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Abstract

Sexually dimorphic establishment of the reproductive tract system requires sex-specific regression
of the Wolffian duct and Mllerian duct in the mesonephros. In an XX embryo, the Wolffian duct
regresses under the control of the mesenchymal transcription factor COUP-TFII. To understand
cellular and molecular actions underlying Wolffian duct regression, we performed transcriptomic
analyses of XX mesonephroi with or without Coup-tfl/ and genome-wide analysis of COUP-TFII
chromatin occupancy in XX mesonephroi. The integrative analysis of COUP-TFII genome-wide
binding and transcriptomic analysis revealed the suppression of muscle differentiation and
extracellular matrix genes by COUP-TFII and identified a group of COUP-TFII’s potential
transcriptional partners in the mesenchyme that potentially facilitate Wolffian duct regression.
These findings provide insights into the molecular action of COUP-TFII in the Wolffian duct
mesenchyme and identify a list of biologically relevant candidate genes and pathways for future
functional analyses in sexual differentiation of reproductive tracts.
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Introduction

Sexually dimorphic establishment of reproductive tracts require sex-specific regression of
primitive male and female reproductive tracts, also known as Wolffian and Mllerian ducts,
respectively [Zhao and Yao, 2019a]. In most mammals, before sexual differentiation, the
Wolffian and Mallerian ducts co-exist in the mesonephros of both XX and XY embryos
[Shaw and Renfree, 2014]. During sexual differentiation, fetal ovaries in XX embryos do not
produce androgens, the predominant hormone that maintains the survival of Wolffian ducts
[Jost, 1947, 1953; Murashima et al., 2011]. As a result, the Wolffian ducts regress.
Therefore, Wolffian duct regression was thought to be a default and passive process that
occurs in the absence of androgen actions [Jost, 1947, 1953]. However, we discovered that
Wolffian duct regression in the mouse embryo is promoted by a local mesenchymal
transcriptional factor, chicken ovalbumin upstream promoter transcription factor Il (COUP-
TFII, or NR2F2) [Zhao et al., 2017]. COUP-TFII is expressed in the mesenchymal
compartment of a variety of tissues and plays critical roles in embryonic and fetal organ
development [Takamoto et al., 2005; Tang et al., 2010; Yu et al., 2012]. Absence of Coup-
tfllin the mesenchyme of the mesonephros led to ectopic maintenance of Wolffian ducts in
XX embryos independent of androgen actions [Zhao et al., 2017]. This phenotype is similar
to the retention of Wolffian duct remnants (also known as mesonephric duct remnants or
Gartners’ ducts) in XX patients. Although retention of Wolffian duct remnants in XX
individuals are clinically asymptomatic on most occasions, residual tissues can undergo
malignant transformations, developing cystic masses [Bats et al., 2009; Tiwari et al., 2014;
Davidson and Barber, 2017].

In this study, we identified potential factors responsible for Wolffian duct regression by
comparing the transcriptomes between control XX (proper Wolffian duct regression) and
Coup-tfil knockout XX (Wolffian duct retention) without the complication of androgen
action. Since COUP-TFII is a transcriptional factor, we also sought its genome-wide bound
chromatin regions and the potential direct targets of COUP-TFII by chromatin
immunoprecipitation followed by sequencing (ChlP-seq) assays in XX mouse mesonephroi.
These strategies yielded a list of biologically relevant genes and pathways that serve as an
entry point for future functional analyses and understanding of the etiologies of human
disorders of sex development.

Materials and Methods

Mouse models

Wie1CTeERTZ knock-in mice (Stock # 010912) in mixed genetic backgrounds (C57BL/6,
Swiss Webster, and B6129SF1/J) was purchased from Jackson Laboratories (Bar Harbor,
ME). Generation of the floxed Coup-tff/ mice was described in our previous work
[Takamoto et al., 2005]. Timed mating was produced by housing two females with a male.
Vaginal plugs were checked daily, and the day when the vaginal plug was found was
designated as embryonic day EO.5.

Wi1CeERTZ: Coup-tfI17f mouse was used for Coup-tfl/ knockout in the mesonephros as
previously described [Zhao et al., 2017]. CreERT2 activity in the fetal embryos was induced
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by intraperitoneal injection of 2.5 mg tamoxifen (T-5648, Sigma) per dam once daily on
E11.5 and E12.5. The WtICe Coup-tfIl7fand Wit1Ce*:Coup-tfllf/fembryos were
designated as the control and knockout, respectively. Mesonephroi were collected on E14.5,
the time of initiation of sexual differentiation of reproductive tracts.

