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13k 85 4T B Period of M. amblycephala

FG R MIREE R AL SG R E AR FG M SG Z A A9 2 35 1%
Z2HH ¢ (P<C0.05), * * (P<C0.01), x % * (P<C0.00D)Fm. FG
stands for fast-grow group.SG stands for slow-grow group; the The sig-
nificant difference between FG and SG is represented by * (P <Z0.05),
* x (P<C0.01), * * % (P<C0.001) respectively.
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Fig.1
SG groups of M. amblycephala at different ages

Comparison of body weight between FG and

I FH B 6 B 5 ¢ HL K AT Nano Drop 2000 #% i £ 1
L (Thermo, 3& ) 43 4 M & RNA 58 % Pk F ik
B, F M HiScript © I Q RT SuperMix for qPCR
(+gDNA wiper) i 7| & (Vazyme, §§ 50 Ui W H &
JR cDNA W85 — Z% 8, Wi B8 5 R R AF T —20 C
s
1.3 Hkf ER BEFERE

ik NCBI F# 5 5f ER 3£ 1Y cDNA J7
G, 555 3 BT 7 DR A2 € 3R A5 1 A1 3k 67 7 S 41 T 41
HEAT Blast, K15 24 ER B:F WA v B, FIH NC-
BI 1) primer design tool Chttps://www.ncbi.nlm.
nih.gov/tools/primer-blast/) % i H T #F K 51 ¥
(DG RDCER AR RA A S .
LAA IR cDNA S BEAR 47 PCR 971 . At ok A5 1l
C a7/ o S R (VR WS/ ST v e 3 A
YRHECA R A Sy . W 345 0 B 0 3 R B
JH Mega 6.0 3 fF 47 PF4E, OF 5 58 5 0 1 A T 91

1.2 2 RNAREUKE cDNA &% eI L N Ui B R O (g S R NN R
K H Trizol i (TaKaRa, Ki#) #2BUE RNA, J¥ 4,
x1 EERESY
Table 1  Primers for gene clone
514 4 B PCR 514751 (5'-3") B R S/ C YOI r BER B /bp
Primer name Primer sequences Annealing temperature Amplified length

ERa-F1 AACTCTCGCCCATGTACCCC 60 406
ERa-R1 TCAGTCGCACTGCACAACAC 60

ERpB1-F1 ATCAGTGCGGCAGTCTCTAAG 60 486
ERB1-R1 ACGCCATGGTAACCACCTC 60

ERpP1-F2 ATGAGGTGGTTACCATGGCG 60 573
ERB1-R2 CCCATACCAGAGCATCCGTC 60

ERP1-F3 TGAGTTCGTCTGAGGGAGGA 60 447
ERB1-R3 GGCATCCGTGATGTTTTTCAAC 60

ERpP1-F4 ACAACATTGAACTTGTCCGCC 60 450
ERB1-R4 CTGCTACCCTCTTCACCAGT 60

ERpB2-F1 TGACCACGCCTCTGGGTATC 60 442
ERB2-R1 TGCCTCCAGAATACAGTTCACC 60

ERpB2-F2 ACTGACGCTCTGGTTTGGAG 60 343
ERB2-R2 TCTCCTGGTCGCTCTCTCTC 60

ERpB2-F3 CCAGAATGAGCTTCTCCCCT 60 481
ERB2-R3 TTACCCACAATGCCTGGTGAA 60

1.4 Hk& ER EES M RHENHEE

38 3 NCBI 19 ORF finder #2J% (https://www.
ncbi.nlm. nih. gov/orffinder/) 43 ¥ A 3k #j ERB1 &
() FF B B B HE fF 2. ProtPara )% (ht-
tps://web. expasy. org/protparam/) 43 §1 ERB1
a3 B NS L AR A 5T [R] B S DNAman

B 3k 7 ERBY PR 5 HA B A 3 ) kA7 = Ak
PRFF A LR, ffi ] Mega 6.0 B ER JEP] &
Gt e .
15 gRT-PCR

