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WE: NRF cypl9a L ALE KM (Ctenopharyngodon idellus)VE i & B 1 72 i 1 R A B0 J o RNA P8 L PR It Bk
JE & PERIAH DG A Y R aA ma i, BT i RACE $RFERERL 1 cypl9a FEH 424K cDNA J751, R qRT-PCR H AR
Kl cypl9a FEPFTER & T AN RI B M R0 2UR AR fa 45 L SV I RS, AL cypl9a-dsRNA I £ ifE 47
RNA TS0, Xof R ZH ME ff0 33 6 45 o Az R 7K, G 0 1 e 2 20 e i S50 O 6 R 198 338 RT3k &
B, R BN, B cypl9a i) cDNA FH 4K N 2219 bp, HAPIFEIER 1554 bp, 5AE4wHS X (UTR)48 bp, 3’
UTR 617 bp, %t 517 MEREIR . Hfh cypl9a SERAEMEMR R B RS, HUGENA ., BAH.OEHLS, RAREE
B PR AR LU, cypl9a FEUR L 1R KK 35 8 32 A HL(P<0.05), HL7E 48 H &M sl isd 1 3235 K F 3%
I TF, RUNZIE AR A G & ORGSR PR G E T . 4% S neg/g WS cypl9a-dsRNA VIERTHEE S d,
dsRNA 11541 cypl9a Feik 50 BRLAH L 3 FEAR(P<0.05), $EJEHVTERSCRTE 1 d IR 59.72%, ZJEE 4 ETF.
EXTREAIAH L, dsRNA HESTATE 1~3 d B foxi2a Fl foxI2b FRik it .3 L IR(P<0.05), dmrt] Fik it T #(P>0.05), amh
Tk B BETIP<0.05), HIETHE 4~5 d B foxl2a. foxi2b, dmrtl F amh WA B B HR N B KT
(P>0.05); HeAb, VELTLH (M35 e B2 (E,) & B R I (P<0.05), SEF(T)& & B3 FTHP<0.05), %L, ®ifh cypla
Ry PERRR T AR LR, A O B 208U rh 3Rk i fe i IR AE P BB Br R K 3 B, o Rl A R ISR foxi2a
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FEVEH, AP R vk B R R B oT St S04
F5 &AL (Cytochrome P450 Aromatase, CYP19)
JEA (4K P450 (Cytochrome P450)% Ji% i) il iR
2o, R AR R T AR Sy M K ER A DG e PR
g R EL s b, PASO 5 AL BEAL e
HE— cypl9 FEHFGmthmipk, Mt h cpl9
FeH ZDAEAE cypl 9a Fl eyp19b FFPETL, 43514
T R X 05 35 Ab i S A AR —— P B R D5 5 1k
fif§ (P450aromA ) 11 fiki 78 35 75 1L g (P45 0aromB)”,
o, cyp19a 1 R IR R G LY SR,
LR Pl i i 1 05 B AT 2 2 5 R 2R B L
(A M & F o ok R = & U5 1 o 4
30 mg/kg [ 17B-MfE —FE 1 20 mg/kg 1 17B-MHE B
BA 10 mg/kg & 7 3y 3845 19 K 1 2R 6
(Micropterus salmoides) th M fa P£ it 41 21
cypl9ala FER IR KV AR B ME£0 I 2[4 . Zhang
2R gE & B XX R e % %k 41 (Oreochromis
niloticus)8it 2% cyp19ala K& F v S A R MERLE K
SRR, R AR B A R D O R B RS
& W 25 U2 48 7 2F 6F (Paralichthys olivaceus)
Cypl19a Z wilEHUIRIF &I BEHERR cypl9a FEH
()2 K 55 sk —3, BA MR A8,
FIH Fox12 #1 Dmrt1 541 4 [ A0 B 64 iR 531k
W n] o n) B3 LIEHATT U cypl9a HE K
-, e Fox12 Al Dmrtl & M vl V84 cypl9a
MRIES SREERNSCERE . WES 4
Yz E AR B L, 25 cypl9a FERAEVERR A F 1o
T H 5 A ) 356 DAL () A o A T A A B, AN B
o 13 jg w8 3k 40 UK 8 £1 (Larimichthys
crocea)" 2 IR, #R1HAENOE B0 AR A g
cypl9ala WGk R BN, TEMEMER (3. 6, 48
A cypl9ala W5 SRR 348 AN ) 72 B 1Y i
F LT, R cypl9ala ME AP L FIE T
BAEEAMEN, BHAERAMRLEF SR DL
INABE 3 R 55 A% DR A D A FH 16 R T A
RNA T#i(RNA interference, RNAi) & E &4
Yok N B — MR IR g, JEFE T/ RNA (small
RNA, sRNA) R Rk 4507 . RNAT LG TE
VI W AEAE, T DAFERE ST | 5t K
FHPEZK T X)L 5 DA ) R 3k S S0 RF S 2 BEL e R 41

