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Reviewer #1 (Remarks to the Author):

In this manuscript entitled “A conserved NR5A1-responsive enhancer regulates SRY in testis-

determination”, Denis Houzelstein et al. discovered an evolutionary conserved SF- 1/NR5A1-

binding motif within a 250 bp region located 5 kb upstream of the SRY transcription start site. 

Furthermore, the authors identified unique single-base substitutions within the SF-1/NR5A1-

binding element in 46,XY DSD patients. Although the findings of the manuscript are intriguing and 

would shed light on understanding the molecular pathology of 46XY,DSD, the manuscript has some 

flaws that prevent publication in the journal.

Major concerns,

#1

Figure 2A:

The DNAase seq data of Fig. 2A was obtained from embryonic human testis from a pool of healthy 

male fetuses. However, the stage of the sample was not specified. Was the stage of the pooled 

sample consistent? If so, At which stage were the fetus samples collected? Generally, in human 

fetuses, SRY starts to express around 6 weeks of GA, and this is believed to be the critical stage 

for sex determination.

Figure 2C:

The meaning of the figure is not clear. In which species, the sequence conservation is maintained? 

What do 0 and 100% of the value mean?

#2

Figure 4E

2-1:

HEK293T cells which are derived from human fetal kidneys were used for the luciferase assay. The 

cells would not have the phenotypes of gonads. Did the author try the reporter assay using other 

types of cells?

2-2:

The figure is busy with too many asterisks. Just showing the asterisks between reference and 

varinant1/variant2/"NR5A1 in the +NR5A1 group would be sufficient to show that the element is 

essential for the enhancer activity.

#3

Figure 5

In this figure, the authors tried to show that the enhancer candidate E250 would be essential for 

the adequate expression of SRY in vivo, and its impaired function would result in 46,XY DSD.

3-1:

The expression level of NR5A1 should be measured and included in Figure 5A and 5B. Without 

showing that NR5A1 expression levels are identical between WT and Mutant, it is not possible to 
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3-2

Why the authors did not perform ChIP analysis (or ChIP seq) for NR5A1 using their iPS cells?

The experiment will strongly support the authors' speculation that NR5A1 up-regulates SRY 

expression through binding to E250

3-3

I cannot catch the “time” scale of Fig.5A.

Does the time (in days) represent the maturation from pluripotent iPS cells to matured Sertoli 

cells?

If so, the authors are encouraged to show the data of the cell phenotype at each stage, including 

the expression levels of the testicular and ovarian marker genes, e.g., FGF9, AMH, WNT4, RSPO1, 

and FOXL2.



3-4

Why did the author not make iPS cells with a single amino acid substitution identified in the 

patients?

As the author discussed L353-357, testicular determination could be exceptional, because a single 

base substitution in the enhancer element would cause 46,DSD. If it is true, showing the single 

base substitution deteriorates the SRY expression in the iPS model would be essential.

3-5

Fig 5B: The right graph that is carried out at 3.5 days, seems to be based on triplicate data 

(lacking the data of the rhombus dots), while the other two graphs have four times repeated data. 

The authors should explain the reason.

3-6

This reviewer is wondering if the story of the manuscript is true, the single base substitution would 

change the chromosomal 3D structure, and analyses of 3-D chromosome and genome structures, 

such as HiC, using induced Sertoli cells with the E250 deletion would provide valuable insight.

Minor concerns

L68-69: Differences/Disorders of Sex Development (DSD)

>> 46,XY Differences/Disorders of Sex Development (DSD), would be better

L137-L165: Evolution story can be moved to the Discussion section. The paragraph is too long and 

wordy.

Some “Nr5a1” should be written in NR5A1, e.g., L176, L178, L179.

L199: “25” was written in superscript. “Ref. 25” would be better?

Reviewer #2 (Remarks to the Author):

In humans, gonadal sex determination is regulated by complex and tightly controlled pro-testicular 

and pro-ovarian programs, alterations or disruptions of which can result in disorders of sex 

development (DSD). Despite decades of research, the majority of DSD patients with gonadal 

abnormalities have yet to receive a clinical genetic diagnosis. Since both the timing and the 

threshold levels of gene expression are key for testis/ovary development, it has been hypothesized 

that pathogenic variants in regulatory elements of key sex determining genes may be an important 

contributor to the etiology of DSD.

Houzelstein al al describe a beautiful study in which they indentified the first known enhancer of 

the mammalian testis-determining gene SRY located within a 301 region of open chromatin, ~5 kb 

upstream of SRY. It defines also a new cause of SRY-linked 46,XY DSD, where a single-base pair 

substitutions in this 250 bp enhancer element of SRY result in a spectrum of 46,XY DSD 

phenotypes. This work is based on a combination of approaches and robust data such as 

computational analysis, modelling, experimental data and human genetics.

Here are my comments:

1) What about the other elements that surround the E250 motif. TFs do not act alone and NR5A1 

will certainly act in concert with other factors. Could you describe in more detail the E250 and all 

know TF binding sites potentially affecting SRY expression.

2) Sertoli-like cell differentiation from hiPSCs (Figure 5). They developed in house a robust model 

of in vitro sequential differentiation of hIPSCs toward Sertoli. It would be important to evaluate the 

expression profile of SRY as well as SOX9 at all 7 stages instead of only three. In addition, it would 

be relevant to assess AMH expression as well to evaluate Sertoli cell differentiation status.

3) Phenotypic variability: the penetrance of the pathogenic variant is only 37%. If the DSD 

phenotype is indeed caused by a reduction of SRY expression due to the pathogenic variant in the 

NR5A1 binding site of the SRY E250 enhancer, then down-regulation of SRY should not be 

observed in hiPSCs from patients without DSD phenotype. Specifically, can the expression of SRY, 

SOX9 and AMH be tested with hiPSCs from patients with variant 1 or 2 exhibiting or not a DSD 



phenotype?

