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ERM, RER, AR, KiEm, HIHE,
® T, HEH, EFE

(7 AREFFER AR B, MK RSl W R SRR %, ) AR L 524088)

WE: Y RENEEIE e REE RS, Fadrs. BEFREPERMARE,
SEHxt O B Fo kg £ 9 A 3R 4T T RNA-Seq -4 o Il 7 J& 46 304 & de novo #f #: 41 J 3£ 3k
8 62 573 /2 3 A (unigene), N50 Fu-F 3K & 4 %] 4 3 082 bp 2 1 869 bp., 7£ NR. NT.
SwissProt. PFAM. KOG. GO % KEGG #( % & & xt I it 3% 4% #9 unigene #£ AT i B, 47l
A 41 480, 32 848. 37500, 35394, 18318. 35394 F1 27 009 4 unigene # 15 7= B ., # H
RIKZ RPN B, FE WIS IT 8 & 97 S 508G 8 & 77 22 10 954 A2 7 2L A (different expression
gene, DEG), # # 2383 4~ DEG &k K-FAEAF £+ L, 8571 A~ DEG £ i & & L,
7+ 14 /> DEG # 4T 52 Bt % % & & PCR (QPCR) I3, %% % 7, qPCR %4 & 5§ RNA-Seq 4
r—%. ExRAEEF, HFHRETH2S5ERTRES RAWEE, @ foxl2. dmrtl.
cypl9ala. inha. inhb. sycp2. zglpl. tdrp. zps Fiesra. # 7 HPFE HEERE P A L“Z £
NREAKBE “WEHARBE LR “FWEANTHEFHE KR “pS3 5 @K,
“REBEHERE6KER T PI3/AKT F 5 RE"F 5 5HRA T X L7 KEGG # #. &
&, NHIAE B AT R M IR AR R 4L o 3k 3k 4% 38 550 AN 22 E & JF 7| A7 1T (simple sequence
repeats, SSR) Fr 192 450 /™ 8 4% # B % A M (single nucleotide polymorphism, SNP) 471t o
FRERFB T HAEEIT EA X EE Ny AR R4 X 5T ALK
KPR MABLEIT B &, RNA-Seq; BT K 4; %%

HhESES: 59174 SRRAREAD: A

S PR P s A S D RIEREE I AR Rl e A& (TGF-B. Wt FIUMESCR (5 = 38 % 5 ) 7 8. 28 1Y

FE, HETA D E S W T e
B A 85 (Oryzias latipes) W) dmy™ . U165 (Onco-
rhynchus mykiss) ) sdy”™ . 7 Jy 21 6§ ffi (Takifugu
rubripes) W) amhr2® . W Ay [GA DL A4 (Odontesthes
hatcheri)f) amh™ . B K & #f (Oryzias luzonensis)
B gsdfy™ 12 ¥ 5 85 (Cynoglossus semilaevis) 1Y
dmrt1°7, HAh SR IR OC H BH (cypl9ala.
foxI2. fox3. igf3. sox9 Fl sfl %) Fl A 4 20t

IFSBHA: 2020-03-30  f&EIHHA: 2020-06-01
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PP E o A BRI, RRR R
VeGP E Z0E, O B G M T SRR £ 2K A ) R
PLH, w R AEZ AT IR

RNA-Seq nJ PR 2 2R 15 F U AF b 16 45 5 4% 1F
TR AE, BRI T R A O
e D A 0 0 AR AL RO AT T . [RIRE, B A
RNA-Seq 7EZ R a2 i i€ 1 5Pk & FIic ¥
T AR R 2 PR R R AR 1 e
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50 4 £ W FE 181 (Gobiopterus lacustris) & —F
A3 A B EE VRO VR R T B N B £ 2k
R O IE N RE R, fiRJLTIEM, B
WA, BRMREE . BIHS OIS EN
TOWF IR A URBUZH Hi 0 A e B, A
LI5S £ WP o T R SRR L D= AN 0 V) & A
H A, i i A 52 £ i BF 5T i A 7 5% R I8 A A
WA Z R TR B, Bk s E R, RS T
T A6 868 R PR f0 BE R 0 F R R . AR5 R
RNA-Seq X i 1 fi& R 52 fa R B 247 70005 . S
DIe B R IR 1% b, i I k3 TR R IR 4R
[ =

1 MBS IE

1.1 GHREEERR & AR L B EEEE N RNA £2E)

S PP AT BE IR p £ [ 4K (18.8+£0.5)
mm, PRFR (0.11+0.03) g]) R AT AR E
R RL AR X (N21°36'24", E109°47'8"),
TR E I 3N H @GR 15) 5 TR RS
R T E TG B A PR AR R R R B, X B
BMKE BT T R UEE . T AR,
& R P& £8 FH 20 pg/L MS222 JFRIFE 5 B4 B T )% B
IRW P € 18 hy S 4T S BE IR 5 K
TWORGEN] . A YR (RN 8 um). 7
ARKE—PHLL (HE) et )5 B T2 i il B w52
JEAAR . AN 5 R ME AR b i R SR S 5 T A
R, FRATENELAEAS (FG), FHF U0 AL RNA 2
W R HTAE [R5 2 4R BORS B HE AR (MG), & R
TRIzol i 7] (Invitrogen, 38 [E) #5/E 15 PH 46 H Op £
FURS 5L 5 RNA, - F] DNase I[(55 H E AW H A
b5 A BRA A ]) £ BRI N 4 DNATS 3. RNA
Jo 5t RN 58 B M 43 S 1% 19 B B W e i FRL K RN
RNA Nano 6000 (Agilent Technologies, 3% [E) £,
{#i A Qubit”® 2.0 Flurometer (Life Technologies, 3%
B 5 B RNA VR E

