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Abstract: In order to study the function of gsdf ( gonadal soma derived factor) in sex differentiation and
gonad development in the yellow drum (Nibea albiflora) , the ORF (open reading frame) sequence of gsdf
gene was obtained through molecular and bioinformatics technique. And the expression profile of gsdf in differ-
ent tissues and different development stages of gonads was assayed by qRT — PCR ( quantitative real time
PCR) . Results showed that the gsdf contained a 648 bp open reading frame encoding a protein of 215 amino
acids with a conserved domain shared by the TGF — 3 superfamily. The qRT — PCR analysis revealed that gsdf
mainly expressed in testis of the yellow drum. Hatching and rearing at 23 °C, the gsdf expression in the genetic
males was detected from 40 dph (day post hatch) while the testis was unidentifiable by histology. The expres-
sion of gsdf went up rapidly after 49 dph, and reached to the maximum peak on 120 dph when the testis was
fully differentiated. Subsequently, the expression of gsdf showed down-regulation and it tended to be stabilized
after the testis was fully mature. These results indicated that gsdf was tightly related to the testis differentiation
and development in N. albiflora.
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KRR, P50 — B A ARk USRI S A s A, 28 A sh W) SR e dtE A b Ak TR IR i Y 3
O, HAFVECE S EAPE S0 12 DL PR A P s A S B LR Y — B 82 6
TEo KRIRAFFTRM, MY 0 5 5 R 5 B Ak B P (3G e PR v L, SRR . SR
WA R B A KR H 2 R R AN Y . SEH M ALUE KRR T WIEEM L, W R R
KB D 2 A G A 2 A R R

B WFSE AR, f 2 S ) SRR DRI o 1 e S PR e Th iy < BRI, sy PR
FI dmrd BEPH 55 AR ZAREE SR 5005 00 S R & B MR e iR A R AR . Horhi
AERIN T B BAE (TCF - B) ISR TEMERI MR Tl B b A48 5 28 R B APEH], R
% (Oryzias luzonensis) " F#E 340 (Anoplopoma fimbria) " W) gsdf B, BI04 ( Odontesthes hatch-
eri) T amhy FEHY) ) LLEERITEE ( Takifugu rubripes) T ambr T K20 DL KB R0 Y e AiAk |-
RN amh SR A TCF - B G MUATEANIA A | Jrdk . U8 T B2 40 3 245 57 565 )y T % #E
FAER, HA bmp (bone morphogenetic proteins) . amh ( antimiillerian hormone ) %5 3 K 47 5 N A HE 5
YRR A FE ) gsdf (gonadal soma derived factor) FEPRIVEN TGF — B #5205 H i — Fb 41 it [F1
¥, BOCTEULEE  (Oncorhynchus myliss) WIJFARAEFHAML (primordial germ cell, K PGC) Hik 45
YE , TEIHEIT 40 d PUMTESIRIR D, gsdf BE PR AR S M A HOME IR AR B e 5, 1R PRDX T ZE R T i I
P B AR PR FOR S0 L A LE S TR R L AR L Yasushi S5 LR dimy BEPRR e A L
o H AR T 5 A A IR cDNA SCPE, JF R e S5 0T 8 gsdf FED] IR N IFRE . S T
it — 7 gsdf FERAETT B b P BOVER , Yasushi 8 AIN e e T 5 8§89 gsdf FE R IFREI T 1%
SERTEH R B S IHIRRB B, DI E R W] gsdf BEDILEMENE T B (IR i b Rk, i e 1
RPN R, P R HEVE R T gsdf FEDRI IR B TR, BEJE7E B R E 8 (0. luzonensis)
T, gsdf BORIBUR T dmy BOMZPF PRI D g TR PR A R B R I 8 T gsdf
LN FERY BB AR (5, B CRISPR/ Cas9 3 A [ Bt B 2 ARt b (1) gsdf 2EIH, S5
WRHETE (XY) WAMRRAEPEE, 13RI gsdf FERBUH AL A MEYE (XX) MRV R & A
i, R gsdf FERAED AR PE I PeE h i &8 T OCHEMPE RS o BRIk, 4R%R gsdf FEFTE 25 )
TRE T P AR, X AT D AR T LB R H R S

