)
    series.time <- data$x
    itime       <- data$ix
    
    image(data$x, data$y, imageScale(data$z, power.stretch=power.stretch), ...,
          xlab=xlab, ylab=ylab, axes=TRUE)
    
    # store plot information for future possible
    # overlay of WTMM skeleton
    usr <- par("usr")
    fig <- par("fig")
    
    if (series){
      
      mai <- par("mai")
      old.fig <- par(fig=c(fig[1:2], 0.8, 0.95), new=TRUE)
      on.exit(par(old.fig))
      
      plot(series.time, x.series[itime], type="l", col="blue", axes=TRUE,
           xlim=range(series.time), ylab=series.ylab,xlab="",xaxt="n", xaxs="i")
      if (prod(sign(range(x.series))) < 0)
        lines(par("usr")[1:2], rep(0,2), lty="dashed")
    }
  }
  else if (type == "persp"){
    
    iscale <- seq(1, n.scale, length=min(grid.size, n.scale))
    itime  <- seq(1, n.sample, length=min(grid.size, n.sample))
    
    data <- scaleZoom(times[itime], scales[iscale], zz[itime,iscale], zoom=NULL, logxy=logxy)
    
    persp(data$x, data$y, data$z,
          xlab=xlab, ylab=ylab, zlab="CWT Modulus", theta=theta, phi=phi, ...)
  }
  else
    stop("Unsupported plot type")
  
  invisible(NULL)
}

###
# print.wavCWT
###

"print.wavCWT" <- function(x, justify="left", sep=":", ...)
{
  # obtain attributes
  xatt       <- attributes(x)
  wavelet    <- lowerCase(xatt$wavelet)
  filter.arg <- xatt$filter.arg
  name       <- xatt$series.name
  scale      <- xatt$scale
  n.scale    <- length(scale)
  series     <- xatt$series
  sampling.interval <- xatt$sampling.interval
  
  # pretty print strings
  waveletstr <- switch(wavelet,
                       haar      = "Haar",
                       gaussian1 = "Gaussian (first derivative)",
                       gaussian2 = "Mexican Hat (Gaussian, second derivative)",
                       morlet    = "Morlet",
                       wavelet)
  
  wavelet <- match.arg(wavelet, c("gaussian1", "gaussian2", "morlet"))
  
  filtval1 <- filtval2 <- NULL
  
  if (any(wavelet == c("gaussian1", "gaussian2"))){
    
    filtcat1 <- "Wavelet variance"
    filtval1 <- filter.arg^2
    
    if (is(series, "signalSeries")){
      units.time <- series@units.position
      if (length(units.time) > 0)
        filtval1 <- paste(filtval1, " (", units.time, ")", sep="")
    }
  }
  
  if (wavelet == "morlet"){
    filtcat2 <- "Wavelet frequency shift"
    filtval2 <- paste(filter.arg, "(rad/sec)")
  }
  
  scale.range <- range(scale)
  
  main <- paste("Continuous Wavelet Transform of", name)
  
  z <- list(
    "Wavelet"=waveletstr,
    "Wavelet variance"=filtval1,
    "Wavelet frequency shift"=filtval2,
    "Length of series"=length(series),
    "Sampling interval"=sampling.interval,
    "Number of scales"=n.scale,
    "Range of scales"=paste(scale.range[1], "to", scale.range[2])
  )
  
  prettyPrintList(z, header=main, sep=sep, justify=justify, ...)
  
  invisible(x)
}

###
# wavBestBasis
###

"wavBestBasis" <- function(costs)
{
  # check input arguments
  checkVectorType(costs,"numeric")
  
  # define local functions
  flatIndex <- function(j,n, index.base=1) 2^j - 1 + n + index.base
  
  # costs is a list containing the DWPT costs
  # in W(0,0), W(1,0), W(1,1), W(2,0), ..., W(J,2^J-1) order
  # costs is a list containing the DWPT costs
  n.level <- ilogb(length(costs), base=2)
  
  # flatten costs into vector
  costs <- unlist(costs)
  
  if (length(costs) != 2^(n.level + 1) - 1)
    stop("number of costs not representative of a wavelet packet transform")
  
  # allocate memory for output
  basis <- vector("integer", length(costs))
  
  # initialize basis vector
  last.level <- flatIndex(n.level,0)
  for (i in seq(length(basis)))
    basis[i] <- ifelse1(i < last.level, 0, 1)
  
  # loop through the decomposition levels
  # from the penultimate to zero
  for (j in seq(n.level - 1, 0)){
    
    # loop through the oscillation indices (local
    # node indices) from left to right
    
    for (b in seq(0,2^j-1)){
      
      # define parent and left child index
      b1 <- flatIndex(j,b)
      b2 <- flatIndex(j+1, 2*b)
      
      # compare cost of parent to the sum of the cost
      # of the children. if the parent
      # has a lower cost than the children, then the
      # parent node is 'marked' as a possible best basis
      # node. otherwise, the cost of the parent is replaced by
      # the sum of the children nodes.
      parent   <- costs[b1]
      children <- costs[b2] + costs[b2+1]
      
      if (parent < children){
        
        # mark the parent node as a possible best basis crsytsal
        basis[b1] <- 1
        
        # zero out the subtree below current parent node.
        # this eliminates all of the children as possible
        # candidates for a best basis
        for (jj in seq(j+1, n.level)){
          
          K <- 2^(jj-j)
          
          for(k in seq(b*K, K*(b+1) - 1)){
            basis[flatIndex(jj,k)] <- 0
          }
        }
        
      }
      else{
        
        # eliminate the parent as a possible best basis crystal candidate
        basis[b1] <- 0
        
        # set the cost of the parent node to the sum of the children's costs,
        # a lower cost than that of the parent
        costs[b1] <- children
      }
    }
  }
  
  x     <- which(basis > 0)-1
  level <- ilogb(x + 1, base=2)
  osc   <- x - 2^level + 1
  
  # repack costs into list
  costs <- lapply(seq(0,n.level),function(j,costs) {costs[seq(2^j, 2^(j+1)-1)]}, costs=costs)
  
  return(list(level=level,	osc=osc, costs=costs))
}

###
# wavDWPT
##

"wavDWPT" <- function(x, wavelet="s8", n.levels=ilogb(length(x), base=2),
                      position=list(from=1,by=1,units=character()), units=character(),
                      title.data=character(), documentation=character())
{
  if (is(x, "wavTransform"))
    return(x)
  
  checkScalarType(n.levels,"integer")
  checkScalarType(wavelet,"character")
  
  # obtain the wavelet and scaling filters
  filters <- wavDaubechies(wavelet=wavelet, normalize=FALSE)
  
  # set the default number of decomposition levels
  # to be the largest scale at which there exists
  # at least one interior (non-boundary) wavelet
  # coefficient
  N <- length(x)
  L <- length(filters$wavelet)
  
  if (is.null(n.levels))
    n.levels <- max(wavMaxLevel(n.taps=L, n.sample=N, xform="dwpt"), 1)
  
  if (L > N)
    stop("Filter length must exceed or be equal to the length of time series")
  