1.2 cDNA 3 EHZERNF

OB ARSI RNA 45 1.5 pg FIT45 H cDNA
SCE R NI P o SC %R FT RNA-Seq i i
AR BOEA YR B RHCA R A R 52 M,
J g g R SR W 2 % Nan 5520, DU % I 4 4K
P (raw data) B2 [ A% 3] [ 5 3 F PR A= iy KA
£ (China National GenBank database, CNGBdb:
https:/db.cngb.org/), %55k CNP0000359,

https://www.china-fishery.cn

13 MFFEIEE R RER TR

ARIE RNA-Seq 70 M i &, B 5E Xt raw reads
AT uE, RKBRIRBTE . 33k 75 4 LR i
F N(N R7R Toik i L[5 J8)) & i &5 19 reads,
53] T 5 B0 (clean reads) FH T )5 22 8 322 41 %5 4y
Mro RH Trinity (v2.5.1 BiA) 25T clean reads i
T de novo 1 %< JRK A5 % S ALY X Trinity 9 %< /Y
SR AHEAT R ICA, BB AR L P REK
B S R R BASE [N (unigene), 1RG22 02
¥ iR e m R R E R, 7K
HBOHE E X Trinity PFIZ3R 15 A9 unigene #17 D HE
Bt (E-value B9 B {E M 1.0x107°), 18 id 7E 48 BLAST
(http://www.ncbi.nlm.nih.gov) % unigene #7Nt(NC-
Blnucleotide sequences) 7 F¢; Ff diamond (v0.8.22
W2 7% ) X} unigene # 17 Nr (http://www.ncbi.nlm.nih.
gov). KOG (euKaryotic Ortholog Groups). Swiss-
Prot {1, F|H KAAS #47 KEGG (Kyoto Encyclo-
pedia of Genes and Genomes) {£F, F]H HMMER
3.0 #£47 Pfam (Protein family) B>, K H Blast
2 GO A (v2.5 B AS) XF NR Ml Pfam 73 B¢ 45 S #f
1T GO (Gene Ontology) 1 BE™1,

1.4 EEREMESRSH

H Trinity DFEERAS W5 AN S %751,
8 4 RSEM A4 1Y bowtie 2 F2 7 ¥ 4 4~ FE A 19
clean reads X} 2 41 2% 45 19 = 5 7 51 129, MR I
Eb X 25 SR A5 21 A B9 P 4 B (read count),
K H TMM A4 %} read count 245 #F 47 45 ¥E 1L b
P, 1 DEGseq 3k it 4722 50 M, i 6 M
M [logy(Fold Change)[>1 H. gvalue <0.005"", fifi /i
Goseq Fl KOBAS #1443 il % 25 55 66 A R 47 6 4
ZIHT (corrected P-value<0.05),

1.5 SERFSEYEEE PCR (qPCR) 3iF

FIFH qPCR X 14 A~ 25 5 F IR 76 1 o 22 0 A
BEW P 0 M i A RGBT RN (3R 1), qPCR
KRR £ 15.0 pL, €L7% 7.5 uL 2 x SYBR Premix
Ex Tagq 1I[ & HEAYEA A ARAF ], 0.6l
R #E S # (10 pmol/L), 1.5 uL ¢cDNA, 4.8 puL
ddH,0. MR ER 3K, XA F Roche
Light Cycler 96 & & (F'[X, Fit) 58, SFE
. WiAEPE 94°C30s; 95°C5s, 58°C30s, 72°C
30 s CREED ), 40 MG ; 5 253 Ff PCR
PR ST o eef1b B hprel FE RN LA, R
FH 2785 3k 4 B 36 IR AR 6 3R 8 K P, i

R E K P72 22 3240 sponsored by China Society of Fisheries
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SPSS 17.0 B AF Xt 45 R #4143t , P<0.05 Fon 22
SHAGI R Lo XA 9 AL B e A

MRS AL Ol BFRE L B . PRI LD FTER
i) FF A8 2K DL E AT PR A I

x1 SRR BN E

Tab.1 Primers and PCR efficiency of candidate genes

EHID ElEy s FPo(5"-3") % KRR HUR)
gene ID primer name sequence efficiency correlation coefficient

cluster-9641.24201 eeflb F: AGACTTTGCGATAACAGCCG 94.55 0.999 0
R: GACGATGATGACCTTGACCTG

cluster-9641.33084 hprtl F: CGGTCACTGTTTCTATTCAGCG 98.01 0.9986
R: CTGGAGCGAGTTTACATTCCTC

cluster-9641.47188 e3 F: CCATAAAGAGCAGCACGAGC 93.69 0.9991
R: AGGCTACTCCGTCCACTACAG

cluster-9641.38934 kre2 F: AGAGCATCAACCTTTGCCTC 97.17 0.9999
R: AATGAAACTGGAGAGCGAGC

cluster-9641.47528 dmrtl F: GCAGACTATTGTTGTCCCTCAGG 92.88 0.9997
R: AGGAGAAACGAACCCGTGG

cluster-9641.3059 cas3 F: TTCATCAATGCTTGTCGTGG 98.23 0.9988
R: AGAAAGTCTGCCTCGTTCGG

cluster-9641.43183 gapdh F: TTGTGATGGGTGTCAACCAC 94.99 0.9951
R: CTGTGATGGCGTGAACTGTG

cluster-9641.3821 test F: GCGATTACATCATCATCACACG 97.96 0.9995
R: AAAGAGCGGACCAAACTGAG

cluster-9641.6064 inhb F: TGTGACCTTACGACGCAGAC 97.76 0.9985
R: TTCGCAGAATCAGATGAACG

cluster-9641.35558 tdrp F: TGAAAGAGAGGAACAGCGAG 94.93 0.9998
R: GAGGCGTAATCCACCAACAC