WU (Nibea albiflora) R J& F &2 H ( Perciforms) . f1 H B} ( Sciaenidae ) ., ¥ I 1 J&
(Nibea) , FESATAERRE G | W02 K H AREFSMEIL ') Bl 0 FE 000 s 0 38 00 M Al — 25 A AL
3, 15 AR b A AR R LRI 1.3 5, JFR MR IRAE, v B AN N SR
I OL T MR B4R 7 o AN A I 07 1 1 £ P 50 DR R DG PR R HERE Y T RE X T
I Y Ay £ M) R ) 0 T L A L L, AR PR SE RE B Gl 111 gsdf FEPH A9 ORF FRAI 424, Al
FHSEI DO E B PCR FAE — A5 A6 0 043 M1 2 PR R AN [) 2 URUAS [] D 75 A 300 1 i v 9 R AR 55 0L
LAS) A I D s £ A 1) R A A AL B BERE R BORY

1 #MRERIE
1.1 et

SEB PR B o N TIRFEAMA, R AMREE TET S8 K 7 RHE AR AR, Hrh 26 Hild
390 H#SMRESL R 2016 4F 3 HEF MY, & EMMKE 22 ~25 €, #HEH 25 ~31, Wl
(540 Hi&) RHERAERZIIRET, R A 2015 FREEFMAN,
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B 5 AR N S AR T HEE A2, BT 95% M S lErh, —20 CARAFA& ., A 5e
BERIAT R A TPt s il A IR, ZHBUEGR H AATRHIC A TP e s ot f g M . UL
PRAE, B DME. FFRE. B R IRAISKE, AR BrBeay AR B BCE BEAE S 26 | 37 d
40d, 49d, 64d,93d, 120d, 180 d (6 Hit), 240 d (8 AlE) . 390 d (13 AkY) I 540 d (18
Je, MERE AT it XRRHE T RNA (RIPICT,  -80 CHF& .,

1.2 SREKFH

DNA $EHGRF & H FiEHEmA Y TREA R, DNA BER 7 & . GoScriptTM Reverse
Transcription System ( Promega) W4 H G2 5UAEYH AR A R/AF]; Trans Zol Up Plus RNA Kit, /572745
A DHS o 1 F Jb i 2 e B E ARG R, TagDNA RAEF . pMD19 =T, SYBRCPremix Ex Taq™
G & A AW TR (RiE) AMRAF (TaKaRa) ; 519 HHERIEH G L,

1.3 SLRFTE
13,1 sl st v % e

H T4/ B il A8 A AR TE TR 2ok DRI 25 5 P R 20 212 WL 0 ) O e | 5 3 o 2 I PR 4
DNA I FHIAS S 56 28 FF % 9 B 0 f PRI AR S 4 FARIC 14 (L3R 1) X JLHEA7 s A P i st
PCR W) 22 BRIIE A BEIC RIS N o« 3Bt R 1 o £ A BEAS U 3] — 2% 258 bp A AT, 170 3t 1% Mk
PEB A 0 MRS I3 R
1.3.2 & RNA $2IUS cDNA BRI A%

i FH Trans Zol Up Plus RNA Kit 37 & 47 RNA #28, i GoScript™ Reverse Transcription System

(Promega) 1R &% LB B -5 L cDNA B — 2655, JG TN ZEEIN B — actin 51%) (FFFIILEE 1)
R S e SR AOCR

x1 BERZEMEELEERAZMGIY

Tab. 1 Primers for gene cloning and qRT-PCR experiments

5| ¥ % FK Primer name 521l Sequence(5' =3") g Usage
MS-F GCAAGGACAAGCCGAACAAG PR e
MS-R TCGTCACAAATATGGAARWATKGAT Sex identification
B-actin-F TTATGAAGGCTATGCCCTGCC AR
B-actin-R TGAAGGAGTAGCCACGCTCTGT Internal control
M13-47 CGCCAGGGTTTTCCCAGTCACGAC FE e e e
RV-M AGCGGATAACAATTTCACACAGGA Identification of positive clones
gsdf-orf-F ATGTCCTTTGCGTTCATTGTCA ORF ¥ 1
gsdf-orf-R TTACTCTATGCCGGGCTGCTG Amplification of ORF
gsdf-F CGCCACTGAAGAGCCCAATAGC gsdf $E HEE
gsdf-R GCACCTGGACCATCACTGTCTG Quantification of gsdf