  # get the series name
  series.name <- deparse(substitute(x))
  
  # convert data to signalSeries class
  if (!length(title.data))
    title.data <- series.name
  
  x <- create.signalSeries(x, position=position, units=units,
                           title.data=title.data, documentation=documentation)
  
  # calculate the transform
  data <- .Call("RS_wavelets_transform_packet",
                as.numeric(x),
                list(filters$wavelet,filters$scaling),
                as.integer(n.levels),
                COPY=rep(FALSE,3),
                CLASSES=c("numeric","list","numeric"),
                PACKAGE="ifultools")
  
  # convert each object from a matrix to a vector
  data <- lapply(data, as.vector)
  
  # create crystal names
  crystals <- NULL
  
  for (j in seq(0,n.levels))
    crystals <- c(crystals, paste("w",j,".", seq(0,2^j-1),sep=""))
  
  names(data) <- crystals
  
  # name each atom in each crystal
  for (j in seq(data))
    names(data[[j]]) <-
    paste(names(data[j]), "(", seq(0,length(data[[j]])-1), ")",sep="")
  
  # create dictionary
  dictionary <- wavDictionary(wavelet=wavelet, dual=FALSE, decimate=FALSE,
                              n.sample=length(x),	attr.x=NULL, n.levels=n.levels,	boundary="periodic",
                              conv=TRUE, filters=filters,	fast=TRUE, is.complex=FALSE)
  
  wavTransform(data, x, as.integer(n.levels), dictionary, FALSE, "dwpt")
}

###
# wavDWT
###

"wavDWT" <- function(x, n.levels=ilogb(length(x), base=2),
                     wavelet="s8", position=list(from=1,by=1,units=character()), units=character(),
                     title.data=character(), documentation=character(), keep.series=FALSE)
{
  if (is(x, "wavTransform"))
    return(x)
  
  checkScalarType(n.levels,"integer")
  checkScalarType(wavelet,"character")
  
  # get the series name from the parent
  # (or from this function if this is called as a top level function)
  series.name <- deparseText(substitute(x))
  
  # convert data to signalSeries class
  if (!length(title.data))
    title.data <- series.name
  
  series <- create.signalSeries(ifelse1(keep.series, x, NULL),
                                position=position, units=units,
                                title.data=title.data,
                                documentation=documentation)
  
  # map filter number and obtain length
  filters <- wavDaubechies(wavelet=wavelet, normalize=FALSE)
  
  # perform transform
  data <- lapply(
    .Call("RS_wavelets_transform_discrete_wavelet_convolution",
          as.numeric(x),
          list(filters$wavelet,filters$scaling),
          n.levels,
          COPY=rep(FALSE,3),
          CLASSES=c("numeric","list","integer"),
          PACKAGE="ifultools"),
    as.vector)
  
  # develop names of the crystals
  crystals <- c(paste("d", 1:n.levels, sep=""), paste("s",n.levels,sep=""))
  
  if (length(data) == (n.levels + 2)){
    
    crystals <- c(crystals,"extra")
    
    # create names for extra coefficients
    n     <- length(x)
    i     <- 1
    extra <- rep("",length(data[[n.levels + 2]]))
    
    for (j in 1:n.levels){
      
      if (n %% 2){ # is odd
        extra[i] <- paste("s",j-1,sep="");
        i <- i + 1;
        n <- n - 1
      }
      n <- n / 2
    }
    
    names(data[[n.levels + 2]]) <- extra
  }
  
  # name the crystals in the return list
  names(data) <- crystals
  
  # name each atom in each crystal
  for (j in seq(data)){
    names(data[[j]]) <-
      paste(names(data[j]), "(", seq(0,length(data[[j]])-1), ")",sep="")
  }
  
  # obtain filters to store for future use
  # use un-normalized daubechies filters
  filters <- wavDaubechies(wavelet=wavelet, normalize=FALSE)
  
  # create dictionary
  dict <- wavDictionary(wavelet=wavelet,
                        dual=FALSE, decimate=FALSE, n.sample=length(x),
                        attr.x=NULL, n.levels =as.integer(n.levels),
                        boundary="periodic", conv=TRUE, filters=filters,
                        fast=TRUE, is.complex=FALSE)
  
  # use wavTransform constructor to create output object
  wavTransform(data=data, series=series, n.levels=as.integer(n.levels),
               dictionary=dict, shifted=FALSE, xform="dwt")
}

###
# wavMODWPT
###

"wavMODWPT" <- function(x, wavelet="s8", n.levels=ilogb(length(x), base=2),
                        position=list(from=1,by=1,units=character()), units=character(),
                        title.data=character(), documentation=character())
{
  if (is(x, "wavTransform"))
    return(x)
  
  checkScalarType(n.levels,"integer")
  checkScalarType(wavelet,"character")
  
  # get the series name from the parent
  # (or from this function if this is called as a top level function)
  series.name <- deparseText(substitute(x))
  
  # convert data to signalSeries class
  if (!length(title.data))
    title.data <- series.name
  
  # obtain the wavelet and scaling filters
  filters <- wavDaubechies(wavelet=wavelet, normalize=TRUE)
  
  # set the default number of decomposition levels
  # to be the largest scale at which there exists
  # at least one interior (non-boundary) wavelet
  # coefficient
  N <- length(x)
  L <- length(filters$wavelet)
  
  if (is.null(n.levels))
    n.levels <- max(wavMaxLevel(n.taps=L, n.sample=N, xform="modwpt"), 1)
  
  if (L > N)
    stop("Filter length must exceed or be equal to the length of time series")
  
  x <- create.signalSeries(x, position=position, units=units,
                           title.data=title.data, documentation=documentation)
  
  n.sample <- length(x)
  
  # calculate the MODWPT
  data <- .Call("RS_wavelets_transform_maximum_overlap_packet",
                as(x,"numeric"),
                list(filters$wavelet, filters$scaling),
                as.integer(n.levels),
                COPY=rep(FALSE,3),
                CLASSES=c("numeric","list","numeric"),
                PACKAGE="ifultools")
  
  # convert each object from a matrix to a vector
  data <- lapply(data, as.vector)
  
  # create crystal names
  crystals <- NULL
  
  for (j in seq(0,n.levels))
    crystals <- c(crystals, paste("w",j,".", seq(0,2^j-1),sep=""))
  
  names(data) <- crystals
  
  # name each atom in each crystal
  for (j in seq(data))
    names(data[[j]]) <- paste(names(data[j]), "(", seq(0,n.sample-1), ")",sep="")
  
  # create dictionary
  dictionary <- wavDictionary(wavelet=wavelet,
                              dual=FALSE, decimate=FALSE, n.sample=length(x),
                              attr.x=NULL, n.levels =as.integer(n.levels),
                              boundary="periodic", conv=TRUE, filters=filters,
                              fast=TRUE, is.complex=FALSE)
  
  wavTransform(data, x, as.integer(n.levels), dictionary, FALSE, "modwpt")
}

###
# wavMODWT
###

"wavMODWT" <- function(x, wavelet="s8", n.levels=ilogb(length(x), base=2),
                       position=list(from=1,by=1,units=character()), units=character(),
                       title.data=character(), documentation=character(), keep.series=FALSE)
{
  if (is(x, "wavTransform"))
    return(x)
  
  checkScalarType(n.levels,"integer")
  checkScalarType(wavelet,"character")
  
