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MR H A mesimE R amkxeyERE, K Allumina Hiseq# A xf 16 68 i . 97 4 o
AR #TEERER AN . £RE T, 3INAR LR £ T49484 132, 47540 538
F150 622 304/ clean reads, 413 5 3 3% 45 7 99 878 M unigenes, F 3K Z H1430bp. DE
seq AT K, #Efivs. S0 £ A F 4 R MR LW EE K A23054, Mvs L4 F 45 7 %%
HUG I E B A BIOAN, I s FFEA AR RAGERE N 14740, 3N AL AN
ZRrRALEHHH80N., GOMAN, LR ZREXA XA FTEE T EWA R ATE
(primary metabolic process). . 4 i, it 12 (single-organism process). 7 AL 4 X #4f it £ (organic
substance metabolic process)% 4 4 ¥ it 2 # . KEGG pathway 0 #f & v, — %50 & % F
frB KRR NETERFETEFESE, WGnRHE S XEBEHZ 6 K-
TGF-BfE TR WHARBRE I HERMER. AARERFE TSN EE TR,
W] A e 67 00 TE A o A R AR AR A A B

KRR e, WEKE, HF4
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Gy AR HR R IR S, TEMETE AR T R b
FEAONEE, Rl EREE BRI A A KR, £
KO0+ & B b FE AT 43 Sy O D A R A Y L A
U0 BEAN A AR B AR R K B A0
BN RO R AERIRFIBY B, —SERE 5
PRIFIIA R T B B 240 114 8 kS B DG HE AR IR 2 4 o
N ELAE N OB T MR A, e £ 28 A T Sh
LAl , XSHERR RN AT R HE R E

DA 5 T W 14 3l ) A= B 1 0T 58 22 4 v e A
KAV, HiX g 2 RE7EDHER T,
Weyp19™, wntd® 4 foxI2PHIR-spondin1"7%%
TEARRE AWy v, A% G2 T7 1 0k AT 14 s g 2 Ak
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BUERATIES, (LS TR LR L
B, BHREG, A FLEEE R b OCT R b 5E P )
FRAEF A, HA1002 5% R F5, Hik
oy R RIL R P A . TR BRI
B T X A6 88 B b 5 & T ML T i . AR
GEACHR P L BT M, AN S0 3 2o i
Fp B ARG AL 8 O S5 SR A SO, e Rt sk
FE 1 8 32 T Fr i -3 44 -4 B fl (hypothalamic-pitu-
itary-ovaryal axis, i FRHPGHH)E#E, [R]EFib 32 HF
JUE PR M 3 3R S B DR B S AR R s e
I, ASSEEG R EE T Gt . DS R E R e Sk A
P, it RNA-seqil )7 i 16 5 B9 5 & B AH ¢
MBI 5055 B, B v Ak o M B g 0 4
HEFR S LA

1 M5 TR

1.1 SCIG#t R

LU A oA L s N T 50, BBk ik
30 M —HE vk, SR A A — 20 1k AL
M ek . R, R P R
i FPEFTOR SEALL, WAE TR AT

1.2 XEMESNF

PHEASRIES, MIERNATF R S5,
FH 7 A Oligo (dT) M) 4 ¥k & FE mRNA, FfInA
fragmentation buffer¥f mRNALL 5 K /N 21200 bp
B A B, BEJS LAmRNAHRA , 4354 s —
BEFIEE —HEcDNA, 4 %% cDNAJH AMPure XP beads
gifk, ZoRumiBE . LG TPCRY 1Y, &5
FHl AMPure XP beadsZifb =4y, 5¢ W SCFE 4 E T
YEo CEFARAH#IE, L HLIES TTllumina HiSeqil 7
1.3 BUIEHHEAIEE R

Ilumina HiSeqill /775 2| J& 4 504 (raw reads).
TR AL B G Sl i By, &
SeXtraw readsiE AT I P £ BT B VTPAL K Bk
1y . AR i ¥ readsid J8 15 2 clean reads, 5 #F
345 i clean reads FH Trinity ™ {4 247 15 51 B 422
AR AR A R R T ReAE B, B PEEE AR Y
unigene5NR., NT, PFAM., KOG. KO, Swiss
Prot, GOFKEGGH B FE#EAT LU X R