i, R, ARUE B R SRR B E R T
Bt, B RET RNAQ J5H A 3 5 T R A 2 7
A, OIS SR I e R A TR A 2
(Apostichopus japonicus)'” K F-FEHG(Crassostrea
gigas)POFN % [T ER (Macrobrachium rosenbergii)")
Ry b ¥R R AR dsRNA #E4T
SRR E B0 3 DR A 238 . Song 25PN 1 it
(Cyprinus carpio) igf3 B WA HY dsRNA T3
W IR, igf3 HERUTBR G BRI 2 5 e fe ME AR I R
FPE B BEEER 0 70, TSI ERR I & o

AWEFE N 1 RACE BiRFERE cypl9a FE 1)
4K cDNA J¥%1), i qQRT-PCR £ R¥EFT cypl9a
HE R B A0 R R A () B S0 R £ 4% ZH 2P Y
FAE, AT dsRNA T4 J5 P01 AH OGS A (1 3%
B ANMIE R K-8, R cypl9a FERFEH
PR R B AL TR AR, itk —
HIRER cypl9a FERTEFAAVERR KT i #Eh X &
P ) 5 R ) e 428 4 FH B9 0 R At S T S o fr i
PRI AL B PR P S 4

1 #MEEFE

1.1 XEH&E

SEEG A 3. 12, 24, 36 Fi1 48 A B
i, EDK RIS B BR LK A5 BT =K
FEH AL o ARIE AR S B S S IE IAE (2 mx
1 mx1.2 m)H 8 38— )8, B % WA [a] By 78 <
A, BERBEME PR R, RS T AR B T
BRI AR A PR H]
1.2 HAEFERE

R 38 00 4 252 3 g v 43 00 o L R R i
2 LVOTk i £ AN ] H 1 M 2 4R LR 6 01, 12,
24 .36 F1 48 H % F ks SLAN B0 L0 BT R F 1.
11, 1L, TV . $EH 48 7 w0 il fa i i 45 5 e,
24 h 5, RIWAESFH 100 mg/L By MS-222
(Sigma, ZEE)HURME, /3 5REMm . IR, 8. O
e OBRME . SKE L OFRE. s . DL RS SR
HAHL, B 12, 24, 36 f1 48 H it F a4 5
BB, 254 24 h, KI5, SRAEMIRAL, B 5T
HE TR A EEF-80 CUkARAE, HTIR4t
RNA 2, 7 FH 5 S 57 R S R AE T 0K &



55 4 3]

H/NJF R Bl cypl9a FEDNHYFRIBFFIE K H RNA 405 1 1) AH 5G35E AT A 5 28 0 17 423

BEh, SRS Wang PN & (1 Ffr e I S
PR Fhric % e
1.3 & RNA #2E#1 cDNA B & B

K Tissue RNA Kit (OMEGA )7 & () M
BAEAEYIRHABR A F], )R ERRE £ 4 2 LR
RNA, H 1%Bi5HEEEHE 1 CytationTM ENO HTS
% Y1 HE W b1 1Y (Biotek Cytation 5, 3 &)l &
RNA #li FRE, # i 0D260/0D280 £ 1.8~2.1
ZIa], #M SMART™ RACE ¢cDNA Amplification
P18 & (TaKaRa, H AL, &5 SRACE
1 3'RACE cDNA ., 735l # BUR (i f 4 1 20
JiR % 45 B ) X HE 4L RN dsRNA &b BLZH 1 i 41 40
RNA, -80 CI#fE# . FIH PrimeScript™ II 1st
Strand cDNA Synthesis Kit (TaKaRa, HA%)& It
i B cDNA %5 —4%, #£ih cDNA ¥R 200 ng/uL
Kiti, 20 CL-AEFEH
1.4 Ef cypl9a cDNA WK TREFF 5 5347