Minor comments

1) Line 64: Sox9 and Fgf9: if these are proteins, mouse or human, they should be in capital 

letters. This remark is valid for Nr5a1 (lines 176-179)

2) Fig 1: include the TSS for SRY and exons

3) Fig 2: in the legend E800 and E250 are mentioned, but these regions are not clearly indicated 

in Fig 2A

4) Fig 2: Could you clarify in the legend of Fig 2B why some NR5A1 binding sites are annotated 

with different size of red triangles (e.g. springhare or Sloth)?

5) Line 123: Regarding the Dnase-seq analysis, could you mention which developmental stages of 

human fetal testes were used. Figure 3A: legend for 46, XY individuals raised as female (circle) or 

male (square) is not clearly visible. Please modify.

Reviewer #3 (Remarks to the Author):

The authors report a multi-dimensional study describing the SRY region and promoters that 

maintain evolutionary conservation. They report that NR5A1 serves the role as an enhancer in SRY 

testis determination. Specifically, the report mutations identified in a cohort of patients with 

gonadal dysgenesis that correspond to the NR5A1 gene. The reduced binding fitness is 

demonstrated first in silico then validated in vitro with corresponding mutations and a luciferase 

assay to report down regulation of SRY and SOX9 expression relative to wild type hiPSCs 

undergoing differentiation into Sertoli cells.

In the introduction, it is discussed that "Sertoli cells orchestrate the programs of cell-cell 

communication, migration, and differentiation leading to testis differentiation". Please discuss in 

the context of recent human single cell sequencing studies suggesting fate differentiation from 

interstitial progenitors prior to SRY expression in the sertoli lineage. (See Guo et al. 2020)

-Figure 5 - it would be helpful to designate the shapes of the experiments and which mutation they 

corresponded to.

-How do the authors explain the lack of significant difference at time points M2 and M3 for SRY? 

Presumable, lack of significance for SOX9 at M1 is due to SOX9 being a downstream target of SRY 

- can the authors comment and elaborate?

-it could be beneficial to also demonstrate the relative changes in WNT4 expression in the mutated 

and wild-type hiPSC model, since SOX9 is proposed to suppress pro-ovarian Wnt4 expression.

For the hiPSCs - line 724 states that 1.8% of the clones had the 33bp deletion - were these further 

selected for regarding downstream assays?

If so how?

If not, it would be difficult to interpret results if 95% of cells have off-target mutations from the 

CRISPR modification and only 1.8% containing the on-target mutation. Please elaborate and 

explain further.

Overall, this is a valuable series of experiments delineating testis development and mechanisms of 

dysfunction leading to gonadal dysgenesis.
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A wealth of data indicates that the initiation of testis-determination shows a remarkable lack of robustness.  
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/2)#1"7727&)#%+GU?#.+00")"'$+&$+/'#3/."7:#$%"#"=4)"--+/'#7"*"7-#/0#@/$%#NR5A1#&'.#SRY#&)"#7/,:#&44)/=+3&$"79#QD#

?T#0/)#SRY &'.#&@/2$#QE>QQ#?T#0/)#NR5A1#,+$%#$%"#7/,")#7+3+$#/0#."$"1$+/'#@9#<G?W#1/'-+.")".#$/#@"#QO#?T5#I'#&#

!"-$")'#@7/$#&'&79-+-#2-+'8#.+00")"'$+&$".#%+GU?-:#$%"#"=4)"--+/'#7"*"7#/0#NR5A1#,&-#&7-/#&$#$%"#7/,")#7+3+$#/0#

."$"1$+/'5# V%+-# )"-27$# +-# 1/'-+-$"'$# ,+$%# $%"# 12))"'$# 3/."7# /0# $"-$+->."$")3+'&$+/':# ,%")"# SRY# +-# $)&'-+"'$79#

"=4)"--".# +'# &#*")9# 7+3+$".#'23@")#/0# 1"77-# &'.#U")$/7+# 1"77# .+00")"'$+&$+/'# /112)-# &$# 7"&-$# +'#4&)$# $%)/28%# $%"#



3

4&)&1)+'"# )"1)2+$3"'$# /0# '"+8%@/)+'8# 1"77-# $%&$# ./# '/$# "=4)"--# SRY# BGHIJ-# CNCAONAQ:# CKEKKQCR:# EDDRDRLN:#

EOENLNCN:#QEAANKRQF5#!"#)"4"&$".79#4")0/)3".#?%IG>G?W#/'#.+00")"'$+&$+'8#1"77-#+'#/2)#3/."7#-9-$"3#@2$#$%"#

.&$&#,&-#2'+'0/)3&$+*"#BM''"=#CF5#V%"#3/-$#4)/@&@7"#"=47&'&$+/'#0/)#$%+-#+-# $%"#-3&77#'23@")#/0#1"77-#,%")"#

^WOMC# +-# +'.21+'8# SRY# "=4)"--+/'# $%&$# +-# )"<2+)".# 0/)# U")$/7+# 1"77# -4"1+0+1&$+/'# &'.# -2@-"<2"'$# $"-$+->

."$")3+'&$+/'5#V%"#&'&79-+-#/0#%23&'#-+'87"#1"77#-"<2"'1+'8#.&$&#BJ&$&#UCCF#0)/3#."*"7/4+'8#%23&'#0"$&7#8/'&.-#

-%/,-# &# 7/,# '23@")# /0# 1"77-# "=4)"--+'8# SRY# B%$$4-fgg,,,5)"4)/.21$+*"1"77&$7&-5/)8g8/'&.-g%23&'>-/3&$+1gF5#

V%+-#.&$&#&7-/#-%/,-#$%"#1/>"=4)"--+/'#/0#SRY#,+$%#NR5A15#

F&'"(($9&'"9'4&94)&d9->)e&*'"A)&$:&,-.;W1;&5$)*&94)&9->)&a-(&8"?*b&%)@%)*)(9&94)&>"9/%"9-$(&:%$>&@A/%-@$9)(9&

