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i. Summary/Abstract 

Microarrays and RNA-seq (RNA sequencing) are powerful technics to assess transcript 

abundance in biological samples and to improve our understanding of the relationship between 

genotype and phenotype. Tshz3+/- heterozygous mouse is a model for a human 19q12 syndrome 



characterized by autistic traits and renal tract defects [1]. To unravel renal tract pathological 

mechanisms, we took advantage of Tshz3 mouse and performed comparative genome-wide 

expression profiling on embryonic ureter and/or kidney. 
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1. Introduction 

During the last three decades, the rapid development of genomic tools has offered the 

possibility to perform genome-wide analyses to identify changes associated with gene 

mutation in human and model organisms. In particular, transcriptomic analyses using 

microarrays and RNA-seq have improved our understanding of the molecular and 

cellular mechanisms occurring during the normal and pathological development of 

different model systems.  

Historically, miniaturized microarrays prepared by high-speed robotic printing of 

complementary DNAs on glass began in the mid-1990s [2] and the first complete 

eukaryotic genome was placed on DNA chip in 1997 [3]. Since its first research use, 

different innovations (i.e. fabrication, robotics, informatics and bioinformatics) have 

dramatically improved the efficiency of microarray and reduced the cost of this 

technology. Nowadays and despite the improvements mentioned above, microarrays 

are challenged by RNA-seq, a high-throughput DNA sequencing method, allowing 

mapping and quantifying transcriptomes [4-6]. Indeed, RNA-seq, which uses next 

generation sequencing (NGS) technologies, presents several advantages compare to 

microarray. It does not depend on existing knowledge about genome sequence (in 

other words “you don’t need to know what you sequence”), it has very low background, 



it allows quantification of expression levels, it is highly accurate and results are very 

reproducible. 

Both microarrays and RNA-seq have revolutionized the way we probe whole-genome 

transcriptome, enabling us to generate, analyse and explore the transcriptome for a 

number of species, organs and cell types. In developmental biology, these technologies 

are methods of choice to profile differentially expressed genes between different 

experiment conditions (i.e. healthy vs. mutant tissues; time point 1 vs. time point 2), 

which allow understanding transcriptomic dynamics in time and space, and 

comparison between mutant and normal conditions. 

We combined mouse genetics and gene expression profiling to provide new insight 

into the role of differential gene expression in normal and pathological renal tract 

development. More specifically, we took advantage of Teashirt 3 (Tshz3) mutant mice 

that exhibit congenital junction obstruction (PUJO) with defective smooth muscle 

differentiation and absent peristalsis in the proximal ureter [7,8]. PUJO affects 0.3% 

of human births and in human, TSHZ3 is expressed in peri-urothelial cells of the 

proximal ureter and renal pelvis [9]. More recently, TSHZ3 was identified as a gene 

candidate for a syndrome characterized by autistic traits and renal tract defects [1]. 

Therefore, deciphering the molecular functions of Tshz3 would be valuable to 

understand the basis of this syndrome. To this aim, we combined mouse genetics and 

gene expression profiling to provide new insight into the role of differential gene 

expression in normal and pathological renal tract development. We used microarray 

to evaluate up-regulated or down-regulated genes in Tshz3lacZ/lacZ mutant ureters at 

mouse Theiler stage 22 (TS22; Embryonic stage (E) 14.5) and at TS24-25 (E16.5). At 

E14.5, which corresponds to the onset of the myogenic program and at E16.5, when 

smooth muscle cells (SMCs) express the full repertoire of differentiation marker 



genes. Recently, we have examined the differences in mRNA expression in TS20 

(E12.5) Tshz3lacZ/lacZ mutant ureters and/or kidneys using RNA-seq. 

 

2. Materials  

2.1 Dissection and sample collection 

1. Dissecting microscope with transillumination from bellow and fiber-optic from 

above. 

2. Petri dishes (35mm or 65mm) filled with silicone 

3. Disposable plastic container with disposable stir stick 

4. Tungsten needles inserted into a needle holder 

5. Dissecting instruments: Scissors, microdissecting scissors and forceps 

6. Phosphate-buffered saline (PBS; 1X). To prepare 1 liter (L) of 1x PBS, dissolve 8 

g of NaCl, 0.2 g of KCl, 1.44 g of Na2HPO4, 0.24 g of KH2PO4 in 800 mL of H2O. 

Adjust the pH to 7.4 with HCl. Add H2O to 1 L (see Note 1). 