  # define local functions
  "sortCrystals" <- function(x, reverse=FALSE)
  {
    # check for proper class
    if (!(class(x) == "character"))
      stop("Input must be of class character")
    
    # develop local sort function
    localsort <- function(x) x[order(as.numeric(substring(x,2)))]
    
    # divide the string into wavelet and scaling crystals
    wave.crystals <- x[grep("d",x)]
    scal.crystals <- x[grep("s",x)]
    
    # sort each individually and recombine
    sorted.crystals <- c(localsort(wave.crystals), localsort(scal.crystals))
    
    # reverse if requested
    if (!reverse)
      return(sorted.crystals)
    else
      return(rev(sorted.crystals))
  }
  
  if (is(x, "wavTransform")){
    if (x$xform == "modwt")
      return(x)
    else
      stop ("Cannot convert input transform to MODWT")
  }
  
  # obtain the wavelet and scaling filters
  filters <- wavDaubechies(wavelet=wavelet, normalize=TRUE)
  
  # set the default number of decomposition levels
  # to be the largest scale at which there exists
  # at least one interior (non-boundary) wavelet
  # coefficient
  if (is.null(n.levels)){
    L <- length(filters$wavelet)
    N <- length(x)
    
    if (N > L)
      n.levels <- ilogb(((N - 1) / (L - 1) + 1), base=2)
    else if (N > 0)
      n.levels <- 1
    else
      stop("length of time series must be positive")
  }
  
  # get the series name from the parent
  # (or from this function if this is called as a top level function)
  series.name <- deparseText(substitute(x))
  
  # convert data to signalSeries class
  if (!length(title.data))
    title.data <- series.name
  
  series <- create.signalSeries(ifelse1(keep.series, x, NULL),
                                position=position, units=units, title.data = title.data,
                                documentation=documentation)
  
  # call the modwt
  data <- lapply(
    .Call("RS_wavelets_transform_maximum_overlap",
          as.numeric(x),
          list(filters$wavelet,filters$scaling),
          n.levels,
          COPY=rep(FALSE,3),
          CLASSES=c("numeric","list","numeric"),
          PACKAGE="ifultools"),
    as.vector)
  
  # create dictionary
  dict <- wavDictionary(wavelet=wavelet,
                        dual=FALSE, decimate=FALSE, n.sample=length(x),
                        attr.x=NULL, n.levels =as.integer(n.levels),
                        boundary="periodic", conv=TRUE, filters=filters,
                        fast=TRUE, is.complex=FALSE)
  
  # create crystal names
  if((J <- n.levels) > 0)
    crystals <- c(paste("d", 1:J, sep=""), paste("s",J, sep=""))
  else
    crystals <- "s0"
  
  # split rows of wavelet coefficients matrix into a list
  names(data) <- crystals
  
  # name each atom in each crystal
  for (j in seq(data)){
    names(data[[j]]) <- paste(names(data[j]), "(",
                              seq(0,length(data[[j]])-1), ")",sep="")
  }
  
  # use wavTransform constructor to create output object
  wavTransform(data=data, series=series, n.levels=as.integer(n.levels),
               dictionary=dict, shifted=FALSE, xform="modwt")
}

##############################################################################
##
##  Constructor wavTransform:
##
##      [.wavTransform
##      [<-.wavTransform
##      [[.wavTransform
##      as.matrix.wavTransform
##      boxplot.wavTransform
##      eda.plot.wavTransform
##      plot.wavTransform
##      plot.wavTransform.crystal
##      print.wavTransform
##      print.summary.wavTransform
##      wavStackPlot.wavTransform
##      summary.wavTransform
##      reconstruct.wavTransform
##
##############################################################################

###
# Constructor: wavTransform
###

"wavTransform" <- function(data, series, n.levels, dictionary, shifted, xform)
{
  # check input arguments
  if (!is.list(data))
    stop("data must be a list")
  if (!all(unlist(lapply(data, isVectorAtomic))))
    stop("data list must contain vector objects as defined by isVectorAtomic()")
  if (!isVectorAtomic(series) && !is(series, "signalSeries"))
    stop("series must be a vector as defined by isVectorAtomic() or ",
         "an object of class \"signalSeries\"")
  if (!is.integer(n.levels) || length(n.levels) > 1 || n.levels < 1)
    stop("n.levels must be a positive integer scalar")
  if (!is(dictionary, "wavDictionary"))
    stop("dictionary must be an object of class \"wavDictionary\"")
  if (!is.logical(shifted) || length(shifted) > 1)
    stop("shifted be a logical scalar")
  if (!is.character(xform) || length(xform) > 1)
    stop("xform be a character string scalar")
  
  # construct object list
  z <- list(
    data       = data,
    scales     = 2^(0:(n.levels-1)),
    series     = series,
    dictionary = dictionary,
    shifted    = shifted,
    xform      = xform)
  
  oldClass(z) <- "wavTransform"
  
  return(z)
}

###
# [.wavTransform
###

"[.wavTransform" <- function(x, ...)
{
  # define local functions
  "levelNodes" <- function(x, level){
    
    n.level <- x$dictionary$n.levels
    
    if (level < 1 || level > n.level)
      stop(paste("Level must be on the interal [1,",n.level,"]",sep=""))
    
    if (is.element(x$xform, c("dwt","modwt"))){
      index <- ifelse1(level == n.level,
                       paste(c("d","s"), level, sep=""), level)
    }
    else if (is.element(x$xform, c("dwpt","modpwt"))){
      osc   <- seq(0,(2^level)-1)
      index <- (2^level) + osc
    }
    else
      stop("Data extraction method not supported for transform type ", x$xform)
    
    index
  }
  
  # check input arguments
  index <- ..1
  if (!is.character(index) && is.numeric(index))
    index <- as.integer(index)
  if (!is.character(index) && !is.integer(index))
    stop("Index must be an object of class character or integer")
  
  # check to see if a level has been specified
  index <- ifelse1(is.element("level", names(list(...))),
                   levelNodes(x, list(...)$level), index)
  
  # retain only the specified indices
  x$data <- x$data[index]
  
  x
}

###
# [<-.wavTransform
###

"[<-.wavTransform" <- function(x, i, ..., value){
  
  by.crystal <- FALSE
  
  # obtain number of coefficients in each crystal
  ncoeff <- sapply(x$data,length)
  
  # obtain number of replacement coeffs
  nrep <- length(value)
  
  # check to see if replacement object is a list.
  if (is.list(value))
    by.crystal <- TRUE
  
  if (!by.crystal){
    
    # if length of replacement value vector
    # is less than the number of coefficients
    # in each scale, then replicate the last
    # value in the replacement vector accordingly
    
