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Abstract
•The mating pattern and gene flow in a western larch (Larix occidentalis Nutt.) experimental popula-
tion was studied with the aid of microsatellite markers and a combination of paternity-mating system
analysis. The commonly difficult to assess, male gametic contribution was determined with 95% con-
fidence and its impact on genetic gain and diversity was determined.
•Male fertility success rate ranged between 0 and 11%. Male reproductive output parental imbalance
was observed with 50% of the pollen being produced by the top 5% of males while the lower 39%
males only produced 10% of the pollen.
• A significant difference was observed between male effective population size (genetic diversity)
estimates from paternity assignment compared to those based on population’s census number (21 vs.
41); however, this difference did not affect estimates of genetic gain.
• A total of 221 full-fib families were identified (sample size range: 1–8) and were nested among the
studied 14 seed-donors.
• A combination of paternity-mating system analysis is recommended to provide a better insight into
seed orchards’ mating dynamics. While pollen flow tends to inflate mating system’s outcrossing rate,
the paternity analysis effectively determined the rate and magnitude of contamination across receptive
females.
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Résumé – Analyse de paternité et du mode de croisement dans une population expérimentale
de mélèze occidental (Larix occidentalis Nutt.)
• Les modes de croisement et les flux de gènes dans une population expérimentale de mélèze occi-
dental (Larix occidentalis Nutt.) ont été étudiés à l’aide de marqueurs microsatellites et d’une analyse
combinée de paternité et du système de reproduction. La contribution gamétique mâle – communé-
ment difficile à estimer – a été déterminée avec un seuil de confiance de 95 % et son impact sur le
gain génétique et la diversité a été déterminé.
• Le taux de succès reproductif mâle était compris entre 0 et 11 %. Un déséquilibre dans la contri-
bution des parents mâles a été observé avec la production de 50 % du pollen par 5 % des pères alors
que 39 % d’entre eux ne contribuaient que pour seulement 10 % du pollen.
• Une différence significative a été observée entre la taille efficace de la population mâle (diversité
génétique) estimée par la recherche de paternité et celle basée sur les effectifs recensés de la popula-
tion (21 vs. 41) ; cependant, cette différence n’affecte pas l’estimation du gain génétique.
• 221 familles de plein-frères ont été identifiées (effectifs entre 1 et 8), regroupées parmi les 14 arbres-
mères étudiés.
• La combinaison d’une analyse de paternité et du système de reproduction est recommandée pour
étudier de manière approfondie la dynamique de croisement en vergers à graines. Tandis que les
flux de pollen tendent à augmenter le taux d’inter-croisements, l’analyse de paternité détermine de
manière effective le taux et l’amplitude de contamination des arbres-mères.
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1. INTRODUCTION

The Larix genus is the only deciduous conifer in the
Pinaceae family comprising of 10 recognized species that en-
circle the Northern Hemisphere with variable economic and
ecological importance throughout their range (Schmidt, 1995;
Schmidt and McDonald, 1995). Western larch (Larix occiden-
talis Nutt.) is commonly found in valley bottoms and along
the steep slopes of montane forests in the Upper Columbia
River Basin of western North America (Jaquish and El-
Kassaby, 1998). While it is generally considered to be among
the largest of North America’s larches, it is the most shade
intolerant conifer in its region. However, it attains its large
size through rapid growth during early age, thus outgrowing
its associates until it gets overtopped by other slow growing,
shade tolerant species (Schmidt et al., 1976). The importance
of western larch has been recognized not only for its commer-
cial wood products, but also for its outstanding non-timber val-
ues such as aesthetics, wildlife habitat, outdoor recreation and
watershed protection (Schmidt and Shearer, 1995).