All animal procedures were approved by the National Institute of Environmental Health
Sciences (NIEHS) Animal Care and Use Committee and are in compliance with a NIEHS-
approved animal study proposal and public laws.

Microarray analysis

Gene expression analysis was conducted using GeneChip® Mouse Transcriptome Array 1.0
(Affymetrix, Santa Clara, CA) on four biological replicates (one pair of E14.5 mesonephros)
for each genotype. One hundred ng of total RNA was amplified as instructed in the
Affymetrix 3’ IVT Express kit protocol. Amplified biotin-aRNAs (12.5 pg) were fragmented
and 10 pg were hybridized to each array for 16 hours at 45°C in a rotating hybridization
oven using the Affymetrix Eukaryotic Target Hybridization Controls and protocol. Array
slides were stained with streptavidin/phycoerythrin utilizing a double-antibody staining
procedure and then washed for antibody amplification according to the GeneChip
Hybridization, Wash and Stain Kit and user manual. Arrays were scanned in an Affymetrix
Scanner 3000 and data were obtained using the GeneChip® Expression Console Software
(AGCC; Version 1.2) using the MASS5 algorithm. The resulting data were processed using
Partek Genomic Suite Software. The cutoff for identifying differentially expressed genes is
fold-change >1.2 and P < 0.05.

ChlP-seq assays and analysis

XX mesonephroi from E14.5 CD1 embryos were snap-frozen and stored at —80°C. Two
independent ChlP-seq experiments were performed by Active Motif Inc. (Carlsbad, CA)
using 20-30 pug of sheared chromatin from pooled embryonic mesonephroi (n = 80-100
mesonephroi/ChlP), and 4 ug of COUP-TFII rabbit antibody (Active Motif cat # 61213).
ChiIP-seq libraries were sequenced as single-end 75-bp with an Illumina NextSeq 500, then
filtered to retain only reads with average base quality score > 20. Adapter sequence was
trimmed from the ends of reads with Cutadapt v1.2 [Martin, 2011] with parameters ‘-a
AGATCGGAAGAG -0 5 -q 07; reads less than 30bp in length after trimming were excluded
from further analysis. Filtered and trimmed reads were mapped against the mouse mm10
reference genome using Bowtie v1.2 (61) with parameter ‘-m 1’ to collect only uniquely-
mapped hits. Duplicate mapped reads were removed using Picard tools MarkDuplicates.jar
(v1.110). The number of uniquely-mapped non-duplicate reads for each biological replicate
was 25,975,313 and 27,234,399. After merging the replicates, binding regions were
identified by peak calling using HOMER v.10.3 (62) with parameters “-style factor -fdr
0.00001". Called peaks were subsequently redefined as 300bp centered on the called peak
midpoints. Enriched motifs were identified using HOMER findMotifsGenome.pl known
motif analysis with parameter “-size given’.

The genomic context of COUP-TFII peaks was determined by finding if peaks overlapped
the following regions, defined by Gencode VM18 gene models, Upstream = from —10kb to
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—1kb from TSS; TSS proximal = from —1kb to the TSS; Gene body = from TSS to TES;
Intergenic = everything that does not fall in any of the above categories. In cases where a
peak overlapped more than one type of area, the assignment of context was made based on
the priority order of TSS proximal > upstream > gene body > intergenic. For the purposes of
integration with transcriptomic analysis, TSS proximal peaks were assigned to the nearest
gene based on distance to TSS with maximum distance 1kb. The ChlP-seq data are available
in GEO under accession GSE157836 (http://www.ncbi.nlm.nih.gov/geo/).

Real-time PCR

Collected E14.5 mesonephroi were snap-frozen. RNA extraction and first strand cDNA
synthesis from 150 ng RNA were performed using PicoPure RNA lIsolation kit (Life
technologies, USA) and the Superscript 11 cDNA synthesis kit (Invitrogen, USA),
respectively, according to manufacturer’s protocols. SYBR primer pairs (Supplementary
table 1) were used to run thermal cycles in the Bio-Rad CFX96 Real-Time PCR Detection
system. Tagman gene-expression probes (AVr2f2, Mm00772789_m1 and Gapdh,
mm99999915 g1) were used for examining the relative Nir2f2 expression. All samples were
analyzed in duplicate and normalized to the housekeeping gene Gapdh. The relative
expression was reported as a ratio of the expression of genes in knockout mice relative to
those of wild type mice.