1.3.3  #Uhf gsdf FEHF B fE

FH A= W45 275 AR S50 25 6 o 0l £ P e S 2L~ I 88l 1 AR A sl T B BEAE P 41
WHRPHEN SR INEITE Y gsdf-orf-F/R (JPHIWLE 1), LI GRS PE R cDNA AR 1 gs-
df P FFRICRISEHE Fr Bt . 7S B EE IS L UK IR S, R DNA [RDSCR) & Ak DO % A pMDI19-
T #lk, FABI R DHS o B2 2540 b, PRIBCSH P4 v B 126 3 A8 Ik R BR 2 m] kA7 e,
DNAMAN BRAFXH 1 it 45 50040 0 2 2% 19 5 kA7 L 53 8, JF 8 1] Primer Premier 5.0 #Xf% (http://
www. premierbiosoft. com/ ) W iT%¢ VG & PCR 5|¥) gsdf-F/R (JFHIWFE 1),
1.3.4  gsdf FEHFMAEYE B2

IHTEEB Y EESEL . http://web. expasy. org/ cgi-bin/protparam/ protparam ;
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M5 BK: http ://www. cbs. dtu. dk/services/SignalP/ ;

MR 453 . ) NCBI A9 Conserved Domains ( CD-Search) F2/F;

FFIRIRIES AT . DNAMAN HRfF

BERZ EIFHI XS . BioKidt {4

FHERGEIERT . MEGA 5.0 5{4 (4B4#%3%, Neighbor-Joining, NJ) .
1.3.5 SEBPEEE PCR

PEFE B-actin FEF NS EEH (519K B-actin-F/R, FHI WK 1), 1 LightCycler 480 ( Roche,
USA) ZE6ERE PCRAY, %M SYBR Premix Ex Taq I & VLR, R qRT-PCR #: gsdf K&
TEARTRIH LA & B B RIAEN (51 gsdf-E/RIFHINE L), BMFEMIM3 MEE,
1.3.6  Hdlasb Bt

XS POEE i PCR 4558, SRHT 2 -8 0 ik R A RE Al H AR IR AR %) Feab ik, T ¢ - K e
AT A AU RIS T gsdf B DS Y MERER I8 /22 5

2 HR
2.1 BEMINLEE

S JE T A P 0T AR AT A S O S 1 T, R L T, A R T
DUAGINE] 1 4 258 bp ZoAT IR AT, T A ME A VR E A 4 B 4

bp Mg o 299 29 cd ? ? ddgocd ? ? agadg 92 ¢ 92 9
250
M 9 0d d dd? d? dd dd? 92 9
25() mm—
100
M 9 ? go? ? % 9 oo @
250

1 HEnadeuissE
Fig.1 Detection of genetic sex in Nibea albiflora

2.2 gsdf BEBE

TR B 10 gsdf L ORF KR 648 bp, 4 215 DR (UL 2), F & (A B AR X 43
F iRy 22820. 76 u, FHISSEHL A (isoelectric point, pl) A 5.22, B gsdf 5 GenBank H 1] #r
SN ELR A F AN A 7 P20 gsdf I —FE, HEE 5 MR 4 DN EF (WK 3), Bl
gsdf WWEAA—ME Sk, 05 19 MEER (K2 IR THERR) . K 4 FH ClustalW X 12 Ff
ANF2E GSDF SR FE A BEAT L XA 45 5, TGF — B #E 3R AR: ST 45y el 457 T B &k 1. GSDF 55 114 ~
204 ZIERRAL, K4 hERESEREN 9 NASFI AR AL, K 2 HE il GSDF 5 H At 10 Fpfa
GSDF | DUIKJLF a2 AMH, TGF - B o BMP & JEH2 7 51 tL Ao Hr o 25 %, Nk 2 v I, B 4fifa
GSDF 5fififti GSDF [AliEME iy, 5 70.2% ; HUOEABEM (67.6% ) FAHE (64.5% ), SF)EF
A E AR K 1 GSDF [N 63.4% , 5D GSDF RIEMERML (HA 31.1%), Sk
TGF - B & AMH, BMP S5 HAth TGF — B 8 15 i 51 i [R] Y5 W 3K T 20% . RSk few (LKL S)
ARSI R 4% A A 250 GSDF [R)3R h—A%, 11 TGF — B #8 Z 05 A% HoAth i 52 20 5 38 A — K #E GSDF
SIRUNTR, Bt GSDF 5Kt GSDF {9 G Nl — /N, WM& RS KR ET, M5
BE 0 () R 5 O R
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%50 1 NGB, S, WSt (Nibea albiflora) gsdf R B T0HE B ik 20 HT -85