    # make the substitutions
    for (crystal in i){
      
      crys <- names(x$data[[crystal]])
      
      replacement <- value
      
      # if the replacement is too long for current crystal, then truncate it.
      # if it is too short, replicate last coefficient to make up the remainder
      if (nrep > ncoeff[crystal])
        replacement <- replacement[1:ncoeff[crystal]]
      else if (nrep < ncoeff[crystal])
        replacement <- c(replacement, rep(replacement[nrep], ncoeff[crystal] - nrep))
      
      replacement       <- unlist(replacement)
      x$data[[crystal]] <- replacement
      
      names(x$data[[crystal]]) <- crys
    }
  }
  else{
    
    # check to make sure that the number of
    # replacement values equals the number of
    # crystals to be replaced
    ilen <- length(i)
    
    if (nrep > ilen)
      value <- value[1:ilen]
    else if (nrep < ilen)
      value <- c(value,rep(value[length(value)],ilen-nrep))
    
    # replace the crystals with the respective values.
    # we use the match() function to find the correct
    # value to replace with in the case where the
    # crystals are defined as strings like c("d2","d1")
    # for example
    for (crystal in i){
      
      replacementData <- value[[match(crystal,i)]]
      
      len <- length(replacementData)
      
      if (len == ncoeff[crystal])
        x$data[[crystal]] <- replacementData
      else
        x$data[[crystal]] <- c(replacementData, rep(replacementData[len],
                                                    ncoeff[crystal] - len))
    }
  }
  
  x
}

###
# [[.wavTransform
###

"[[.wavTransform" <- function(x, ...)
{
  index <- ..1
  if (!is.character(index) && is.numeric(index))
    index <- as.integer(index)
  
  if (!is.character(index) && !is.integer(index))
    stop("Index must be an object of class character or integer")
  
  index <- index[1]
  
  if (is.integer(index)){
    
    n.crystal <- length(x$data)
    
    if (index < 1 || index > n.crystal)
      stop("Index must be on the interval [1,", n.crystal, "]", sep="")
  }
  else if (!is.element(index, names(x$data)))
    stop("Crystal name does not exist")
  
  x$data[[index]]
}

###
# as.matrix.wavTransform
###

"as.matrix.wavTransform" <- function(x, names=TRUE, ...)
{
  y <- x$data
  attributes(y) <- NULL
  if (!names)
    return(unlist(x$data, use.names=FALSE))
  
  nms  <- unlist(lapply(x$data,names),use.names=FALSE)
  data <- unlist(x$data,use.names=FALSE)
  names(data) <- nms
  as.matrix(data)
}

###
# boxplot.wavTransform
###

"boxplot.wavTransform" <- function (x, xlab="Crystal",
                                    ylab="Distribution Statistics", ...)
{
  crystals <- rev(names(x$data))
  boxplot(x$data[crystals],labels=crystals, xlab=xlab, ylab=ylab, ...)
  invisible(NULL)
}

###
# eda.plot.wavTransform
###

"eda.plot.wavTransform" <- function(x, data=TRUE, n.top=NULL, cex.main=1, mex=.5,
                                    x.legend=NULL, y.legend=NULL, gap=.13, ...)
{
  old.plt <- splitplot(2,2,1, gap=gap)
  on.exit(par(old.plt))
  
  dict <- x$dictionary
  J <- dict$n.levels
  if(J==0)
    cat("Trivial Transform\n")
  else{
    plot(wavShift(x), add=TRUE, cex.main=cex.main, adj=1)
    splitplot(2,2,2, gap=gap)
    plot(x, type="energy", plot.pie=FALSE, add=TRUE)
    splitplot(2,2,3, gap=gap)
    boxplot(x, cex=1, ...)
    title("Crystal Distribution", cex.main=cex.main, adj=1, line=0.5)
    splitplot(2,2,4, gap=gap)
    plot(x, type="energy", plot.bar=FALSE, add=TRUE, cex.main=cex.main)
  }
  invisible(NULL)
}

###
# plot.wavTransform
###

"plot.wavTransform" <- function(x, type="h", plot.bar=TRUE, plot.pie=TRUE,
                                add=FALSE, vgap=0.05, grid=TRUE, grid.lty="dashed", border=TRUE, cex.main=1, ...)
{
  "energy.plot" <- function(x, tit="Energy Distribution", plot.bar=TRUE, plot.pie=TRUE, add=FALSE, cex.main=0.7)
  {
    if (!plot.pie && !plot.bar)
      plot.bar <- TRUE
    
    same.plot <- as.logical(plot.bar && plot.pie && !add)
    
    if (!add){
      old.plt <- ifelse1(same.plot, splitplot(2,1,1), splitplot(1,1,1))
      on.exit(old.plt)
    }
    
    energy <- unlist(lapply(x$data,function(x) sum(x^2)))
    colors <- seq(along=energy)+1
    nms    <- names(x$data)
    
    if (plot.bar){
      barplot(energy, names=nms, col=colors)
      title(tit, cex.main=cex.main, adj=1)
    }
    
    if (plot.pie){
      
      if (same.plot)
        splitplot(2,1,2)
      
      # for the pie chart, combine energies that are
      # small so as not to muddle the pie chart
      tol  <- 0.1
      bad  <- which(as.logical(energy / max(energy) < tol))
      good <- which(as.logical(energy / max(energy) >= tol))
      
      if (length(bad) > 0){
        energy  <- c(energy[good], sum(energy[bad]))
        pie.str <- c(nms[good], "Other")
        colors  <- c(colors[good], 200)
      }
      else{
        energy  <- energy[good]
        pie.str <- nms[good]
        colors  <- colors[good]
      }
      
      pie.str <- paste(paste(pie.str, ": ",sep=""),
                       round(energy/sum(energy)*100,2),"%",sep="")
      
      pie(energy, labels=pie.str, radius=0.95,
          clockwise=FALSE, col = colors)
      
      if (!same.plot)
        title(tit, cex.main=cex.main, adj=1)
    }
  }
  
  "packet.plot" <- function(x, vgap=0.05, grid=TRUE, grid.lty="dashed",
                            border=TRUE, add=FALSE, cex.main=0.7, ...){
    
    singleplot <- as.logical(!add)
    
    if (singleplot){
      frame()
      old.plt <- splitplot(1,1,1)
      par(c(old.plt, list(new=FALSE)))
    }
    
    # turn off clipping so that
    # labels outside of plot appear
    old.xpd <- par(xpd=NA)
    on.exit(par(old.xpd))
    
    if (is.complex(x))
      stop("cannot plot complex data")
    
    dict <- x$dictionary
    n.sample <- dict$n.sample
    n.levels <- dict$n.levels
    
    # if the number of crystals is less than
    # that in a full transform, the user has
    # extracted a subset and thus only
    # issue a wavStackPlot
    if (length(x$data) < (2^(n.levels+1) - 1)){
      wavStackPlot.default(x$data)
      return(NULL)
    }
    
    tt <- seq(0, n.sample - 1)
    