Immunofluorescence

Mesonephros and gonad complexes were fixed in 4% paraformaldehyde at 4°C overnight.
Tissues and sections were processed for immunostaining as previously described [Zhao et
al., 2017]. Tissues were dehydrated, embedded, and cyrosectioned at 10 pm. The sections
were subjected for antigen retrieval (for detection COUP-TFII and TWIST1) using
commercial antigen unmasking solution (H-3300, VECTOR) and underwent
immunostaining procedures. The following primary antibodies were used: mouse anti-
COUP-TFII (1:300, PP-H7147-00, R&D systems) and mouse anti-TWIST1 (1:200,
ab50887, Abcam). The secondary antibodies conjugated with different fluorescent dyes were
used (1:200): Alexa Fluor@ 488 and 568 donkey anti-mouse 1gG. All the results were
imaged under Leica DM14000 confocal microscope.

Statistical analysis

Results

Quantitative data is presented as mean+SEM. Sample sizes are N=4 in each group in RT-
PCR results. A minimum of three biological replicates were used in immunofluorescence.
Two-tail Student’s t test was used for evaluating significant differences. The significance
level was set at p<0.05.

Transcriptomic changes in the Wolffian ducts of XX mesonephroi in the absence of COUP-

TFII

Wolffian duct regression in the normal XX mesonephros is promoted by the transcriptional
factor COUP-TFII in the mesenchyme [Zhao et al., 2017]. To identify potential factors and
signaling pathways downstream of COUP-TFII action in Wolffian duct regression, we
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compared the transcriptomes between control and Coup-tfl/ knockout XX mesonephroi at
E14.5 when Wolffian ducts regression starts (Fig. 1A). In the absence of COUP-TFII action,
expression of 526 genes was altered in the XX mesonephros, with 228 downregulated and
298 upregulated (Fig. 1B). Coup-tfll (or Nr2f2, FC=-2.51) was the most downregulated
gene, confirming the effective Coup-tfl/ ablation in this mouse model. The most upregulated
gene (FC=3.53) in the absence of Coup-tfllwas an extracellular matrix protein Dpt
(Dermatopontin). To further validate our microarray results, we performed RT-PCR for the
top 20 down- and up-regulated genes (Supplementary tables. 2 & 3), including the
upregulated genes Dptand ActaZ and the downregulated gene 7m4sf5 (Fig. 1C and
supplementary figure 1). We confirmed most of these differentially expressed genes
identified in our microarray (Supplementary figure. 1). Of note, Acta2 was one of the top
upregulated genes, known to be suppressed by COUP-TFII /n vitro [Bailey et al., 1998; Xie
etal., 2011] and /n vivo [Lee et al., 2017].

To identify signaling pathways that may be involved in COUP-TFII mediated Wolffian duct
regression, we performed IPA analysis to uncover upstream regulators which may control
the observed expression changes upon Coup-tfll ablation [Kramer et al., 2014]. The analysis
suggested TGFBL1, estrogen, progesterone, TNF, and TWIST1 signaling were enriched in the
differential genes (Fig. 1D and supplementary table 4). TGFB1 signaling is known to be
involved in Wolffian duct development [Hannema and Hughes, 2007]. Estrogen [Kurihara et
al., 2007], progesterone [Kurihara et al., 2007], and TNF signaling [Li et al., 2013] were
documented to interact with COUP-TFII in stromal compartment of adult female
reproductive tract system. TWIST1 is a mesoderm associated transcriptional factor critical
for organogenesis [Barnes and Firulli, 2009]; however, its association with COUP-TFII in
the female reproductive tract system has not been reported. We performed immunostaining
of COUP-TFII and TWIST1 on two consecutive sections (co-staining of both antibodies in
one section was not feasible due to antibody incompatibility). We found these two
transcription factors partially colocalized in the mesenchymal cells of mesonephros
(Supplementary figure 2). Taken together, analysis of transcriptomic changes between
control and Coup-tffl knockout XX mesonephroi identified potential factors and signaling
pathways involved in Wolffian duct regression.