cluster-9641.24002 rpl1 F: TTGGCAACTTCTACGTCCC 92.14 0.9994
R: ACACACCATTGAAAATCTGGC

cluster-9641.11433 inha F: GGTGAACCAGAACAATCCAAG 97.83 0.9979
R: AGTGACTATCGTTTGACCTGAAGG

cluster-2179.0 cypl9ala F: CCAACAGACTCTTCCTGGATG 95.93 0.9981
R: CTCAACTAACTCCTCTATGGCATTC

cluster-9641.16580 Sfoxi2 F: ATCACAAACCACAACCAGAGTAGC 99.52 0.9995
R: GCGAAACCATAGAAAGTCCAAG

cluster-9641.24530 syep2 F: TGCTCTCTTCAGGACTCACC 96.20 0.9910
R: CGTGCGACACAGATACATAAGG

cluster-9641.25293 zgipl F: TTCACCAGTGGCAGAATCAC 97.43 0.9993
R: ATGACTCCAAAGAGCAGTGC

1.6 EEREEFFIFRIC (simple sequence repeats,
SSR) Fl B #% FH B % 7S M #R1C (single nucleotide
polymorphism, SNP) &7

K HTELR A MISA (http:/pgre.ipk-gatersleben.
de/misa/misa.html) X i) 1 & WF 52 £ 4 i 5 5 41 PF
B3R 15 1) unigene ¥E 4T SSR A, 15 B 45 46 I H
TG B D B R B0 110, 2-6, 3-5. 4-5,
5-5 F1 6-5 (1-10 7R LUSLAZ FF R o 8 &2 P AL
HHEZHZEAD N 10 A PAR ] 2-6 Fom LA
BH R iy, HR/DHRERZE N 6; 3-5.
4-5. 5-5F16-5 pHIFRU = HER . WETTRR .
HAZ TR MAN AT R N EE A, g/ ®E

o E K P2 % 2 32 /) sponsored by China Society of Fisheries

B R 5). VAFTA unigene JFHNE NS, T
75 S ke N K 4 samtools 1.4 #E47 SNP A& .

2 4R

21 MBRUIF YR FIFE R de novo HHEH R

T W R A R AR R R B B, K
6 A5 1 ME LR T A B R BT A PR RDD o 4
TR, WG B PR A A P RO B A T Y
P, A B0 ] LOULSE 2 B B0 B 20 i, AE
K B8 bRl DUULGE 2RS40 B, 50 1 000 A9 46 0 PR
e T 2R (FRR D).

7 S8 73 AL T I A g O PR £ B SRR
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Elh T HAMEEELT R &M AR Y] A
12, BRSAIEY) fr s 3~4 M EL A YL R s Oc. BRI, Cg. SPERZNAE, Te ¥5HL, Sp. A& ERZNML, Spd. #74ifE

Plate I Histological examination of G. lacustris gonad

1-2. The ovary of G. lacustris, 3-4. the testis of G. lacustris; Oc. ovarian cavity, Cg. oocyte, Te. testis, Sp. spermatocyte, Spd. spermatid

H cDNA I JE, i 3 Mlumina U 7 4> B3R5 T
63 391 676 Fll 54 542 800 |~ raw reads, Z3id i %
J5 43 W1 3RA5 60 657 644 F1 52 016 136 4~ clean reads
(32 2)o % Trinity 443, H:45%] 62 573 4> unigene,

Hodr 35081 4K B KT 1000 bp (K] 1), N50 (%
R B 4 PR 42 10 5 S AR MK BN HE T 9 B0 4%
AWK, FUR/NTF BK 50% 1Y PF 5% A
M BE) K2R 3 082 bp.

% 2 RNA-Seq HiEZit
Tab.2 Statistics summary of RNA-Seq data

FEA JE AR R A TR 151 /bp HiRE% GCEE/%
Q20/% Q30/%
samples raw reads clean reads clean bases error GC
YU FG 63391 676 60 657 644 0.02 96.03 90.26 44.97
F# MG 54 542 800 52016 136 0.02 96.54 91.05 47.95

E: Q20ANQ3073 HIA AL NI I B D9 1%4010.1%

Notes: Q20 and Q30 represent 1% and 0.1% probabilities of base errors, respectivel
P p P y

22 EEEBRMSE

ffi H NR, NT. SwissProt, PFAM. KOG %%
P& X A 62 573 4~ unigene HEATIERE, A
41480, 32848, 37500, 35394 F118318 /> unigene
ARAFERE . 5 NR B X &8, A 40 726 4>
unigene 5 236 A~ H R A 60 2 IR o (DU, L
1 64.77%(26 379 ) H4 unigene 1K #9411 (Bole-
ophthalmus pectinirostris) /& FE R IR . HiE—£ T
ik W00 B M R 0 1 R SR AR R R A T g, K 62 573

https://www.china-fishery.cn

/™ unigene 7 GO 1 KEGG %08 )& th £ 47 T He X
AT . 35394 > unigene # IH S B <A W aaad #2
“OrF DIRET RN A A 4 = K GO 41 2R 1Y 56 4
Uit Hp<4iiid (21 652 4> unigene),
“ZE 522 407 A4) FC4H B (12 9061 43 il £E
CEPER R <o FUIRE R A0 A R
B Z 1) unigene (& 2), RIS 519 KEGGH I,
7K 27 009 4~ unigene 434 5 437 26 S
B, HrfF 5575 6% &£ 1 unigene (% 3).
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Fig. 1 Length distribution of assembled unigene