R Hl % S 28 5080 R L R £ 28 1) PR S

G, MM Primer 5 A EIHFE R Y TP
cypl9a-F Fl cypl9a-R (& 1), LITEARE cDNA % —
S AR AT B R <Y P 4 e B 1S o 20 L
P IR Z N DEPC /K 6 pL, Premix Tag™ 10 pL,
LS4 1 L, cDNA 2 uL; KW ERFH:
94 ‘C 3 min, 35 MMEH 94 C 305,56 °C 305,
72 °C 1min), 72 C 10 min, 4 ‘C{#f%. PCR j#
W 1%M IR SR IR RIS, 224 T
PR TR I A BR 2 vl I o 3l 00 435 R 5t
cypl9a FH S'race fl 3'race HAZI¥I(FE 1), F
A Smarter Race5'/3" Kit Components (TaKaRa,
H AR & AT 5/ R o A 372K 3 )7 41 47 4, PCR
FEY 4 ik i A PBM 23 Vector 1, F45 1k #
DHSo EZAS4MMH, 37 CidadJa st 17 # %
PCR, i ¥ H FH P B0 5 B A7 00 o, o i 4R
Vector NTI 4356 cypl9a ) 5"k . 3" S o
[ 40 P ) Pf 42, I3RS B SE B/ cypl9a
cDNA J741 ,

x1 KXHRFASY

Tab.1 Primers used in this study

5114 % primer name

¥ 31 (5'-3") sequence (5'-3")

& usage

cypl9a-F CAAATGTGGCACTCTGGAA
cypl9a-R TCCGAACGGCTGAAAGA

RI AGAGCCGTGATGGCGTCCTGTA
R2 TGCTCCCAAAGCGTGAGGTGTA
R3 TTGTAGTAGTTGCTGGCGGTCC
F1 GAGTTACAGGACGCCATCACGG
F2 AGTCCATTCTTGTGACGCTGT

F3 CGCAAACCAACAACCTGTCGCA

cypl9a-dsRNAF
cypl9a-dsRNAR

TAATACGACTCACTATAGGGTATGGAGACATTGTGCGGGT
TAATACGACTCACTATAGGGCGTGATGGCGTCCTGTAACT

f-actinF GATGATGAAATTGCCGCACTG
p-actinR ACCGACCATGACGCCCTGATGT
cypl9a-qF GTAATGGCACTGAAGGGGCT
cypl9a-qR TGTAGTAGTTGCTGGCGGTCC
dmrtl-qF TACCAGCCCACACCGTACA
dmrtl-qR GCTCTCACACTCCAGCTTGTT
amh-qF AACAGGACAACAGCCCGAAA
amh-qR TGCACACTCTGAACTAGGCG
foxl2a-qF ACGAGACCGACGACAGACCAAC
foxl2a-qR GCCTGCGAAGAAAAATGTGAAATC
foxi2b-qF ACAACCCCTACAGCCGAATG
SfoxI2b-qR TACCCTGTTTACCTTGGACGAT

B Jr By b

intermediate sequence cloning

5’ RACE ¥4
5’ RACE-PCR

3’ RACE ¥ 1
3> RACE-PCR

dsRNA £ 1
synthesize dsSRNA

SO it
quantitative real-time PCR

T FRIZE R T7 18 37751,

Note: The underlined part is the T7 promoter sequence.
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fi /H ORF Finder (https://www.ncbi.nlm.nih.
gov/orffinder/) 7 il ORF v & Fl & % W ¥ 1),
ExPASy-ProtParam (https://web.expasy.org/protparam/)
SrRTE R BRI PE BT, WoLF PSORT (https:/
wolfpsort.hge.jp/) #4174 it % 2 T, SignalP-4.1
(https://services.healthtech.dtu.dk/services/SignalP-
4.1/) #1 TMHMMS-2.0 (https://services.healthtech.