ETHREHE LW ER 3K P55 8. F H
NCBI Y primer design tool Wil E BT Y (£ 2),
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IF i R DCERHE YR A PR A | 6 . e Ak 85
Bractin YERINSHL N, LIRSk 7 3 4RI B BE 2 4
HEH cDNA R BT, #% B Hieff © qPCR SYBR

Green Master Mix(Low Rox) iR & (¥ %, L)
VLA 4T qRT-PCR ) ,

%2 OoRT-PCR3|#
Table 2 Primers of qRT-PCR

EIE/EZ SlFF1(5'-3D)

Primer name Primer sequences

B4 BRI /bp
Amplified length

Bkl C

Annealing temperature

ERa-F GGCTGTCTGTTCACGTCAGA

60

ERa-R CAGCCAAGAGCTCTCCAACA 60 e
ERB1-F CACCAGACTAGCCCATCTGC 60 -
ERBI-R GGAGTGAGACAGACGTGAGC 60
ERB2-F GTCTGGTCATGTGAGGGGTG 60 .
ERB2-R ACAGAAAAGGGATAGGCGGC 60
Bactin-F ACCCACACCGTGCCCATCTA 60 .
Bactin-R CGGACAATTTCTCTTTCGGCTG 60
1.6 HIFEHSH ® Ala (A)
P SN0 D S i G D O Rl R i O il A 2,609, 510% S.10%, 'iri((lﬁ\))
ffi [} SPSS Statistics 22 1 GraphPad Prism 8 {4 4.4017;20% 2.30% Asp (D)
HEAT O AP RT AR R S R ¢ Ko B AT £ N
HHESHT. A5 P>0.05 Bk WG EERARE 10807 so0% =l (0
(H*ns” 278D . P<C0.05 ik N it 22 5 0. 3% U - 4.80% Ei“:(%z))
“x PRIN) L P<0.01 HiiR A G AR 2 ki E H 6.20% = Lys (K)
ST P0.001 ARSI FERREH R
(H % % %« 7R, 5.80% Ser (S)
4.60% The (T)
2 zﬁ%'—iﬁ*ﬁ T 3.20% :%{EE?;

2.1 Mkt ER BUMRS
I TR) 9 5 B BF 422 4% 00 7 9, AR A TR 0 ATk
fifi ERa 1 ERB2 19 CDS(coding sequencing) J§* %1 ,
AR A1 3 B ERBL BN B 52 8 19 CDS J3 4. Prot-
Param B0 00 25 5% W78, W13k 7 ERBL 3 (K] (19 I
B HE SRy 1 704 bp o H G B 19 25 11 BT T 567 > &
BB FEAL L 53 F B O 63,75 kus BHIE A5 L
(pD 2 7.54, F ot HE A, @ERKIED Leu
(11.6 %) Ser (10.8%) . Pro (6.2%) . Glu(5.8%) .
Gly(5.800) MM AR A M Z LR o5 59.6 70, FE IR
PEE IR 40420 (& 2), HIEREM 'em ™' y=
280 nm) A 62.225, HORFE RECHN 61.78, )& A Fa
SEEMA. BKRECRH 77,72, F B 5E KM —0.30,
J& AT
2.2 Mkt ER REM S

ffi H DNAman 1 %t N\ (Homo sapiens) ./
B (Mus musculus ) ¥ (Gallus gallus) | A 3k 85 K

2
Fig.2 Amino acid frequency distribution of ERB1
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a b ¢ d e f & h i J k
HHESY Vertebrates

a: M Cyprinus carpio; b: 4t Carassius auratus; c: 3 5 Da-
nio reriosd: K PG PEfE Salmo salar; e: H A H 8 Oryzias latipes;
f: K# M Larimichthys crocea; g: /N Mus musculus ; h: ¢ P I
Xenopus tropicalis ;i: BRI 5 Sus scrofaj: ¥ Gallus gallus sk: N
Homo sapiens.