23 EFEREFTESH

51 475 5 R B2 £ DR S5 FK 3 unigene i 27
S3HTI, 8571 4 unigene 7EIPHL i, 2383 4
unigene TEAGEL P R (K 3), 24~ SMEEF A4,
A S B FE AR Y R (dmrel | foxI2. cypl9ala,
tdrp. zglpl Ml inhs &) B 2L 8 (£ 4). ZHFHN
GO WM LR, <4k fe 7e B Y2t
FE 41 1% i 2 unigene; 74 LA 4>, <4 L
40 M5B 437 & A B £ B9 unigene; M AE4r T I
e, <4567 %A i £ ) unigene(|&] 4), [FI AT,
A 3618 22 7 Ak K 5 42 31 298 4> KEGG i b
(& 5), Horprenp &) 4 j i £ o3 2 (oocyte mei-
osis) Fl“ZE i 4\ T I B 4 i 5 4 (progesterone-
mediated oocyte maturation) 55 18 % 5 A4 FH ¢ &
=Y,

2.4 qPCRIIEFNZEZA

FIH qPCR X} 14 4~ 22 55 5L I 1Y) RNA-Seq i
fFTHAE, 45 %R, qPCR 455R 5 RNA-Seq 4
Hr—2 (3¢ 6), LM RNA-Seq 70 Hr&t B nl {5, i
i S s PCR ORI 1 9 A 35 D] 7 MR Afe i) A di o
REAAFEL B RIBNE N inha. foxI2. zglpl .
syep2 Fl cyp19ala F 533K T Mt B0 EEF1I7 2H Y
dmrtl FEFEREE P FRIER; cas3. inhb F test TEME |
M2 A HE A RIA

2.5 SSR FA0 SNP #:0
FFH MISA HC4 XT 18 il 6% W 5% €6 F 47 SSR

o E K P2 % 2 32 /) sponsored by China Society of Fisheries

RIBHL

5E, RN, £ 20 517 4 unigene LG H
38 550 4~ SSR, H:H1 8 730 /> unigene & A — LA
By SSR, 6 Fh2E I SSR Y BN TR, B
TR # &2 SSR H ML IR fe vy, HLkoO2E Y
MR E 5 SSR, Ji4b, AR 74 A X F 2%
SARK: A/T 7E IR SSR Wi WL 78 WU
HR SSR 1 AG/CT s i W ; AGG/CCT. AAAT/
ATTT. AAGGC/CCTTG il ACCTGG/AGGTCC &
= WU, FLRI S A% ER SSR P AR LAY JC A o
AT AR A 33X 28 SSR A i 38 7 51 i iR S RS 1
FH T W1 668 0F 5% (st AL ZREE 0BT . 35k, SNP
AT A R N, G B R PR A e | AR SR
H A 192 450 4~ SNP, Hib C/T. A/G 5 #
435K 58914 F1 58 476 1~ A/T. A/C. T/G FlC/G
HR 4 1k 24 732 18 095, 18 444 F1 13 789 1,

3 iR

Sk T o) B0 A B R R £ i R PR A AR
RNV B KBTS, ARSI E R T
WAV B A £ B9 55 ORORS B cDNA SCPE, I ad i
llumina ¥ & #4177 RNA-Seq il i 7+ #F . N50 K
B EVEM 5 F A B PE de novo AR BN EE S
B, 7S S v i) A 6 PR A0 M R B SR 2 NSO K
JEA 3082bp, T 2B KR M IS IR R
A e R, G A 6 (Paralichthys olivaceus)
(809 bp)™. £ i &1 (Sillago sihama) (2 190 bp) ",
G4k (Scatophagus argus)(3 038 bp)!'™, A 23.47%
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Ke)

RS G 7P nucleic acid binding transcription factor activil

HuAMX 7 extracellular region part (=
54y membrane part

JIEEAR /Y virion part

S5 synapse part

U5 organelle part

A cell

UM% cell junction

HAGHA  other organism

44t organelle

T2 5 i

K5 ¥ macromolecular complex
JEXHIPIfE  membrane-enclosed lumen
JERA virion

JALA LTS other organism part
ZHREE ST cell part

MIAMET 25> extracellular matrix component]
AR X

JitElE 0,

synapse
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fiX membrane
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e

ion binding
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SR TE  transcription factor activity, protein binding|
MM

S FIIENGTE molecular function regulator|
HIEITE

AL &IATE  molecular transducer activity
L5 5y TR
P antioxidant activity
SIRAEEE W TE  metallochaperone activity|
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structural molecule activity

Byl A& cellular component organization or biogenesis
B growth

LT biological regulation
VB biological phase

ZANEFE  multi-organism process

AERISFE  reproductive process
AT rhythmic process
AEP)EE AR ST negative regulation of biological process|
Gy ZGEFE immune system process
NS N response to stimulus

174 behavior

HEPPEIFRIEAT  positive regulation of biological process
UL metabolic process

{55 signaling

YRR

LV biological adhesion

S

ZAMATHLAEFE  multicellular organismal process
AAEEFE  cellular process
fi##  detoxification

A A
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LA cell aggregation
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Fig.2 Gene ontology (GO) assignment of assembled unigenes of G. lacustris
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=3 PIREELRE & M AR unigene KEGG E& 773