dtu.dk/services/TMHMM-2.0/) 43 5| #4725 H B {5
5 KI5 L 25 A 3 300, SOPMA (http://npsa-pbil.
ibcp.fr/cgi-bin/npsa_automat.pl?page=/NPSA/npsa_
sopma.html)#1 SWISS-MODEL(https://swissmodel.
expasy.org/) 73 5 TN 25 [ 5T A — 4500 I = g 4
}J, SMART (http://smart.embl-heidelberg.de/) Fl
InterPro (https://www.ebi.ac.uk/interpro/) 1. .73 5]
I3 AT S SR T 5 ) PR T 25 4 3k R LT R S A A
DNAMAN 3R 17 2 3 1R 2 8 7 51) Lo Xt 43 At
MEGA 7.0 {8 (5 TSR AL AR (NT ¥5) I &
G A
1.5 cypl9a-dsRNA BI& B

A e pE A 2 BBt cypl9a cDNA F41, ffi
AL 8 BLOCK-iT™ RNAi Designer (https://
rnaidesigner.thermofisher.com/rnaiexpress/) 3k 15 H
i cypl9a FERUTERHE &5 B 72 09 790 v Be, R
Primer 5 AAEALE cypl9a Fe R UTERED 25 1) 17 51
BT T4 cypl9a-dsRNA W51, FH1E
RS SN T7 Ja s P s (ER 1) Lk
it cDNA 25 —5E Mk, #H1T cypl9a-dsRNA AR
(44 .50 uL P 3K & A DEPC K 15 pL, Premix
25 uL, B FUFEI9I4% 2.5 ul, ¢cDNA 5 uL;
FEFR:98 C 30,35 MMEFF©O8 C 105,63 C
305,72 'C 95),72 'C 5min, 4 CHRAFHH 1%
BN L s FEL VKA TN PCR =4 B BRI
PCR /=¥)% Wizard® SV Gel and PCR Clean-Up
System i | & (Promega, € [E)4ifk f5, ¥
TranscriptAid T7 High Yield Transcription Kit x5
x H) & mJF 4 1k
cypl9a-dsRNA . JH 1%35 NEW B8 e v vk RS I 241
JF 1Y dsRNA, BEARAUK I dsSRNA ¥R, 80 CIK
ORI

& (Thermo Scientific,

1.6 cypl9a-dsRNA T LW HERRE

PEHL 300 & 3 H AR E 4(9.97+ 0.96) g fil ik
TR A R A (1.8 mx0.9 mx1.2 m)& 75—,
BT % 1 (B AS TR 7 7 R 4R, T R B MR O T
R F S TR cypl9a-dsRNA Heidi i &, W&
SRR R, SRSy 3 4, CRAE IS AT
R SHEEE N 1, 5, 10 pg/g 4 cypl9a-dsRNA,
X HRH R G S AR AR OK, RALEST R A 30 B,
HO R R SE s HA 4 MR 0.8 mx
0.6 mx0.6 m AYMIFEH, 24 h )5, FAREHLPEEET
i 20 BB, BREE, REMRAL THHKE,
ISR HE cypl9a-dsRNA  XiF i £ B &L 40 21
cypl9a Fik ARk KOLHEEE R (DT BRAL R, i ik
OB E . RS A S Rl W E R cypl9a-
dsRNA, X M 20 i o 45 f i A= JR b K, R 4 T 5
A 80 F2, THUTE ML sl A 2 A%
0.8 mx0.6 mx0.6 m M MFTH . FESLHM 1 d, 2 d,
3d,4d M 5d, FAMYLEERR M 10 B, KIE,
RAEVERR AR AL S, MRS T RNA A7
(REXEWRHEARAR, L) e, 5k
280 CUKFaIRAE, M THIRALIFRIA AL
ElR R #FE 4~6 h J5, 4 CHEEF, 4000 r/min 2.0
20 min, UHE LRI T-80 CukFHRfE, HT
G0 W (B ) A2 TR (T 73 o T FH B £ 44 5
R EELAAFTTOK S, IS5 .
1.7 KRB EE PCR (QRT-PCR)