-`[&')AA*&9$&>"9/%)8&[)%9$A-&')AA*E&&

R1-7.#V%"#$+3"7+'"#%&-#@""'#17&)+0+".#+'#$%"#0+82)"5#

F:& *$+& 94)& "/94$%*& "%)& )('$/%".)8& 9$& *4$<& 94)& 8"9"& $:& 94)& ')AA& @4)($9?@)& "9& )"'4& *9".)+& -('A/8-(.& 94)&

)H@%)**-$(& A)C)A*& $:& 94)& 9)*9-'/A"%& "(8& $C"%-"(& >"%J)%& .)()*+& );.;+& ,G,R+& 1!B+& D63O+& V[`_M+& "(8&

,_Yf0;&

R1-8.#!"#'/,#4)/*+."#&#1/34)"%"'-+*"#."-1)+4$+/'#/0#$%"#("9#0&1$/)-#+'*/7*".#+'#3&33&7+&'#-"=>."$")3+'&$+/'#

BSRY:#SOX9:#NR5A1:#FGF9:#WNT4:#FOXL2:#AMHF5#V%"-"#&)"#."-1)+@".#+'#Z+82)"#O#&'.#-2447"3"'$&)9#0+7"-#UCN#

$/#UEE5#WUGYC#%&-#'/$#@""'# +'172.".# &-# +$# +-# '/$# "=4)"--".# +'#RN:ST#1"77# 7+'"-# +'#/2)#3/."7# -9-$"3# BGHIJ#

QNOLALAAF5

D4?&8-8&94)&"/94$%&($9&>"J)&-`[&')AA*&<-94&"&*-(.A)&">-($&"'-8&*/=*9-9/9-$(&-8)(9-:-)8&-(&94)&@"9-)(9*E&

R1-9.#V,/#+'."4"'."'$#32$&$+/'-#,")"#+."'$+0+".#+'#$%"-"#+'.+*+.2&7-5#V%"#0+)-$#32$&$+/'#Bb&)+&'$>CF#)"-27$-#+'#&#

J+-/).")#/0#U"=#J"*"7/43"'$#BJUJF#,+$%#*&)+&@7"#"=4)"--+*+$9#&'.#+'1/347"$"#4"'"$)&'1"#BZ+82)"#Q?P#/'79#EOc#

/0#1&))+")-#,")"#)&+-".#&-#0"3&7"-F5#V%"#-"1/'.#32$&$+/'#Bb&)+&'$>EF#+-#4)".+1$".#$/#@"#3/)"#-"*")"#&'.#7"&.-#$/#&#

-+'87"#1&-"#/0#1/347"$"#-"=#)"*")-&75#_/,"*"):#,"#7&1(#$%"#0&$%")h-#J^M#0/)#-$2.9:#&'.#$%2-:#,"#1&''/$#."$")3+'"#

,%"$%")#$%"#0")$+7"#0&$%")#1&))+"-#$%+-#*&)+&'$5#

V%"#.&$&#0)/3#$%"#7&)8"#"=$"'.".#0&3+7+&7#1&-"#/0#T>7+'(".#-"=>)"*")-&7#-$)/'879#)"-"3@7"-#$%"#.&$&#/0#$%"#17&--+1#

6N5TPOS 3/2-"#3/."7#/0#ST#-"=>)"*")-&7:#,")"# $"-$+->."$")3+'&$+/'#."0"1$-# +'#6N5TPOS# &)"#&--/1+&$".#,+$%#&#

-2@$7"#.9-)"827&$+/'#/0#Sry# "=4)"--+/'# BGHIJ-#KDALOKL:#CONADQNR:#QCAQNNCEF5#V%"#."8)""#/0# -"=>)"*")-&7# +-#

*&)+&@7"#&'.#&#4)/4/)$+/'#/0#3+1"#&)"#3&7"#&'.#0")$+7"#."4"'.+'8#/'#$%"#8"'"$+1#@&1(8)/2'.#BGHIJ#QCAQNNCEF5#

G)/$"1$+/'# &8&+'-$# 6N5TPOS# -"=>)"*")-&7# +-# 3".+&$".:# &$# 7"&-$# +'# 4&)$:# @9# "'%&'1".# Sry# "=4)"--+/'# .2"# $/# &'#

&2$/-/3&7#7/12-#/'#?%)CQ#BGHIJ#QCAQNNCEF5#V%"#%23&'#-"=>)"*")-".#4".+8)""#-288"-$-:#$%&$#$%"#T>7+'(".#-"=>

)"*")-+'8#*&)+&'$#&7$")-#$%"#"=4)"--+/'#7"*"7#/0#$%"#SRY#&)/2'.#&#1)+$+1&7#$%)"-%/7.5#M-#&#)"-27$#/0#$%"-"#/@-")*&$+/'-:#

,"#."1+.".#$/#."7"$"#$%"#^WOMC>@+'.+'8#-+$"#)&$%")#$%&'#+'$)/.21"#-4"1+0+1#4/+'$#32$&$+/'-#,+$%#4/$"'$+&7#)"-+.2&7#

&1$+*+$95#V%+-#."1+-+/'#,&-#3&."#$/#"'-2)"#&#3/)"#)/@2-$#&'.#)"7+&@7"#)"&./2$#+'#@/$%#in vitro#&'.#ex vivo#&--&9-5#