7. Liquid nitrogen or dry ice (see Note 2). 

 

2.2 mRNA isolation 

1. Lab protocol for mRNA isolation or kit/reagents from your favourite 

manufacturer. 

2. Ad hoc machines to control RNA quality, integrity and purity (see Note 3). 

3. 26G needles 

4. Eppendorf tubes 

5. RNase-, DNase- and protease-free molecular grade water (see Note 3). 

 

3. Methods  



3.1 Dissection and sample collection 

1. Tshz3 mutant and wild-type kidneys and ureters were collected at E12.5 for RNA-

seq and at E14.5 and E16.5 for microarrays.  

2. For the dissection, embryos were placed on petri dishes (35mm or 65mm) containing 

a silicone pad and covered with 1x PBS (see Note 4).  

3. Dissections were performed mainly as described in “Dissection of embryonic mouse 

kidney, culture in vitro, and imaging of the developing organ” [10] and “Mouse 

urogenital development: a practical approach” [11]. For E12.5 samples, we adapted 

the protocol to improve the speed of the dissection (see Note 5).  

4. E12.5 samples were placed in an Eppendorf directly in liquid nitrogen (see Note 2) 

and keep frozen at -80 °C until RNA extraction. Upon dissection, E14.5 and E16.5 

ureters were immediately drop into ready-to-use reagent for the isolation of total RNA 

according to manufacturer's instructions. 

3.2 mRNA isolation 

1. Tissue was homogenized using a 26-gauge needle attached to a sterile plastic 

syringe.  

2. Total RNA was extracted using a RNA extraction kit according to manufacturer's 

instructions. The procedure allows 1) to lyse the tissue with a denaturing guanidine-

isothiocyanate-containing buffer, which inactivates RNAses to prevent RNA 

degradation; 2) to eliminate the DNA, ribosomal RNA and tRNA (see Note 6).  

3. The integrity of RNA was assessed using a chip-based capillary electrophoresis 

machine and RNA concentration determined using a full spectrum (220-750 nm) 

spectrophotometer (see Note 3). 

[Insert Figure 1 & Figure legend in this chapter] 

3.3 Data acquisition microarrays 

1. Label protocol: cRNAs for hybridisation to “Provider A” arrays were prepared 



from 100 ng total RNA using the wild-type expression kit from “Provider A”. 

2. Hybridization protocol: Labelled-cRNA was fragmented and hybridised to 

mouse gene arrays (Provider A) following manufacturer’s protocols. Three 

independent RNA preparations (triplicate) from the four different conditions [wild 

type and mutant at E14.5; wild type and mutant at E16.5] were processed and 

hybridised on Mouse Gene Arrays. 

3. Data processing: Arrays have been quantile-normalize with respect to the probe 

GC content using the RMA algorithm (GC contend adjustment, RMA background 

correction and mean probe set summarization). Not or low expressed transcripts have 

been removed by a maximum expression cutoff < 100. The data filtering result in 

173,540 of 234,872 probe sets and 22,495 meta-probe sets. After normalization the 

arrays have been checked for outlier using the principal component analysis using a 

correlation dispersion matrix and normalized Eigenvector scaling. No outlier has been 

detected. Differential expression of summarized gene level expression was calculated 

using the Partek two way ANOVA statistic followed by a FDR multiple testing 

correction. Resulting p-values and FDR values indicating the probability of differential 

expression in state (wild type / knock out), stage (embryonic stages 14 and 16). 2240 

transcript clusters with an ANOVA FDR < 0.05 in one of the conditions (state, stage, 

state*stage interaction) have been defined as the significant differential expressed 

subset. 

4. Analysis & interpretation 

We have four conditions that we can compare: E14.5 WT, E16.5 WT, E14.5 

Tshz3lacZ/lacZ (E14.5 KO) and E16.5 Tshz3lacZ/lacZ (E16.5 KO). We previously reported 

that myocardin (Myocd), a master regulator of the smooth muscle gene expression[12], 

was not expressed in the Tshz3lacZ/lacZ mutant ureteral mesenchyme[7]. We used Myocd 



as an internal control (see Note 7). In both E14.5 Tshz3lacZ/lacZ compared to E14.5 WT 

(E14.5 KO vs. WT) and in E16.5 Tshz3lacZ/lacZ compared to E16.5 WT (E16.5 KO vs. 

