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Abstract: This study aims to explore the roles of three estrogen receptors (Esrl, Esr2, and
Gperl) in ecarly differentiation of embryonic gonads of Trachemys scripta. The expression
characteristics of the receptor genes were studied first. The Esrl, Esr2, and Gperl agonists PPT,
WAY 200070, and G-1 were respectively injected into the embryos at the male-producing
temperature (MPT) before initiation of gonadal differentiation. The sex reversal of the treated
embryonic gonads was analyzed in terms of morphological structure of gonads, distribution
pattern of germ cells, and expression of key genes and proteins involved in sex differentiation.
The expression level of esr1 during the critical stage of sex differentiation was higher than those
of esr2 and gperl (very low expression) and was particularly high in the gonads at the
female-producing temperature (FPT). After treatment with PPT, the MPT gonads presented
obviously feminized morphology and structure, with the germ cells exhibiting a female
distribution pattern. Furthermore, the mRNA expression levels of the key genes (dmrtl, amh,
and sox9) for male differentiation were down-regulated significantly, while those of the key
genes (foxl2 and cypl9al) for female differentiation were up-regulated observably. The
fluorescent signals of Amh and Sox9 expression almost disappeared, while FoxI2 and Arom
were activated to express abundantly, which fully demonstrated the sex reversal of the gonads
from male to female (sex reversal rate: 70.27%). However, the MPT gonads treated with WAY
200070 and G-1 still differentiated into testes, and the expression patterns of the key genes and
proteins were similar to those in male gonads. The above results demonstrate that activation of
Esrl alone can fully initiate the early female differentiation process of gonads, suggesting that
estrogen may induce early ovarian differentiation via Esrl in Trachemys scripta. The findings
provide a basis for further revealing the mechanisms of estrogen regulation in sex determination
and differentiation of turtles.

Keywords: estrogen receptor; gonadal differentiation; estrogen; sex reversal; Trachemys scripta
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IR, BeAh, BRI SR ER
T2 TR A ) R0 /A TR R A A M S R A i R
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MPT 1 FPT Xt HEZH, 155 5 uL 95% L. Dh bk
FREH A AL P 300 2K OF o AR SR 21 F 25 AR
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1.3 RNA IR RIEEE PCR

P ORAET TRIzol 19 MPT FI FPT 1EH# 41
PERRCGE 14-18 i1 21 ). 3 1> ER sl ab 3
20 Koot RRZAVERR (3R 25 B)iF47 5 RNA #ilidg, R
P 300 5 51057 &5 (Thermo Scientific) i EE/E AL,
4 18 cDNA #iHy . 2% TaKaRa i 7] &6 W 5 ic
il 12.5 uL PCR JZ A% : 6.25 uL SYBR”
Premix, 0.5 pL 5[#(10 umol/L), 1 puL cDNA
(200 ng/pL), 4.75 pL 7K. 7E BIO-RAD SZH} ¢ &
PCR {X(CFX Connect) I % & MW FEF T -
95 °CHiIAEM: 30 5,95 °CAE 4 55,60 °CiR K 30 s,
FCNATERS 40 Y. LR RCE A DT 3 DAY
R (n=3), KA 2P AN ik,
e gapdh i B FEIA TS50 (X + 5)FH SPSS
AT IR R 7 22500, P<0.05 B HEA ST
R BERGIYFINE L,
1.4 PARBIEBVIREEE

PORAET 4% PFA 11 GMCs 1415 21,
25 WIYME 4 °CoMF R i B 852 (1624 hy, W H
50%Z. 5 PFA, 2 h 5 &1 70% (4 °C
AR ORAF) . AL T 7R B3 E T g8 18
1E GMCs HZUBAR, RG24 80%. 90%. 95%7
100% AR KB AK , — B 2538 I 5 12 90 T s
A, 2 h JE 58 A AR T ) R R
(6+1) pm]. HAEY F 7EHEFE (60 °O)h TR R IR T
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Table 1 Primers sequences