M v e A5 3 A BL 48 cypl9a cDNA F31, ¥
T TSROt E & PCR WSIHIGEE 1), DIk
A2 ARR R E B AR 2L I dsRNA
TS S P IR 2R cDNA AR, f-actin £FE R
SN FAFESEE 3 M EE ., HHBR K
7¢ 6 & Y (QuantStudio™ 6 Flex, 3 [H)i# 47
qRT-PCR il 20 pL & W44 % 4: DEPC /K 6 uL,
Premix 10 puL, FFi#E5[#4 1 uL, ¢cDNA 2 pL;
SRS FRF K: 50 °C 2 min, 95 °C 10 min, (95 C
155,60 C 30s, 72 C 30 s, 40 PMEH), 95 C
155,60 C 1min, 95 C 15s,
1.8 MmiFHZEMNE

{66 FH f0 8 — BE(Bo) S S22 (T) ELISA {57 &
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B /NIFEE: B4 cypl9a FaH AU FRIRAFAE BH RNA 485 1 1) AH G 5 R %) 32 305 i 17 425

(Emfe AR A RA A, Bl
cypl9a-dsRNA T4 S50 i | e L 0 L35 B, Je
ﬂqws( 450 nm P KT IE HRSCE
(OD) i 3 i v i S T A R A I T
EqS
1.9 HIBEHSH
FER AR Fe AR DL 270 L, &SI R
ﬁﬁﬂ;i@{ﬁiﬁrﬁiﬁ(ﬂsmﬁﬁ J11 SPSS 22.0 %
78531534, 1E One-way ANOVA #7705 24)
*ﬁﬂ"]%ﬁtﬂiﬁéﬁﬁ Duncan’s 2 5 L 30K 6 2H 0] 22 57,
SE DL P<0.05 #onERBE .

2 HBRESH

2.1 c¢ypl9a EEE K cDNA F 553

TEREAR RN KA cypl9a cDNA 2K K 2219 bp
(GenBank % 5¢5: PQ 476203), H:H 5'UTR 4y 48
bp, 3'UTR 4 617 bp, ORF Jy 1554 bp, 465 517
NEER, W5 20 FibrfEE R, Hh 22k
%2 (14.7%), 25 R (7.0%) IR 2, &R (1.0%) K
bl TR B EXPASY Tl CYP19a 25 1143
T Cos10Ha151N7130741S0s, EEEWIH 30 h, 5%
i pl ol 8.48, ANFRE RECH 43.08, BAT-35E
IKFRECH 0.014, iEFELFAF WoLF PSORT il
20 M A6 e B R A A0 R R SR A 22%,
FE N M AR 10%. ] SignalP-4.1 7EZR 5K
53 M 8 F AR 5 Ik 2 B | A s 5 k. AL
TMHMM-2.0 T I 5 5 052 e 430 o Bl /s i B 1 TG %
JEEE . i 1] SWISS-MODEL 7 28 %5 1 o) % 411
cypl9a FEH Gntd 8 1 5 SIS R, &
MR A R *ﬁz%m o-JRE | HE S RN
FR - Mk (8] 1) 33t SOPMA 7E 2k R4 %) B
ffi CYP19a H H —HE5H 5> Bon o-I20E . SEffiEE
TGRS M T o 1 e 15300 47.58% . 9.86% 1
42.55%. ffiFl SMART Fll InterPro 7£Z& 514X} E
FI RSP 5 M & B, S cypl 9a it B &
BRI A A 70~500 Z 0], J& P4SO & IR SF45H4
W, A 4 MRERE XA TZAERTINE 46~55
fif . 25 68~80 fif . 55 185~200 {17 F15E 330~341 {17,
£ 449~458 i S SLTR 2 [ AFAE AR I 2T R 45 5 X
(B 2 FE 3).