Identification of potential direct target genes of COUP-TFII in Wolffian duct regression

To further understand COUP-TFII transcriptional regulation, we performed COUP-TFII
ChlIP-seq on E14.5 XX mesonephros in two replicates. The replicates had high correlation
(R=0.904), indicating the reproducibility of our COUP-TFII ChIP-seq experiments. The
ChiIP-seq analysis identified 11,175 peaks, among which 46% were localized at transcription
starting site (TSS) proximal regions (-=1kb-TSS), 27% in the gene body, 16% in the
intergenic regions and 11% upstream (Fig. 2A). The percentage of peaks at TSS proximal
regions in ChlP-seq was higher than that of genome-wide GRCm38/mm10 annotations,
which specify localizations of transcription starting sites, indicating that COUP-TFII
preferentially bound to TSS regions (Fig. 2B).

We assigned COUP-TFII binding peaks to the nearest genes, resulting in 5,441 potential
target genes. Overlapping these genes with the 526 genes that were changed by the loss of
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Coup-tflin Fig. 1B allowed us to identify 83 potential direct target genes of COUP-TFII in
the mesonephros (Fig. 2C). We then queried the expression of patterns of these 83 genes
using online gene expression databases [Bult et al., 2019] and GUDMAP [McMahon et al.,
2008; Harding et al., 2011] that include in situ hybridization and transcriptomic data for
various cell types in the mesonephros. We found that expression of 39 genes were
ambiguous in mesonephros, 21 genes were not examined (Supplementary table 5), and 23
genes (Supplementary table 6) were detected in mesonephros (Fig. 2C). Among these 23
genes, 4 genes (Anol, Col23al, Encl, and Mfap4) were expressed in the mesenchyme,
where COUP-TFII is present. We confirmed the differential expression of Anol
(Anoctamin-1), Col23al (Collagen, type XXIIl, alpha 1) and Mfap4 (microfibrillar-
associated protein 4) in the Coup-tfll knockout tissue by RT-PCR (Fig. 2D). Anol, Col23al
and Mfap4 were all upregulated by the loss of Coup-tff/ and their TSS proximal regions had
distinct COUP-TFII binding signatures (Fig. 2E), implicating that they were direct target
genes of COUP-TFII transcriptional suppression. Knockout mice were generated for Mfap4
[Holm et al., 2015] and AnoI[Rock et al., 2008] but the functional significance of these
genes in Wolffian duct has not been examined.

COUP-TFII associated transcriptional factors in the mesonephros

We next performed HOMER motif analysis to determine which known transcription factor
binding motifs were enriched in COUP-TFII binding peaks [Heinz et al., 2010]. We
categorized peaks by their locations, the upstream (>1kb TSS) or TSS regions (<1kb TSS),
to identify potential transcriptional factors associated with COUP-TFII at the enhancer or
promoter regions, respectively. The sequence of COUP-TFs’ response element is similar to
multiple members in nuclear factor family [Pawlak et al., 2012]. As expected, the top five
enriched motifs were nuclear receptors, COUP-TFs (NR2F1, NR2F1), EAR2 (NR2F6), TR4
(NR2C2), RARa (NR1B1), and THRb (NR1A2) (Table 1). Other than nuclear receptors, we
were also interested in transcription factors that share a similar expression pattern with
COUP-TFF in the mesonephros based on online gene expression databases MGI and
GUDMAP [McMahon et al., 2008; Harding et al., 2011; Bult et al., 2019]. There were 22
transcription factors of this kind, with 13 and 9 motifs enriched in TSS and upstream COUP-
TFI1I peaks (Table 2), respectively. Among these transcription factors, 8 of them (cMYC,
HIF-1A, SRF, TCF4, TCF21, FOXK1, and MYOG) were essential for muscle differentiation
and function based on their knockout phenotypes indicated in the Mouse Genome Database
[Bult et al., 2019]. This observation is consistent with the suggested role of COUP-TFII in
myogenic differentiation in the mesonephric mesenchyme (Fig. 1C). Of note, MITF and
HOXC9 motifs were enriched in both TSS and upstream COUP-TFII peaks (Table 2). MITF
(melanocyte-inducing transcription factor) is a COUP-TFII-regulated transcriptional factor
in retinal pigmented epithelium [Tang et al., 2010]. HOXC9 is expressed in the proximal
region of Wolffian ducts during sexual differentiation [Snyder et al., 2010]. These
observations indicate that MITF and HOXC9 may act as COUP-TFII transcriptional partners
in the mesonephric mesenchyme in Wolffian duct regression.
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Discussion:

Sexually dimorphic establishment of the reproductive tract system requires the elimination
of Wolffian ducts in XX and Miillerian ducts in XY, which are controlled by COUP-TFII
and AMH/AMHR2 mediated mesenchymal signaling, respectively. In this study, to
understand molecular actions underlying Wolffian duct regression, we determined
transcriptomic changes upon Coup-tfl/ ablation and the genome-wide binding of COUP-
TFII in XX mesonephroi. We uncovered actions of mesenchymal COUP-TFII in suppressing
muscle differentiation and specific extracellular matrix genes (Figs. 1C & 2D; Table 2), and
identified COUP-TFII’s potential direct target genes and partners in its transcription
function (Fig. 2C; Tables. 2, S5 and S6). A number of potential target genes display
expression changes but lack COUP-TFII binding, suggesting these may be regulated
indirectly by COUP-TFII (Fig. 2C).

Towards the understanding of COUP-TFII functions in the mesenchyme and how
mesenchymal changes in the absence of Coup-tfll leads to Wolffian duct Maintenance in
XX embryos

Our study reveals two potential actions of COUP-TFII in mesenchymal cells in the
mesonephros: suppressing myogenic differentiation and extracellular matrix genes, which
are evidenced by increased expression of myogenic marker Acta2and extracellular matrix
genes Col23al, Mfap4 and Lamal in the absence of Coup-tfll. COUP-TFII is widely
expressed in the mesenchymal compartment of developing organs [Lin et al., 2011] and acts
as a transcriptional suppressor in organ development [You et al., 2005; Chen et al., 2015].
The transcriptional repression of mesenchymal differentiation to muscular tissue by COUP-
TFI1I had been documented in vitro [Bailey et al., 1998; Xie et al., 2011] and in vivo [Lee et
al., 2017]. Inactivation of Coup-tfl/in mouse mesenchymal cell line caused the preferential
differentiation to muscular cell types, osteoblasts and myoblasts [Xie et al., 2011]. Coup-tfi/
haplodeficiency or overexpression in mice resulted in enhanced or inefficient muscle
development, respectively [Xie et al., 2011; Lee et al., 2017]. One of the potential molecular
mechanisms is that COUP-TFII represses activity/function of MyoD, a basic helix-loop-
helix transcriptional regulator for muscle differentiation, through competitively binding to
the MyoD coactivator [Bailey et al., 1998]. /n situ hybridization data available in the online
gene expression database [McMahon et al., 2008; Harding et al., 2011] did not detect MyoD
expression in the mesonephros. However, MyoG, a member of the MyoD family of
transcription factors is expressed in the mesonephros and the motif for MyoG was enriched
in COUP-TFII binding peaks (Table. 2). These results suggest that COUP-TFII might
modulate the transcriptional activity of MyoG in suppressing myogenic differentiation in the
mesonephros. Besides, COUP-TFII’s suppression of extracellular matrix genes, such as
collagens and Lamal (table. S6), was consistent with an earlier study on COUP-TFII
functions in human endometrial stromal cells [Li et al., 2013].

It remains to be determined how muscle related genes and extracellular matrix genes of the
mesenchyme influence the regression/maintenance of Wolffian duct epithelium. Of note,
both smooth muscle actin and extracellular matrix play integral roles in regulating the
development of cellular mechanical tension and properties [Gunst and Zhang, 2008]. The
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mechanical forces and properties of the mesenchyme can regulate epithelial fate and
differentiation as demonstrated in development of mammary gland and tooth [Kass et al.,
2007; Calamari et al., 2018]. Therefore, it is possible that mechanical properties of the
mesenchyme were altered in the absence of Coup-tfl/in such a way that the mesenchyme
promotes the maintenance of Wolffian duct in XX embryos. Wolffian ducts can be isolated
devoid of any mesenchymal cells for ex vivo culture [Maeshima et al., 2007]. It would be
interesting to examine the fate and differentiation of Wolffian duct epithelium in the culture
platforms of different extracellular matrices and mechanical properties.