V%"#."7"$+/'5#/0# $%"#42$&$+*"#"'%&'1")#"7"3"'$#-%/,-#&#1/'-+-$"'$#&'.#)/@2-$# )".21$+/'# +'# $%"#"=4)"--+/'#SRY#

"=4)"--+/'#+'#$%"#in vitro#3/."75#

1*& 94)& "/94$%& 8-*'/**)8& fSWS]SWg+& 9)*9-'/A"%& 8)9)%>-("9-$(& '$/A8& =)& )H')@9-$("A+& =)'"/*)& "& *-(.A)& ="*)&

*/=*9-9/9-$(&-(&94)&)(4"(')%&)A)>)(9&<$/A8&'"/*)&OI+5[5;&F:&-9&-*&9%/)+&*4$<-(.&94)&*-(.A)&="*)&*/=*9-9/9-$(&

8)9)%-$%"9)*&94)&SRY&)H@%)**-$(&-(&94)&-`[&>$8)A&<$/A8&=)&)**)(9-"A;&&

R1-10.#V%+-#<2"-$+/'#+-#&..)"--".#+'#WC5L#&@/*"5#!"#@"7+"*"#$%&$#$%"#8"'"$+1#"*+."'1"#,"#4)/*+."#+-#*")9#)/@2-$:#

,+$%#$,/#+'."4"'."'$#-+'87"#@&-"#4&+)#-2@-$+$2$+/'-#&--/1+&$".#,+$%#-"=>)"*")-&7#+'#1/347"$"79#.+00")"'$#8"'"$+1#

@&1(8)/2'.-:#/'"#/0#$%"-"#-2@-$+$2$+/'-#-"8)"8&$+'8#+'#&#*")9#7&)8"#0&3+795#I'#$%+-#&)$+17":#,"#&7-/#2-"#&#1/3@+'&$+/'#

/0# in silico# 1/342$&$+/'&7#&'.# in vitro# 1"77>@&-".#&'&79-"-# $/#"*&72&$"# $%"# +34&1$#/0# $%"-"# $,/#*&)+&'$-#/'# $%"#

@+/7/8+1&7#&1$+*+$9#/0#$%"#`EOD#)"-4/'-"#"7"3"'$:#,%+1%#."3/'-$)&$".#$%"#.+-)24$+*"#"00"1$-#/0#$%"-"#*&)+&'$-5#M-#

-$&$".# &@/*"# ,"#,+-%".# $/# ."3/'-$)&$"# $%"# +34/)$&'1"# /0# $%"#^WOMC>@+'.+'8# "7"3"'$# +'# $%"# 1/'$)/7# /0#SRY#

"=4)"--+/'#&'.#,"#."1+.".#$/#."7"$"#$%"#"'$+)"#"7"3"'$#)&$%")#$%&'#+'$)/.21"#-+'87"#@&-">4&+)#1%&'8"-5#
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,-.&W\2&34)&%-.49&.%"@4&94"9&-*&'"%%-)8&$/9&"9&S;W&8"?*+&*))>*&9$&=)&="*)8&$(&9%-@A-'"9)&8"9"&aA"'J-(.&94)&8"9"&

$:&94)&%4$>=/*&8$9*b+&<4-A)&94)&$94)%&9<$&.%"@4*&4"C)&:$/%&9->)*&%)@)"9)8&8"9";&34)&"/94$%*&*4$/A8&)H@A"-(&

94)&%)"*$(;&

R1-11.#V%"#.+00")"'$+&$+/'#"=4")+3"'$#,&-#)"4"&$".#O#$+3"-5#`&1%#"=4")+3"'$#)"<2+)".#4)/1"--+'8#/0#&#-2@-$&'$+&7#

'23@")#/0#47&$"-5#_&'.7+'8#$//#3&'9#47&$"-#+'#4&)&77"7#,/27.#%&*"#+'$)/.21".#%"$")/8"'"+$9#@"$,""'#$%"#0+)-$#&'.#

7&-$#47&$"-5#Z/)#$%+-#)"&-/':#&77#$+3"4/+'$-#,")"#'/$#+'172.".#+'#"*")9#"=4")+3"'$5#V%"#)"0")"'1"#$+3"4/+'$#BHC>

QN%F#,&-#4)"-"'$#+'#"*")9#"=4")+3"'$:#&77/,+'8#0/)#$%"#1/34&)+-/'#@"$,""'#.+00")"'$#"=4")+3"'$-5#V%"#-$&$+-$+1&7#

$"-$#"347/9".#Ba+'"&)#H+=".#H/."7F#$//(#+'$/#1/'-+.")&$+/'#$%"#%"$")/8"'"+$9#@"$,""'#$%"#"=4")+3"'$-5#V%"#."$&+7#

/0#$%"#"=4")+3"'$-#+-#8+*"'#+'#-2447"3"'$&)9#0+7"-#UCN#$/#UEE5#

34-*&%)C-)<)%&-*&<$(8)%-(.&-:&94)&*9$%?&$:&94)&>"(/*'%-@9&-*&9%/)+&94)&*-(.A)&="*)&*/=*9-9/9-$(&<$/A8&'4"(.)&

94)&'4%$>$*$>"A&S5&*9%/'9/%)+&"(8&"("A?*)*&$:&S]5&'4%$>$*$>)&"(8&.)($>)&*9%/'9/%)*+&*/'4&"*&B-K+&/*-(.&

-(8/')8&[)%9$A-&')AA*&<-94&94)&P0WL&8)A)9-$(&<$/A8&@%$C-8)&C"A/"=A)&-(*-.49;&

R1-12.# V%"# -+'87"# @&-"# -2@-$+$2$+/'-# &)"# $%")"0/)"# 4)".+1$".# $/# -4"1+0+1&779# +34&1$# $%"# @+'.+'8# /0# $%"#^WOMC#