Primer name Primer sequence (5'—3’)

esrl-F TCATACACTCCTGTGAAAGTGG
esrl-R AGCTGAGGTCTGCTCAAAGTC
esr2-F TGCACTGCCTATGAACAGAGAG
esr2-R CCTTCACAAGACCAAACGCC
gperl-F AACACAGGAATTAAAAGGTCCAAGG
gperl-R TGCCATGCACAAAGCAAATGA
dmrt1-F ACTACCCTCCTGCCTCCTACCT
dmrtl-R CTCCTTTGGTGCTTTCATTGCT
amh-F CGGCTACTCCTCCCACACG

amh-R CCTGGCTGGAGTATTTGACGG
sox9-F CAGTCCGAGCCATTACAGCG

sox9-R GCGGGTGATGGTCGGGTA

foxI2-F AGAACAGCATCCGCCACAAC
fox12-R CGGGTCCAGCGTCCAGTAG
cypl9al-F  AGCACTATGGAAAGAAATTCGACCT
cypl9al-R  GGTTTCAATAAGAGTGCTTGCCAA
gapdh-F GGCTTTCCGTGTTCCAACTC
gapdh-R GACAACCTGGTCCTCCGTGTATC

THZRPIEIRES , S 4 100%. 90%. 70%.
50% BEB %, 9 KR Z AP 4L (hematoxylin &
eosin, H&B)Jefa,, H A 5768 HE Ni-E HL 8l 1 &
R TSI
1.5 BEBERALEE

¥ GMCs Y] 7 5 IRIRZ 100% .
90%. 70%. 50%L BRI K, JFET 95 °C
FI PR E Z W (10 mmol/L A7 BR N I 1) 24
30 min. fF HARVRHREEG, WU R nE
WERRE 1 he WA R, REEn—4t
AR E (4 °C)o W H, il FHBEMRIE BEY]
A3, BEK 10 min), JEINZEE P 4',6-—
JoK HE -2- 28 FE 5| W (4',6-diamidino-2-phenylindole,
DAPD)IR AW T FROLIFE, 2 h JF Ak
TRV FE A3 WSV Fr o SN B ),
PO A 4l 4 548 8 30U (Nikon) #1728 401
R A S0 FH B 1) — BT R A BE LU AR < bt Vasa
(1:500, Abcam) . ¥ Ctnnb1 (1:500, Sigma).
$T Sox9 (1:500, Millipore) . F$T FoxI2 (1:300,
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UM AL E R R BR A Wl il 45) . bt Amh
(1:1 000, HUH A2 A 3 AR A B2 wl il 44 Fl R
$T Aromatase (Arom) (1:100, M AEZL A+ AR
ARRA A ) MRAEF R, X A5
PR BELLAG R Db o 1gG594 94T IR 1gG488
HIYPHL - 1gG488 (1:500, Invitrogen).
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B FPT MR R 35 . 256 21 AMEMEEIRE S
gERy 22 OB B, esrl Ik E I B TR
(B 1A). 2¢6Ef PCR K45 5 55 S 4 A
—3, PE—HESE esrl 7E FPT MR K3k,
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L EZ5 P78, Bsrl AIRES 20 Bt HL e
Ak FESCHE, 1 Esr2 A1 Gperl ZEVERR LAY
YERABR

A
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- 1l U Y
2 30 ‘e
oy A1 U 7
= a18 9 4
1
z
I/
4 2 nlZ A rll.;-.
X H b D& A .5 b A& A X 5 b B\ % AN
Y oY oty Y Y Y Y Y oY Y oY Y Y Y
- e e e o
esrl esr2 gperl
B
125 s
5100 | ‘
@ ***
/ —
g 75 %
g r '
1
: .
2 50t a
5 q
= '
25t A a1
B B -H 7
2 1Md 7
Al ~¢ - Lo ot P o

< ?']*

X .5 o AN S AN
) ch-\ e c}.\ G}.\ %\.\ %(.1»
esr2

X 5 b A G AN
R A

gperl

esrl

1 MEHMEZHER esrl, esr2 1 gperl BIZRIE  RNA-Seq (A)F1 qRT-PCR (B)F: 3 Fllfi i & 52 14 5k
RIZESS 14-21 3] MPT A1 FPT AR TERR R )R IATE L. *: P<0.05; **. P<0.01; ***. P<0.001

Figure 1 Expression of estrogen receptor genes esrl, esr2 and gperl. The expression levels of three estrogen
receptor genes in MPT and FPT gonads of stages 14—21 were analyzed by RNA-Seq (A) and qRT-PCR (B). *:
P<0.05; **: P<0.01; ***: P<0.001.
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22 WERERZAEHFIXTMERALNEH
A