    # obtain all crystal names
    crystals <- names(x$data)
    
    # obtain min and max of data
    yrange <- range(unlist(x$data))
    ygap <- abs(diff(yrange)) * vgap
    ymin <- yrange[1] - ygap
    ymax <- yrange[2] + ygap
    dy   <- abs(ymax - ymin)
    dy2  <- dy/2
    
    # plot the data
    plot(tt, seq(0,(n.levels+1)*dy,length=length(tt)), type="n", axes=FALSE,
         ylim=c(0, (n.levels+1)*dy), xlab="", ylab="", ...)
    
    start <- 0
    em    <- par("cxy")[1L]
    left  <- par("usr")[1L] - em
    
    for (j in seq(0,n.levels)){
      
      nodes <- seq(2^j)
      ybias <- (n.levels - j) * dy
      ydata <- unlist(x$data[nodes+start]) - ymin
      xdata <- seq(0,n.sample-1,length=length(ydata))
      col   <- ifelse1(!j, "blue", "black")
      
      lines(xdata, ydata + ybias, col=col, ...)
      text(left, ybias + dy2, paste("Level",j))
      
      # add y-axis limits to first plot
      if (!j){
        right <- par("usr")[2]
        text(right, (n.levels+1)*dy, paste(round(ymax,2)))
        text(right, (n.levels)*dy, paste(round(ymin,2)))
      }
      
      start <- start + length(nodes)
    }
    
    J <- n.levels
    tt.delta <- tt[2]-tt[1]
    tt.start <- tt[1]
    tt.end <- tt[n.sample]
    
    if (border){
      segments(tt.start, c(0, J+1)*dy, tt.end, c(0, J+1)*dy, lty=1, lwd=3)
      segments(c(tt.start, tt.end), 0, c(tt.start, tt.end), (J+1)*dy, lty=1, lwd=3)
    }
    
    if (grid){
      
      # draw horizontal grid lines
      segments(tt.start, (0:(J+1))*dy, tt.end, (0:(J+1)) * dy, lty=grid.lty)
      segments(c(tt.start, tt.end), 0, c(tt.start, tt.end), (J+1)*dy, lty=grid.lty)
      
      # draw vertical grid lines
      for(i in 1:J){
        tti <- tt.start+(tt.end-tt.start)*seq(1, 2^i-1, 2)/2^i
        segments(tti, (J-i+1)*dy, tti, 0, lty=grid.lty)
      }
    }
  }
  
  if (is.element(type, "energy")){
    energy.plot(x, plot.bar=plot.bar, plot.pie=plot.pie, add=add, cex.main=cex.main, ...)
    invisible(NULL)
  }
  else{
    
    if (is.element(x$xform, c("dwt","modwt")))
      invisible(wavStackPlot(x, cex.main=cex.main, same.scale=TRUE, type=type, add=add, ...))
    else if (is.element(x$xform, c("dwpt","modwpt")))
      invisible(packet.plot(x, vgap=0.05, grid=TRUE,
                            grid.lty=grid.lty, border=TRUE, add=add, cex.main=cex.main, ...))
  }
}

###
# plot.wavTransform.crystal
###

"plot.wavTransform.crystal"  <- function(x, ...)
  invisible(wavStackPlot(x, ...))

###
# print.wavTransform
###

"print.wavTransform" <- function(x, justify="left", sep=":", ...)
{
  series.name <- x$series@title
  dict        <- x$dictionary
  crystals    <- names(x$data)
  
  xform <- switch(x$xform,
                  dwt    = "Discrete Wavelet Transform",
                  modwt  = "Maximal Overlap Discrete Wavelet Transform",
                  dwpt   = "Discrete Wavelet Packet Transform",
                  modwpt = "Maximal Overlap Discrete Wavelet Packet Transform",
                  character(0))
  
  many.crystals <- as.logical(length(crystals) > 12)
  
  main <- paste(xform, "of", series.name)
  z <- c(as.list(dict),
         list("Zero phase shifted"=x$shifted,
              "Crystals"=ifelse1(many.crystals,"", crystals)))
  prettyPrintList(z, header=main, sep=sep, justify=justify, ...)
  
  if(many.crystals){
    crys.mat <- matrix(crystals[1:12],nrow=4,ncol=3,byrow=TRUE)
    dimnames(crys.mat) <- list(rep("",nrow(crys.mat)),rep("",ncol(crys.mat)))
    print(crys.mat, quote=FALSE)
    cat(paste(" ... (",length(crystals)," bases)\n",sep=""))
  }
  
  invisible(x)
}

###
# print.summary.wavTransform
###

"print.summary.wavTransform" <- function(x, digits=max(2, .Options$digits - 4), ...)
{
  cat("\n")
  print(round(oldUnclass(x$smat), digits=digits), ...)
  cat("\nEnergy Distribution:\n")
  print(round(x$Edist[1:3,], digits=digits), ...)
  cat("\n")
  invisible(x)
}

###
# wavStackPlot.wavTransform
###

"wavStackPlot.wavTransform" <- function(x, data=TRUE, same.scale=TRUE,
                                        title.=NULL, xlab=NULL, cex.main=0.7, zeroline=TRUE, times=NULL, add=FALSE, adj=1, ...)
{
  # save plot parameters and restore upon exit
  if (!add){
    frame()
    old.plt <- splitplot(1,1,1)
    on.exit(par(old.plt))
  }
  
  series         <- x$series
  series.omitted <- as.logical(length(series@data) == 0)
  position.units <- series@units.position
  data.units     <- series@units
  
  if (is.null(xlab)){
    if (is.null(series@title)) xlab <- "Position"
    else{
      if (length(position.units) > 0) xlab <- position.units
      else xlab <- "Position"
    }
  }
  
  crystals    <- names(x$data)
  series.name <- wavTitle(x)
  wavelet     <- x$dictionary$wavelet
  
  # remove extra scaling coefficients
  iextra <- which(crystals == "extra")
  if (length(iextra > 0))
    crystals <- crystals[-iextra]
  
  # create title
  if (is.null(title.))
    title. <- paste(upperCase(x$xform), "of",
                    series.name, "using", wavelet, "filters")
  
  # combine original sequence with transform coefficients
  if (series.omitted)
    y <- x$data[crystals]
  else{
    
    y <- c(list(series@data), x$data[crystals])
    
    if (nchar(series.name) > 8)
      series.name <- paste(substring(series.name,1,5), "...",sep="")
    
    if (length(data.units) > 0)
      series.name <- paste(series.name,"\n(",data.units,")",sep="")
    
    names(y[1]) <- series.name
  }
  
  if (x$shifted){
    
    zerophaseshifts <- switch(x$xform,
                              dwt=wavIndex(x)$shift$dwt[crystals],
                              modwt=wavIndex(x)$shift$modwt[crystals],
                              NA)
    
    if (series.omitted)
      names(y) <- paste(crystals,"{",zerophaseshifts,"}",sep="")
    else
      names(y) <- c(names(y[1]), paste(crystals,"{",zerophaseshifts,"}",sep=""))
  }
  