$)&'-1)+4$+/'#0&1$/)# $/# $%"#`EOD#"'%&'1")# 7"&.+'8# $/#&#)".21".#"=4)"--+/'#/0# $%"#SRY#8"'"5#V%+-#1/27.# 7"&.# $/#

1%&'8"-#+'#$%"#QJ#-$)21$2)"#)"-27$+'8#+'#&7$")".#"=4)"--+/'5#V%+-#&-4"1$#,&-#'/$#$%"#&+3#/0#$%"#12))"'$#-$2.9#@2$#+-#

/0#+'$")"-$#0/)#02$2)"#-$2.+"-#/'#$%"#"'$+)"#SRY#7/12-5#I'#$%+-#-$2.9#,"#%&*"#."3/'-$)&$".#$%&$#&'#^WOMC#@+'.+'8#

"7"3"'$#+-#("9#0/)#SRY#"=4)"--+/':#%/,"*")#/$%")#"7"3"'$-#+'172.+'8#Qi#"7"3"'$-#&)"#7+("79#$/#@"#+'*/7*".#B"585#

,"#4)"*+/2-79#42@7+-%".#&#."7"$+/'#Qi#$/#SRY#1&2-+'8#ST#-"=>)"*")-&7#GHIJ#AKCDLCOF5#V%"-"#1/'0/)3&$+/'&7#

-$2.+"-# ,/27.# @"# /0# +'$")"-$# +'# &# 0+'")# &'.# 1/34)"%"'-+*"# &'&79-+-# /0# $%"# "'$+)"# SRY# 7/12-# .2)+'8# $"-$+-#

.+00")"'$+&$+/'5#

!-($%&'$(')%(*&

fIh]IR2& 5-::)%)(')*U5-*$%8)%*& $:& [)H& 5)C)A$@>)(9& a5[5b]& OI+YZ& 5-::)%)(')*U5-*$%8)%*& $:& [)H&

5)C)A$@>)(9&a5[5b+&<$/A8&=)&=)99)%&

R1-13.#V%"#$"=$#%&-#@""'#&3"'.".5#

fMSg]fMIW2&PC$A/9-$(&*9$%?&'"(&=)&>$C)8&9$&94)&5-*'/**-$(&*)'9-$(;&34)&@"%".%"@4&-*&9$$&A$(.&"(8&<$%8?;&&

R1-14.#!"#2'.")-$&'.#$%"#1/'1")'-#/0#$%"#)"*+",")5#_/,"*"):#,"#1/'-+.")#$%&$#$%"#"*/72$+/'&)9#&-4"1$-#BaCQK>

aCNOF#/0#$%"#SRY#7/12-#+-#&'#+'$"8)&7#1/34/'"'$#/0#$%"#-$2.95#V%"#"*/72$+/'&)9#&-4"1$-#/0#$%+-#,/)(:#47&1".#+'#$%"#

)"-27$-#-"1$+/':#47&9-#&#1)21+&7#)/7"#+'#4)/*+.+'8#$%"#'"1"--&)9#1/'$"=$#0/)#$%"#.&$&#4)"-"'$".#+'#&77#$%"#-2@-"<2"'$#

-"1$+/'-#+'172.+'8#,%9#,"#1%//-"#/2)#in vitro#1"7727&)#)"4)/8)&3+'8#3/."7#&'.#,%9#,"#1&''/$#1/347"3"'$#/2)#

.&$&#,+$%#32)+'"#-$2.+"-5#!"#&)"#1/'1")'".#$%&$#3/*+'8#$%"-"#&-4"1$-#$/#$%"#.+-12--+/'#-"1$+/'#,+77#.+-)24$#$%"#

/*")&77#1/%")"'1"#/0#$%"#-$2.95&

[$>)&d6%W"Me&*4$/A8&=)&<%-99)(&-(&6VW1M+&);.;+&fMgI+&fMgh+&fMgR;&&

R1-165#V%"#$"=$#%&-#@""'#1/))"1$".5#

#

#

#

#

#

Reviewer #2: 
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D4"9&"=$/9&94)&$94)%&)A)>)(9*&94"9&*/%%$/(8&94)&P0WL&>$9-:;&3,*&8$&($9&"'9&"A$()&"(8&6VW1M&<-AA&')%9"-(A?&

"'9&-(&'$(')%9&<-94&$94)%&:"'9$%*;&K$/A8&?$/&8)*'%-=)&-(&>$%)&8)9"-A&94)&P0WL&"(8&"AA&J($<&3,&=-(8-(.&*-9)*&

@$9)(9-"AA?&"::)'9-(.&[VZ&)H@%)**-$(;&

R2-15#V%"#"=%&2-$+*"# 7+-$#/0# $)&'-1)+4$+/'# 0&1$/)-#4)".+1$".# $/#@+'.#`EOD#+-#4)/*+.".# +'# $%"#-2447"3"'$&)9#0+7"#

jZ+8DEeJ&$&eUDNeEODe4)".+1$".e$)&'-1)+4$+/'e@+'.+'8e-+$"-e["'/3&$+=eEOD5=7-=5j# V%"# @+'.+'8# -+$"-# /0#