R TR W 3 R R 2 R TELL Hofe
S A RN R o RN St IR 7 It Y = B
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#F| PPT. WAY 200070 Fll G-1, MI:IRIE &4
P A FEAN R A A A L AR R DR R B 1 3R GA
43 A7 5 T A BSR4 T T
VAR)Ie
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M55 25 W MPT MERRSEA TS . AR s
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JE B MPT R B SNE TN T 25 44 349 55 e o P i
Hfl, BEBT XA A L IBHEYEVE R,
BRAT I S2 ALk, R R AR A B4 (] 2D
2E, K 2], 2K, K 2J., 2K'),

MPT (26.0 °C) FPT (32.0 °C)

PPT WAY 200070 G-1 Control

T 2T 3%
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~y "‘4 ‘-.,H-' B Iy
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S eade| ¥ )

fraid| | 2,
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Enlarge
L

-
|
']
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2 IEHERZHEHHFTICEEERORSEMEN  Esrl #3h# PPT. Esr2 #3h WAY 200070 F
Gperl #8577 G-1 73 BIALH MPT iRfi )5, A-F: (ROLE BT N USSR 25 IPEIRAGSMRIE . Gd: PEIR (B
ERELPRR); FrR: 1 mm. G(G)-L(L): H&E e @M 25 MM IR ) N TR U454, Cor: KEJRIX ; Med:
B X (R 0 RE 2 AU B R ARSI i 70 5) ;. AR e 50 um

Figure 2 Morphological and structural changes of gonads treated with estrogen receptor agonists. After MPT
embryos treated with Esrl agonist PPT, Esr2 agonist WAY 200070 and Gperl agonist G-1, respectively. A—F:
The external morphology of stage 25 gonads was observed by stereomicroscope. Gd: Gonads (circle it with a
yellow dotted line); Scale bars: 1 mm. G (G')—L (L"): H&E staining showed the internal organizational structure

of stage 25 gonads. Cor: Cortical area; Med: Medullary area (the dashed black line represents the boundary
between cortex and medulla); Scale bars: 50 um.
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T A AIE Esrl 37 PPT REf% 15 S
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PERRAT ) B 5 01 a4k, ABFSERIA qRT-PCR
NG e B TR R i - U 3
P B R (B dmrtd . amh 1 sox9; Mfi 1 - foxI 2
M cypl9al)FKik sz . 45K 4 Frows,
dmrtl, amh F1 sox9 3 K 76 X BE 20 MPT 4 i

MPT (26.0 °C) FPT (32.0 °C)
Control PPT WAY 200070 Control
: . .
&
3

T4 "
& D
&

Merge/DAPI

Enlarge

& 3 EHEZAHREDFIOIBEEEMEN DTN Vasa YO NEL Esrl #8h7] PPT, Esr2
BN WAY 200070 F1 Gperl #3057 G-1 43 HIALFE MPT IRJIG S , 55 25 BMERE A 5l 0 B9 /0 A 15 0. A

R 50 pm
Figure 3

Distribution changes of germ cells after estrogen receptor agonist treatment.

Vasa

immunofluorescence staining showed the distribution of germ cells in gonads of stage 25 MPT embryos after
treatments with Esrl agonist PPT, Esr2 agonist WAY 200070 and Gperl agonist G-1, respectively. Scale bars:

50 pm.
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s B - kekek
1.2 1.2 1.2 [
i - o T |,
= 'z 09} 7 09F
5 3 5
5 o 0.6 | o 0.6 |
Q v g
2 & 3
E k 3
g 3 03p 2 03
0.0 0.0 mE”
1.2 3 Control
. 5 mm PPT MPT
.% -% WAY 200070 ((26 °C)
§ § G-1
s S = Control FeT
E E ontro (32 oc)
= [+
< ©
] (=4

Joxi2

= 4

cypl9al

W R S AR AT TE FE M A R M B E Y RIE T L

qRT-PCR £l Esrl #3li5] PPT. Esr2 3%

FH| WAY 200070 F1 Gperl #zh#) G-1 43 AL EE MPT IRJG)5, &5 25 WA+ dmrtl, amh, sox9. foxI2
F1 cypl9al mRNA ik, #**. P<0.001; ns.: LREER

Figure 4 Expression changes of sex-specific genes after estrogen receptor agonist treatment. The mRNA
expression of dmrtl, amh, sox9, foxI2 and cypl19al in gonads of stage 25 MPT embryos after treatments with
Esrl agonist PPT, Esr2 agonist WAY 200070 and Gperl agonist G-1, respectively, were detected by qRT-PCR.