3 HLf5 ERBl 5 H & HE S ¥ #Y F IR 1 LL &
Fig.3

in M. amblycephala and other vertebrates

Comparison of homology between ERB1
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HAth 825 ER & SE W 3 5 F 47 R 1 4 b7 I
Mega 8 14 ¥ 2 & g6 kAL, 25 3 R, Ak 5
ERBL & F1 19 & 3 1R J¥ 51 5 6 (88.43%) ., & 4
(87.37 %) FIEE 5y 111 (86.39 %) EL A5 %8¢ w5 114 W] U5 4%
5 RVGHEAE (66.72%)  H AT # (65,14 %) Fl K #
41.(62.06 Y0) HA B [F R PE . 5 /N EL(50.96 %6) L dE
PHTUE (50.87 %6 L BRI B 4% (50.00 %6) 3 (47.99 %6)
N (46.95 %) HA MK REE (R 3 . RGEHH W
11 ERa il ERB E A 25 5 B — 25, B B K 7 .
P 3k 5 ER 3 [N 4% 30 AL 43 1) 5 8 | 4 £ f BE 5 fa
G DI A R 0 o/ =TI v A L AR 4

I 4,
23 EREFRHFEAEKRENMNMZHRAPHRIE

D WSR2 BRI A TP i Rk, 78 1 1B 5
3 AL @ LA 1 s ERa Fil ERBL TE A4 KA (FG)
RIS AR S T A KB4 (SG) (P<C0.05), Jf
H ERa 75 1 % FG 41 SG #H 3k 5 b i e 35 B 22
5L 2 W 3 9 ATk B 5 O B R (P <20.05) . SR,
ERB2 £ FG 41 M1 SG Mkt Rk EER S
ERa 1 ERB1 M) (P <C0.05), £ 3 & 1 71 3k )
TLERP2 7 FG Al R B EF & T SG 4
(P<<0.001)(H 5),

414 Carassius auratus(XP_026089429.1) ERP1
#if Cyprinus carpio (XP_018943785.1) ERPI
3Ky Megalobrama amblycephala ERB1
Bt 46 Danio rerio (NP_851297.1) ERPI

KPG#:AE Salmo salar (NP_001117049.1) ERPI

114§ Oryzias latipes (NP_001098172.1) ERPI
ﬂ KB4 Larimichthys crocea (NP_010737659.2) ERBI
100 Pt Oryzias latipes (NP_001121984.1) ERP2
4|—— KB4 Larimichthys crocea (NP_001306863.1) ERB2

——— &1l Carassius auratus (XP_026079589.1) ER[B2

100

100
10 100 Bt Danio rerio (NP_777287.2) ERB2
6E #i Cyprinus carpio (XP_018979841.1) ERB2
62 3Kt Megalobrama amblycephala ER[2
AU IRYE Xenopus tropicalis (NP_001035101.1) ERB
X% Gallus gallus (NP_990125.1) ERB
35| N Homo sapiens (NP_001035365.1) ERB
IOO_I:W(IE%% Sus scrofa (NP_001001533.1) ERP
63 /N Mus musculus (NP_034287.3) ERB
34 A Homo sapiens (NP_000116.2) ERa
100 FXST B 5% Sus scrofa (NP_999385.1) ERa
N Mus musculus (NP_001289460.1) ERO
X9 Gallus gallus (NP_990514.1) ERx
EYHIUE Xenopus tropicalis (NP_988866.1) ERQl
100 K#44 Larimichthys crocea (NP_001290305.1) ERx
100 —|: F Oryzias latipes (NP_020570152.1) ERat
KP4 Salmo salar (NP_001117064.1) ERa
44t Carassius auratus (XP_026146892.1) ERo
il Cyprinus carpio (XP_018982092.1) ERx
BELY 0 Danio rerio (NP_694491.1) ERx
3kt Megalobrama amblycephala ERQ