$)&'-1)+4$+/'#0&1$/)-:#+'172.+'8#UYSL#&'.#^WOMC#BUZCF:#&)"#%+8%7+8%$".#+'#)".5#

[)%9$A-]A-J)&')AA&8-::)%)(9-"9-$(&:%$>&4-`[K*&a,-./%)&Wb;&34)?&8)C)A$@)8&-(&4$/*)&"&%$=/*9&>$8)A&$:&-(&C-9%$&

*)7/)(9-"A&8-::)%)(9-"9-$(&$:&4-`[K*&9$<"%8&[)%9$A-;&F9&<$/A8&=)&->@$%9"(9&9$&)C"A/"9)&94)&)H@%)**-$(&@%$:-A)&

$:&[VZ&"*&<)AA&"*&[_YR&"9&"AA&g&*9".)*&-(*9)"8&$:&$(A?&94%));&F(&"88-9-$(+&-9&<$/A8&=)&%)A)C"(9&9$&"**)**&1!B&

)H@%)**-$(&"*&<)AA&9$&)C"A/"9)&[)%9$A-&')AA&8-::)%)(9-"9-$(&*9"9/*;&

R2-25#Z+82)"#O#%&-#@""'#1/347"$".#,+$%#3/)"#.&$&#-"$-5#V%"#1/347"$"#"=4)"--+/'#4)/0+7"#/0#SRY:#SOX9:#!^VR:#

FOXL2:# WNT4:# NR5A1:# FGF9# &'.# AMH# +-# 8+*"'# &-# -2447"3"'$&)9# 3&$")+&7# BZ+8DOeJ&$&eUCN# $/#

Z+8DOeJ&$&eUEEF5# I'# $%"#3&+'#0+82)"#O#,"#%&*"#0/12-".#/'# $%"#"=4)"--+/'#/0#SRY:#SOX9#&'.# $%"#4)/>/*&)+&'#

3&)(")#WNT4#0/)#17&)+$95#V%"#("9#"7"3"'$#%")"#+-#$%"#+'+$+&$+/'#/0#$%"#"=4)"--+/'#/0#SRY ,%")"#&#1/'-+-$"'$#&'.#

-+8'+0+1&'$#)".21$+/'#+'#$%"#"=4)"--+/'#/0#UWT#+-#/@-")*".5#

`4)($9?@-'&C"%-"=-A-9?2&94)&@)()9%"(')&$:&94)&@"94$.)(-'&C"%-"(9&-*&$(A?&SgN;&F:&94)&5[5&@4)($9?@)&-*&-(8))8&

'"/*)8&=?&"&%)8/'9-$(&$:&SRY&)H@%)**-$(&8/)&9$&94)&@"94$.)(-'&C"%-"(9&-(&94)&6VW1M&=-(8-(.&*-9)&$:&94)&SRY&

P0WL&)(4"(')%+&94)(&8$<(]%)./A"9-$(&$:&SRY&*4$/A8&($9&=)&$=*)%C)8&-(&4-`[K*&:%$>&@"9-)(9*&<-94$/9&5[5&

@4)($9?@);&[@)'-:-'"AA?+&'"(&94)&)H@%)**-$(&$:&SRY+&SOX9&"(8&AMH&=)&9)*9)8&<-94&4-`[K*&:%$>&@"9-)(9*&

<-94&C"%-"(9]M&$%&]0&)H4-=-9-(.&$%&($9&"&5[5&@4)($9?@)E&

R2-3.#V%+-#+-#&'#+'$")"-$+'8#4/+'$5#!"#-211"--02779#8"'")&$".#%+GU?-:#,%")"#$%"#^WOMC>@+'.+'8#3/$+0#+-#."7"$".5#

M#1/34&)+-/'#,&-#4")0/)3".#@"$,""'#$%+-#3/.+0+".#1"77#7+'"#&'.#$%"#,+7.>$94"#1"77#7+'"#0)/3#,%+1%#+$#,&-#.")+*".5#

V%"#)"&-/'#0/)#$%+-#+-#-+347"5#!"#./#'/$#%&*"#&11"--#$/#@+/7/8+1&7#3&$")+&7#0)/3#.+00")"'$#0&3+79#3"3@")-#+'#$%"#

$,/#"=$"'.".#4".+8)""-5#V%"#+'.+*+.2&7#1&))9+'8#b&)+&'$>E#+-#'/#7/'8")#&*&+7&@7"#0/)#02)$%")#-$2.+"-5#!%+7-$#,"#

&8)""# $%&$# $"-$+'8#%+GU?-# 0)/3# $%"#&00"1$".#4&$+"'$-#1/27.#@"# +'$")"-$+'8:# $%"-"#@/$$7"'"1(-#,%"'#."&7+'8#,+$%#

%23&'#3&$")+&7#&)"#4)"1+-"79#,%9#,"#."*"7/4".#&'# in vitro#3/."7:#,%")"#,"#1/27.# $"-$#.+00")"'$#4&$%/7/8+1&7#
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Annex 1 Summary of ChIP-PCR data 

Methodology and Results 
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65,@ 

3B,J%&.' 

65,@ 

&..>*%')-#+ 

SRY-E250 31MFjkK KX9 4XP S1C"P;e&">QeK9OK:2;/K9OKO82 

SRY-E250-2 3133Ml! 49O 4K2 S1C"P;e&">QeK9OK:8O/K9OK9;; 

WT1-2 319L!N9 4XO 4X: S1C"P;e&">QeK9O899K/K9O8OK4 

Enh13 31=^KLO K8K K8K S1C"P;e&">49e94X;X9P4/94X;XOPP 

Amplicons: 

4 Y ]1Q/MK28e !"%+ #J#B#'-V J.&)-#* .' -"# Q &">.B.+.B#V %+ "#B%i(I.A+U !"# !)WB)' ,>.5# .H#>J),+ 

G%-" -"# 01234/5%'*%'I +%-#U E' -"# ,>#+#'&# .$ -"# PP5, *#J#-%.' .$ -"# #'")'&#> #J#B#'- -"# ,>.5# 

&)''.- 5%'*U 

K Y ]1Q/MK28/Ke !"# !)WB)' ,>.5# %+ ,.+%-%.'#* %BB#*%)-#J( 2m -. -"# ]1Q/MK28 ,>.5#U !"# *#J#-%.' 