*#%*: P<0.001; n.s.: No significance.

EMEKEFIE, 1 fox2 F1 cypl9al [N i EH
ik, FERORRERIN B HRIBES M, TEXT
HEZH FPT PERR T, foxI2 F1 cypl9al /& i ik,
1M dmrtl, amh Fl sox9 ARk K454k . PPT 4k
H5, MPT PEEH dmrtl, amh F1 sox9 mRNA
2R KRR 2 BEA (P<0.001) , 11 foxI 2 F1 cyp19al
mRNA Fiki 83 FTHP<0.001). MHZT,
WAY 200070 F1 G-1 ZbFEJ53x 5 N EE R B ik &
WK EA R ED ST ETEES), dmrtl,
amh F1 sox9 34k = K F-2 1k , foxI 2 Fil cypl9al
EIUIRERIE , 50T BE L AR Al A SR B A —
(A 4).
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MPT (26.0 °C) FPT (32.0 °C)

%

Control WAY 200070 Control

Sox9

,

Merge/DAPI Foxl

Enlarge

Sox9

-

Foxl

Merge/DAPI
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v .' & \
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5 IEMERFEREEFICEBEEHEIITRMEER Sox9 1 FoxI2 BINITN  Fssul ye ubr gy il
Esrl #3037 PPT. Esr2 #4317 WAY 200070 F11 Gperl ##h5 G-1 23 BI4L3E MPT IRJIG )G, &5 21 WIF0 25
IR Sox9 Fil Fox12 A MRIEA. Hr/: 50 pm

Figure 5 The distribution changes of sex-specific proteins Sox9 and FoxI2 after estrogen receptor agonist
treatment. Double immunofluorescence staining showed the expression distribution of Sox9 and FoxI2 in
gonads of stage 21 and 25 MPT embryos after treatments with Esrl agonist PPT, Esr2 agonist WAY 200070 and
Gperl agonist G-1, respectively. Scale bars: 50 um.
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PE G 19 MPT PR 3B L MO8, K& XFTHEZL MPT PERREML, KA AMERSHE S
L e () kAR (O LB 4650 26/26, 3 2) (&l 5 F1& 6).,

MPT (26.0 °C) FPT{32.0%C)

Control PPT WAY 200070 G-1 Control

Merge/DAPI Arom Amh Enlarge  Merge/DAPI Arom Amh

Enlarge

6 MHRZEFHFINEEMEIIFEHEER Amh 1 Arom BHIDWEN IR YL CAGI
Esrl 305 PPT. Esr2 #4217 WAY 200070 F1 Gperl ish5] G-1 70 BIAbFE MPT MRIG)E, 45 21 B0 25
BT Amh T Arom B BRIB . AR 50 pm

Figure 6 The distribution changes of sex-specific proteins Amh and Arom after estrogen receptor agonist
treatment. Double immunofluorescence staining showed the expression distribution of Amh and Arom in
gonads of stage 21 and 25 MPT embryos after treatments with Esrl agonist PPT, Esr2 agonist WAY 200070 and
Gperl agonist G-1, respectively. Scale bars: 50 pm.
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Table 2 The number of male and female gonads and the rate of sexual reversal after treatment of MPT embryo

with estrogen receptor agonists

Developmental Incubation Treated groups Number Number Number of Numumber Sex
stage temperature of embryos of testes ovaries of ovotestes (reversal rate)
Stage 21 Male-producing Control group 32 32 0 0 -
temperature (26 °C) Esrlagonist 34 10 15 9 70.59%
PPT (15+9)/34
Esr2 agonist 38 38 0 0 0%
WAY 200070 (0+0)/38
Gperl agonist 32 32 0 0 0%
G-1 (0+0)/32
Female-producing  Control group 31 0 31 0 -
temperature (32 °C)
Stage 25 Male-producing Control group 42 42 0 0 -
temperature (26 °C) Esrlagonist 37 11 26 70.27%
PPT (26+0)/37
Esr2 agonist 36 36 0 0 0%
WAY 200070 (0+0)/36
Gperl agonist 34 34 0 0 0%
G-1 (0+0)/34
Female-producing  Control group 44 0 44 0 -
temperature (32 °C)
Male-to-female sex reversal rate=(numbers of ovaries and ovotestes)/numbers of embryos. The “—” in the table indicates the

control group, and there is no sexual reversal.
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