Population genetic studies of western larch and its related
species began as early as 1980s where measures of genetic
variation (Fins and Seeb, 1986; Jaquish and El-Kassaby, 1998;
Khasa et al., 2000; Semerikov and Lascoux, 1999; Semerikov
and Matveev, 1995; Semerikov et al., 1999) and mating sys-
tem (El-Kassaby and Jaquish, 1996) were reported to aid
the species’ gene resource management, including selective
breeding and conservation. During the mid-1990s, the British
Columbia Ministry of Forests and Range embarked on west-
ern larch genetic improvement program starting with selec-
tion of superior phenotypes, breeding and testing, and the
establishment of production populations (seed orchards) for
seed production (Jaquish et al., 1995). Seed orchards are ex-
perimental populations where selected parents are replicated
by grafting on root-stocks and planted in a random fashion
to minimize inbreeding (Faulkner, 1975). The genetic qual-
ity of the resultant seed crops is of importance since seeds
are the conduct for passing breeders’ efforts to the forests.
Parental male (pollen) and female (seed) gametic contribu-
tion, level of inbreeding, and the extent of pollen migration
(contamination) from outside sources, all determine the ge-
netic quality of these seed crops (Stoehr et al., 2004). The
availability of highly informative DNA markers such as mi-
crosatellites (Vendramin and Hansen 2005) and the develop-
ment of sophisticated pedigree reconstruction methods (Jones
and Ardren, 2003) made it possible to reconstruct the ge-
netic relationships among seeds/individuals derived from nat-
ural open-pollination and classify them into their respective FS
and HS families.

In the present study, we provide an example of the utiliza-
tion of microsatellite markers in estimating parental gametic
contributions and its impact on genetic gain and diversity cal-
culations, inbreeding, and the extent of pollen migration using
a combination of pedigree reconstruction-mating system anal-
ysis.

2. MATERIALS AND METHODS

2.1. Plant material, DNA extraction and fingerprinting

Needle samples from 41 parents representing the entire experi-
mental population (seed orchard) were sampled along with wind-
pollinated seed from a subset of 14 parents (N = 40/parent) were
collected for DNA fingerprinting. The experimental population is one
of two genetically distinct (no common parents) western larch seed
orchards established by British Columbia Ministry of Forests and
Range to provide genetically improved seed to the Nelson (< 1300 m)
and East Kootenay (800–1500 m) seed production units (Forest Ge-
netics Council of BC, 2008). The orchards are located near Vernon,
B.C., Canada (the Kalamalka Forestry Centre: altitude 480 m, lati-
tude 50◦ 14’ N, longitude 119◦ 16’ E) and are separated by a road
(≈ 8 m wide) and a row of black cottonwood trees on one side.
Parents (clones and ramets within clones) were arranged on the or-
chard’s grid following the permutated neighbourhood design (Bell
and Fletcher, 1978).

The material for this study was provided by the East Kootenay
seed orchard that was established in 1989 from phenotypic selection
within south-eastern British Columbia’s natural populations, thus it is
assumed that the parents are unrelated and non-inbred. The orchard
population consists of 1280 ramets representing the 41 clones (aver-
age: 31 ramets/clone). The orchard’s parental breeding values (height
at age 60) were predicted from two series of 10-year-old progeny test
trials located within the parental natural range (B. Jaquish, BC Min-
istry of Forests, personal communications).

Total DNA from either needles (parents) or germinating embryos
(progeny (1 cm)) was isolated using a modified CTAB (cetyltrimethy-
lammonium bromide) method (Doyle and Doyle, 1990; Khasa
et al., 2000). All samples, parents and seeds (half-sib families), were
genotyped using a set of 12 microsatellite markers for pedigree re-
construction and mating system analyses. Three of the studied SSR
markers used were developed and their Mendelian mode of inheri-
tance was demonstrated by Khasa et al. (2000). The remaining nine
markers (see Tab. I) were developed by Chen et al. (2008) and their
Mendelian mode of inheritance is illustrated using the sampled 14
half-sib families.

Polymerase chain reaction (PCR) amplifications were carried out
in 10 µL total volumes with 1× Taq buffer (10 mM Tris, 1.5 mM
MgCl2, 50 mM KCl, pH 8.3) (Roche, Laval, Quebec) using a Ge-
neAmp 9700 thermal cycler (Perkin-Elmer, Foster City, CA). Each
reaction was composed of 50 ng of total genomic DNA, 0.3 pmol
M13 IRD-labeled primer, 0.5 pmol each of forward and reverse
primers, 0.1 unit of Taq DNA polymerase (Roche) and 0.2 mM of
dNTP. Western larch DNA samples were amplified with a program as
follows: 5 min of pre-incubation at 94 ◦C; followed by 25 cycles of
1 min at 94 ◦C, 1 min at respective annealing temperature (see Tab. I,
Chen et al., 2008) and 1 min of extension at 72 ◦C; and 3 min of
incubation at 72 ◦C as the final step of extension. PCR reaction prod-
ucts were then denatured, and 2 µL of atop dye were added to each
PCR reaction (100% formamide, 1 mg/mL pararosaniline basic red
9) before electrophoresis, which was conducted using Li-Cor 4200
(Li-Cor Inc., Lincoln, NE) automated sequencer with 5% polyacry-
lamide (Long RangerTM) gels. No multiplexing was attempted during
this study.