WT) ureters, Myocd showed the third strongest down-regulation; Thus for these two 

conditions, statistically significant (p < 0.05), differentially expressed genes (DEGs) 

were consider for future investigation (see Note 7). Among the 22,495 genes present 

on the mouse genechip, we identified 2311 DEGs in WT E16.5 vs. E14.5 and 3614 

genes in KO E16.5 vs. E14.5. Using an absolute fold change cut off value of 1 in log2 

scale we identified 1112 down-regulated and 1199 up-regulated genes in WT E16.5 vs. 

E14.5 and 1851 down-regulated and 1763 up-regulated genes in KO E16.5 vs. E14.5. 

To characterize the dynamic regulation of gene expression we used Venny2.1[13]. This 

approach allowed comparing the gene expression patterns and showed that the absence 

of Tshz3 leads to a massive modification of gene regulation. The two conditions 

identified 4206 DEGs. 2049 being up-regulated and 2163 down-regulated. 15.7% of 

the DEGs were unique to WT E16.5 vs. E14.5 (302 up-regulated and 359 down-

regulated) and 46% were exclusively found in KO E16.5 vs. E14.5 (858 up-regulated 

and 1076 down-regulated). 38.2% were common to both conditions (883 up-regulated 

and 722 down-regulated). Lastly, only 6 genes showed inverted patterns: 4 were up in 

WT and down in KO and, 2 were down in WT and up in KO (see Note 8). 

[insert here the Figure 2 and its accompanying legend] 

3.4 Data acquisition RNA-seq 

1. Random primed cDNA library: Starting material: 1µg Total mRNA (minimum 

500ng); Concentration > 20 ng/ µl); Purity: OD 260/280: 1.8; RNA Integrity Number 

(RIN) ≥ 8 (see Note 3). Dissolved in RNase-, DNase- and protease-free molecular 

grade water (see Note 9). To obtain two independent total RNA samples from the two 

different conditions (wild type: WT1 & WT2; mutant: KO1 & KO2) we dissected and 



pooled a minimum of 8 ureters in each preparation. Upon purification, poly-A 

containing mRNA were fragmented and cDNA were prepared by random-

primed synthesis.  

2. Sequencing:  

Run type: pair end; read length: 2 x 50 bp. 

Sample (S) WT1, Sequenced reads (SR) 38,564,100; S WT2, SR 52,609,430; S 

KO1, SR 65,805,700 and S KO2, SR 49,445,500 

 

3. Data processing:  

The raw data (sequences; fastq format) (see Note 10) were mapped to the mm10 

version of the mouse genome to generate Sequence Alignment/Map (SAM/BAM) 

format. SAM is a tab-delimited alignment format consisting of a header section and 

an alignment section with 12 columns. BAM is the compressed, indexed and binary 

version of SAM format. SAM/BAM are also essential and precious, because this is 

what is mapped and hence used to count reads. After normalization, analysis of 

differentially expressed genes (DEGs) was performed using both the Bioconductor 

package DESeq/DESeq2 and the package edgeR. This analysis generated differential 

expression lists with False Discovery Rates (FDRs), which are derived from p-values 

corrected for multiple testing using the Benjamini-Hochberg method. 6 files in total 

were generated: FDR 1%, 5%, 10% for both UCSC (transcripts) and ENSEMBL 

(genes). 

3.5. Analysis & interpretation of RNA-seq data 

These data are currently under investigation to validate potential differentially expressed 

genes (DEGs) using in situ hybridization (ISH), immunodetection and/or qRT-PCR 

4. Notes  



1. Dispense the solution into aliquots and sterilize them by autoclaving for 20 

minutes at 15 psi (1.05 kg/cm2) on liquid cycle or by filter sterilization. Store 

at room temperature. You can also follow the same protocol to prepare a 10X 

PBS stock solution using 80 g of NaCl, 2 g of KCl, 14.4 g of Na2HPO4, 2.4 g 

of KH2PO4. 

2. Because of its properties (extremely cold (boiling point -196°C), small 

volumes vaporize to give large volumes of gas (1 litre gives 0.7 m3 of gas) 

which will displace oxygen in air) liquid nitrogen can cause sever burn-like 

damage to the skin and the low temperature of the vapour can cause damage 

to softer tissues (e.g. eyes, lungs), it is highly recommended to know how to 

transport and handle liquid nitrogen. 

3. To determine RNA quantity and purity the best way is to measure UV 

absorption of sample using a spectrophotometer requiring 1-2µl of sample. 