100

100

100

100

—_
0.10

713k fii ERB2 B4y CDS J¥ 31l Megalobrama amblycephala ERB2 is part of the CDS sequence.
B4 EFSEBFIIN ER ERANESHMA S

Fig.4 Phylogenetic analysis of ER genes based on their amino acid sequences

MR R ZAREEEE IR P FGA . 75 LIBA 2K T SGs 78 3 & By BL, FG 41 09 1 i b 1 R 3k
2 U WA AT Sk 5 v, ME S R 2K JE N ERe JERBL Al HE T SG 4. 1 W A0 2 4 M v 141 Sk 5 ok i
ERR2 HE FGH M E R BB ER T SG A, MM ERB2 # FG UM E X E W EI T SG 4. HE 3
Wkt , ERe 78 1 #& FG 410 VERR Hh i ik i W HEMEPERR F ERB2 7 FG Al £k i & & T
BT SGHTE 2 WM B FG HMMER P mEL SGHA.,
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VAT 3k 977 4 1% B
Period of M. amblycephala

A:ERa,B:ERB1,C:ERB2;FG. RE A KA, SG B #E A KU FG 5 SG Z M A S it 2% 2 5 “ns” (P >0.05), “

W Sk 3 A% B
Period of M. amblycephala

A1 3k 5 47 % B
Period of M. amblycephala

* 7 (P<C0.05),

“x % 7(P<C0.01),“* % x "(P<C0.001)#F~, K, FG stands for fast-grow group,SG stands for slow-grow group; the significant differ-
ence between FG and SG was represented by “ns”(P>>0.05)," * "(P<C0.05),“ % * "(P<{0.01)," * % % ”(P<(0.001) ,respectively. The

same as below.
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Expression of estrogen receptor genes in the muscle tissue

AT 4 IK b
Relative expression

11 3k 5 47 % B
Period of M. amblycephala

A:ERa; B:ERP1; C:ERpB2.
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Fig.6 Expression of estrogen receptor genes in the gonad tissue
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(] PR A — S R b S T W b )Y SR 2O
F ARG A Skt ER BE R 5 SRR} 0 28 W] U 1 4R
i 5 HAR Rt 2k 2 5 H A R HE S W) () I A
ik, W ER B RIS SR EE LR A
K MR SR G O B AR T B Wy o rp BAT 50 e 0 R) D L B
FINE 2 A £ iy [ L X 45 SR UE 52 73X —
AW R G AL M 45 R R ] ERa F1 ERB W Y
P 2 26, ERB W.RI# ERB1 1 ERB2 4% B W —
2, L B AR XU K B 0 S A R — B

CAMsE R, 55 5 B HE 1 (Oreochromis
mossambicus) TEPE B Y BR AR S5 h 814 4R 22 1) 3
B AE SR IR B S AR R 3R WD P9 O
R B T R ARG, R A A 3
Wit ER A7 #EW ERs Fik FRXT THIRC K F
B AT 3K B B AT — S R A K BT . R
FEATHE 1 A [8] 4 7% By B b AR KR (RGO #i AR K A8
(SG) By AT 3k 6, 452 I 1 MfE 3 3R 2 (R L [N ERa \ERB1
i ERB2 FENLA A IR AP i R B 0L, 45 R B