2.2. Mode of inheritance of microsatellite loci

The wind-pollinated seed collected from the 14 parents (half-sibs
with a sample size of 40 seeds per parent) were used to illustrate
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Table I. Mode of inheritance for western larch microsatellite loci using wind-pollinated seed from 14 parents. G-test for the goodness-of-fit to
the 1:1 segregation ratio for pooled data (GP) and test of heterogeneity among multiple parents sharing the same heterozygous genotype (GH).

Locus/Primer Mother tree genotype Number of trees Observed segregation
G-test

GP GH

UBCLXtet_1-22 202/240 2 52:72 03.23 03.25

220/240 2 73:49 04.75* 06.24*

UBCLXtet_21 142/158 2 85:49 09.79** 10.54**

UBCLXtet_32 188/196 5 218:156 10.32** 20.86***

168/188 3 68:142 26.64*** 30.21***

UBCLXtet_2-12 250/266 3 100:125 02.78 03.36

Null/250 2 40:31 01.14 09.42**

Null/260 2 58:69 00.95 01.76

UBCLXtet_2-11 152/164 2 76:45 08.03** 08.31*

152/170 3 147:87 15.55*** 15.6**

UBCLX_1-10 283/287 5 165:157 00.25 04.18

277/287 3 52:118 26.31*** 27.93***

277/283 2 42:80 12.03*** 13.62**

UBCLXA4_1 196/206 3 79:114 06.38* 23.51***

UBCLXdi_21 Null/315 5 124:142 01.21 01.44

Null/335 3 75:104 04.72* 09.15*

UBCLXdi_16 Null/240 2 32:23 01.48 01.48

* Significance at P < 0.05; ** 0.005 < P < 0.05; *** P < 0.005.

the mode of inheritance for the 9 SSR markers developed by Chen
et al. (2008). The mode of inheritance of segregating loci was re-
stricted to heterozygous parents’ progeny array showing segregation
at any particular locus after excluding those with offspring displaying
segregation pattern similar to that of the maternal genotype. Individ-
ual parent’s segregation analyses for heterozygous loci were analyzed
using G-test of independence (Sokal and Rohlf, 1981) (not shown).
When multiple trees shared the same genotype, replicated G-test of
goodness-of-fit (GP) was conducted on the pooled segregation data
(Sokal and Rohlf, 1981). Segregation data from multiple trees were
also tested for heterogeneity using G-heterogeneity test (GH) (Sokal
and Rohlf, 1981). In cases where significant GP and/or GH were ob-
served, the cause of either the observed bias towards one allele or
heterogeneity among segregating trees were investigated by compar-
ing segregation mode at the individual tree level.

2.3. Paternity and mating system analyses

The revised likelihood-based paternity inference program
CERVUS 3.0.3 (Marshall et al., 1998; Kalinowski et al., 2007) was
used to assign the pollen donors for the 14 maternal seed donors’
embryo pool. Since the maternal parents’ multilocus genotypes were
known, this paternity assignment was a partial pedigree reconstruc-
tion. The multilocus mixed-mating model of Ritland (2002) was used
to estimate mating system parameters, including single-locus (ts) and
multilocus (tm) outcrossing rates and multilocus correlated matings
(rp(m)) using the Expectation–Maximization (EM) procedure of the
computer program MLTR 3.1 (Ritland, 2002). Standard errors for
mating system parameters were obtained from the construction of
1 000 bootstrap replicates.

2.4. Assessment of genetic gain and diversity

Average breeding value (genetic gain: ΔG) and male effective pop-
ulation size (♂Ne) were estimated as follows:

ΔG =
N∑

i=1

BVimi (1)

and

♂Ne =
1

∑N
i=1 m2

i

(2)

where N is the orchard’s census number (N = 41), and BVi and mi

denote the breeding value and the male gametic contribution of clone
i, respectively (0 ≤ mi ≤ 1, and

∑N
i=1 mi = 1. The estimates of ΔG and

♂Ne based on male gametic contributions obtained from the DNA
analysis (i.e., pedigree reconstruction) were compared to those ob-
tained from visual assessment of male reproductive output (Stoehr
et al., 2004). Pollen contamination (gene flow) was not considered
into the male effective population size calculation.