14 ERREEEMIFIE
K H BowtieXlé I 15 15 2] i unigeneE 17 b X,

H [N 3Rk it FIFPKMZS 5 RSEMIEATAE 57, FPKM
AKX FPKM=cDNA fragments/mapped
fragments (millions)/transcript lengths (kb). F| F
DEGseqX fifivs. 5P 5L | Jigivs. I HE LA K2 B 5L vs. JH-JiE

FnZH A 22 0k oA, AR R ZH AU 0 22 57
FIRFEP, TETRE D, Llgvalue<0.005 Hlog2
fold_change|> 1A i 1 [ {H

2 4

2.1 HFART

XFAC R A . OPSERE I AT SR AL, A
WS F] T 49 484 132, 47 540 538F150 622 3045
clean reads. FH Trinity {4 9f 1215 2| i 5 4L VE N
Z2Z 73, L3R4 T 99 878 unigenes, K ETE
I 7£201~27 528 bp, ¥ 1 430 bp, H i
T35 442 8184k reads AT LU X 45 5 (71.62%), DN 4L
H 34 980 7682k reads A L XT 45 5 (73.58%), HFHE
H1 4539 653 9265k reads A H X} 45 1 (78.33%).,

22 HREFIER

#unigene 5NR, NT. PFAM, KO, KOG,
Swiss-ProtFl GOAF 7 ¥ 46 A7 Le xS, 741 %udh
VAR TE R L RO 13 032, TEBR 1913.04%.
Forp X BINRIFE /Y SE IO ST 568, HREHR N
51.63%; HLXTEINTEE L FFCN82 201, HRBE%R
J982.30%; HXF B PFAMJE (1 3 K % M 43 829,
TR F43.88%; LU BIKOME (1 3 4L 26 557,
TR ]926.58%;  HXTRIKOGIZE YR £ 21 824,
HERE N21.85%; e XT E|Swiss ProtZ 3 K 4k
45535, HEREFE NA5.59%; AT EIGOEE LN BN
45040, R HN45.09%(K 1),

GO/ 11 78 7 3 ontology, 43 31l il ik 2 K (1)
43 F I HE (molecular function) . 4 i 2 43 (cellular
component) A J2 A= 2% 35 F (biological progress). X
TE B G S A AT GOS M, L4545 0401~ unigenes/
HEER, Hrh 3R R A Y2210 7 i unigenes/fi
%, F144 26115 HUCHAML 5, £83 6344
HEB R4 F I HE i unigenes/ A 57 93114, 1E4r T
AEm LM &Y, 4546 YIHE(GO: 0005488 binding)
FMEAL I P (GO: 0003824 catalytic activity) fy 32 5
FITIREISAL; Frduffudisrh, S541HE(GO: 0005623
cell). ZHMIZH 53 (GO: 0044464 cell part)FH ¢ il & K
HERZ,;, FAEYSFSET, 590 MR (GOo:
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Fig. 1 The annotation of spotted steed unigenes among
7 database

1. annotated in GO, 2. annotated in KO, 3. annotated in KOG, 4.
annotated in NR, 5. annotated in NT, 6. annotated in PFAM, 7. annotated

in Swiss Prot

0009987 cellular process)Fl #- 21 il i+ £ (GO: 0044699
single-organism process)fH ¢ L HF £

R B KEGGEE & 1 B unigene f5 26 5574%,
PR EI2AAHE EE, Hh R R 2
R R 154 5 5 5% 5 (signal transduction, 4 8945%).
IN 43 2 45 (endocrine system, 2 3905%). % &
4 (immune system, 1960%%). 4H i #1A (cellular
commiunity, 1 8395%)F1## £t & 4t (nervous system,
1764%%)

23 BN DREFIATAELARE FRIEEE I

DEseq3HT & BL16 9631~ 5& K 7 ik vs. Bl 52 21
) 25 5 2R3, 12 0901 J A 7E il v JH-HIE 2 7] 2% 5
Fik, 10 323 FE AR 0 v JTF R4 1] 22 53 0Kk
(i 1% 25 1 1og2|fold_change[>1H.q value<0.005), H:
H, TR vs. B S R S R GR R B 2 30510,
fikivs S rh 4 S 2R IR SR EC 83941, B Blvs I
JIE Ry S RIS ECH 1 4744, 34t gt
14 22 5 IR R 8601~ (1512).

w2 R HEAT GO A B, Mivs. DN S0
2 W E NGO H AW M AR d 72 (primary met-
abolic process), £ 5975%%, 1545.25%; & & F|40
AR i B (cellular metabolic process)f GOk H A
5927%, fi44.89%, & AR AU R (mac-
romolecule metabolic process)J¥ 5 H 5 05655, &
38.29%; Milivs HF L4 3% 5 £ GOk H R B4
2 3 F2 (single-organism process), A5 038%%, &
54.33%; & 43 (membrane) I FE 5443 22945,
34.82%, & FAHLAA G YA L R (organoni-
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i vs. B EL

brain vs. ovary

o vs. AT

brain vs. liver

Y& vs. BFAE

ovary vs. liver

2 TR REESFREEEVennE
Fig.2 Venn diagrams summarizing the distribution of

genes between tissue types in H. maculatus

trogen compound metabolic process) ) 7514 1 636
%, Hi17.64%; YR Hvs AL W% w42 GO
H A Pl i 72 (organic substance metabolic
process), A32774%, fi50.11%; & & F @ HA
1133 # (primary metabolic process) ¥ ¥ 5 F 3 149
2%, 148.15%, & 4E 240 At 72 (cellular met-
abolic process) ¥ ¥ 3 12745, 47.81%, 1EIX
U2 F RIB I A AE — 2 500 5% F MO
FEP, aP45075 7 4k B 3 K] (P450 aromatase gene,
cyp19a). 3 5k 255 [l (forkhead transcrip-
tion L2 gene, foxI2). daxl. gdf-9. HIAEKEE
FIE K (bmp15) . 8 RAEA K IH 7 B A (igf)
vasa® . A — LA [E B AR A R, 91 4n
2 [ B R A A R 9 B 11 JE T (steroidogenic
acute regulatory protein gene, StAR). 17-B-32%L
[i] P i St 1 35 [H] (17-beta-hydroxysteroid type 1 gene,
HSDVIBN) L B 17B-F2 25 [ B it S0 - 1255 (] (estradiiol-
17-beta-dehydrogenase 12 gene, HSD17512)., #H4,
WKL F| CYP46a, CYPTa. CYP27aMICYP8bE I
TR L) G SR D (513)
24 ERRIEEEKEGGHK HE 2T

34 H AR Y 22 53 B I 7E KEGGAR i % vh
BN [ B Y e B o Mikivs. D R R R 31297 5%
OB S, &AW EKEGGH H WA AR
fiE 2% fi (glutamatergic synapse) . &% 17 f 22 5 (cir-
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Fig. 3 Gene ontology terms for transcriptomic sequences of spotted steed
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cadian entrainment) . P UEPE KR R i 17 PE (G 5 5%
i #% (retrograde endocannabinoid signaling) . 5
BARAE 5 18 [ (spliceosome signaling pathway)([&4);
B3 22 S 20 ik DR R 381 B9 B 40 B 98 55 O3 % (ooc-
yte meiosis). p5315 5 i} (p53 signaling pathway)
Ras{5 5 18 % (Ras signaling pathway) . JES EE 5
18 % (insulin signaling pathway) . i /=& {55 5 i# 1%
(oxytocin signaling pathway) . IiL%& N iz 4= K K+
{5 5 18 % (VEGF signaling pathway). fi IR &
BN 2 {75 5 1 % (GnRH signaling pathway) . 45
B 115 518 % (calcium signaling pathway), mTOR
{G5iE M. Wnt {5585 SRR S Al (ster-
oid biosynthesis) . TGF-BfF ‘i i . H 1A MK E
W& m.(steroid hormone biosynthesis), 1 #5 BE 1L 15}
(retinol metabolism) &% PI3K-Akt {5 538 % . Mivs I
k4 AL 2293 %A i T, T E 4 E 5 il
Y5 21 (synaptic vesicle cycle). & Z FR RE 2= fih
(glutamatergic synapse). 2 [ % %< fifl (dopaminergic
synapse) . PN 3 i AT H Al PR 29055 45 10 B WA (en-
docrine and other factor-regulated calcium reabsor-
ption). B % /3 (insulin secretion) . cAMP {55
T NS B R Sl A Bk 25 S AR A AR
HEBKEES K. WS RFESEYE. #7R
{55 B . GnRH{F S % . O9 B 40 M psi g 7 24
e K A5 5 38 % (estrogen signaling pathway) .
cGMP-PKGfii 53 % . Rasf 5 . MAPK {5
S SR ELEY A S . VEGF {5538 %
B B 2% [ 5% 4= pY (ovarian steroidogenesis), PPAR
FOSIE . PI3K-AKCSE K . DF S vs R 1 22
S R U] AR 30208 55 AR IR I 1, 285 RNA
ein . RN FWE A TREM . NG5 AR
W B 26 T B 2R B A G R A 22 S ARGk B A
BRI pS3E Sl . S RESEE . HMR
{5538 # . PPARE % . mTORE #% . I E: 40 i
WEY R TGF-Bfe S il H . Tollb: 32 {4 (5 538
% (Toll-like receptor signaling pathway). Notchff =
M OPEL S A AR . PI3K-AKfF 5 i
MAPK{F 7 il % . GnRH {5 il . cAMPfR i # .

3 vHie

3.1 TEEREERENF S

VERy — R ZIRK G U 02, L0 IY A 5
RO RS IA, MEREMAIE S22 AR,
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S0 HE M R & B SRR DG TR B,
W5 B2 A OC Y R R 5 (5 5 . AR A 5 R
FHRNA-seql A X 48 i (19 fisi . 10 55 R0 RIE 2547 %
SEAMT, 53] T unigene 74199 878455, Tk
JEl1 430 bp. LR THERL, SRS, H
A, T IR EE Al W H A R a2 4
FEHAE S, ATLIBE D i (Danio rerio) %k H ¥
G 22 AT Y F DI REE R . 13 0327k unigene
PR, N EIEREAY13.04%, A15HIERA S
K] 75 75 86.96%. 1 L3k i B A1 A0 155 0 PT B 2
D] Ay A8 St AF 3T 40 o 1) i DR R A B T A SRS A
Bk g D, B AT AR S B ARYE . X
o B8 52 75 A K 77 3l Wy v A 2SR E ) 4n
=MW (Hyriopsis cumingii)i% st 0 A
26.87% M unigene® FE R, £ Ih AT 24.9% 1 ¥
G R

32 EABHEXERNNTEE

TR S IR A BRI RN, T
1A FHFPKMi B unigene 35 &, &K . B9
SRR A M AL R RTR 22 7 . TEARTR I 22 R
FRIRFEH T, 34 LA A 1Y 2 50 R B K
8604, T Mkivs. B SAH Hhky S K R 2 305
A, v JHEZH rp e S v 22 e Gk P B 839
A, IS vs IR s Rk 25 S R BRI B 1 474
Ao M VennEl 53 Hr o] DLAR 75 58 (1) £ 4% 31 A [A]
SEDAENR . P LA ] 22000 A

#2 R FIAHENE E ZKEGGEEFE, —Lt
AR B a0 5 AR AE WG 8 . GnRHAE 538 %
TGF-BiE 5@ I . PI3K-Akt{Z 5 % . Wnt{5 53
P MERCR G Sl SRR ELEA L, R
SR, 028 B AR BE T 3 2 HPGRl Y I8 4, T I
0l 3 06 77 A B AR P R i R R TIOI R (GnRH) 7E f1
KM AT EAREENMEEN . B
GnRHEZA 2R AR #7773 GnRH- | FIGnRH-
I, 7 H AL HE6E(Lampetra japonica) k& M 2
FEA B GnRH- ™, e AL i s 8 v, R4
KT GnRH- [ FIGnRH- 1 2~

HEREEMERADIYHER L. 5 X
Zrah R EEAEH . 7R B A R IR A A R
WY B, SRR 1 A2 B9 U 80 3R (FSH) Mk v 2
LA S T B 2R o R S T B 3R 5 E B
JOER ] i b 2 ] P98 2R 5 R 4 5 2 T (StAR) 4
ot AN, Rk E [ AN £ 247 B (cholesterol-
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Fig. 4 KEGG pathway for transcriptomic sequences of spotted steed
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43 %

side-chain cleavage enzyme, P450scc)f% i il 21 ,
P28 — e B 1 55 B A S A U T 25 FIME R
77 75 A (P450arom) 2 2 [ A5 B [ v i) OC
i, TRets I — oM PR B L s
HRALNMEMER . TERZBEIL DT, 5K
LB eypl 9L R nfs , 2P AFEAE2R AN
B, 4300 R ON 505 AL B (cyp19a) R fiki 35 7
LT (cyp19b) o FAT] & FRAL bt 5 3% A B v [R)
FETE2RN D5 A ALl , 5 A 0 2 R 25 2R — B,
A E R L S R R, 0 R e -
17B(Estradiol-17B)ts T LA 15t 18 15 J- HiE o B 8 25
P DB ) 5 ke 42 o] B B 240 L 174 A 4 1220

A 5% 4 38 TGF-BI5 5 [ 5 U0 it & 5 % V]
K. HALAE KA T -B(TGF-B)JE T TGF-BK X,
X —ZGEBRTGF-BAk, A A 73 b 7 (gdf) |
HIE A KR (bmpl5). S K (Activin) . 4]
Z (inhibin) AIHT 2 ) [ R (AMH). 25T
SR T AR, TGF-BSEHE A X I8 45 51 £ 41 i
KB AR EZAER, 6/ B (Mus muscu-
lus)H TGF-Bfr 538 # vT LA 3@ i 4 #2 TSC/mTROC
EReECN SuAR L VAN R NN R R R S
SIS, MAh, TERE R4 22 S Rk R th Al &
T 5 OBk A0 M By RAH DG i R,
RS, DPBE A 2 o8 B Sy AR IF A g
FAERAZERIIME T, Wik, XixRR
RIEHTTRES SRk 7. &L
FIRaR, A0 R . D SE R R 5 S 4 4
J5 33R45 T 99 8781 unigenes, H:H'13 032/ unigenes
REIERE . 3 L2 1 25 S5 3R 08 6 X i 2k
BRNTIR S0 R o NN 1 g A S B e AN R i 8
A LA S BB 240 U8B o3 SR DG Y JE R B AR
A o A S Xk A8 G G L B RN T O
SRy, 0 BE R REAE M R A DGR SR
SRy AE B 1 1 51 % B O R 40 AR AR 1 BIF 5 4 4t
& iig S
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Transcriptome analysis of spotted steed (Hemibarbus maculatus Bleeker) to
identify genes related to ovary development

LIU Huifen, LU Liangsheng, WANG Jing, ZHOU Chuanjiang, GU Qianhong,
MA Xiao, FENG Junchang, NIE Guoxing, LI Xuejun "

(Engineering Technology Research Center of Henan Province for Aquatic Animal Cultivation, College of Fisheries,

Henan Normal University, Xinxiang 453007, China)

Abstract: In order to identify candidate genes involved in ovary development, [llumina Hiseq technology was used
to define the transcriptome of spotted steed brain, ovary and liver. A total of 49 484 132, 47 540 538 and 50 622 304
clean reads were generated from brain, ovary and liver, and then assembled into 99 878 Unigenes with an average
length of 1 430 bp. DEseq analysis revealed that 2 305 were found only in the expression of brain vs. ovary group,
839 were found only in the expression of brain vs. liver group, 1 474 were found only in the expression of ovary
vs. liver group, and 860 genes were found to be co-expressed in the three comparison groups. Gene ontology
analysis indicated that many of these genes encoded proteins involved in primary metabolic process, single-
organism process, organic substance metabolic process. Based on KEGG pathway analysis, putative genes are
novel candidate regulators of oocyte development and meiosis, such as GnRH signaling pathway, Steroid hormone
biosynthesis, TGF-beta signaling pathway and Oocyte meiosis. The spotted steed transcriptome data reported here
will provide valuable new data to increase genomic resources of this species. The data will also provide a valuable

basis for further reproductive molecular biology studies of this commercial species.
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