1 ATGTCCTTTACGTTCGTTGTCACGATGATGCTTCTGGGCTCTTCAGTGGCGAGTGCATTTGTCTTGCAGCCGTCCAAGGGAGAACCTGCA
1 M SFETFVVTMMLLGSSVAISAFVLAQPSKGEFPA

91 GTCTCTGCAAACTCTCCTGTCTCCCATCAGAGGTGCCAGGCTGAGTCACTGAACTCCATCAGGAACAGTCTCCTCAGGGCCCTCAACCTG
31 VSANSPVSHQRCQAESLNSTIRNSLLERALNIL

181 CAGGTTGAACCCGACCTGCCAGCTGGTGGSCTGGACACTATCAGAGAACAATGGACGTTCACCATCGGTAACATGGCATCCAATACCAAG
61 QVEPDLPAGGLDTIREQWTFTTIGNMASNTEK

271 GACACGGCACTTCCAGCCGTCTCTGGCCGCTCTGTGTCAYCTGATGGTGGAAACAATACGAGCCTGACGTGCTGTGCCATGGCATCTGAG
91 DTALPAVSGRSVSXDGGNNTSTLT IIIII AMASE

361 ATCTTCATGACAGATCTAGGATGGGACAACTGGGTGATCCATCCTAAAAGCCTGACCATCATTCAGTGTGCACTCTGCAACCCTGAGGGG
121 I FMTDLGWDNUWVIHPEKSLTTITIQ[CAL[NPEG

451 AAGTCTGTGCGATGTCCATCATCCCACACCAATGTCCCGGAAACCGGCTCGCAGGYCACATGTTGTCAGCCCACCTCCCAGATAATGGTG
151 KsSVR[C]JPSSHTNVPETGSQXT[CC[QPTsSQTIMYV

541 CCCGTCGTCTTCGTGGATGAATTCAGCGCCGTCACCATTTCCTCCGTGCACCTGACCGCCRACTGTGGCTGTGGACACGGCACCATCCAG
181 PVVFVDEFSAVTISSVHLTAXI[ECGEKIGCHGTTI Q

631 CAGCCCGGCATAGAGTAA

211 QP GIE *

WL R CHE 9 1 )3 510 3R — M 5 IR ¥ 6 HE N R 9 A PRAT 1 2 I 2 R ik A
Notes:The sequence in dark box represented for a signal peptide, the light box indicated nine cysteine residues.
B2 #Ewhé gsdf #F ORF #ZBF 5 R SEHKF 5
Fig.2 Nucleic acid sequences and amino acid sequences of gsdf gene ORF in N. albiflora

100bp
E1-123 E2-156 E3-93 E4-132 E5-144
L. E1-110 E2-156 E3-93 E4-115 E5-144
Larimichthys crocea -+-7//L-7/
E1-110 E2-158 E3-93 E4-131 E5-150
Oreochromis nilotious -+-ﬁ//L-ﬁ/
E1-110 E2-158 E3-93 E4-134 E5-150
E1-122 E2-158 E3-93 E4-131 E5-135
E1-113 E2-158 E3-93 E4-131 E5-126
E1-122 E2-155 E3-93 E4131 E5-150
E1-89 E2-125 E3-72 E4-86 E5-147

UL BT HEIC RSN BT AN TG MK AR R L By R ANER N A T
Notes: Exons were represented by black boxes,while the number given above it represented the relative base pair sizes of

exons.Introns were represented by break-lines.