Ideally, this spectrophotometer contains preset programs RNA measurements 

that automatically read the OD at 260, 280 and 230. The concentration of the 

RNA can be determined by measuring the OD260. A solution of RNA whose 

OD260 = 1 contains ± 40 µg of RNA per milliliter. The OD260/OD280 ratio is 

an indication of the level of protein contamination in your sample. Pure RNA 

has an OD260/OD280 ratio of 2.1 (1.8 < OD260/OD280 < 2.0 are considered 

acceptable). Depending on the isolation protocol you used to extract RNA, 

your sample can also contains contaminant (e.g. guanidine salts, phenol). A 

high peak at OD230 indicates contamination. 1.5 < OD260/OD230 is considered 

as an ideal ratio. 

Remember the best measurements are obtained 1) when RNA is solubilized 

in Tris EDTA (TE) buffer, 2) the blank solution is the same solution the RNA 



is diluted in and 3) RNA concentration below 20 µg/mL does not give 

reliable measurements. 

To check for RNA integrity the best is to use a Bioanalyzer using a small 

amounts of RNA (1-2 µL). Moreover, the analyzer determines an RNA 

Integrity Number (RIN) to standardize between RNA samples. These 

apparatus are expensive. If you don’t have access to an analyzer, you can still 

run the RNA on a 1% standard agarose gel and examine the ribosomal RNA 

(rRNA). mRNA runs between the 2 ribosomal bands (28S – 18S in 

eucaryotic cells; 23S – 16S in bacteria cells) and might be seen as a smear. A 

smear below the lower rRNA band (18S or 16S) suggests that the RNA is of 

poor quality. If you find that your RNA is degraded, you should prepare new 

RNA for your experiment. 

4. To prepare the pad, use a disposable plastic container and a stir stick to make 

the elastomer (silicone) according to the manufacturer's instructions. Pour the 

elastomer into petri dishes, filling them a third to half way through. Let dry the 

dishes covered for ± 24 hours at room temperature.  

5. For dissecting the E12.5 kidney/ureter we cut embryos below the upper arms 

to keep the posterior half. We eliminated all the structures except the gonads 

and renal tract that are attached to the back. Kidneys and ureters were 

dissected using forceps and/or needles and put in an Eppendorf tube using a 

small spoon.  

6. RNA purification should follow tissue isolation as quickly as possible. If not 

possible immersed the tissues in a RNA stabilization solution or froze them 

(i.e. liquid nitrogen; dry ice) to prevent alteration in the transcript profile. 

Samples for a given experiment should be collected following the same 



protocol. 

7. We noticed that Myocd levels were not significantly affected in E16.5 WT 

compared to E14.5 WT (WT E16.5 vs. E14.5) ureters, suggesting that at E14.5 

Myocd expression has already reached a plateau. This result was also observed 

in E16.5 Tshz3lacZ/lacZ compared to E14.5 Tshz3lacZ/lacZ (KO E16.5 vs. E14.5) 

ureters. For these two conditions, in order to keep Myocd in our analysis, we 

had to use a p < 0.057 in E14.5 KO vs. WT and p < 0.055 in E16.5 KO vs. 

WT, indicating that in vivo data could be helpful to choose a threshold when 

performing a global analysis. 

8. The data mentioned here are accessible through GEO Series accession number 

GSE43940 at: 

(http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE43940). 

9. The best is probably to buy a RNase-, DNase- and protease-free molecular 

grade water from a provider. Otherwise you should use “ultra pure” MilliQ 

(reverse osmosis purified) water or double distilled water. Add 1 ml DEPC 

(Diethylpyrocarbonate) per 1L of water (i.e. to a final concentration 0.1%). 

Mix thoroughly and let incubate for 12 hours at 37°C. Autoclave DEPC-mixed 

water for 15 minutes. DEPC inactivates RNases by covalent modification and 

0.1% DEPC is probably sufficient to inactivate most RNase contamination (the 

efficacy of the DEPC in inactivating the RNase depends on the concentration 

of RNase but increasing the concentration of DEPC can affect the quality of 

RNA). The autoclaving step inactivates the DNases and removes all traces of 

DEPC. 

10. One backup copy of the raw data (sequences) should be kept preciously and 

never use for analysis. 
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Fig. 1 Workflow of samples for RNA-seq (left) and microarray (left)



Fig. 2 Differentially expressed genes in wild-type and mutant ureters. Statistically significant 
differentially expressed genes in the comparison made between WT E16.5 vs. E14.5 and 
KO E16.5 vs. E14.5
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