*.#+ '.- )$$#&- -"# 5%'*%'I .$ -"# ,>.5#U 
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10 µg

PageRuler™ Prestained Protein Ladder
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P Y b!4e !"# !)WB)' ,>.5# %+ ,.+%-%.'#* %BB#*%)-#J( 2m -. -"# ]1Q/MK28/K ,>.5#V .A-+%*# -"# 
#'")'&#> .$ %'-#>#+-V %-+ 5%'*%'I %+ '.- )$$#&-#* 5( -"# *#J#-%.'U !"# )B,J%$%#* #J#B#'- *.#+ '.- &.'-)%' 

)' 01234/5%'*%'I B.-%$ )'* +".AJ* '.- 5# %BBA'.,>#&%,%-)-#*U 

X gM'"4Pe !"# !)WB)' ,>.5# %+ &#'-#>#* .' ) L03 $>)IB#'- ?'.G' -. 5# ) &.'+#>H#* #'")'&#> .$ 

SOX9 6J.&)-#* .' )' )A-.+.B#@V ) -)>I#- .$ SRYV )'* >#IAJ)-#* 5( 01234V %' 5.-" "AB)'+ )'* B%&# 

6F=EL+ KOO8P;;XV P822KPP:V P2OK4KPX@U b# .5+#>H#* -")- %' .A> &#JJAJ)> B.*#J %' b! &#JJ+V -"# 

#R,>#++%.' .$ SOX9 %'&>#)+#+ $.JJ.G%'I -"# A,>#IAJ)-%.' .$ SRY #R,>#++%.'U 01234 5%'*%'I -. -"%+ +%-# 
+".AJ* '.- 5# )$$#&-#* 5( -"# BA-)-%.' %' MK28U 

ChIP-qPCRU C#JJ+ G#># &>.++J%'?#* 628 B%' L]S )- KnB=< ]%IB)V ;8XKX/2nBIV $.JJ.G#* 5( 48 B%' 

G%-" $.>B)J*#"(*# 4Z< !"#>B.V K;O8;@U 3$-#> $%R)-%.'V &">.B)-%' G)+ ,>#,)>#* )+ ,>#H%.A+J( *#+&>%5#* 

6^#+-A&&%) #- )JU K84:VU =%-.-%& 5%'*%'I .$ M+>>5 B)>?+ ?#( >#IAJ)-.>( >#I%.'+ .$ -"# ,JA>%,.-#'&( 

'#-G.>?U 0)- C#JJ _%.J 4;e 44POY44X;U 48U48P;o'&5PX4;@ )'* +.'%&)-#* G%-" ) _%.>A,-.> F%&. 

6L%)I#'.*#@U C">.B)-%' G)+ ,>#/&J#)>#* )'* %BBA'.,>#&%,%-)-#* G%-" )'-%/01234 61)55%- 3'-%/]^4 

,.J(&J.')J )'-%5.*( 6]%IB) 3J*>%&"V 89/:4;@ )'-%5.*( .H#>'%I"- >.-)-%'I .'/G"##J )- XnpC %' 288nqJ .$ 

!]M428U !G#'-( B%&>.J%->#+ G)+ +#- ),)>- $.> %',A- L03 #R->)&-%.' )'* ,>#&%,%-)-%.'U !G#'-(/$%H# 

B%&>.J%->#+ .$ 5J.&?#* ,S 5#)*+ 28Z +JA>>( G)+ )**#* $.> Xn" >.-)-%'I .'/G"##J )- XnpCU _#)*+ G#># 

,#JJ#-#* )'* G)+"#* $.> 2nB%' >.-)-%'I .'/G"##J )- >..B -#B,#>)-A># G%-" 4nBJ .$ 5A$$#> %' -"# $.JJ.G%'I 

.>*#>e P r !]M428V 4 r !]M288 6)+ !]M428 5A- 288nB= 0)CJ@V 4r G)+"%'I 5A$$#> 648nB= !>%+/DCJ 

,D;V 8UK2= s%CJV 8U2Z 0F/X8V 8U2Z 0)/*#.R(&".J)-#V 4nB= ML!3@V )'* K r !M 648nB= !>%+/DCJ 

,D;V 4nB= ML!3@U MJA-%.' G)+ ,#>$.>B#* %' 488nqJ .$ #JA-%.' 5A$$#> 64Z ]L]V 48nB= ML!3V 28nB= 

!>%+/DCJ ,Dn;@ $.> 42nB%' )- :2npC )$-#> H%I.>.A+ H.>-#R%'IU MJA)-#+ G#># &.JJ#&-#* )$-#> &#'->%$AI)-%.' 

)'* 5#)*+ >%'+#* %' 428nqJ .$ !M/]L]4ZU 3$-#> &#'->%$AI)-%.'V -"# +A,#>')-)'- G)+ ,..J#* G%-" -"# 

&.>>#+,.'*%'I $%>+- #JA)-#U ^.> 5.-" %BBA'.,>#&%,%-)-#* )'* %',A- &">.B)-%'V -"# &>.++J%'?%'I G)+ 

>#H#>+#* .H#>'%I"- )- :2npCV $.JJ.G#* 5( ,>.-#%')+# N ->#)-B#'-V ,"#'.Jo&"J.>.$.>B #R->)&-%.' )'* 

#-")'.J ,>#&%,%-)-%.'U 

ChIP01 

4 / 0.>B)J%i#> K Y ]1Q/MK28/K P Y b!4/K 

0#I)-%H# &.'->.J 

X Y ]1Q/MK28 

b! +,#&%$%& 

C! EFX2/KP8P PPV98 PXV8: PPV98 P2V89 

EF;K/KP8X PPV4K PPV;; PPVXK X8V88 

E',A-X2/KP82 KOVK: P4V8O P8VPP P4V9; 

E',A-;K/KP8: K;V98 P4V92 P8V8K X8V88 

tC! EFX2/KP8P 8VP2 8V88 4VP9 

EF;K/KP8X 8V9: 8VP8 :V;; 

E',A-X2/KP82 4V;P 4V89 KV24 

E',A-;K/KP8: PV82 4VPK 44VP8 

ttC! EFX2/KP8P 4V88 4VK; 8VXO 
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EF;K/KP8X 8V92 4V8X 8V84 