3. RESULTS AND DISCUSSION

3.1. Microsatellite loci mode of inheritance

The genotypes of parent trees were inferred from the seg-
regation pattern of their offspring. The nine microsatellite
markers tested produced 17 segregating allelic combinations,
with six following the expected 1:1 segregation ratio, while
the remaining 11 significantly deviated from either the ex-
pected 1:1 Mendelian inheritance and/or the G-heterogeneity
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test (Tab. I). The genotype of four seemingly “homozygous”
parents was determined to be heterozygous with null alle-
les (UBCLXtet_2-12: Null/250 and Null/260, UBCLXdi_21:
Null/315 and Null/335, and UBCLXdi_16: Null/240) (Tab. I).
Homozygous parents’ offspring should not segregate and the
offspring banding pattern should be uniform and resembling
the parental type (i.e., the parental band); however, the off-
spring of these four parents segregated and produced an excess
of homozygous genotypes as well as genotypes that are char-
acterized by no products (no amplifying bands) indicating the
presence of null alleles in the parental genotypes, thus they are
heterozygous with null allele (Tab. I). For example, at the UB-
CLXdi_16 locus, the two families produced a single band at
240 base-pair, thus they were originally genotyped as 240/240;
however, offspring segregation produced an excess of 240/240
homozygote as well as fewer individuals with no band. Addi-
tionally, the appearance of two other alleles (238 and 248 base-
pair) from the male side which resulted into one homozygous
genotype of either 238/238 or 248/248 was also inductive of
maternal null allele contribution, thus confirming the heterozy-
gous genotype of the mother tree. This consistent pattern indi-
cated that the parental genotypes should have been heterozy-
gous for Null/240. Repeat scoring of the offspring of these
two individuals supported this interpretation and yielded non-
significant 1:1 segregation (G-test values of =1.00 (p = 0.32)
and 0.48 (p = 0.49)) (not shown). Furthermore, the GP and GH

goodness-of-fit tests of the pooled data of these two parents
were non-significant (Tab. I). The same scenario was observed
at the Null/250 and Null/260 genotypes at UBCLXtet_2-12 lo-
cus and Null/315 genotype at UBCLXdi_21 locus (Tab. I).

The segregation of the pooled data at UBCLXtet_2-12:
Null/250 followed the expected 1:1 ratio; however, signifi-
cant GH was observed, indicating the presence of different
segregation patterns among mother trees (Tab. I). The major-
ity of allelic combination deviated significantly from the 1:1
Mendelian expectation, in both pooled (GP) and heterogene-
ity (GH) tests (Tab. I). In most cases, deviations were mostly
caused by the unexpectedly higher frequency of one allele over
the other (e.g., allele 152 base-pair of UBCLXtet_2-11 locus)
(Tab. I).

Segregation analysis of the 14 wind-pollinated progeny pro-
duced excessive departure from the expected 1:1 Mendelian
mode of inheritance. This higher than expected segrega-
tion distortion could arise from inbreeding depression (Tani
et al., 2004); however, both pedigree and mating system anal-
yses indicated that inbreeding was minimal (see below). In
fact we did not observe any evidence supporting heterozy-
gote excess. We conducted a total of 51 G-tests on individ-
ual progeny data, with only seven producing significant ex-
cess of heterozygosity with only two showing possible impact
on the results of G-tests (result not shown). Segregation dis-
tortion can arise from many ways, such as residual heterozy-
gosity in parental lines that resulted in complication of al-
lelic assignment and difficult linkage determination (Cloutier
et al., 1997), or a simple mutation occurring within the binding
site for a DNA marker (Smith et al., 1997). Genetic analysis
of PCR based marker depends on amplifying the variability
in the length flanking with oligoprimers. Any mutation occur-

ring within the DNA complementary to the oligoprimer may
inhibit or completely prevent their binding, leading to an ab-
sence of PCR product. These “null” alleles will not neces-
sarily be recognized when there is a product from the other
homologue, and this may lead to an underestimate of marker
heterozygosity and to apparent incompatibility of genotypes
within a family. Null alleles have long been known for pro-
tein polymorphisms, VNTR (Variable Number of Tandem Re-
peats) markers (Chakraborty et al., 1992), microsatellite mark-
ers (Liewlaksaneeyanawin et al., 2002) and have been recog-
nized, together with population subdivision, as a major factor
in depression of observed heterozygosity, compared with that
expected on the basis of Hardy-Weinberg equilibrium (Callen
et al., 1993).