  # obtain series information
  if (is.null(times)){
    
    if (series.omitted) times <- seq(length=x$dictionary$n.sample)
    else times <- as(series@positions,"numeric")
  }
  
  wavStackPlot.default(y, same.scale=same.scale, y.axis=TRUE,
                       cex.main=cex.main, zeroline=zeroline, times=times,
                       bars=FALSE, ...)
  
  title(main=title., cex.main=cex.main, adj=adj)
  mtext(text=xlab, side=1, line=4, cex=cex.main)
  invisible(NULL)
}

###
# summary.wavTransform
###

"summary.wavTransform" <- function(object, ...)
{
  
  # calculate statistics on each crystal of the data
  crystals   <- names(object$data)
  
  measures <- c("Min", "1Q", "Median",
                "3Q", "Max", "Mean",
                "SD", "Var","MAD", "Energy %")
  
  smat <- matrix(0, length(crystals), length(measures))
  
  E <- unlist(lapply(crystals,
                     function(crystal, data) sum(data[[crystal]]^2),
                     data=object$data))
  
  smat.list <- lapply(crystals,
                      function(crystal,E,x){
                        xi     <- oldUnclass(x[[crystal]])
                        quantx <- quantile(xi, c(0, .25, .5, .75, 1))
                        meanx  <- mean(xi)
                        varx   <- var(xi)
                        stdx   <- sqrt(varx)
                        madx   <- mad(xi)
                        enormx <- sum(xi^2)/E*100
                        c(quantx,meanx,stdx,varx,madx,enormx)
                      },
                      E =sum(E),
                      x =object$data)
  
  smat <- do.call("rbind",smat.list)
  
  dimnames(smat) <- list(crystals, measures)
  
  # calculate the energy distribution
  energy.pcent <- c(1:5, 10, 15, 20, 25)
  
  Edist <- matrix(0, 3, length(energy.pcent)+1)
  
  dimnames(Edist) <- list(c("Energy %", "|coeffs|", "#coeffs"),
                          c("1st", paste(energy.pcent, "%", sep="")))
  
  allE <- oldUnclass(unlist(object$data[crystals]))^2
  E <- sum(allE)		# total energy
  ii <- c(1, ceiling(length(allE)*energy.pcent/100))
  allE <- rev(sort(allE))
  Edist[1,] <- cumsum(allE/E*100)[ii]
  Edist[2,] <- sqrt(allE[ii])
  Edist[3,] <- ii
  
  obj  <- list(smat=smat, Edist=Edist)
  
  oldClass(obj) <- "summary.wavTransform"
  obj
}

###
# reconstruct.wavTransform
###

"reconstruct.wavTransform" <- function(x, indices=0, ...)
{
  dict <- x$dictionary
  
  if(dict$n.levels == 0)
    return(as.vector(x))
  
  # obtain the wavelet and scaling filters
  
  wavelet.filter <- dict$analysis.filter$high
  scaling.filter <- dict$analysis.filter$low
  
  # call the inverse transform function
  if (x$xform == "dwt"){
    
    synthesis <- .Call("RS_wavelets_transform_discrete_wavelet_convolution_inverse",
                       lapply(x$data,as.vector),
                       list(wavelet.filter,scaling.filter),
                       COPY=rep(FALSE, 2),
                       CLASSES=rep("list", 2),
                       PACKAGE="ifultools")
  }
  else if (x$xform == "modwt"){
    
    synthesis <- as.vector(.Call("RS_wavelets_transform_maximum_overlap_inverse",
                                 lapply(x$data, function(x) matrix(x, nrow=1)),
                                 list(wavelet.filter,scaling.filter),
                                 COPY=c(FALSE,FALSE),
                                 CLASSES=c("list","list"),
                                 PACKAGE="ifultools"))
  }
  else if (x$xform == "dwpt"){
    
    indices <- wavPacketIndices(indices)$flat
    basis   <- wavPacketBasis(x, indices=indices)
    
    if (is.null(basis$extra)){
      
      # create faux extra atoms and levelmap vectors
      data     <- basis
      nextra   <- as.integer(0)
      atoms    <- matrix(as.integer(0))
      levelmap <- matrix(as.integer(0))
    }
    else{
      data     <- basis$data
      atoms    <- matrix(as.integer(basis$extra$atoms), nrow=1)
      levelmap <- matrix(as.integer(basis$extra$levelmap), nrow=1)
      nextra   <- as.integer(length(atoms))
    }
    
    data <- lapply(data, function(x) matrix(as.double(x), nrow=1))
    
    synthesis <- .Call("RS_wavelets_transform_packet_inverse",
                       data, as.integer(nextra), atoms, levelmap, as.integer(indices),
                       list(wavelet.filter,scaling.filter),
                       COPY=rep(FALSE,6),
                       CLASSES=c("list", "integer", rep("matrix",3), "list"),
                       PACKAGE="ifultools")
    
    synthesis <- as.vector(synthesis)
  }
  else
    stop("Transform is not supported")
  
  as.vector(synthesis)
}

###
# wavPacketBasis
##

"wavPacketBasis" <- function(x, indices=0)
{
  # Returns the DWPT crystals (in a list) corresponding to the
  # basis specified by the indices vector. The indices
  # are mapped as follows:
  #
  # 0   - original series
  # 1:2 - W(1,0), W(1,1)    (i.e., all level 1 crystals)
  # 3:6 - W(2,0),...,W(2,3) (i.e., all level 2 crystals)
  #
  # and so on. If the indices do not form a basis, an error is issued
  if (!is(x,"wavTransform") && !is.element(x$xform, "dwpt"))
    stop("Input must be an object of class wavTransform and",
         " must be a DWPT")
  
  zz <- lapply(x$data, as.matrix)
  
  z <- .Call("RS_wavelets_transform_packet_basis",
             zz, matrix(as.integer(indices)), COPY=rep(FALSE,2), CLASSES=c("list", "matrix"),
             PACKAGE="ifultools")
  
  z <- lapply(z, as.vector)
  
  indices <- wavPacketIndices(indices)$flat + 1
  
  n.crystal <- length(indices)
  any.extra <- length (z) == n.crystal + 2
  nms       <- names(x$data)[ indices ]
  
  data <- z[ seq(n.crystal) ]
  names(data) <- nms
  
  if (any.extra){
    
    extra <- z[ seq(n.crystal + 1, n.crystal + 2) ]
    names(extra) <- c("atoms", "levelmap")
    levels <- seq(0, length(extra$levelmap) - 1)
    
    # name the extra levels vector
    names(extra$levelmap) <- paste("j=", levels, sep="")
    
    # name the extra atoms
    nms <- NULL
    Nj  <- length(x$data[[1]])
    
    for (j in levels){
      
      if (extra$levelmap[ j + 1 ] >= 0){
        
        osc <- seq(from=0, length=2^j)
        nms <- c(nms, paste("w(", j, ",", osc, ",", Nj, ")", sep=""))
        Nj  <- Nj - 1
      }
      