Tab.3 Gonad unigene KEGG enrichment classification of G. lacustris

— B 7 §iik 5 FEHHFHA
pathway hierarchy 1 pathway hierarchy 2 gene number
MAEIEFE  cellular processes MMAKABET.  cell growth and death 728
IEEN  cell motility 516
At cellular community 1536
HE Mo AU transport and catabolism 1509
535 B0 environmental information processing B53Z%1 membrane transport 171
{55455 signal transduction 3794
G597 FE5MEAER  signaling molecules and interaction 885
WAL (E S ALFE  genetic information processing P& /B APEM  folding, sorting and degradation 1 068
HH| 518K  replication and repair 295
3% transcription 416
HHi¥  translation 1185
AW metabolism R H  amino acid metabolism 700
HARAAR AN A K biosynthesis of other secondary metabolites 22
KAV carbohydrate metabolism 832
it/ energy metabolism 275
ZHERAEY A SR glycan biosynthesis and metabolism 471
A F A lipid metabolism 826
AT AN gEAE 22X metabolism of cofactors and vitamins 354
HAZ IR metabolism of other amino acids 215
HERFR I S HI18E metabolism of terpenoids and polyketides 63
KFEICH  nucleotide metabolism 388
HEA  overview 505
SNEP AR RFIAR Y exobiotics biodegradation and metabolism 153
HHLRS organismal systems TR RS circulatory system 790
KB development 667
HILRSE  digestive system 1038
WA RS endocrine system 1961
&R environmental adaptation 390
HEME RS excretory system 389
HIE ARG immune system 1556
HAE RS nervous system 1215
&I RS sensory system 323

(14 682 1>) [ unigene A R 1F T AEFERE, X 1] X6 unigene 17 3'ok SERAPEIX . JEZRTS RNA,
& T i 2 TG 6 R PR ) SR AL B, B OB TR A, O AR AR B A R R A,

[ 7K 77 %% 45 F /) sponsored by China Society of Fisheries https://www.china-fishery.cn
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YR vs. A

300 FG vs. MG §
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2~ 200
28 L Bialy H LS none
i = _ o W wp
= : ; T down
\z —+ 100
=
R

0 e

-15 -10 =5 -11 5 10 .15
72 7 B R R K e i log, 1
log,(Fold Change)

B3 MmN aREREAERERALE
Fig. 3 Volcanoplot of G. lacustris gonadal

transcriptome differential genes

H 64.77% B (26 379 > )unigene 7E NR FHE £ 1t
X 1) 5 3 A A B PR v R TR,k A PRI A T AT
g MR BT 0 RN R SR TR fO AR I PR O RAR
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S, 3k 5 H A S M I RNA-Seq 45 A — 2K,
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3-related transcription factor 1) X 1 28 4 4 51 P
ERXEL, oS PEAT dnrl
TRE T HEAA PR SI2 IR 11Y) 2
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Fox12(forkhead box protein L2) 7£ & HME 3 ¥ B P
ey S U ol o 1 X B £ o oW 1 | A
HeFrOp IR . bR JE S B HE 1 (Oreochromis
niloticus) W foxI2 5 , 35t A% ME f0 Pk 390 % oy A= 3L
P BEL S 24 foxi2 (foxI2a 1 foxI2b), H:
HAT ] 1A FE R kAR 2 AR R 52 M D 8L % B DR B
MY KA, (AR 2 A DR ) Bk A 2 A 4
ES @7 RN G T G BT S Ny T L
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Kk, M fox2 FEUR bR Rk, A AT REAE W
175 8 W 0 PR R K B S R A e R P R B
YR ARG . 15/ (Mus musculus) 1, FoxI2 3
KRR 22 T3 Dmrel L R ALRIRDY, fER B Y
efar, foxi2 A dmrtl 33X cyp19ala ik 1
WAEME S oAk oA B A

Zglp1(GATA-type zinc finger protein 1) J&—Ff
BNERER, Tl s YRk &
Hh A A 5 A R A P A PR TR, e 2R
IR h TR B2 5 700+ kA4 5™, K
WEFE 1 zglp1 e s A TE WA 658 WK 1% £ i 22 B 5 v
RXDEETHRE, TRV T zglpl fEAIEHN
FRAPH I REBC NI SF o Zp (zona pellucida) 2
550 HE B W) O bR A0 AR RN 2RSS TR,
zp ) mRNA F3EIKF-B & B0 1 & A 8 W e
I TR O B U, R OKE B E T
KRB B, HXRTEDL AR, Zp2 78
BT 40 J 5 1) SO g b ke G BREVE , TTT Zp3 )
FES 5 T MBS A SRR AR,
zp2 . zp3 Ml zpA sk W) T UR s kik (R 4), Ut
W) zps 2 5 17 WG 8 0 12 40 O -5 40 1l 22 B S B
U R

25 [ B3 3R AT AR HE B P 43k AN
PEAT Ay, X0 28 AR B 40 MO %) AR RN 4 3 OC HR
B 55 AL EE R T Cypl1b Al Cyp21 7E4i# 1k
Bz S5 e AR R OCEAE T, O S S5 PR Y
B = A R RN 5 (Dicentrachus labrax) F1UT il
H, cypl1b ) mRNA 784 5 rp (1) 3235 KOF 3%
TR, FES5 TN RE 5B,
1M cyp19ala g it 7 1y 2 A 1k 52 A 77 Ak HEJE R
)G B, F AR R R IR P AR,
cypTal . cypTb F cyp2Tal i 57 Yy APk U WA
BEWR PR KE S b e RN, T opl9ala. cyp20a
M cyp27el FEII I PRIk (R 4), RYIX L5
AN AT RS 5 T I 65 0F R a1 1 &
A JEIR T R SR A

Inhibins ff: 4 TGF-B I HY BB, X 4 HE 5l
YIWC 7 00 K A e 4k BoA B ZAE Y, wu S5
K, ZHEEW inha DL A Y 7 200 5 BE D
01 G BF 20 1 B4 78 . Lankford 254 7 iy rp &
BRI B0 A MIH AT LAY inha 33X
ABEFE, inha ¥ s YRR b m Rk,
inhb W% P W) MIAEAG b m 3Rk, R &7
EZ 5 TWEEIR R mic+ &4 . 54k, Tdp
(testis development-related protein) & — #7155
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Tab.4 The expression pattern of differentially expressed sex-related genes of G. lacustris