ST
extend chain\; -

eI
a-i%)ﬁ_) random coil
a-helix
1 %fl CYP19a [ =445
Fig. 1 The tertiary structure of CYP19a protein of

Ctenopharyngodon idellus

1 TGGGAACTTGGATGGACATGGGGAGACTTGAAGAGAAAATCTGTTCTTATGGCAGCTGAACTGCTCCAGCCC
M AAETLTLA QP

73 TGTGGAATGAAGCCGGTGCGTCTTGGCGAGGCTGCGGTTGATCTTCTGGTCGAAGGCGCCCGTAATGGCACT
CGMKPVRLGEAAVDLLYEGARNGT

145 GAAGGGGCTCAAGACAATGTGTGTGGAGCCACGGCCACACTACTGCTGATGTTACTTTGCCTGCTGCTGGCC
EGAQDNVCGATATLTLTLMLTZLTCTLTLTLA

217 ATCAGACAACACCGGCCAGAGAAATCTCATGTGCCGGGTCCTTGTTTCTTCCTGGGTCTGGGTCCTCTTCTC
I RQHRPEIKSHVPGPCFTFLGLGPTLL

289 TCTTACTGTCGGTTCATCTGGTCTGGGATCGGGACAGCCAGCAACTACTACAACAGCAAGTATGGAGACATT
SYCRPFIWSGIGTASNYYNSIKYGHDTI

361 GTGCGGGTCTGGATCAACGGTGAGGAAACTCTCATCCTGAGCAGGTCTTCTGCTGTGTATCATGTGTTGAGG
VRVWINGEETTLTILSRSSAVYHVLR

433 AGATCTCTGTACACCTCACGCTTTGGGAGCAAACTAGGTCTGCAGTGTATTGGGATGCATGAACAGGGCATC
RSLYTSRFGSIK KLGLQCTIGMHEQ QGTI

505 ATATTCAACTCAAATGTGGTGCTCTGGAAAAAAATACGCACCTTTTATGCTAAAGCTCTAACAGGTCCAGGG
I FNSNVVLWKIKTIRTTFYAKALTGTPG

577 CTTCAGAGAACTTTGGAGATTTGCACCACATCCACAACCACACACCTGGATGATCTGTCTCACCTGACGGAT
LQRTLETITCTTSTTTHLDDILSHLTD

649 GCTCGGGGACAGGTGGACATTCTCAACTTACTGCGTTGCATTGTGGTGGACATTTCCAACAGACTGTTTCTA
ARGQVDTILNLTLRCTIVVDTISNT RILTFL

721 GGAGTTCCTCTTAATGAGTGTGATCTGCTTCAGAAGATTCAGAAATATTTTGACACGTGGCAGACAGTATTA
GVPLNECDLTLG QKT QEKYTFDTWQTVL

793  ATCAAACCTGATGTGTACTTCAGACTGGACTGGCTACACAAGAAGCACAAGAGAGAAGCTCAGGAGTTACAG
I KPDVYFRLDWLHEKTEKTHEKTREAQ QETLRQ®Q

865 GACGCCATCACGGCTCTGATCGAGCAGAAGAAAGTTCAGCTGACACATGCAGAAAAACTCGACCAGCTCAAC
DA T TALTEQ QKT KV QLTHAETEKTLUDAQ QLN

937 TTCACAGCAGAGTTGATATTCGCTCAGAACCACGGGGAGCTGAGCGCTGAGAACGTCAGGCAGTGTGTGTTG
FTAELTIFAQNHGETLSAENVRQCVL

1009 GAGATGTTGATAGCGGCTCCAGATACTCTCTCTATCAGTCTGTTCTTCATGTTGCTGTTACTCAAACAGAAT
EMLTIAAPDTTLSTITISLFFMLILTLTILTZEKA QN

1081 CCAGACGTCGAGTTGAAGATCCTGCAGGAAATGGAAACTGTTTTAGCTGGTGGGAGCCTGCAGCACTCACAT
PDVELZKTILA QEMETVLAGGSTILAGQHSH

1153 CTGTCCAGGTTAAACATTCTGGAGAGTTTTATCAACGAGTCGCTCCGGTTCCACCCGGTCGTGGACTTCACC
LSRLNTLESTFTINESLRFHPVVDFT

1225 ATGCGCCGGGCCCTGGATGATGATGTCATCGAGGGCTACAAAGTGAAGAAAGGAACAAACATCATATTAAAT
MRRALDDDVTIEGYZ KV KKGTNTITITLN

1297 GTGGGTCGAATGCACCGATCTGATTTCTTCCCCAAACCGAACCAGTTCAGTCTTGACAACTTCCAGAAGAAC
VGRMHRSDFFPIKPNQFSLDNTFAQ QKN

1369 GTGCCGAGTCGTTTCTTTCAGCCGTTCGGATCAGGCCCACGGTCATGTGTGGGAAAGCACATCGCTATGGTG
VPSRFFQPFGSGPRSCVGKHTIAMYV

1441 ATGATGAAGTCCATTCTTGTGACGCTGTTGTCTCGTTTCTCCGTGTGTCCTTTGAAGGGCTGTACTGTAGAG
MMKSTILVTLLSRFS SV CPLZKGCTVE

1513 AGCATCCCGCAAACCAACAACCTGTCGCAGCAGCCGGTGGAGGAGCCCTCGAGCCTCAGCGTGCAGCTCATC
S I PQTNNLSQQPVEETPSSLSVQLTI