      Nj <- Nj / 2
    }
    
    names(extra$atoms) <- nms
    
    return(list(data=data, extra=extra))
  }
  else
    return(data)
}

###
# wavPacketIndices
##

"wavPacketIndices" <- function(x, check.basis=TRUE)
{
  checkVectorType(x,"integer")
  if (any(x < 0))
    stop("Indices must be non-negative")
  
  # define local functions
  flatIndex <- function(j,n, index.base=1) 2^j - 1 + n + index.base
  
  # obtain level and osc
  level <- ilogb(x+1, base=2)
  osc   <- x - 2^level + 1
  
  # check for wavelet packet basis
  if (check.basis){
    
    n.level <- max(level)
    n.crystal <- 2^(n.level + 1) - 1
    
    basis <- rep(0, n.crystal)
    
    # wipe out flattened index vector up to lowest input index
    if (min(x) > 0)
      basis[seq(min(x))] <- 1
    
    for (i in seq(along=x)){
      
      b1 <- flatIndex(level[i], osc[i])
      
      # mark the parent node and eliminate all children
      if (basis[b1] == 1)
        stop("Basis violation: there is an overlap in frequency content corresponding ",
             "to the specified wavelet packet indices")
      
      basis[b1] <- 1
      j <- level[i]
      n <- osc[i]
      
      # zero out the subtree below current parent node.
      # this eliminates all of the children as possible
      # candidates for a best basis
      if (j < n.level){
        for (jj in seq(j+1, n.level)){
          
          K <- 2^(jj-j)
          
          for(k in seq(n*K, K*(n+1) - 1)){
            
            b1 <- flatIndex(jj,k)
            if (basis[b1] == 1)
              stop("Basis violation: there is an overlap in frequency content corresponding ",
                   "to the specified wavelet packet indices")
            basis[b1] <- 1
          }
        }
      }
    }
    
    last.level <- basis[seq(n.crystal-2^n.level+1, n.crystal)]
    
    if (!all(last.level)){
      print(basis)
      stop("Flattened indices do not form a wavelet packet basis: ",
           "normalized frequencies on [0,1/2] not sspanned")
    }
  }
  
  list(flat=x, level=level, osc=osc)
}






###########################################################################################################################################################
###########                                                                     26.11.2013                                                     ############
###########  list of functions of the package    limma     and need for the function   Compare.normalizations                                    ############
###########  They are only given in case of problem of maintnance of     limma     , or in case of problem of R compatibility              ############
###########  IT IS ADIVSED TO *NOT* USE THESE FUNCTION BUT THOSES FROM THE limma PACKAGE THAT MIGHT HAVE BEEN UPDATE SINCE THE 26.11.2013      ############
###########################################################################################################################################################

normalizeBetweenArrays = # limma
  function (object, method = NULL, targets = NULL, cyclic.method = "fast", 
            ...) 
  {
    if (is.null(method)) {
      if (is(object, "matrix")) {
        method = "quantile"
      }
      else if (is(object, "EListRaw")) {
        method = "quantile"
      }
      else {
        method = "Aquantile"
      }
    }
    choices <- c("none", "scale", "quantile", "Aquantile", "Gquantile", 
                 "Rquantile", "Tquantile", "vsn", "cyclicloess")
    method <- match.arg(method, choices)
    if (method == "vsn") 
      stop("vsn method no longer supported. Please use normalizeVSN instead.")
    if (is(object, "matrix")) {
      if (!(method %in% c("none", "scale", "quantile", "cyclicloess"))) 
        stop("method not applicable to single-channel data")
      return(switch(method, none = object, scale = normalizeMedianValues(object), 
                    quantile = normalizeQuantiles(object, ...), cyclicloess = normalizeCyclicLoess(object, 
                                                                                                   method = cyclic.method, ...)))
    }
    if (is(object, "EListRaw")) {
      if (method == "cyclicloess") 
        object$E <- Recall(log2(object$E), method = method, 
                           ...)
      else object$E <- log2(Recall(object$E, method = method, 
                                   ...))
      object <- new("EList", unclass(object))
      return(object)
    }
    if (is(object, "RGList")) 
      object <- MA.RG(object)
    if (is.null(object$M) || is.null(object$A)) 
      stop("object doesn't appear to be RGList or MAList object")
    switch(method, scale = {
      object$M <- normalizeMedianAbsValues(object$M)
      object$A <- normalizeMedianAbsValues(object$A)
    }, quantile = {
      narrays <- NCOL(object$M)
      Z <- normalizeQuantiles(cbind(object$A - object$M/2, 
                                    object$A + object$M/2), ...)
      G <- Z[, 1:narrays]
      R <- Z[, narrays + (1:narrays)]
      object$M <- R - G
      object$A <- (R + G)/2
    }, Aquantile = {
      object$A <- normalizeQuantiles(object$A, ...)
    }, Gquantile = {
      G <- object$A - object$M/2
      E <- normalizeQuantiles(G, ...) - G
      object$A <- object$A + E
    }, Rquantile = {
      R <- object$A + object$M/2
      E <- normalizeQuantiles(R, ...) - R
      object$A <- object$A + E
    }, Tquantile = {
      narrays <- NCOL(object$M)
      if (NCOL(targets) > 2) targets <- targets[, c("Cy3", 
                                                    "Cy5")]
      targets <- as.vector(targets)
      Z <- cbind(object$A - object$M/2, object$A + object$M/2)
      for (u in unique(targets)) {
        j <- targets == u
        Z[, j] <- normalizeQuantiles(Z[, j], ...)
      }
      G <- Z[, 1:narrays]
      R <- Z[, narrays + (1:narrays)]
      object$M <- R - G
      object$A <- (R + G)/2
    })
    object
  }



########################################################################################################################################################
normalizeMedianValues = # limma
  function (x) 
  {
    narrays <- NCOL(x)
    if (narrays == 1) 
      return(x)
    cmed <- log(apply(x, 2, median, na.rm = TRUE))
    cmed <- exp(cmed - mean(cmed))
    t(t(x)/cmed)
  }