B3 EHAES5HM7MERN gsd EREHWE
Fig.3 The gsdfgene structure diagram of N. albiflora and other 7 fishes
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Signal peptide
uum,t«a AFVLEPSCer - r:.u:\].t:,;l:

Nibea albiflora GSDF
Larimichthys crocea GSDF
Dicentrarchus labrax GSOF
Epinephelus akaara GSDF
Monopterus albus GSDF
Scophthalsus maximus GSDF
Paralichthys olivaceus GSDF
Halichoeres trimaculatus GSDF
Danio rerio GSDF

Oreochromis mossambicus_ GSDF
Oryzias latipes GSDF

Oryzias luzonensis GSDF
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Nibea albiflora GSDF
Larimichthys crocea GSDF
Dicentrarchus labrax GSDF
Epinephelus akaara GSDF
Monopterus albus GSDF
Scophthalsus maximus GSOF
Paralichthys ol ivaceus GSDF
Halichoeres trimaculatus GSDF
Danio rerio GSDF

Oreochromis mossambicus GSDF
Oryzias latipes GSDF

Oryzias luzonensis GSDF

120
116
120
115
117
112
109
3 117
RSS9 90
2 116
119
119

Nibea albiflora GSDF
Larimichthys crocea_ GSDF
Dicentrarchus labrax GSOF
Epinephelus akaara GSDF
Monopterus albus GSDF
Scophthalsus maximus_ GSOF
Paralichthys olivaceus GSDF
Halichoeres trimaculatus GSDF ( 177
Danio rerio GSDF g KDLGY P 131
Oreochromis mossambicus GSDF FMEDLGWDSRY PSS 'QCANC VNED uw"" SE 176
Oryzias latipes GSDF VIgPs] SCALC g Jlf‘.;& SESKITSLE 179
wWVIgPsI SCALCY; m J!' NSLE 179

Oryzias luzonensis_ GSDF RGSQD

178
168
180
B 173
Qe 177
R 172

168

Nibea albiflora GSDF
Larimichthys crocea_GSDF
Dicentrarchus labrax GSOF
Epinephelus akasara GSDF
Monopterus albus GSOF
Scophthalsus maxisus GSOF
Paralichthys olivaceus GSOF
Halichoeres trimaculatus_ GSDF
Danio rerio GSDF

Oreochromis mossambicus_GSDF
Oryzias latipes GSDF
Oryzias luzonensis GSDF

B4 #EHa5HMESE GSDF S EB&F ML
Fig.4 Alignment of amino acid sequences of GSDF in N. albiflora and other fishes
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S

R2 HEEifa GSDF SEBFEISHMEZE GSDF K TGF - B B Rk E MK R B EEMES

Tab.2 Homology analysis of amino acid sequencesof GSDF in N. albiflora and
other fishes and other members of TGF-B superfamily

Yiwp GenBank %5 SR R IR
Species Accession number Amino acid homology/ %
Larimichthys crocea_GSDF pNSW 63.4
Dicentrarchus labrax_GSDF AGA54135. 1 70.2
Epinephelus akaara_GSDF AIW52566. 1 67.6
Paralichthys olivaceus_GSDF ARR75204. 1 64.5
Scophthalmus maximus_GSDF AJO67894. 1 61.8
Monopterus albus_GSDF ALG62631. 1 60. 8
Oryzias latipes_GSDF NP_001171213. 1 57.0
Halichoeres trimaculatus_GSDF BAM75186. 1 56.4
Oreochromis mossambicus_GSDF ALO18792. 1 54.0
Danio rerio_GSDF AFI98392. 1 31.1
Oreochromis_niloticus_AMH CDI30241. 1 16.5
Danio_rerio_AMH AAT77729.2 12.6
Oryzias_latipes_ AMH NP_001098198. 1 11.1
Oncorhynchus_mykiss_TGF CAA67685. 1 13.4
Danio rerio_TGF — 2 NP_919366. 1 10.8
Oryzias latipes_BMP NP_001098378. 1 16.3
Danio rerio_BMP BAA24406. 1 16. 1
27, A Nibea_albiflora_GSDF

Larimichthys_crocea_ GSDF
Dicentrarchus_labrax_ GSDF
Epinephelus_akaara_GSDF
Monopterus_albus_GSDF
Scophthalmus_maximus_GSDF GSDF
Paralichthys_olivaceus_ GSDF
Halichoeres_trimaculatus_ GSDF