Microsatellite markers’ null alleles were frequently ob-
served in coniferous tree species with reported within-
population frequencies as high as 35% (Pinus radiata: Fisher
et al., 1998; Cryptomeria japonica: Moriguchi et al., 2003;
Picea abies: Yazdani et al., 2003). Null alleles also varied
among populations within species indicating that their pres-
ence is population-specific rather than species-pandemic (Tani
et al., 2004). In the present study, significant presence of
null alleles was observed at three primers (UBCLXdi-21,
UBCLXtet_2-12, and UBCLXdi_16; Tab. I). Generally, the
frequent presence of segregating null alleles found in mi-
crosatellite loci calls for some caution when using untested
microsatellites as genetic markers, where underestimated
heterozygosity and false parentage assignment could occur
(Liewlaksaneeyanawin et al., 2002; Pemberton et al., 1995).

3.2. Mating system analysis

High single- (ts = 85 ± 0.023) and multi-locus (tm =
97±0.013) outcrossing rates were obtained from the 14-family
array, indicating that outcrossing is predominant in this experi-
mental population. Similar outcrossing rate estimates were ob-
served in natural populations of the same species (El-Kassaby
and Jaquish, 1996). Multi-locus correlated paternity ((rpm);
correlation of outcross paternity within progeny arrays) was
low (0.074 ± 0.013), indicating the presence of multiple par-
ents participating in pollination, and was similar to those re-
ported in the species’ natural populations (El-Kassaby and
Jaquish, 1996). While the mating system analysis is informa-
tive, it falls short of providing an estimate of pollen migra-
tion to the orchard (contamination). El-Kassaby and Ritland
(1986) highlighted the relationship between outcrossing rate
and pollen migration and demonstrated that the higher the
gene flow the higher the observed outcrossing, thus it should
be stated that most seed orchards reported outcrossing rate es-
timates are inflated by gene flow. The multi-locus correlated
paternity estimate also provided an indication of the correla-
tion of outcross paternity within progeny arrays; however, it
did not assess which males contributed to this estimate or the
different male-female pollination success (Fig. 2).
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Table II. Summary of parentage analysis of 14 half-sib families with
known mother genotypes at 95% confidence levels.

Parent ID No. of full-sib groups No. of offspring

Assigned at 95% Not assigned

3 15 26 14

4 17 31 6

7 13 29 11

9 13 30 10

14 18 31 7

19 15 35 5

20 15 34 6

21 15 29 11

24 18 31 8

25 21 37 2

30 22 34 6

34 13 32 7

39 14 26 14

40 12 25 14

Total 221 430 121

3.3. Paternity analysis

A total of 430 out of 551 (78%) embryos were assigned to
one of the 41 potential male parents (Tab. II). Additionally a
subset of 46 out of the assigned embryos were found to be
the product of selfing (mating within tree or among ramets of
the same clone) resulting into an estimate of outcrossing rate
of 91.7%, an intermediate value between the observed single-
(ts = 85 ± 0.023) and multi-locus (tm = 97 ± 0.013) outcross-
ing rates obtained from the mating system analysis (above).
The observed variability between the two estimation methods
(i.e., paternity vs. multilocus mixed-mating model) reflects the
difference between the “exact” nature of paternity analysis and
the estimation protocol of the mating system model that does
not account for the presence of null alleles (i.e., offspring pro-
duced from gametes with null alleles are considered as the
product of outcrossing even if they are originated from the
same parent).

The remaining unassigned 121 (22%) could be either the
product of gene flow from the neighbouring orchard or their
genotypes were not informative enough for assignment to any
of the orchard’s 41 parents (i.e., type II error (false exclu-
sion) (Kalinowski et al., 2007; Oddou-Muratorio et al., 2003;
Vandeputte et al., 2006)) or a combination of the two. It is also
possible that some of the assigned embryos could be the prod-
uct of type I error (false assignment) (Kalinowski et al., 2007;
Oddou-Muratorio et al., 2003; Vandeputte et al., 2006); how-
ever, the set of embryos used for the mode of inheritance anal-
yses were the same used in paternity analysis, thus it is un-
likely that false assignment has a significant contribution. The
number of unassigned embryos/female parent varied between
2 (Family 25) and 14 (Families 3, 39, and 40), this could be
a function of female receptivity timing with outside pollen

and/or the lack of informative nature of the embryos’ geno-
types (Tab. II).