E',A-X2/KP82 8VP: 8V:4 8VKK 

E',A-;K/KP8: 8V42 8V24 8V88 

4/ !"# 'AB5#> .$ &.,%#+ *#-#&-#* %' -"# %',A- L03 %+ %' -"# +)B# .>*#> .$ B)I'%-A*# %' 64@V 6K@V 
)'* 6P@U E- %+ +J%I"-J( "%I"#> $.> -"# '.>B)J%i#> 64@V J%?#J( *A# -. %-+ J.&)-%.' .' )' )A-.+.B#U 

K/ !"# I#'.-(,# .$ -"# &#JJ J%'#+ %+ &.'$%>B#* 5( ]1Q/MK28 6X@U 

P/ !"#># %+ '. *%$$#>#'&# 5#-G##' -"# )B.A'- .$ ,>#&%,%-)-#* L03 5#-G##' -"# ,.+%-%H# 64@ )'* 

'#I)-%H# 6K@ &.'->.JU 

X/ !"#># %+ '. B)u.> *%$$#>#'&# %' -"# )B.A'- .$ ,>#&%,%-)-#* L03 5#-G##' MLK28 6K@ )'* -"# 

'#I)-%H# &.'->.J 6P@U 

2/ !"# %+ '. B)u.> *%$$#>#'&# %' -"# )B.A'- .$ ,>#&%,%-)-#* L03 5#-G##' -"# G%J* -(,# )'* 

BA-)'- &#JJ J%'#+U 

ChIP02 

4 / 0.>B)J%i#> K Y ]1Q/MK28/K P Y b!4/K 

0#I)-%H# &.'->.J 

X Y ]1Q/MK28 

b! +,#&%$%& 

C! EFX2/KP8P PXV:O PXVX4 PXVKO / 

EF;K/KP8X PPV;; PPVOK PPV2O / 

E',A-X2/KP82 KOV9: P8V9: P8V;8 P4VOX 

E',A-;K/KP8: K9VO; K9VO4 K9V;4 P:VO4 

tC! EFX2/KP8P /8VK; /8VX4 / 

EF;K/KP8X 8V8X /8VKO / 

E',A-X2/KP82 4V84 4V8X KV4; 

E',A-;K/KP8: /8V89 /8V49 ;VOX 

ttC! EFX2/KP8P 4V88 4V8O / 

EF;K/KP8X 8V;8 4V84 / 

E',A-X2/KP82 8VX4 8VX8 8V4; 

E',A-;K/KP8: 8V;: 8VOK 8V88 

4/ !"# 'AB5#> .$ &.,%#+ *#-#&-#* %' -"# %',A- L03 %+ %' -"# +)B# .>*#> .$ B)I'%-A*# %' 64@V 6K@V 

)'* 6P@U E- B)( 5# +J%I"-J( "%I"#> $.> -"# '.>B)J%i#> 64@V J%?#J( *A# -. %-+ J.&)-%.' .' )' 

)A-.+.B#U 

K/ !"# I#'.-(,# .$ -"# &#JJ J%'#+ %+ &.'$%>B#* 5( ]1Q/MK28 6X@U 

P/ !"#># %+ '. *%$$#>#'&# 5#-G##' -"# )B.A'- .$ ,>#&%,%-)-#* L03 5#-G##' -"# ,.+%-%H# 64@ )'* 
'#I)-%H# 6K@ &.'->.JU 

X/ !"#># %+ '. B)u.> *%$$#>#'&# %' -"# )B.A'- .$ ,>#&%,%-)-#* L03 5#-G##' MLK28 6K@ )'* -"# 
'#I)-%H# &.'->.J 6P@U 
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2/ !"# %+ '. B)u.> *%$$#>#'&# %' -"# )B.A'- .$ ,>#&%,%-)-#* L03 5#-G##' -"# G%J* -(,# )'* 

BA-)'- &#JJ J%'#+U 



Reviewer #1 (Remarks to the Author):

The authors responded to each comment appropriately.

Reviewer #2 (Remarks to the Author):

Most of my concerns have been addressed and the revised version deserves to be published in Nat 

Comm.

Regarding other TFs that would act in concert with NR5A1 on the E250 enhancer, I still think it 

would be relevant to include in the discussion information about other potential TFs that bind and 

promote SRY expression (and not just in the supplementary figure 2).

Regarding my small comment on Figure 2A and the annotation of E800 and E250. Although the 

text mentioning them is in the figure, it's so small you can't read it. To be resized.

Reviewer #3 (Remarks to the Author):

The authors have appropriately addressed each reviewer's comments with supporting experimental 

data and literature references. I do not have any additional comments or suggested revisions.



We have replied to the minor comments of Reviewer 2 

REVIEWERS' COMMENTS 

Reviewer #1 (Remarks to the Author): 

The authors responded to each comment appropriately. 

Reviewer #2 (Remarks to the Author): 

Most of my concerns have been addressed and the revised version deserves to be published 
in Nat Comm. 

Regarding other TFs that would act in concert with NR5A1 on the E250 enhancer, I still think 
it would be relevant to include in the discussion information about other potential TFs that bind 
and promote SRY expression (and not just in the supplementary figure 2). 

In the absence of comparative genomic analysis, human genetics data and functional 
studies, we do not wish to over speculate on the potential role of predicted TF binding 
sites within E250. We have modified the discussion slightly to include the phrase – 

It is unlikely that NR5A1 acts alone to control SRY expression on the E250 enhancer. 
Other transcription factors may well act in concert with NR5A1 to promote SRY
expression during testis-determination. The NR5A1-binding site is immediately flanked 
by two predicted consensus SOX-binding sites suggesting the possibility of a positive 
autoregulatory feedback loop enhancing SRY expression (Supplemental S2).

Regarding my small comment on Figure 2A and the annotation of E800 and E250. Although 
the text mentioning them is in the figure, it's so small you can't read it. To be resized. 

This has been resized as requested. 

Reviewer #3 (Remarks to the Author): 

The authors have appropriately addressed each reviewer's comments with supporting 
experimental data and literature references. I do not have any additional comments or 
suggested revisions. 