7N S TETE IR A F FA (1 #8413k 85) , ERa 75 FG 4 1Y
PERR R PR v i 26 5A i 3 = T SG 41(P <<0.05) ,
fHJE4E FG A SG A WLA . ERa 3R 35 i 2
S0 T AEPE R P ) R GA i 25 (P <<0.001) %
HIZEME IR R R B R ERe B T 764 K7
T TS 2 M B 5 T R AR . AEPE R R U
(2 W13k 85) , ERa 1E FG 401 SG 4 h iy ik 2
SAEPERR I S, SRR R TP A E
it B, ERa B30 ] T AE MR IR & F U5 R FEAE
JFH ERBL BT ERe fEAEK I IEH ., 7E4E
IR & H B (3 % Sk ) . ERa 1 ERB [R] B 7
A K5 T R AR B ERBT HULE MEPE AN K &
FEVER L 1T ERa 78 e P AME M AN b 38 R SR
W 4h ERB2 5§ ERa .ERB1 (131K 45 S AR 52 o 76 M i
KEREAR L ERB2 RN FG 410 WL A A1 iR
ks E R EMRT SG A HEEMR LT R
MEPEAS A T, ERB2 7E FG LM h i ik 1 B 3
BT SG 4L 5 WL A 45 SR (P <<0.05) , 45
XKW ERB2 WS ERa F ERB1 #H 5z , 75 M i
KB R AT X A KR B RAE . IR AT
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#ED , ERa 1 ERBL 7E LA AL 41 Y 1 98 W] — 2 2
JEEARSEALA A KL ERB2 M BEW fE S ERa.
ERBY fF#E—E 5 Pi/EH . AR 45 3 8R4/
BH T ERa B3 3h 7 A ML Mg = P& (propylpyrazole
triol)  AJ i HE W i A 158 B b H R Y SRR
X # W ERa 784 KA 70 B HEVEH .

Zi L AW s T Bk ER JE A CDS ¥
G, %75 5 R 2 LA B E R IR . X ERs
75 A 3k 67 3 AN AR i B B 2R R Rt A 1R 1 JUL PR AR
WA R RIBN LT 0T 85 R W ERs £ — &
FREEE AR PR O & B A 0 28 A4 KL X i R
o e (T I R 7 o 1 = W e e
ERa \ERB1 Fl ERB2 W] e 41 i — 1~ & 24 1) I8 % {4
Z A% A B L 7E A K R R R v 3R] R T AL A
ERAEREE.
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Expression and regulation of estrogen receptor genes on growth and

sexual maturation in blunt snout bream.Megalobrama amblycephala
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Abstract Estrogen is an essential steroid hormone that promotes fish gonad development and main-
tains reproductive function,contributing to regulate energy metabolism and growth development. Estro-
gen receptors (ERs) are the key receptor that mediate estrogen regulation in multiple tissues and organs.
Therefore, ERs may be related to fish growth and gonadal development. In this study,we cloned the cod-
ing sequences (CDS) of estrogen receptor genes in blunt snout bream (Megalobrama amblycephala) ,
including ERa (1 904 bp),ERB1 (1 842 bp) and ERB2 (2 609 bp). Through comparing the homology of
ERs among different species, we found that the ERs of M. amblycephala share high similarity with
carp,goldfish and zebrafish. To analyze the relationship between ERs and gonad and growth,we collect-
ed one-year, two-year, and three-year old M. amblycephala , and selected individuals with fast growth
(FG) and slow growth (SG) at each age stage. The expression of ERs in the gonad and muscles of M.
amblycephala at different ages was analyzed. The results showed that in the early stage of gonadal de-
velopment, ERa tended to play an important role in growth rather than gonad development. At the met-
aphase of gonadal development, ERa had an effect on gonad development,and ERJ1 replaced the effect
of ERa in growth. After gonadal maturation,the expression of ERa and ERB1 in the FG group was sig-
nificantly higher than the SG group,but the expression difference of ERB1 between FG and SG groups
was only shown in males,while ERa affected both males and females. In addition,the expression differ-
ence of ERB2 between FG and SG groups was contrary to that of ERa and ERB1,which inhibit growth in
the early and middle stages of gonadal development. Taken together, ERs could promote the gonads and
growth of fish to a certain extent. Meantime, ERa, ERB1 and ERB2 might form a complex regulatory
system to influence with each other and jointly regulate body growth and gonadal development.

Keywords Megalobrama amblycephala ; estrogen receptor gene; growth; gonadal development;

gene expression
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