B2 Hif cypl9a $IN CDS X K Hi 2wt 1) & SL 1R T 571

LA ATG R IGE T ﬁ@?iﬁﬂ?faﬁ?%%ﬂ%%ﬁﬁ, Ak
MELLREGE X LUK 7 5
Fig. 2 CDS region of cypl9a gene of Ctenopharyngodon
idellus and its encoded amino acid sequence

The red ATG indicates the start codon. The conserved domain is

underlined in yellow, and the heme-binding region is shown

with a grey background.
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* 20 * 40 * 60 *

Ctenopharyngodon idellus : MAAELLQPCGMKE--VRLGEAAN EGAQDNJ, CE: i ATH B i I : 105
Culter alburnus : MAAELLQPCGMKP--VRLGEAAY EGAQDN)YCGLVIA LI I Y : 105
Megalobrama amblycephala: MAAELLQPCGMKP--VRLGEAA KGAQDNY CGENIA TNS( : 105
Carassius gibelio : MARELLOPCGMKP--VHLGEA. DGAQDSY|CGLNA TINS( : 105
Danio rerio : MAGDLLQPCGMKP**VRLGEA?E ERAQDNACGEWA H INSGIGE? ( : 105
Cyprinus carpio : MAGELLQPCGMKP--VHLSEA DGAQDNY YG:WIA SIG G : 105
Chanos chanos : MACHLFSPCTHPDGGVRLNEAVT EKASGSIRGEWIA L 2 LG MEEGIGH? : 105
Homo sapiens : SIVPE A I L GIG 3 Y( 85
Mus musculus : IMVPE 85
Xenopus tropicalis 83

* 120 * 140 * 160 * 180 * 200
Ctenopharyngodon idellus LILSRSS GSK] I R A IS —
Culter alburnus
Megalobrama amblycephala
Carassius gibelio
Danio rerio
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Fig. 3 Homology of cypl9a encoding amino acid sequence in different vertebrates
Including Ctenopharyngodon idellus PQ 476203, Culter alburnus KAK9958479.1, Megalobrama amblycephala XP_048025102.1,
Carassius gibelio XP_052438418.1, Danio rerio AAG12243.1, Cyprinus carpio ACB13197.1, Chanos chanos XP_030648858.1,
Homo sapiens NP_000094.2, Mus musculus NP_001335100.1, and Xenopus tropicalis BAE93232.1. Dark shaded areas indicate
examples of species with the same amino acid sites; light shaded areas indicate that more than half of the listed species
have the same amino acid sites. The red textbox indicates heme-binding region.
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Fig. 4 Neighbor-joining algorithm phylogenetic tree of Ctenopharyngodon idellus and other species constructed
based on the cyp/9a encoded amino acid sequence from the GenBank database

Numbers in the phylogram nodes indicate the bootstrap value (%). The bar at the bottom indicates 5% amino acid divergence in the sequences.
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Fig. 5 c¢ypl9a gene expression in various tissues of
Ctenopharyngodon idellus
Different letters indicate significant differences (P<0.05).
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Fig. 6 Expression of cypl9a gene in gonads of