B HID log, (Fold Change) g seE %%%’ FER 4

gene 1D q value accession ID gene name
cluster-9641.22807 9.666 2 9.10x10°* XP_020784565.1 s0x19
cluster-9641.25293 9.606 1 1.89x107% XP_024146001.1 zglpl
cluster-9641.25160 9.604 1 0 XP_020795598.1 zp2
cluster-9641.25068 9.443 0 0 XP_020792434.1 zp3
cluster-9641.24727 8.683 7 1.86x107" XP_020781516.1 zpd
cluster-9641.16922 8.079 7 1.89x107 XP_020784412.1 2dfd
cluster-9641.24530 7.844 2 2.22x107° XP_023123606.1 syep2
cluster-9641.25344 7.5243 3.07x107" XP_023250053.1 sox11b
cluster-9641.27486 7.150 7 6.73x10°" XP_020782655.1 gdf3
cluster-9641.29598 5.630 0 1.00x107"¢ XP_018535887.1 nanos
cluster-9641.16580 47309 1.43x10™* XP_020773153.1 SoxI2
cluster-9641.26847 4.690 1 6.37x10° XP_020780621.1 hsd17b12a
cluster-9641.21833 4.606 5 1.06x107 XP_020783195.1 hsd17b2
cluster-9641.20480 4413 6 4.12x10°° XP_020797477.1 cyp20a
cluster-9641.15558 4.154 4 1.82x10° XP_020775367.1 sox11
cluster-9641.35246 41027 8.82x10°* XP_020774028.1 cyp26a
cluster-2179.0 3.749 3 1.175x107 AAS58448.1 cyp19a
cluster-9641.19795 34733 4.01x10° XP_020797477.1 cyp20a
cluster-9641.18341 3.418 1 225107 XP_020785212.1 gtsf
cluster-9641.23440 2.896 2 3.17x10° XP_020784490.1 cyplla
cluster-9641.32089 27049 4.26x10° XP_020790615.1 hdac10
cluster-9641.11433 2.6913 6.95%10°™* XP_020792251.1 inha
cluster-9641.24752 25359 1.67x10°° XP_008292482.1 hdac8
cluster-9641.13414 23629 3.77x10° XP_020776784.1 2df10
cluster-9641.35361 1.7559 1.11x107 XP_020794666.1 cyp2icl
cluster-9641.28295 1.740 4 7.93x107" XP_020787387.1 ddx42
cluster-9641.29360 1.304 8 4.92x10™* XP_020782050.1 stard3
cluster-9641.16586 1.002 5 1.16x107 XP_017329922.1 hdac3
cluster-9641.35558 -1.3633 2.01x10° XM_008397775.2 tdrp
cluster-9641.5267 -3.373 6 4.73x10°* XP_020788816.1 hsd3b7
cluster-9641.13207 —3.446 4 2.29x107 XP_020796962.1 esrl
cluster-9641.1499 -3.594 6 2.78x107 XP_023260192.1 cyp2aa_d
cluster-9641.43077 —-4.398 0 3.17x10° XP_020772714.1 hdac4 5
cluster-9641.47344 —4.6315 3.54x10°* XP_023249319.1 hsd17b3
cluster-9641.13065 —4.639 8 3.33x107 XP_020786901.1 cyp2Tal
cluster-9641.6064 -5.1554 2.71x10 XP_020784595.1 inhb
cluster-9641.29535 -5.180 1 3.04x10°" XP_008302659.1 cypTal
cluster-9641.47528 -7.1216 2.25%107"° AAP84972.1 dmrtl
cluster-9641.2530 —7.383 8 1.11x107"7 XP_022066935.1 cypTh
cluster-9641.38934 —7.4715 537x107%” XP_022600688.1 kre2
cluster-9641.47188 —-8.8149 2.77x10" XP_020774232.1 e3
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SR 454 transition metal ion binding |f

IS S RSP cis-trans isomerase activity

T FE P R TR S S MRS 1% peptidyl-prolyl cis-trans isomerase activity
HILEFEBE 4 methyltransferase activity |

PR TE  threonine-type peptidase activity [

R R P IKEGREYE  threonine-type endopeptidase activity [

g RABHEME  polymerase activity |
43 HILE RS BE 1 methyltransferase activity [
= g NERLE/I4LN  structural constituent of ribosome [
i DNA%i% DNAbinding |
M- L; RNAZi%  RNA binding
@ 3 DNA#R FIRNARAHETTE  DNA-directed RNA polymerase activity [
g HREEETYE, R -WIEH]  transferase activity,transferring one-carbon groups [

FABS 7454  cation binding [
£JRET454  metal ion binding [
BT454  ion binding [
454 binding [
HHIRRILE P45 organic cyclic compound binding [
ZRMMAEMEE S heterocyclic compound binding |
W44 nucleic acid binding [
WA AW elongator holoenzyme complex [
SMIFE coated membrane [
JEiBE  membrane coat
EHEEASAY  ribonucleoprotein complex
MIpy AN EE  intracellular non-membrane-bounded organelle
AEA%E 5 nuclear part
YR cytoplasm
TS cytoplasmic part
HAEEES;  cell part
2 cell
%1~ nucleolus
MBS RS organelle part
ML AIHES > intracellular organelle part
UM% nucleus
Mipd  intracellular
A IELE A AUMES  intracellular membrane-bounded organelle
JELE S 4N 4E  membrane-bounded organelle
A5 intracellular part [
%% organclle
MIp940ffa%  intracellular organelle
M A KA ribosome biogenesis
RS FE  nucleic acid metabolic process
M EASL ALY R A ribonucleoprotein complex biogenesis
WAENL  protein localization
Hip9 K (384 intracellular protein transport
T ENLMHISL  establishment of protein localization
KO FARHHEFE  macromolecule metabolic process
A K5 F €L cellular macromolecule localization
20N A E M cellular protein localization
ARSI FE  cellular metabolic process
ETHERAEMNRIEFE  nitrogen compound metabolic process
M5 F AT FE  cellular aromatic compound metabolic process
JE[K KL gene expression
&5 DNA repair
TR AP AREIE T2 nucleobase-containing compound metabolic process
ZHfAT RIS cellular response to stress
AT S  cellular response to damage stimulus
YRS AR FE  cellular macromolecule metabolic process
A A DB FE  cellular nitrogen compound metabolic process
RNAJIT. RNA processing ‘