11
36

88

Oreochromis_mossambicus_ GSDF
Oryzias_latipes_ GSDF
Danio_rerio_GSDF

99

r— Danio_rerio_BMP
100— Oryzias_latipes_BMP BMP

100— Oncorhynchus_mykiss_TGF |
L

Danio_rerio_TGF-2 TGF
75 Danio_rerio_ AMH
100 _|: Oryzias_latipes_ AMH ‘
72 Oreochromis_niloticus_ AMH AMH
0.2

5 #Hif GSDF 5HEfth& 3 GSDF B TGF-p BKEEMMR RN RS H L K
Fig.5 Phylogenetic analysis of GSDF in N. albiflora and other fishes and other members of TGF-B superfamily
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2.3 gsdf BEREABERMAR LT MERHRIESHT

2.3. 1 AHEHL PR E RN

P B-actin B NS, I SERT 58
& PCR Kol %5 i 10 gsdf FEDIAEME R . O E
JIFRE . REUBE . B E L Mk WLE L BRI
10 ML P RIAE, RNE 6 Fr
AN, A gedf FEDN EEAE R IEAE P K
ik, HERBEIZIEE TIE (P <0.001)
FEME O NE . REE, IR, E A LR
WAYFIE, (H 5K A Rk E AR AR AR,
HABAZL Rk EAL, SN 58 2k
R R ik ; 1 B G A L 2P gsdf B3R
KRR, B TENLA, H AR Rk
wG AT AN, TR NE, B AR S R H
AR IR, AR O R A ) ek Bt i
FARTHENE (P <0.01)
2.3.2 AL B A R A 1 O

FIHSEmF98 2 i PCR A gsdf LK 7E
WA R A BRI R R AR (WK
7)., SR BOR T FE N A MR S
AR MBI RE TR R RRIE . Hoh gsdf S
DI MAIBEAL 5 55 40 R A i £k iR RO 3R 20k
%49 R RiBm P T R, ERAES 120
RFEHEB B &0, MEIFG TR, 5
180 KA ik & HAT 45 120 KETHY 35.3% ,
F5 390 K BF ik = H A 120 KA Y
8.3% , ZJa B 540 KFk mEAEFR
FE, TEBEANRE RS gsdf AP HE A 1)
FEARBAAL, LTRSS

3 iTig

CUR IBTSE 2501, bl M sl e i %
LD B B BT S AT I AR A
TR AR 2 5 59 e 2 (1 B R T i st 3
B 7 34 1 1 K R A% 140 2 % 1
B RO I FF L ) | SR

FHX} 2 1A Relative normalized expression

M—HL A Muscle: Sp— It JIE Spleen: Sto— & Stomach : H—.(»
WE Heart; G—1% Bt Gonad ; L—JIF IE Liver; B—Jii Brain Fii ;
K—" Kidney ; E—HR Eye; Hk—3k'¥ Headkidney

sd
100 - gsdf

sk

] HEVEFemale
I f 7 Male

80

— N W A W
S O o o O
T

o

M Sp Sto H G L B K E Hk

ZH 2 Tissue

L L R MEMEME IR 2R 22 S B (P<0.001) ;%36 7 Ik I
PR A 25 B (P<0.01),

Notes: ** represents highly significant difference (P<0.001) between gonads.

* represents significant difference(P<0.01) between gonads.

AH X} 2 X Relative normalized expression

200

E 6 Ei& gsdf HEEEHRPHMEIFRIE
Fig.6 Expression of gsdfin each tissues of N. albiflora

MEPEFemale df
B ' Male &

Ju—
(o]
(=}

160

A\

100

[SS I e Ne o]
[N -]

(=]

26 37 40 49 64 93 120 180 240 390 540
HsJ 1) Time/d

B 7 Bii& gsdf ERERRERE M HMER P HEX R

Fig.7 Expression of gsdfin N. albiflora gonad during
different day post hatch

OIHA AR | E R AN B AR A R i £ 2 e A B PR T RE R —FE (0 0. latipes™ 5
0. luzonensis"** ) o W, B—AS 510 K kT R LR B IR AT A IE 1) 2 X,

AW E R GERE T B gsdf FEDH, P91 LS AN R o3 A O 25 R s, BRIl £ gsdf HE TR LAY
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