Identifying COUP-TFII related transcriptional factors in the mesenchyme that potentially
control the regression/maintenance of Wolffian ducts

Our microarray and ChlP-seq analyses highlight a list of transcription factors in the
mesenchyme that potentially are involved in mesenchymal differentiation and regulation of
Wolffian duct regression (Fig. 1D & Table 2). Of note, TWIST1 is a master transcriptional
factor regulating phenotypes and behaviors of mesenchymal cells during morphogenesis
[Chen and Behringer, 1995] and directing epithelial-mesenchymal transition in the
conversion of early stage tumors into invasive malignancies [Yang et al., 2004]. TWIST1
expression was reported in the mesonephric mesenchyme [Stewart et al., 2013] but its
functional roles in sexual differentiation of reproductive tracts remained unclear.

Notably, motif analysis of COUP-TFII binding peaks did not reveal androgen receptor (AR),
which is the predominant transcriptional factor in the mesenchyme for maintaining Wolffian
ducts in the XY mice [Gaspar et al., 1991; Yeh et al., 2002; Murashima et al., 2011]. Since
COUP-TFII suppresses the survival of Wolffian ducts in the XX embryos, androgen receptor
actions in XY embryos must antagonize COUP-TFII actions, therefore allowing Wolffian
ducts to survive. Because AR and COUP-TFII belong to different subfamilies (i.e. steroid
receptor and orphan nuclear receptor subfamily respectively) in the nuclear receptor
family[Mazaira et al., 2018] and have different DNA response elements [Pawlak et al.,
2012], AR may bind to differential sets of regulatory regions and target genes to maintain
the survival of Wolffian ducts. The actions of mesenchymal AR in promoting Wolffian duct
survival was suggested to act through the induction of epidermal growth factors (EGFs)
[Gupta, 1996; Gupta and Singh, 1996] while mesenchymal COUP-TFII in stunting Wolffian
duct survival was partly through suppression of fibroblast growth factors (FGFs) [Zhao et
al., 2017]. EGFs and FGFs bind to their own membrane receptor tyrosine kinases, EGFR
and FGFR2 in the Wolffian duct epithelium, activating p-ERK mediated intracellular
survival signaling [Zhao and Yao, 2019b]. Therefore, we hypothesize that AR induces a
different survival signaling pathway (EGFs) to antagonize COUP-TFII suppression of the
survival factor FGFs for the maintenance of Wolffian ducts.

In conclusion, our study provides insights into molecular actions in the mesenchyme for the
regression of Wolffian ducts in XX embryos. Mesenchymal COUP-TFII suppresses muscle
differentiation, extracellular matrix genes and expression of fibroblast growth factors. Those
genes and pathways identified in our study are potential candidates for future functional
analyses in sexual differentiation of reproductive tracts.
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Figure 1:
Transcriptomic comparison between control and Coup-tf/l knockout mesonephroi reveals

genes and signaling pathways associated with the regression of Wolffian ducts. (A) The
experimental model used for revealing molecular actions underlying Wolffian duct
regression. (B) Heatmap of differentially expressed genes between control and Coup-tfl/
knockout. (C) Validation of representative differentially expressed genes by qPCR. t-test;
mean+SEM (n=4); P<0.05. (D) Top upstream regulators for differentially expressed genes
by IPA analysis.
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Figure 2:

Integrative analyses of microarray and COUP-TFII ChlP-seq reveal gene candidates for
direct regulation by COUP-TFII in the Wolffian duct mesenchyme. (A) Genomic context of
COUP-TFII binding peaks in E14.5 XX mesonephroi. (B) Percentages of COUP-TFII
binding peaks and annotation in mm20 localized in the upstream, TSS proximal, gene body,
intergenic regions. (C) Comparison of genes with peaks at TSS proximity and differentially
expressed genes, and the expression of their overlapped genes in the mesonephros. (D)
Validation of three COUP-TFII direct target genes by gPCR. t-test; mean+SEM (n=4);
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P<0.05. (E) Genome browser view of COUP-TFII-bound regions near Anol, Col23al, and
Mfap4.
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Table 1:

Top enriched maotifs in COUP-TFII binding sites

Page 15

Homer known motif enrichment (Top five)

Upstream (>1kb TSS) (Total Target Sequences=1220, Total Background Sequences=48350)