I

=
20 R 2H 5y
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Gene ontology assignment of differentially expressed genes
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Fig. 4 Gene ontology assignment of differentially expressed genes of G. lacustris
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34 R, S G B U R 0 IR SR 2 AR A T 375
x5 E v BEEREFKEGG REESHEBRK
Tab.S KEGG highly significant enrichment pathway of differential expression (FG vs MG) gene
R AL TR HEEFID LR E A Pl
term name term ID gene number P-value

LA up-regulated pathway

BjE:fk  spliceosome k003040 134 3.23x107"
RNAizffi RNA transport ko03013 138 2.01x1077
IR K ribosome biogenesis in eukaryotes k003008 82 3.06x10™"
ARAEIR  cell cycle ko04110 117 3.52x107
WENEACHT  pyrimidine metabolism k000240 75 5.34x107"?
DNAK | DNA replication k003030 41 9.49x10™"
ZENFEAKMA  ubiquitin mediated proteolysis ko04120 104 4.73x107"°
IR VIBRME S nucleotide excision repair k003420 44 5.27x107"°
mRNAWE B  mRNA surveillance pathway ko03015 75 6.34x10”°
RNAK A RNA polymerase k003020 26 1.65x107
YA JEFX M@, Fanconi anemia pathway k003460 49 1.87x107
RNAF%f#  RNA degradation ko03018 60 3.26x1077
HHMA  proteasome k003050 34 1.00x107°
IEVIBRIEE  base excision repair ko03410 31 2.27x10°°
FWHHHEUREEEEYE  Epstein-Barr virus infection k005169 123 2.77%10°°
[FYHELH homologous recombination ko03440 34 3.39x10°°
FLJRFE RN F  basal transcription factors k003022 35 1.66x10°°
"4 purine metabolism k000230 99 1.74x10°°
HEBHE  mismatch repair k003430 24 2.19x10°°
SRR A 772 oocyte meiosis k004114 75 121107
AERIJE ARG ZER:  non-homologous end-joining k003450 15 1.33x10°
H-FR 4 AR one carbon pool by folate k000670 16 1.85x10°
WA aminoacyl-tRNA biosynthesis k000970 28 1.91x10°
ZARR A5 IR BRI A2 progesterone-mediated oocyte maturation ko04914 56 2.93x107°
Notch{Z 5 i## Notch signaling pathway k004330 37 2.93x10°
WER . AR T ZZIRNE#  valine, leucine and isoleucine degradation k000280 30 3.85x10°
W4k R4 sulfur relay system k004122 6 5.93x107°
TGF-p {5518 TGF-p signaling pathway k004350 50 6.60x10°
HEFiDNA-fL @Y cytosolic DNA-sensing pathway k004623 20 6.81x107°
p33{E 5%  p53 signaling pathway ko04115 40 7.23x107°
REWIERZEMH  fatty acid elongation k000062 17 8.59x107°
W BB LR 45X 42045 % biosynthesis of GPI anchor k000563 14 8.75x10°
P TR Z A5 58 signaling pathways regulating pluripotency of stem cells k004550 72 9.37x10°°
TR down-regulated pathway

HAFTEAIIL  protein digestion and absorption ko04974 57 1.89x10™"
MAHNE R Z AR BAER  ECM-receptor interaction k004512 35 2.63x10°*
FEB  focal adhesion k004510 72 3.34x1077
HHESR  ribosome k003010 65 2.28x10°°
ABCHZ&H  ABC transporters k002010 29 1.85x10°
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376 VL 5%
bl S JEESID  EEFBEA PfH
term name term ID gene number P-value

Fi KL amoebiasis k005146 32 1.98x107
Jr i /NE BERRER 2R [ proximal tubule bicarbonate reclamation ko04964 18 2.28x107°
B HIMENAEYI S insect hormone biosynthesis k000981 8 3.16x10°
fiEt433  bile secretion k004976 32 3.33x10°*
FRRMZ R  arginine and proline metabolism ko00330 17 8.17x10™*
B PRI HRE (AR08 (5 53 B%  AGE-RAGE signaling pathway in diabetic complications k004933 30 2.92x10°
PI3K-Akt{5 5i@#% PI3K-Akt signaling pathway ko04151 72 3.22x10°
WEh & E 4B 281895 regulation of actin cytoskeleton k004810 49 3.44x10°
MEBERIHT AR retinol metabolism k000830 15 3.92x10°
23R4I . 2XP450  drug metabolism-cytochrome P450 k000982 15 427x107°
#F 6 PCR & RNA-Seq £53R
Tab. 6 Validation of the RNA-seq data by qPCR
FHFID FEH 44 7R RNA-Seq qPCR
gene ID genes name Log, (FG/MG) g value (FG/MG) Log, (FG/MG) P-value (FG/MG)
cluster-9641.3059 cas3 —6.69 4.88x10°° -1.99 6.20x107
cluster-2179.0 cypl9ala 3.75 1.20x107 1.75 1.60x107*
cluster-9641.47528 dmrtl =7.12 2.25%107"° =7.75 3.20x107°
cluster-9641.47188 e3 —8.81 2.77x10° -10.05 4.30%x10™
cluster-9641.16580 foxI2 4.73 1.40x10™ 5.15 1.80x10™
cluster-9641.43183 gapdh —5.86 1.03x107" —4.50 2.20x107
cluster-9641.11433 inha 2.69 7.00x107™ 1.50 2.30x107
cluster-9641.6064 inhb =5.16 2.70x107° —4.74 5.20x10™*
cluster-9641.38934 kre2 —7.48 537x10” -11.90 5.80x107°
cluster-9641.24002 rpl1 -1.30 5.59x107 -0.72 0.20
cluster-9641.24530 syep2 7.84 2.22x107 6.90 2.30x10°
cluster-9641.35558 tdrp -1.36 2.01x10°° -2.22 6.70x10
cluster-9641.3821 test -5.39 6.19x107™" -8.09 2.40x107
cluster-9641.25293 zgipl 9.61 1.89x107% 12.96 3.50x10°7