Ctenopharyngodon idellus at different stages
Different letters indicate significant differences (P<0.05).
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Fig. 7 Expression of cypl9a gene in Ctenopharyngodon
idellus ovary after injection with different

concentrations of cypl9a dsRNA
Different letters indicate significant differences (P<0.05).
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Fig. 8 Expression of sex-related genes in gonadal tissue after cyp/9a-dsRNA injection in Ctenopharyngodon idellus
C-F: control female, dsSRNA-F: dsRNA female, C-M: control male. Different letters indicate significant differences (P<0.05).
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Fig. 9 Concentrations of testosterone (a) and estradiol (b) after cyp/9a-dsRNA injection in Ctenopharyngodon idellus
C-F: control female, dsSRNA-F: dsRNA female, C-M: control male. The * indicate significant differences
(P<0.05) with control female group.
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Expression characteristics of the cypl9a gene in grass carp
(Ctenopharyngodon idellus) and expression responses of sex-related
genes after RNA interference

XIAO Xiaofang"?, LI Shengjie?, LIU Qingshan', DU Jinxing?, LEI Caixia’, ZHU Tao’, TIAN Jing”, SONG Hongmei’

1. School of Life Sciences, Huzhou University, Huzhou, Huzhou 313000, China;

2. Pearl River Fisheries Research Institute, Chinese Academy of Fishery Sciences; Key Laboratory of Tropical and
Subtropical Fishery Resource Application and Cultivation, Ministry of Agriculture and Rural Affairs, Guangzhou,
Guangzhou 510380, China

Abstract: This study investigated the expression pattern of the cyp/9a gene during gonad development in grass
carp (Ctenopharyngodon idellus) and the expression responses of various sex-related genes after RNA
interference-mediated silencing of the target gene. The full-length cDNA sequence of the cyp/9a gene was cloned
using RACE technology, and the expression patterns of the cyp/9a gene in gonadal tissues at different
developmental stages of grass carp as well as in various tissues of adult fish were detected using qRT-PCR
technology. Synthetic cypl9a-dsRNA was injected ino female grass carp for RNA interference experiments, while
an equal volume of physiological saline was injected into the control group. The expression levels of sex-related
genes in gonadal tissues and serum sex steroid hormone concentrations were then detected. The results showed
that the full-length cDNA sequence of cypl9a in grass carp is 2219 bp, encoding an open reading frame of 1554 bp,
a5'UTR of 48 bp, a 3’ UTR of 617 bp, and 517 amino acids encoded. The expression level of the cypl9a gene was
highest in the gonads, followed by muscle, brain, and heart tissues. In gonads at different developmental stages,
the expression level of cyp/9a in ovaries was significantly higher than that in testes (P<0.05) and significantly
increases during the sexually mature stage at 48 months old, indicating that this gene plays a crucial role in the
development and maturation of ovaries in grass carp. Five days after injection of 5 pg/g of cypl9a-dsRNA for
silencing interference, the expression level of cypl9a in the dsRNA-injected group was significantly reduced
compared to that in the control female fish (P<0.05). The silencing efficiency of the target gene was 59.72% at 1
day post-injection and gradually increased thereafter. Compared to the control female fish, the dsRNA-injected
group showed significant upregulation of fox/2a and foxI2b expression levels (P<0.05) and downregulation of amh
expression levels (P<0.05) at 1 to 3 days post-injection, while dmrtl expression levels were not significantly
changed (P>0.05). By 4 to 5 days post-interference, the expression levels of fox/2a, foxI2b, dmrtl, and amh in the
dsRNA-injected group gradually returned to levels close to those of the control female group (P>0.05).
Furthermore, the serum estradiol (E,) levels in the injected group were significantly decreased (P<0.05) compared
to those in the control female fish, while testosterone (T) levels were significantly increased (P<0.05). In
conclusion, the expression level of the grass carp cypl9a gene, which belongs to the gonad aromatase gene, was
highest in ovarian tissues, increased significantly during the sexual maturity stage, and may positively regulate
foxI2a and foxI2b expression by negative feedback expression of dmrt I and amh. These results suggest that
cypl19a plays a pivotal role in the development of ovaries and the nervous system in grass carp.
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