The pedigree reconstruction produced 221 full-sib families
nested within the 14 maternal half-sib families with a range of
12 (Family 40) to 22 (Family 30) full-sibs (Tab. II), indicating
the effectiveness of pollination within the seed orchards (i.e.,
availability of many male parents for pollinating receptive
females). The males’ half-sib family size ranged between 0
(Families 29, 31, 37, 38) and 46 (Family 7) (Fig. 1), highlight-
ing the effectiveness of spatial separation and randomization of
ramets and clones within the seed orchard’s grid that allowed
tested parents’ seed-cones to act as an effective pollen trap
for providing an accurate assessment of pollination. Addition-
ally, the slight observed variation among males’ half-sib fam-
ily sizes could also be caused by reproductive temporal sep-
aration (Fig. 1). The distribution of full-sib families and their
size within and among parents varied and ranged between 1
and 8, with a large component of small size (1 to 3) (Fig. 2).
This is expected considering the compactness of pollination
season in interior British Columbia that is characterized by its
abbreviated spring period caused by increased rate of accu-
mulation of heat-sums over very short period of time (sudden
shift from winter to summer seasons; El-Kassaby, personal
observation) and the tested seed sample size of 40. Approx-
imately 50, 75, and 90% of the within orchard’s pollen pool
was produced by the top 8 (25%), 15 (37%), and 25 (61%)
parents, respectively, and conversely, the remaining 10% was
produced by the lowest 16 (39%) parents. The use of SSR
markers and paternity analysis confirmed the presence of male
fertility variation within the studied seed orchard as reported,
for instance, in Cryptomeria japonica (Moriguchi et al., 2004),
Pseudotsuga menziesii (Slavov et al., 2005), and Prunus avium
(Mariette et al., 2006), a difficult assessment to make based on
pollen-cone count surveys which assume that reproductive en-
ergy is equal to reproductive success (Kang, 2000; Kang and
Lindgren, 1998).

When the SSR-based observed male gametic contribution
was used to estimate the within orchard male effective popu-
lation size (♂Ne), an estimate of 21 was produced. This value
is significantly lower than the orchard’s male census number
of 41 or 33 (after considering variation in clone size). Similar
results were also reported by Slavov et al. (2005) who studied
male reproductive success in a Pseudotsuga menziesii seed or-
chard. The number of seeds fathered in their samples from a
test block ranged from 1 to 17, leading to a substantial de-
crease in the effective number of parents from 40 (the seed
orchard’s census number) to 20 (Slavov et al., 2005). In the
present study, the impact of reduced male effective population
size, estimated based on either DNA or male reproductive out-
put assessment on genetic gain estimation was not substantial,
yielding ΔG of 15 and 16, respectively. We attribute this slight
difference to the small range of breeding values among the or-
chard’s clones (range: 10–26).

Knowledge of pollen dispersal within a seed orchard is es-
sential for the development of new orchard designs and the
development of effective management practices (Adams and
Birkes, 1989; Wheeler et al., 1992). The identification of male
parents’ reproductive success is considerably more difficult
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Figure 1. Paternal HS family size listed in a descending order.

Figure 2. The distribution of 221 full-sib families from 14 wind-pollinated western larch seed donors.

(Devlin and Ellstrand, 1990). The measure of pollen move-
ment is often tracked by the movement of pollinators, marker
dyes (Linhart et al., 1987) or marked pollens (Greenwood,
1986; Levin and Kerster, 1969). These methods become im-
practical when large numbers of different pollinators are in-
volved, the host plants are large or basically the number of
the pollen resource is beyond manageable. Moreover, pollen
dispersal based on directly measuring physical pollen move-
ments may not always reflect actual fertilization and gene
flow (reviewed in Dow and Ashley, 1998). Therefore, pollen
dynamics/dispersal is best assessed directly using molecular
markers (Brown, 1988). With the advantage of the high poly-
morphism of microsatellite markers, a high exclusion proba-

bility can be provided owing to their co-dominant inheritance
and high number of alleles.

In the present study, we demonstrated the usefulness of SSR
markers in pedigree and mating analyses and identified 221
full-sib families within the studied 14 wind-pollinated (half-
sib) families at a 95% confidence level. We have demonstrated
the presence of male fertility variation resulting into fewer
males successful siring the majority of the 14 studied female
parents’ offspring. In conclusion, the reported genetic evalu-
ation of mating dynamics in the studied seed orchard would
not have been possible without the use of informative markers
such as SSRs and the recent theoretical development of pater-
nity analysis.
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