R T, ARG o R s AR A )
G B A P2 f0KE S rh s AR, DL bk S A T R
P BT — A A 4% 2 (] 30 =y 390 A9 46 o P £ T 5 19
R
3.2 CHINEBENET IR & M BR AR FA K B GE ME K I B
N L1 K E AL e 2 AW R iR AR
TEARBEFEH A 117 4> 22 5 36 D 42 2“4 Mu i 26
104 22 5 5L 2 5 92 R A 3 10 88 UK Al 38
75 A4~ 25 S B K S 5 < O BE A OB 2, 56
22 S HE N 2 5 <28 i A 3 1) B BR 20 R A i 7R
T S 5 AT S [ 9] 9 B R Y R R SO . AHARLAY
2E WAE = JE iR T 58 (Portunus trituberculatus) 1,
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& W 2% [ B AR 15 il 1T RE 2 15 18 A6 458 R B £00KG B
() 2 8 JF R B S R 1A .

“PI3 /AKT 5 5l %" S 5K R A K F &
B, MR B o W RORS F 1 7R AR, PIBK
JE— R E W IR B, TR v AL B S I
JULEE R 5T, & AKT #9565 — A8 15 B 71, AKT
S PP 22 E RN AR B VR, ARG i, AKT
FEAE NG MR LA R Rk R R
PI3K ¥ AKT %%z 2| 40 i i L LLJTE AKT, RS
AKT i F 40 M 77 36 . 39 78 5 08 77 20 e 0 1=
WG, PBBK-Akt {5 5 WK 7EAs b e, %
AH 12 30 % 1T BE IR YT 18 AV 5 R PR £ PR A A R G
KRB IR SRS,

4 Hiig

A GE B U T ) A A T £ O 5L RDRS
LAY cDNA SCHE, JFiEAT T e sk e o ol it
de novo PFE AL FKAR T 62 573 > unigene, FH
47 891 /> unigene K15 T W INER, F& T B
5 MR £ ) R DR IR L 3 D Ll A O R RO SR
SR, ME B e S 5 G AF BT AR T T AR R
BHHA K FE D (foxl2 . dmrtl . cypl9ala. inha .
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(RN FEROAKM . <OIREA g5, «
ZE Ay T P BE 2 LA L “pS3 IR T <k
[ P 34 3% A5 L B B “PI3/AKCT A 5 3 45
BEAb, i N s 4 v i e 21 38 550 1> SSR K 192
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Comparative transcriptome analysis of the gonad of the
lacustrine goby (Gobiopterus lacustris)

DONG Zhongdian, LI Xueyou, HUANG Chengqin, ZHANG Hairui, HUANG Shunkai ,
ZHANG Ning, GUO Yusong, WANG Zhongduo "

(Key Laboratory of Aquaculture in South China Sea for Aquatic Economic Animal of Guangdong Higher Education Institutes,
Fisheries College, Guangdong Ocean University, Zhanjiang 524088, China)

Abstract: Lacustrine goby (Gobiopterus lacustris) belongs to a genus of gobies that are small in size and endemic
to freshwater, brackish waters or coastal environments around the Indian and Pacific oceans. G. lacustris has
almost transparent skin and clearly visible internal organs, making it an ideal fish model for potential research in
development, reproduction and other fields. Here, we constructed gonadal transcriptomes of G. lacustris using Illu-
mina sequencing for the first time and identified genes that may be involved in gonadal development, gametogen-
esis and reproduction. Row reads were assembled into 62 573 unigenes with N50 value of 3 082 bp and a mean
length of 1 869 bp. 41 480, 32 848, 37 500, 35 394, 18 318, 35 394 and 27 009 unigenes were successfully annot-
ated in NR, NT, SwissProt, PFAM, KOG, GO and KEGG databases, respectively. Gene expression patterns in the
ovary and testis were compared, and 10 954 differentially expressed genes (DEGs) were identified. Among these
genes, 8 571 were up-regulated in the ovary, and 2 383 were up-regulated in the testis. qPCR analysis of 14 selec-
ted genes showed patterns consistent with the transcriptome results. Numerous DEGs involved in gonadal develop-
ment and gametogenesis were identified, including foxI2, dmrtl, cyp19ala, inha, inhb, sycp2, zglp1, tdrp, zps and
esra. Using GO and KEGG enrichment analyses, pathways involved regulation of gonadal development
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and gametogenesis, such as “ubiquitin mediated proteolysis”, “oocyte meiosis”, “progesterone-medi-
ated oocyte maturation”, “p53 signaling pathway” and “PI3K-Akt signaling pathway”, were also identi-
fied. In addition, 38 550 simple sequence repeats were identified from 20 517 SSR containing
sequences, and 192 450 single nucleotide polymorphisms were detected. This study denotes the first
gonadal transcriptomic analysis of G. lacustris and provides a valuable dataset for future functional analysis of
sex-associated and molecular marker-assisted selections in G. lacustris.
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