: g % of Targets (Background)
Rank Motif Name log P-value Sequenceswith Motif
L A EAR2(NR)/K562-NR2F6-ChIP-Seq(Encode)/
1 é-;«;gga ].CA (NR) Homer o« ) -3.374e+02 52.95% (19.62%)
AGA A COUP-TFII(NR)/Artia-Nr2f2-ChlP-
2 SA Seq(GSE46497)/Homer -3.275e+02 60.25% (25.65%)
CAA COUP-TFII(NR)/K562-NR2F1-ChlIP-
3 $E§g¢—- ._.A TCA Seq(Encode)/Homer —3.044e+02 53.11% (21.08%)
A TR4(NR),DR1/Hela-TR4-ChIP-Seq(GSE24685)/
s | GAGCTCAAAGCTCA (NR) FaehiP-Sed( V| ~3.036e+02 16.97% (1.75%)
l‘l‘ Acc : RARa(NR)/K562-RARa-ChIP-Seq(Encode)/
5 SLVEA Il ax Homer ~1.7726+02 62.13% (35.81%)
TSS (<1kb TSS) (Total Target Sequences=5140, Total Background Sequences=43503)
. g % of Targets (Background)
Rank Motif Name log P-value Sequences with Motif
UP-TFII(NR)/Artia-Nr2f2-ChlP-
CO /Arti 2f2-Ch
1 <A Seq(GSE46497)/Homer -5.340e+02 42.28% (21.94%)
TICAGA EAR2(NR)/K562-NR2F6-ChIP-Seq(Encode)/
2 %9‘"36 TCA Homer -4.737e+02 33.43% (16.01%)
/;\A COUP-TFII(NR)/K562-NR2F1-ChlIP-
3 EE%Q‘:._A TCA Seq(Encode)/Homer -4.561e+02 34.54% (17.12%)
IT Agc RARa(NR)/K562-RARa-ChIP-Seq(Encode)/
4 | S1IE Ee@ Homer -2.502+02 42.87% (28.34%)
T A T THRb(NR)/Liver-NR1A2-ChIP-Seq(GSE52613)/
5 | @8NJVA Homer ~2.127e+02 60.83% (46.61%)
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Table 2:

Potential transcriptional partners of COUP-TFII in the mesonephros identified by ChlP-seq motif

Motifsin COUP-TFII ChlP-seq peaks
Thesetranscription factors (TF) are expressed in the mesonephros
TSS(<1kb TSS) Upstream (>1kb TSS)
Motif Log p-value | Ratio Motif Log p-value | Ratio
ELK4 -181.70 1.55 TCF4‘Z -19.89 1.34
ETS1 -91.27 1.39 HOXC92 -16.31 1.98
MITFZ -52.09 1.40 TCF21 -13.98 1.34
ATF7 -36.22 1.48 TFAP4 -10.88 1.25
E2F4 -30.50 121 MITFZ -9.45 1.30
cMYCl -28.04 1.21 FOXKll -6.25 1.32
HIF-1B -26.34 1.18 WTlJ -5.38 1.19
RFX3 -15.55 1.52 GATA2 -5.01 1.34
HIF—lAJ -9.14 121 MYOGJ -4.63 1.14
PKNOX1 -8.91 1.29
SRF'Z -7.82 1.35
E2F1 -5.70 111
HOXC92 -4.78 1.26

1_ . . .
Enriched TF motifs that are critical for muscle development

ZEnriched TF motifs for both upstream and TSS regions

1duosnuey Joyiny

1duosnuen Joyiny

Sex Dev. Author manuscript; available in PMC 2022 March 08.



	Abstract
	Introduction
	Materials and Methods
	Mouse models
	Microarray analysis
	ChIP-seq assays and analysis
	Real-time PCR
	Immunofluorescence
	Statistical analysis

	Results
	Transcriptomic changes in the Wolffian ducts of XX mesonephroi in the absence of COUP-TFII
	Identification of potential direct target genes of COUP-TFII in Wolffian duct regression
	COUP-TFII associated transcriptional factors in the mesonephros

	Discussion:
	Towards the understanding of COUP-TFII functions in the mesenchyme and how mesenchymal changes in the absence of Coup-tfII leads to Wolffian duct Maintenance in XX embryos
	Identifying COUP-TFII related transcriptional factors in the mesenchyme that potentially control the regression/maintenance of Wolffian ducts

	References
	Figure 1:
	Figure 2:
	Table 1:
	Table 2:

