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HW A

8% : T A H (nonylphenol, NP) 2 2 F 7 TAMK P IR A 20 T4, &Mk
EKAFTEREW. ATHRRETEARBIOH X ETHLHAG, RFIRULEH A TR L,
il Illumina HiSep 2500 xf IE % 4 £ iE 41 iE i (NC)« IE% 21 R 37 # BE i (SC) Fn 4k % 5 pmol/L
NP o & W 0 0y 44 4 8 41 I fs (NNP). W 7 21 4K 57 21 BE i (SNP) # AT % K 41 0 5 (RNA-
seq), I %44 L% oL & & PCR(QRT-PCR) ¥ iF # 5 % 3k # H (differential expression gene,
DEG). RNA-seq 3t 75 %| 89 166 4 & Jfi & unigenes, Z 9 30319 % unigenes 3k 13 /£ B 45 £ .
NC. SC. NNP Fo SNP # # b & 4 #7 & #., NC/NNP # DEGs 153 /~, SC/SNP # DEGs
10 /4~ , NC/SC & DEGs 6 121 4~, NNP/SCP # DEGs 7 270 ~ . KEGG 4 #7 % ., Et#
DEGs # i R E A w1, HEGE LA B R R A &R L. FIH QRT-PCR RiIET 4
K. KH. @M E % Kt & A X 8 25 /4 DEGs, 118 % ik & ft £ qQRT-PCR #n
RNA-seq # £ R — 2, — 7 @ W WA T RNA-seq ER T, 7 — 7 @4 F 12548 H NP fijr e
ROMPEIE R B EELE, 5 ERNE T NP BBy 45 F L% #5038 B vy 8 2048 -
R o # R e, EAB; HXAMF; KL EPCR

hE DL S:S917.4

Tl 3R O A AL (NPEOs) & —Fl 3z
FH A2l i 2 G M), AR RBE Rl AR AR
NPEOs 4% £ K F 43 fif 7 ) %k B4 45 F 4 e A AR K
fad, WrZEFEEIEHY . T-5 (NP) /& NPEOs
LY 2 —, RN TR, B
AT DAREHUA M R 5 2 kS5 S, T
WA AR I XS A W R 7 A B AR Y, RS kR
NP n] St AE S T RE R A, G E T,
SO A R T4 FRES, Tanaka 557
AIRFFTE I, B8R T NP P R AL 2R M (Rivu-
lus marmoratus) VEIR A B W, MELEA2, 2l
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At (Xiphophorus hellerii) 53] (3 d) FIAHXT (604d)
6% T NP Y SEE R U], A NP #5218 2
K B PR E A T, K IBTR) NP ZEg 52 1
RS, F W (Oryzias latipes) ¥ 178 8 # ik NP J5
HZ 21 A 7 B E IR T X IR, KA wh
(Crassostrea gigas) ¥t T #% & T NP 1 445 T [A)
IOESE S

NP AU M it , [RIREXT 2R IR R B
AR AR . B TCEE (Puntius conchonius) W Ifi
ZEET NP, RGO BES, | HHERTIE L &
KEMREZAD BE D10 (Danio rerio) IR Jif 7
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1620 KopE o R 44 45

B A AR B Y 4-NP B0, I i B ¥ i 1
AR £ 1 0, 3 i S8 1 2 3, b IR G
P W T 38 il A Ak B B ) v I, HG R —
RN R IEA G s 28 4-NP 22 AL B B 5
FF AR B 30 s /Lo Bk ECEO0 IRZH 2 (25 T B
NP X} 4 ffi (Carassius auratus) 1&gt ELG B B 1)
KRB, Haaraxh NP EA & s sUskeE",
FUAT, 5T NP X /KRS e vEi o 24
TE A HLVEAL . KT Im . IR AAIE 2 2
BOLHE (LCs) LA B R B i B AR 252748
ARG T7 T, % H AR W R R W Y T B Y T
LB AARTD

T AL (RNA-seq) £ AR A LLRE . 41
b AR A I — 45 E W) P bR A0 B2 2 R SR T
RIMEE, Bz AE S A Y S HE
N2z R IKMT T XBER 012" 12 il RNA-seq
Xif = a8 R W) K 4 (Larimichthys crocea) YEAT
ST, EIKEZEFFGAEENA (differentially expressed
genes, DEGs) I fig 5 A AL ik 5L S vy . 3 H Bidfr
B EYTS . WEFAR AU DL S I S5 1 & A
K. LT HEPH ] RNA-seq SRR T B IF 5T
T A AE I BE T 0 5 B A R BE I £ D SRR YR
[, R Blkad 280 B8 AR H 2 (BMP2) A7 4
ER, SEORE B o TR Jl i RNA-
seq ¢ AR X 4% W38 B A5 FL B DL (Chlamys farreri) I
OH BB HATI Y, X 22 5 3R 5K BE K A7 78
BRI, JENEDEEAIE . HREH . %
PERE . AT A AE SIS . RNA-seq
AL T 7K 7R BE R BRI HL R At T Sl
i

21 ) (Carassius auratus red var.) P B 2. |
BhH o MRS, ENRE)T, 5T A TE
Fr s HARBLN O e IR ORE, R4
EANNIE O BPUE S B N - g O 7 NI B Y W R A
BRI Sy 2 56 20 ) ) BE AR R, ] I 2T % NP
AU, I, ARWTSE LLZLEP ARG D 525
BOEE, AR B2 NP o g T B, SR iR
RERIEEFRAE, I S0 AL s a) F IR G 5t
T-40; JH RNA-seqfs AR Xf 1E  #ff 28 ik 9] 6 s
(neuroblast stage embryos in control group, NC)., 1E
W 21 KT WIIR AR (21 somite stage in control group,
SC). #&§& 5 umol/L NP 1 /& 7 B 1 (1) e 48 R 0] s
fi (monstrous embryos in neural stage exposed to 5
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pumol/L NP, NNP) MM 21 &5 WL (monstrous
embryos in 21 somite stage exposed to 5 umol/L. NP,
SNP) iX 4 4 R SR HEATI Y 5 45& 4 W1 B %00
e R SC ik 9% R 358 B DEGs, >R FH 52 i 26 Ol 22 i
PCR(qRT-PCR) X} DEGs #1745 iiF , DL HAIZ 38
NP JPip38 T 52 0 2L 80 Jif % & 00 5C B ik A B i 4%
W, R HE— BT NP 4 8k B T A HL
il A7F 5 B Bt S s

1 MRS
1.1 ST

S 56 T P 2680 ) g O S R A IR K 0
FAY - ERE AR SR 3 0 A
AR TR IR R RIS S R 8 [ I L 1
TR T A B SOK R H SR LR F 2 min J5obf
55 7 L H g4 B K F8 AT 7 V6 BE Y S BR, FF
LR ZHG W0 PO 25 5 0 iR IG R 4T  — 2
SR,

12 RSN S

2wk T S2 H £T IR G 7E NP &b B 74 h
B 17 2 BOPE M6 oM 3.2 pmol/L, 5 pumol/LNP 4k ¥
T 2T SR G 2 B E OB f2 . 7 pumol/LNP Ab 3T
WG I A7 05 R AR AR, UL ERE NP IR 3. 5 Al
7 umol/L VE N 5L B0 40 K W 52 K5 1 it 43 i) 2 i
TFHRE N 3. 5. 7 F1 0 pmol/L(=s X HE, 0.01%
TJCoK L) 1) NP W, WG B M 2 B 7F HiR
4 25 cm (1 BEI B SR LD #EAT (25 £ 1 °C), A
W E S AT, BAFATE 300 SRR,
iR 4 hdfe 1 ROK, IR KR, PRRE NP IR E
FEXTE R, [ B R Sk T 4 B B S BR A T R I
DIPRFRK BT 3, il sk 4 RIS T8 S & 4
IR BN, FH0E NP 255 N 20 IR G 1 2k
I (LCsp)o

HRAE T 512 2T 5 R W T 6 A T 56

BT R (Yo)=M B2 B5U/4F 15 4% 100%

FEUE R (%) =115 B/ ZAE K< 100%

RNA-seq FEASRAEVE E 0 F1 5 pmol/L, ¥4 1E
WA WG (K55 12.5h, 12.5 hpf), 1IEH
21 PRI IR AR (25.5 hpf), %252 5 umol/L NP H1 /&
B WY i 2 IR IR IG (2.5 hpf) B BT 21 #R5
WIS (25.5 hph4 ARG ILSEE SR E , B
3ANEE, ARG -80 °C fRAF4 .
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1.3 HREEREENF

K Al TRIzol ¥ #£ HU NNP, SNP, NC fil SC
4 L LTEPIR G B RNA, BAMBEL 3k, 4t
12 K, 1% BB W R DK 325 R A4S0 2
RNA Jfii M, —80 °C {14 HI™, 474 Oligo
(dT) B9 4 B & 4 MBS 1) mRNA, il A Fragmenta-
tion Buffer ¥+ mRNA # 17 FE HIL 7 Wr, LI mRNA
AR, RSB EEBEHL T4 (random hexamers)
Il M-MuLV 3% % s il 5 il 2 — 4% cDNAgE, 2AJ5
JIMA RNase H FllDNA polymerasel & 55 2% cDNA
%, M AMPure XP Bk 2li1k cDNA, 4lifL YL
B cDNA Fif T RunfE & . I A BIFiE T
%3, FIMH AMPure XP beads #17 1 Be R /N k%,
B¢ Jii 2 PCR #4415 3] cDNA SCHE . S AL g
SE LG . 4y il Qubit 2.0 %€ O 3 i 4 HE 48
2100 A 9 43 A1 AR ST A v BE R A R B K/
HEAFRE I, g FH QRT-PCR = % 30 P8 19 A %50k 8
PEATHERf E i, DAMAIESCER R . FERAE)E,
FH Tlumina Hiseq 2000 #F 47 /& 8 &= 7222, it T
ERAC B LY A PR A A 58 1.

14 HFEAHRFAHERETSEWERFT

(unigene) I g8 %

TEFEAT G B2 o3 M Z /i, 25 Bl 3k 1 )7 3
(reads) L M AWK 57 & {8 reads 15 2133 I% [5 5UHE (clean
data), ffi FH] Trinity %X {4 %} clean data k17 J¥* 1] 41
B, 45 unigene, i i BLAST™! 4444 unigene
FH15NR , Swiss-Prot, GO, COG., KOG, eggNOG
4.5, KEGG ##ls e L xt, fdi il KOBAS 2.0 A fF 44
#| unigene 7£ KEGG H' i) KEGG Orthology#4%
5 52 unigene MY FEMR 5 2 5, fdiH HMMER
A5 Pam FARZEHLNT, 3R75 unigene FTEREEE.

1.5 DEGs &%

>k H Bowtie T H P60 F7 75 3 1Y reads 5
unigene FEFEAT HOXT, AR LXT 250, 454 RSEM
BRI AT R k5K A, A FPKM(frag-
ments per kilobase of exon per million fragments
mapped) }7% 7154 unigene fFeiAE . i edgeR
AP AT 2 R R B0, AR 2 M
(8] 1) 2 5 R ik FE K . R FH Benjamini-Hochberg J7
EXF P-value #EAT RS IE , RRAS 2 & B % (false dis-
covery rate, FDR) E & DEGsFiiit 85, 2 A~FE A
44 ] 22 S 3k H£ N O FDR<X0.05H. |2 7 17 #&

[ 7K 2 22 2 T 6 sponsored by China Society of Fisheries

(Fold Change, FC)|=2 B3 [H .

KH GO Hdia/E (http://www.Geneontology.org/)
X DEGs #£17 GO DI g & 4 W& P M, [al i i
Jil KOBAS % {1 % DEGs #£17 KEGG 1Y i it &
L AT,
1.6 qRT-PCR 3&1E RNA-seq £5 5%

T BiE RNA-seq 255, #E#% 25 /> DEGs,
Hr 45 1~4 ) DEGs H7E NC/SC 22 57 R ik,
7E NNP/SNP H E K IE# 5 %i 5 5~9 i) DEGs H
£ NNP/SNP 1 22 52 3 7k, £ NC/SC Hif-oR HH 3
ERFIEIME; M5 10~17 ) DEGs 7E SC/SNP H
25 3RIK, 4’5 18~25 [ DEGs fE NC/NNP H 22
523k, fHH] Primer premier 5 #5519 (36 1)
K JH ReverTra Ace” qPCR RT Master Mix with gDNA
Remover (Toyobo, Japan) & i, cDNA, SYBR Green”
Realtime PCR Master Mix(Toyobo, Japan) iz 7| #1
StepOnePlus Real-Time PCR System(ABI, USA) i
17 qRT-PCR. #HEahEE 31k, Ll B-actin N
S0 e 2 A0 RN E LR TR R I,
i BN Ry 2200 M o M 25 SRR Y Rk K P (R
7R A Y AE 65 i 22 ), ffi FH SPSS Statistics 20
BAF 4T Dunnett's 2 8 AR 3, P<0.05 RN
R E,

2 4

2.1 NP RES|EZERERER

PG4T BRI B R T NP IR, W& ZR AT
[B) f 34 i, NP Ab BRAL R B A7 15 RS BT R AIK . NP
W3S S h RIG A TG R IF 4R T RS, 15h TR
W, 2455 h ISR TR E B TRRE, 74h &
W FE NP A2 B MG FE 15 32 AU S REAS (8T 1)

NP 4 341 FG HE 20 1 i A7 1 R A AL B
9h NIF L B 2SR, 15h )5 5 pmol/L & 7 pmol/L
NP %5 W H 21 80 J0 Jif A7 3% 23 AH 4 T % B 4 F0 3
pmol/L NP ZbFRZH i} R (P<0.05), {HJZ 5 pmol/L
NP 4b P2 R G A7 15 R 2L /N T 7 umol/L NP 4h #i2]
() R B 77 3% %€ . 7 umol/L NP 4b B 26 i i 75 4b 3t
JG 74 h 7715 FIF 4R /T 5 umol/L NP AbBH4H , 12
H 4.6% (£ 2),

0% T NP LUl s & & e &% L
SE, WIEEES M. BEEIE . L5 E M
M (B F ] SPSS b8 1 0] 9 36 415545 1y

https://www.china-fishery.cn


http://www.Geneontology.org/
http://www.Geneontology.org/
http://www.Geneontology.org/
http://www.Geneontology.org/
https://www.china-fishery.cn

1622 Ko kAR 44 &
%1 qRT-PCR iS4
Tab.1 Primers used in qRT-PCR
WT F:HFID EYISE S Em 54 KR
no. gene ID gene name forward primer reverse primer
1 c120573.graph_c0 TET2 CCTGCTTATCCTCTCTCTGACC CTCAGAGTCATTCGGAAAGCCT
2 c137711.graph _cl Frmpd1 ATTCAGTTGTTCCTTTAGCG TACGCCAATCTGCCTTTCCT
3 ¢150556.graph_c0 Gfra2 CGGCAATCAGGAGGAAGAGTGT CGGCAATCAGGAGGAAGAGTGT
4 c138218.graph_cl cadherin CGGGCTTCCTCTTGTTGCTA CTCTGTGTTTGCCGTGGTTG
5 c152327.graph_c0 GATAl AATGGGATGAGTGGCTGTAGAC GTGTAACGCTTGCGGACTCTAT
6 c151648.graph_c2 SNAP-25 GACACACGACGACACTTCCT AGAAATGCTTTGGCTCCCCT
7 ¢150901.graph_c0 mGIuR7 ATTTCTAAGCAACAAGCGGC ACGACCATAGAGCCTTTCAA
8 c155811.graph_cl p-dystrobrevin ACTCAGTGGATGACGGTTTG CTATGTGCGAATGCCAGAGA
9 ¢143520.graph_c0 MCM6 TGATGAGGTGGAAAAGCAGGAG ATGAGACTCTTCTTGGCGACGA
10 c146410.graph_c0 ApoD CAATCTTGGCAGTTCCCTCA TGGGAGAGTGTAGCCAAGCC
11 c161675.graph_c5 / AGACAGCGGGGAAGTCGTTA GGGGGTGGCGACTGTTTACT
12 c165175.graph_cl / GAAGCCAACTATTCAGCCCT CTGGCAGACCCGACAGAGAT
13 ¢152695.graph_cl / AGCCGCTAACAGGCATTGAT CCGTTCGCTCGCCACTACTA
14 c147376.graph_c0 / CAAATCCTGACGAACTCCGA GATTTGATGCCCGATTATTA
15 c158361.graph_c0 / TCACTGAGGAATGAAAAGGAGG  AGTTCCCATAGCAAATCAAAAT
16 c153211.graph _cl / TCTAACTTCGGTCCGTGAT ACCTTTTATCCGTTGAGCGACA
17 c153211.graph c3 / CGAAGTTACGGGGGCATTTT ACGATGCGGATAAAAAGTGG
18 c83315.graph_c0 CD59 ACAGAAGTCCGTCTAAATGATG GATTCAACTTCCCTCCATTCAT
19 c133534.graph_c0 RPS29 ATCGCTTGAGTTCAGGGG GGGTCTCGCTGTATCGCTCA
20 ¢146956.graph_c0 Poul2 GAGGCGGATGAGAGAATGCT TTACGACAATACGGGGAGGG
21 ¢149202.graph_c0 VMO AGCCTGAGCCTTTGAAGAGACT TCTGTCCGAGTGGAACATACGC
22 ¢144939.graph_c0 Ca7 TGGTGGTGGAGTTCACGGAC TCCAATGAACCAGATGAAGC
23 ¢132866.graph_c0 LIS1 CGGCTCCGTATGTCGTCA GGTGGGTGAGAACCGTGG
24 ¢139229.graph_c0 natterin-3 CTTTGTCACCGTAGGGGTAATG GTTCGCCGAGCAGTAGAGCAAG
25 ¢163252.graph_c0 MICAL CGGTTTCCCTCGTCTTCTCATC TGGAGTTGGAGTGGAGGCTTCG
P-actin GGCCTCCCTGTCTATCTTCC TTGAGAGGTTTGGGTTGGTC

e/ RORER T

Notes: / means that the genes have no name

NP XFZIIRG 74 h BPEEOEHREE(LC o) 24 3.2 pmol/L

(#2).

22 NFEHENERSREST

XFHRZ (NC F1 SC) 52 NP AbFRZ] (NNP F11 SNP)
JEJG PEFT RNA-seq, Jitin I 3 %95 I 4% 2= NCBI
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BRI, 5594 SRR6981193~SRR6981201, 4

PR reads 5, K74 clean data i 94.67 G (3 3),
- FEfh clean data #7343 7.0 G, Q30 (Q30 F /R Jii
{H =30 09 5 BT 5 B e Lb) YA F] 90%, CG

FRAE 47% ~50% Z[7]
clean data ZH %% 5415 3] 89 166 4% unigene, H:

HHE K 7% 23240 sponsored by China Society of Fisheries
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= 0 pmol/L
= 3 umol/L
mm 5 umol/L
o 100 ¢ == 7 umol/L
< & 8ol
a S
=60 |
ooz
Mlusd 2 40 |
£ 2
g5 20
5 ol

1 5 9 15 24 32 55 74
NPAL P [8]/h

NP stress time
B 1 TERE NP LIE 74 h RO EFFESR
Fig. 1 Survival rate of C. auratus red var.within 74 h

treated with different concentrations of NP

Elh HRRARLETFE
1~4 43390, 3, 5, 7 umol/L NP 4b3# 74 h J& 41 47 4 76 A A0 5%
TG

Plate Stereoscope observation of
C. auratusred var. larvae

1-4. images of C. auratus red var. larvae under stereoscope at 74 h after
0, 3, 5 and 7 pmol/L NP treatment

2 ARIKENPRET 74 h LI JERR FMEH R
Tab.2 Toxic effects of NP-stressed

C. auratus red var. embryos for 74 h

NPACFR IR/ P FFCIR L
(umol/L) W T2/ % TG ZE 1% LCso/(umol/L)

NP treatment malformation rate  survival rate semilethal
concentration concentration

0 2.3 84.8

3 97.4 64.3

32
5 100.0 214
7 100.0 4.6

K EEAE 1 kb D b % unigene A 28 775 4%, K
unigene K & 4 16 402 bp (c166470.graph_c0), Fx

o B 7K 77 % 22 F 4 sponsored by China Society of Fisheries

/Iy unigene K J& 24 201 bp (c100072.graph_c0), uni-
gene 1) N50 (unigene M E 4T HES , SR )5 A
i, YA G IR 84K R 50% B, X — 2% uni-
gene MUK ) 2 247 bp(E 2 F1E 4).

23 EFFEEEMTHIE

18 FH edgeR B AF HE A7 XF HE 2H A1 NP Ab i 4H 11
25 SEILR K0T, FPKM B8 3 R ik K F
#|Fold Change| =2, FDR<0.05 [HEEH5E X} DEGs,
DL b o 4 i) 4R A5 25 S R N 4E & . NC.
SC. NNP I SNP ¥ % b # i DEGs 3 13 554 />,
H: # NC/SC, NC/NNP, SC/SNP il NNP/SNP
DEGs £t 4350 6 121, 153, 10 #7270 (% 5).
BT Kl E A MA B 22 5 5L Y FDR, &k
F RN 25 AR B SE T W MR AT T A AR
A, ZERE B, FEXTHRA], SHLIRAA L,
LSRG 21 R 145 4 267 % unigene F BLH -
Vi, A 1854 4 unigene & B T JH
Exf R4 HL, NP AL HLUR 0 22 R AR IR A 38
2% unigene £ FLH FiF#F, 7 115 45 unigene £
PR, SXFBEAA L, NP AFT 21 4k
WG A 7 2% unigene £ B FIHEHE, A3
2% unigene £ EL T IE P ENPAHY, 5
T2 IR IAR L, LD ERR iR 21 R IR S 161 4%
unigene £ B F A, B 2 109 £ unigene &
PR R R (K 3), fEARRSE T, DI R
K FPKM {2 %, %} NC., SC. NNP Fl SNP
4 HRRRG Y 22 S KB FL MR L b, G R B
i o, [ 7] DL 1 NC Al SC. NNP il SNP 2 [i] 3
WRIK2Z S oK, XEREFERELE 7
i FE 3K 45 5, 7E NC FI NNP. SC il SNP
ZI AR HEFRIAZS, X5 NP OEA
X% (F 4,

24 EFREEEN GO EES

it /i DEGs(13 554 4>) Lt Xt 2] GO %4 /& |
LA 10 0461 25 GO [ BAH B o XX 265 B 4T
GO 4135, KA TIIRE” . “HIffdl /A
Yeg i e =R, AW it 7 DEGs 195
WZ, A47697 1 GOHR; MMA k=,
A 332071 GO iR o FIiaEmR D, A 19557
A~ GO HER ., 1 GO WA K4y F I RE T Y
“Bhi 4 A 5 £ 1) DEGs(8 851 4%), HR Y
2 B Y A M FE (8 742 5%), Al L 4H 4y
I <SR AR SR 4 i X 9 81 A =

https://www.china-fishery.cn
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1624 Ko %R 4t
xR3 HERNFBEITGESITR
Tab.3 Sample sequencing data evaluation statistical table
L A T AL H A GCEE/% >030/%
samples read number base number GC content - ’
NC-1 26 901 742 8037462014 48.6 90.1
NC-2 27165 454 8 115 806 590 49.0 90.4
NC-3 23393678 6990 363 052 48.5 89.7
SC-1 25594033 7 652 706 352 49.4 89.7
SC-2 30471725 9 086 340 760 49.9 90.0
SC-3 25523 487 7634 133 108 48.9 90.5
NNP-1 27 116 622 8112 771 808 47.4 89.3
NNP-2 23 583 621 7048 216 124 48.6 89.9
NNP-3 27342 933 8169 791 638 483 89.6
SNP-1 30 386 245 9 086 087 254 48.7 90.0
SNP-2 23762 950 7 095 798 524 48.1 89.7
SNP-3 25529373 7 638 119 634 48.8 90.8
100 000 fE NC/NNP #3547, Al it 5 NC/NNPH DEGs H
10000 | A 78 %, X i 5 DEGs 19 1.2% A &, £ SC/SNP
Q
«E 1000 | 1A 14> DEGs 5951 T ViR, SR B
R S MBI e
o Bt LA Sz 1A % (P 6-a). NNP/SNP ft
10
i i DEGs %, i T & DEGs i 53.6%, 4 3417
R %, H DEGsfE GO & e h riE R S
SERERS23RRSEE8RRE
TS NN NN AN NC/SC%Z&Q%I(@&b)O
A
unigene K J&/bp 25 KEGGHRHBREEMHEESH

unigene length

[ 2 unigene 1 E 2 &
Fig. 2 unigene length distribution

(7284 4%), NC/SC 1 DEGs 5 1 ¥ DEGs 14 45.1%,
A 2883 4k, AW A
2 B 1 A o7 B I VAl = o 1 = 2 O
B2 ata 1V RN <11V 181155 T A 5 = I € X
TIReh, <ZA M A s A
(%l 5-a), NC/NNP ' DEGs 7£ GO £ — 2 I fig

ARG LT NC/SC 246l {HJ& NC/NNP i) DEGs
TE“PLR W A HE R, NC/SC L (# 5-b),
TENC/SCHr, AWzl BEny<difa R 4E" . 4ii
453 T I d TR AN A ML AR T LA K T T g
Hh e T KB A% IR A He R A5 e i B DEGs,

https://www.china-fishery.cn

i 3 KEGG {5 S0 pr, T LAds /R
DEGs 2 5 ¥ = 2L #UE gk 4%, KEGG Uil

R 22 S B N E R B 6 K — Ll , 5k
“HMMLIE R CPRBEAE EAL B <AL fE B AL E
“NHEBHE “%ﬁ%ﬁlﬁi”%ﬂ“ﬁm%éL”o NC/SC

(K 7) 4 2 408 4~ DEGs 7£ KEGG i&%ﬁ%*ﬁ%ﬂ
TR, 2550 %2900 Rk R, Hrp—
i A R R <R B “ﬁwﬂﬂnﬁ%f&léﬂﬂ
LB A FUABE AR B AL B 2 2 P 1) “MAPK {57 5
i o 5 % GGl AT =7, DEGs $Ui4)
Sk 140, 79 #1191, 5 DEGs & 0A) 5.8%. 3.2%

M 3.7%. AN, TE“ECM-ZARMEAER . <F

(R SN IR S (ED S NIV 1) O a6 '%‘LH%

Riefs ot ERA W EE T — 28U DEGs.,
o E K= % 2 /6 sponsored by China Society of Fisheries
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x4 ARGBRGIUR
Tab.4 Assembly results statistics
FFEIFE 200~300 300~500 500~1 000 1000~2000 5 o0 A bp NSOKfEbp  FHKEE/bp
sequence types bp/A™ bp/A™ bp/A™ bp/™ - P total length N50 length mean length
LI 25916 26 515 39429 44 641 55184 304 122 107 2619 1586.5
transcripts
AR 22 595 18 084 19712 13 880 14 895 100 612 599 2247 11283
unigenes
x5 EFREEFHESHITE
Tab. 5 Statistical table of differentially expressed genes
DEG4L Fi i DEGH it/ 4 VB R HCRA
DEG set all DEGs up-regulated down-regulated
NC/SC 6121 4267 1854
NC/NNP 153 38 115
SC/SNP 10 7 3
NNP/SNP 7270 5161 2109
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Fig. 3 The volcano and MA plots associated with DEGs
(a)-(d). volcano plots of differentially expressed genes among NC/SC, NC/NNP, SC/SNP and NNP/SNP, respectively; (e)-(h). MA plots of differentially

expressed genes among NC/SC, NC/NNP, SC/SNP and NNP/SNP, respectively
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Fig. 4 Cluster heat map of differentially expressed genes

Horizontal clusters are sample clusters and vertical clusters are gene clusters; different colors represent relative expression levels, red indicates high

expression levels and green indicates low levels; TO1-T03 represent NC T04-T06 represent SC, TO7-T09 represent NNP, and T10-T12 represent SNP
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Fig. 5 GO annotation map associated with DEGs

(a) GO annotation map of differential genes between NC and SC; (b) GO annotation map of differential genes between NC and NNP; the first row of

numbers on the abscissa represent the number of DEGs, and the second represent the number of all genes; the same below
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(a) GO annotation map of differential genes between SC and SNP; (b) GO annotation map of differential genes between NNP and SNP

o [ 7K 7= 42 25 32 /5 sponsored by China Society of Fisheries

https://www.china-fishery.cn


https://www.china-fishery.cn

1630 Ko7E ¥R 44 %

AT apoptosis 1 1S
ﬁ&"mﬂﬂ@ﬁ(ﬁ% oocyte meiosis ] 22

JULE) 40 AR of actin 179
B adherens junction ] 26
FA ", focal adhesion - ] 140
% gap junction .
FYEPE  tight junction [ 756 il 2
HLA{E/  endocytosis ———————— 7 63 cellular processes

A lysosome
WAYIEEA  peroxisome
Witk phagosome
LG JLE?% calcium signaling pathway
Er Bf ErbB signaling pathway [N
0cO 15 :mﬁ FocO signaling pathway [N 40
Jak- STAT f“’?ﬁ% Jak-STAT signaling pathway [N 19
MAPK {5 5 i#i# MAPK signaling pathway
WIRFELEZS 5 R4 phosphatidylinositol signaling system [N o
TGF-beta {5 3385 TGF-beta signaling pathway [N 20 B B Ak
VEGF {5 ’L'r% VEGF signaling pathway - [—21 environmental information processing
Wt 5 5B signaling pathway [ 46
mTOR {5 5il# mTOR signaling pathway [N |6
A FEI 53T (CAMS) cell adhesion molecules (CAMs) 46
il e S xWE’MEEf’Fﬁﬁ cytokine-cytokine receptor interaction [ EREEEG—_—1
ZARANEAE] - ECM-receptor interaction q 77
m%éﬁﬂﬁ;}@ ;WHAH;W ‘neuroactive ligand-receptor interaction * WS B AL
T JFIINT. protein processing in endoplasmic reticulum P . .
P f EE&]‘%@%F Salpmonelh infection ] 26 genetic information processing

nine and proline melabo]lsm . 22 NP

human disease

69

91

G U%»J amino sugar and nucleotide sugar metabolism [ 20
SRR EH‘E Ri#f  fructose and mannose metabolism [ 16
AR glycolysis / gluconcogenesis
i3 @&M@?—fhlﬁ? inositol phosphate metabolism
PEARRCH  pyruvate metabolism - [ 19
VO AEERER! starch and sucrose metabolism [N 23
FIERG YL biosynthesis of amino acids R 26
WARE  carbon metabolism q 37
ERLiRC: AN glycerophosphollpld metabolism I
WA purine metabolism IR 40
LR E EIREE ST ad i slgnalmg in cardi
4 cardiac muscle contraction [REG—_—
k=g Tfﬁﬂ}lqﬁ(‘ﬁ vascular smooth muscle contraction [NIEEEGEGGG_G_—_ 40
e SRR wﬁﬁﬁﬁ d:pocymkme signaling pathway [ |9 HHAS
GnRH {55l “GnRH signaling pathway [N 25 Ak
i %’fu i#%  insulin signaling pathway — 42
o ﬁﬁfihk melanogenesis * 7
PPAR [ PPAR signaling pathway IR
ZF A G 90 BEAH I R, progesterone-mediated oocyte mnmmi — 21

0 5 10 15 20

, VB TR 5 AR R TR L%
the ratio of annotation genes in this pathway to total annotation genes

34 R

metabolism

56

=

organic system

7 NC 5 SC [BEFERFH KEGG 57 %K
Fig. 7 KEGG classification of differential genes between NC and SC

AR cell cycle 1
SIS 2 oocyte meiosis 1
JULE) 2 40 L 2 4 0 ion of actin 11
Fi#EBE  focal adhesion 14
SR tight junction I
vfpgzgﬁ@a endocytosis % il ahum
puESk eroxisome
i f)hagosome 1 cellular processes
AMPK/5 5ili#  AMPK signaling pathway [ RMBS |
ErbB {5 5l ErbB signaling pathway [HREEEEEE |
FoxO {5  FoxO signaling pathway (RN 2
PI3K-Akt {551l PI3K-Akt signaling pathway (NN |
Will§{5 5@ sphingolipid signaling pathway [HNRNEG—_—_—_—_— |
TGF-beta {5 5% TGF-beta signaling pathway [NREGG 3
Wnt {5 53l#%  Wnt signaling pathway [ RERMIEEN |
INUELHT 57 (CAMs) cell adhesion molecules(CAMs) [ NN 3
ECM-SZAHILAER]  ECM-receptor interaction [ R 3 SRBE B E
MR S

RNA [#f#  RNA degradation ] 1
mRNA surveillance pathway
1 ;{é herpes simplex infection

environmental information processing

KRB AR ER arginine and proline metabolism 2
SIS tryptophan metabolism 1 WS Bk
Ttz A tyrosine metabolism 1 . 16; e " AR )
FFLFERA  galactose metabolism 1 genetic information processing
TR SR glycolysis/ gluconeogenesis 1 .
ZRERRRI ARG glyoxylate and dicarboxylate metabolism 1 NHTH
VERRIREREICH  starch and sucrose metabolism 1 human disease

()

AR nitrogen metabolism
JEWIERAR  fatty acid metabolism
FEARO-KFEMEM A M mucin type O-Glycan biosynthesis
TEEDUHERR IR arachidonic acid metabolism P

TkARE A ether lipid metabolism [ 2 boli
JENiEF#f#%  fatty acid degradation 1 metabolism
HIMARICH  glycerolipid metabolism
ISR elycerophospholipid metabolism [N 1
¥iHE4CI sphingolipid metabolism [ 2
KE BT A K steroid hormone biosynthesis _ 2
WAL biosynthesis of amino acids
WA purine metabolism _ 2

CULAHHL I B FAE 54T adrenergic signaling in cardiomyocytes 1

5105 41 I 75 538 adipocytokine signaling pathway (R 2
[ F A5 S insulin signaling pathway
PPAR {5/ PPAR signaling pathway
T FEA G 90 BEANfL R #,  progesterone-mediated oocyte maturation
Z %5k dopaminergic synapse

lI llllllllllllﬂ

HHLRGE

organic system

1
1
1
1

5 10 15 20
I R I [N (R R LA /%

the ratio of annotation genes in this pathway to total annotation genes

8 NC 5 NNP[EEFEFH KEGG 57 K[E
Fig. 8 KEGG classification of differential genes between NC and NNP

https://www.china-fishery.cn W E K= 2 32 /) sponsored by China Society of Fisheries


https://www.china-fishery.cn

10 1 HFTR, 2. T30 W8 i % 5 WL B pLH 1631

GE BEANIRECY 2 oocyte meiosis 26

LIS R R E MR of actin

166

Fi#ES  adherens junction 129

Fi#BE  focal adhesion

] 149

[E]FR3%ERE  gap junction

R tight junction

J#EF  endocytosis

WA lysosome

YA peroxisome

Wik phagosome

{5 5@ calcium signaling pathway

ErbB {55 i##  ErbB signaling pathway

FoxO f5*7ili#  FoxO signaling pathway

Jak-STAT {5 53fi%  Jak-STAT signaling pathway

MAPK {558 MAPK signaling pathway

TEIRHEUEAS 5 5% phosphatidylinositol signaling system

TGF-beta 55 53884 TGF-beta signaling pathway

VEGF {5 5ifi#% VEGF signaling pathway

Wnt {5538  signaling pathway

mTOR {5 5i@# mTOR signaling pathway

A5 (CAMS) cell adhesion molecules (CAMs)

i 7540 R T 52 AR AR TAE ] cytokine-cytokine receptor interaction

ECM-Z A FAEFH  ECM-receptor interaction

W FEIERC A —ZAMI EAE  neuroactive ligand-receptor interaction
P S & LTI L protein p ing in endoplasmic reticul

FHEfA  ribosome

PITICE Y salmonella infection

A herpes simplex infection

HE 2B A2 B0 arginine and proline metabolism

F WA E B cysteine and methionine metabolism

g, LA IRICH  glycine, serine and threonine metabolism
FIEFERZAF AR amino sugar and nucleotide sugar metabolism
BERFAR/BE 42 glycolysis / gluconeogenesis

W LA inositol phosphate metabolism

FHEICI  pyruvate metabolism

VER RN starch and sucrose metabolism

QARG biosynthesis of amino acids

AL carbon metabolism

NEWTERICHE  fatty acid metabolism

Himm#fERis  glycerophospholipid metabolism

% fR15  purine metabolism

DALY F_EBRER(S 5 14S  adrenergic signaling in cardiomyocytes
LR cardiac muscle contraction

LTI UAEE  vascular smooth muscle contraction

BEWi MM F5 5 i@ dipocytokine signaling pathway

GnRH {558 GnRH signaling pathway

[ZTRE S

]
°

“SiE#  insulin signaling pathway
M FEAEM  melanogenesis
PPAR {ii 5l PPAR signaling pathway
ZERER A 3 10 G R A e diated oocyte i

]

NIN

)

N
IS

w
<

II“INNN

)
|\o
FS

I ]
wl

=

[=)

9|
)

B
metabolism
7
51
ARG

)
[

w
@

J;|
P
ES

=N

7
31

ilubukis

cellular processes

96

RV 3

environmental information processing

AR S AL
genetic information processing
NFHH

human disease

organic system

o-I

10 15 20

5
TZIE RS DA o SRR A (R B/ %

the ratio of annotation genes in this pathway to total annotation genes

E 9 NNP 5 SNP @£ REEH KEGG 57 £E
Fig. 9 KEGG classification of differential genes between NNP and SNP

23). natterin-3(3EH 24) Fl MICAL(K:H 25), #55
HERKER RRPERNA K, GATAl, SNAP-25,
mGIuR7, p-dystrobrevin, MCM6 X 6 43 [F7E 1E
A2 IR 21 AR Ak AL, 7E NP 2R
(A 28 RS A 21 (R 109 22 ] 25 5 63k, NP A
A RERZ IR Tk SR SR ak, MM NP 258 T
LB RG R T ZFIE S 2% LW IE . TET2.
Frmpdl . Gfra2 M cadherin 75 1F % # 28 R 1] F1 21
IR A 22 S Ak, XORP SRR AR Ak 1T R IR AR
EHRENEERN; NPRET, X4MEHE
P2 IR0 21 (R B b SRR AR K, AT RS2
NP JHp38 5200 7 305 40 PR ) ek i X, 1 iR
6T S W EH . ApoD JE—Fl g iz EE N, H
T RE 11 R 2k 25 338 i 401k 1o 38 1 Rt A i g o
it AR, BiE IS Bl ) RE iRk
PR AR BIAE R, B AR O BH 1k S 7 Ab 3
J G A BT i S AR P T = B2, #E SC/SNP H ApoD
ZRER; NPRET, 20 KB 4poD
FAA MR, TREE LA LE S T R o 4 i
LA —FP L B L o natterin-3 F1 MICAL

[ 7K 2 22 2 T 6 sponsored by China Society of Fisheries

J& NC/NNP 1 1) DEGs, Natterins 52 %8 it & W
-5 P B AN A AR A A R MIcAL
KIS 5 UM B 5l 0 2 5 i B AR G AR Wik
FE, ML RERS , ML Sk I A,
M5 A B4, MICAL i3 3355 2 M A %0,
NC/NNP 1 natterin-3 ikt TR, nlfgEdlIAZ
2 NP Mhidl J5 5o RG L L T RPENIZ; MICAL
Tk BI, VBB N MICAL 2 51 4 M &
W) )2l R

KEGG 7 #7 7, R R 32 22 5 4R FE 40
M it FE L PR BEAE S AL BT BRAR I, H b g
R AR P R R L . B
Z 5N ARKSGEET . s 40
B R RN R SRR ARk, R AN R G A I
B B 7 b, DT PR A0 A I 5 AL R &
HIFHDIRE™, NC/SC i) DEGs A 140 AR
“EhE BT, SC/SNP HRA 149 4>, [ NC/SC
2 9/~; NC/NNP 45 4 /> DEGs [ B 5“6 & BE”
W, NP A AT RESZ A TR AR K E L R A
MBS, S EOL R B WIY . NC/NNP H1 i

https://www.china-fishery.cn


https://www.china-fishery.cn

1632 44 3
30 [ I mNe
8 20 m SNP
4 g [
= 2 10 ]
8 1.5 Z
H_@ 2 o 8
P o a,
® 10 g 6
o 2 4
505 o,
= *
0 0 =
10 11 12 13 14 15 16 17
k] S
gene number gene number
(a) (a)
CINC
B4 NNP 15 +
m SC | 0sc
[Z1 SNP o 10 I I SNP
2 [ ko [ A
= i 3
2 o 9 &
il . &5
g8 B g
® S B
2
# & ,
ﬁ * | * 10 11 12 13 14 15 16 17
1 2 3 4 5 6 7 8 9 giﬁir
2PNk RS ®)
gene number

(b)

B 10 %[ 1~9 7£ RNA-seq 1 qRT-PCR AIFKIA
(a) 2 F 1) RPRKM fH; (b) ZE K 7E qRT-PCR 1 [ KIL, RILEM
25 27559, BUNC F R 13k 3 4E (1.0); Hordr, 1-4 4
NC/SC 1 2 5 & i, i NNP/SNP 1 &L L 5~9 9 NNP/SNP
hZERRIE, MNC/SCHAERFRIE; * RBEMER,
hERERS SR -8 TR
Fig. 10 Expression of genes 1-9 in RNA-seq and
qRT-PCR

(a) RPKM value of the gene, (b) expression of the gene in qRT-PCR, the
expression value is 2°““, based on the expression of gene 1 in NC
(1.0). 1-4 is differentially expressed in NC/SC, while expression was
similar in NNP/SNP; 5-9 is differentially expressed in NNP/SNP, while
NC/SC is not differentially expressed; *. indicates significant difference;

the gene number in the figure is consistent with table 1; the same below
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Fig. 11 Expression of genes 10-17 in RNA-seq and
qRT-PCR
(a) RPKM value of the gene, (b) expression of the gene in qRT-PCR, the
expression value is 27°““, based on the expression of gene 10 in SC

(1.0); 10-17 is a differentially expressed gene in SC/SNP; *. indicates

significant difference
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Fig. 12 Expression of genes 18-25 in RNA-seq
and qRT-PCR
(a) RPKM value of the gene, (b) expression of the gene in qRT-PCR, the

expression value is 2“7, based on the expression of gene 18 in NC
(1.0). 18-25 is a differentially expressed gene in NC/NNP; * indicates

significant difference
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Preliminary studies on the mechanism of nonylphenol-induced
malformation of Carassius auratus red var.

TIAN Yusu', SUN Yuandong ", OUMi?*, LIU Yufang', CUI Xiaojuan ',
ZHOU Dinggang ', CHE Wen’an', CHEN Kunci’

(1. School of Life Sciences, Hunan University of Science and Technology, Xiangtan 411201, China;
2. Key Laboratory of Tropical and Subtropical Fishery Resources Application and Cultivation, Ministry of Agriculture and Rural
Affairs, Pearl River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Guangzhou 510380, China)

Abstract: Nonylphenol (NP) is the environmental endocrine disruptor that is widely present in water, which
affects the growth and development of species. In order to explore the mechanism of nonylphenol-induced devel-
opmental malformation in red crucian carp (Carassius auratus red var.), red crucian carp was used as the research
object, transcriptome sequencing (RNA-seq) of normal embryos in neural stage (NC), normal embryos in 21
somites stage (SC), monstrous embryos in neural stage and monstrous embryos in 21 somite stage exposed to
5 umol/L NP (SNP) were performed on Illumina HiSep 2500 platform. Furthermore, differentially expressed genes
(DEGs) were verified by quantitative real-time PCR (qQRT-PCR). A total of 89 166 high-quality unigenes were
obtained from RNA-seq, of which 30 319 unigenes were annotated. Pairwise comparison among NC, SC, NNP and
SNP showed that there were 153 DEGs in NC/NNP, 10 DEGs in SC/SNP, 6 121 DEGs in NC/SC and 7 270 DEGs
in NNP/SCP. KEGG pathway analysis revealed that most of these above DEGs were enriched to cellular pro-
cesses, environmental information processing and metabolism signal pathways. 25 DEGs related to growth, devel-
opment, cytoskeleton and cardiovascular circulation were verified by qRT-PCR. Their expression changes are con-
sistent in qRT-PCR and RNA-seq. On the one hand, this consistency indicates that the RNA-seq results are reli-
able, on the other hand, the candidate genes of developmental malformation caused by NP stress are preliminarily

excavated, which provides prophase data for further study on the molecular mechanism of NP teratogenesis.
Key words: Carassius auratus red var. embryo; nonylphenol; transcriptome sequencing; qRT-PCR
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