########################################################################################################################################################
normalizeQuantiles = # limma
  function (A, ties = TRUE) 
  {
    n <- dim(A)
    if (is.null(n)) 
      return(A)
    if (n[2] == 1) 
      return(A)
    O <- S <- array(, n)
    nobs <- rep(n[1], n[2])
    i <- (0:(n[1] - 1))/(n[1] - 1)
    for (j in 1:n[2]) {
      Si <- sort(A[, j], method = "quick", index.return = TRUE)
      nobsj <- length(Si$x)
      if (nobsj < n[1]) {
        nobs[j] <- nobsj
        isna <- is.na(A[, j])
        S[, j] <- approx((0:(nobsj - 1))/(nobsj - 1), Si$x, 
                         i, ties = "ordered")$y
        O[!isna, j] <- ((1:n[1])[!isna])[Si$ix]
      }
      else {
        S[, j] <- Si$x
        O[, j] <- Si$ix
      }
    }
    m <- rowMeans(S)
    for (j in 1:n[2]) {
      if (ties) 
        r <- rank(A[, j])
      if (nobs[j] < n[1]) {
        isna <- is.na(A[, j])
        if (ties) 
          A[!isna, j] <- approx(i, m, (r[!isna] - 1)/(nobs[j] - 
                                                        1), ties = "ordered")$y
        else A[O[!isna, j], j] <- approx(i, m, (0:(nobs[j] - 
                                                     1))/(nobs[j] - 1), ties = "ordered")$y
      }
      else {
        if (ties) 
          A[, j] <- approx(i, m, (r - 1)/(n[1] - 1), ties = "ordered")$y
        else A[O[, j], j] <- m
      }
    }
    A
  }
########################################################################################################################################################
normalizeCyclicLoess = # limma
  function (x, weights = NULL, span = 0.7, iterations = 3, method = "fast") 
  {
    x <- as.matrix(x)
    method <- match.arg(method, c("fast", "affy", "pairs"))
    n <- ncol(x)
    if (method == "pairs") {
      for (k in 1:iterations) for (i in 1:(n - 1)) for (j in (i + 
                                                                1):n) {
        m <- x[, j] - x[, i]
        a <- 0.5 * (x[, j] + x[, i])
        f <- loessFit(m, a, weights = weights, span = span)$fitted
        x[, i] <- x[, i] + f/2
        x[, j] <- x[, j] - f/2
      }
    }
    if (method == "fast") {
      for (k in 1:iterations) {
        a <- rowMeans(x, na.rm = TRUE)
        for (i in 1:n) {
          m <- x[, i] - a
          f <- loessFit(m, a, weights = weights, span = span)$fitted
          x[, i] <- x[, i] - f
        }
      }
    }
    if (method == "affy") {
      g <- nrow(x)
      for (k in 1:iterations) {
        adjustment <- matrix(0, g, n)
        for (i in 1:(n - 1)) for (j in (i + 1):n) {
          m <- x[, j] - x[, i]
          a <- 0.5 * (x[, j] + x[, i])
          f <- loessFit(m, a, weights = weights, span = span)$fitted
          adjustment[, j] <- adjustment[, j] + f
          adjustment[, i] <- adjustment[, i] - f
        }
        x <- x - adjustment/n
      }
    }
    x
  }
########################################################################################################################################################
loessFit = # limma
  function (y, x, weights = NULL, span = 0.3, iterations = 4, min.weight = 1e-05, 
            max.weight = 1e+05, equal.weights.as.null = TRUE) 
  {
    n <- length(y)
    out <- list(fitted = rep(NA, n), residuals = rep(NA, n))
    obs <- is.finite(y) & is.finite(x)
    xobs <- x[obs]
    yobs <- y[obs]
    nobs <- length(yobs)
    if (nobs == 0) 
      return(out)
    if (is.null(weights)) {
      o <- order(xobs)
      lo <- lowess(x = xobs, y = yobs, f = span, iter = iterations - 
                     1)
      out$fitted[obs][o] <- lo$y
      out$residuals[obs] <- yobs - out$fitted[obs]
    }
    else {
      wobs <- weights[obs]
      wobs[is.na(wobs)] <- 0
      wobs <- pmax(wobs, min.weight)
      wobs <- pmin(wobs, max.weight)
      if (equal.weights.as.null) {
        r <- range(wobs)
        if (r[2] - r[1] < 1e-15) 
          return(Recall(y = y, x = x, span = span, iterations = iterations))
      }
      if (min.weight > 0) 
        nwobs <- nobs
      else nwobs <- sum(wobs > 0)
      if (nwobs < 4 + 1/span) {
        if (nwobs > 1) {
          fit <- lm.wfit(cbind(1, xobs), yobs, wobs)
        }
        else {
          fit <- list()
          fit$fitted <- rep(sum(wobs * yobs)/sum(wobs), 
                            nobs)
          fit$residuals <- yobs - fit$fitted
        }
      }
      else {
        loaded <- ("package:locfit" %in% search())
        if (!loaded) {
          loadresult <- tryCatch(suppressPackageStartupMessages(library("locfit", 
                                                                        character.only = TRUE, quietly = TRUE)), error = function(e) e)
          if (inherits(loadresult, "error")) 
            stop("limma:::loessFit with weights requires locfit package, which is not available", 
                 call. = FALSE)
        }
        biweights <- rep(1, nobs)
        for (i in 1:iterations) {
          fit <- locfit.raw(x = xobs, y = yobs, weights = wobs * 
                              biweights, alpha = span, deg = 1)
          res <- residuals(fit, type = "raw")
          s <- median(abs(res))
          biweights <- pmax(1 - (res/(6 * s))^2, 0)^2
        }
      }
      out$fitted[obs] <- fitted(fit)
      out$residuals[obs] <- res
    }
    out
  }


########################################################################################################################################################
removeBatchEffect = # limma
  function (x, batch = NULL, batch2 = NULL, covariates = NULL, 
            design = matrix(1, ncol(x), 1)) 
  {
    x <- as.matrix(x)
    if (is.null(batch) && is.null(batch2) && is.null(covariates)) 
      return(x)
    if (!is.null(batch)) {
      batch <- as.factor(batch)
      contrasts(batch) <- contr.sum(levels(batch))
      batch <- model.matrix(~batch)[, -1, drop = FALSE]
    }
    if (!is.null(batch2)) {
      batch2 <- as.factor(batch2)
      contrasts(batch2) <- contr.sum(levels(batch2))
      batch2 <- model.matrix(~batch2)[, -1, drop = FALSE]
    }
    if (!is.null(covariates)) 
      covariates <- as.matrix(covariates)
    X <- cbind(batch, batch2, covariates)
    X <- qr.resid(qr(design), X)
    t(qr.resid(qr(X), t(x)))
  }









Appendix S1_R scripts and functions_v2/Read_me.docx

The method is based on the analysis of the pictures by the software “Phoretix”. This software has been renamed “CLIQS”.


All the content of this Appendix S1 has been written on the bases of the version 11.4 of Phoretix, but it still works with the new version called “CLIQS”. This has been tested.





Folder ./Phoretix_advices_and_script to map Rf lines


Contains a list of the phoretix tutorial steps needed to perform an analysis similar to the one described in the manuscript. This list is in the file needed_steps_of_the_Phoretix_tutorial.


Subfolder “script to map Rf lines from one analyzed picture to the others” contain instruction to map Rf lines from one analyzed picture to the other pictures snapped at different staining times.





[bookmark: _GoBack]Folder ./R_functions


Contains the core functions described in the main manuscript and a “How_to” file with detailed explanations on these functions.





For both these analysis steps, you will have to use the R software, and the first step is always to define path name.


To this end, windows users will have to manually convert back slashes (\) to front slashes (/).


Ex :  the file “G:\Compensation Audits_Reports\Step Audit\Steps off Step.accdb” should be given as :     "G:/Compensation Audits_Reports/Step Audit/Steps off Step.accdb"              .





[image: ]If you have any difficulties to implement the gels analysis after the reading of help files, feel free to contact me (                             ).
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