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Abstract; The identification of estrogen-responsive genes in fishes and their uses as biomarkers in monitoring en-
vironmental estrogens in the water are of concern in ecotoxicological studies. Recently, many estrogen-responsive

genes have been investigated in model fishes such as zebrafish using in vivo exposure experiments. Because of the
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individual difference, there are always non-negligible errors and uncertainties during the in vivo studies. In this pa-
per, we developed a method for fish primary hepatocyte culture, and studied the gene expressions in response to es-
tradiol exposure at different concentrations (0.01, 0.1, 1, 10 and 100 nmol-L™") in primary hepatocytes of Chinese
medaka (Oryzias sinensis) using next-generation sequencing technology (NGS). A total of 65 765 expression se-
quence tags (ESTs) were obtained and annotated by NGS, and 105 differentially expressed genes (DEGs) (37 up-
regulated, 68 down-regulated, 9 unknown genes) were detected and show good dose-response relationship after es-
tradiol exposure. GO and KEGG Pathway analyses showed that the DEGs were significantly enriched in the biologi-

” o« ”»

cal process of “response to estradiol”, “lipid transport”, “skeletal muscle tissue development”, “calcium ion trans-
port”, “protein phosphorylation”, etc., and KEGG pathways of “ubiquitin mediated proteolysis”, “MAPK signaling
pathway”, etc. Analyses of some DEGs by RT-qPCR confirmed the expression results of NGS. The expressions of
vitellogenin (VTG) genes and choriogenin (CHG) genes were found to be significantly increased at concentration of
0.1 nmol-L™" estradiol and higher, and the expression of vtg2 was the largest increased. This study provides a reliable

list of estrogen-responsive genes in liver of Chinese medaka and a method for measuring the estrogenic activity of

chemicals in vitro using native species. The method is more sensitive than some traditional bioassays.

Keywords: estradiol (E,); Oryzias sinensis; primary hepatocytes; transcriptome analysis; RT-qPCR
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FE T IR M 3 28 A0 0 2K R B AF 5 b G
R I AR 88 07 20, AR A e T 2 8 07 X 5 IS 3R
SR BRIL AN, (L RIEPLER T 0, A T
SR SR S 1 A — 1 25 U DD A9 45
S PRI, #E ST FUR A S AN 35 vk, R s
YT R MLEE A 55 S S BRARTSY O e, DA E
Bl B A0 B M 256 X 4, 2 AN TR VR B Y 17 B - —
(B, 285 , FIH NGS A5 5% A% I i 18 0 3R 0
ML Il i GO ThfgE R KEGG il % & %57
T, 88 7 JHT AR 35 25 w7 35 K1 1) I R A3 3 5 9% F )
FH RT-qPCR 7775, ¥4I NGS 45 5 I 8 57 e i 2% vy
RN 5 E, WeEE R FR , LAY 7 A R PR
RAWRI ik

1 ##l57 % (Materials and methods)
1.1 SEgbhel

SEUS B Ry IV v [ 8 Oryzias sinensis) , HX
AR EETN 4 HIRME, KK 2.8 ~3.5 cm,
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PLINN O %155

K 02 ~028 g, %I REAIR H AL TG 1E
OSFEIA , BATAEAR LI E O B H>3 a, BHEREGH
it 6 £, IR R T A AL BRI R K KR
(25+1) °C , /KA JE 8.0 mg-L™",pH 7.5 ~ 7.8, Vi filt %8
8.0~9.0 mg-L™" JEIEHHAER LA 16 h :8 h, 1k}
SRR AR B H R 2 K,

E, 4l £ >98% , 4 T 3 [& Sigma /3 w]; DMEM
T R R AN R R A W B 2 1 Gibeo A
Jit 2R 13 (FBS) W [ LAt 51 BI 23 F] 50.28% Ji 25 M
fiti-EDTA ¥ F0 A= BRER K (PIR 3h4 & 1, JC i)
H " [ Leagene /A A ; — H JL 7K (DMSO) 43 # 4,
W4 F 3 E VWR /A #]; RNA HEEGRAF Trizol 152 i
S PCR i 7] SYBR® Green PCR Master Mix 1
H 32 Life Technologies 2\ Fl ; M-MLV [ % 5% il |
M-MLV-RT ZZ s . dNTP Mix ,Oligo(dT)15 Primer
1 RNA 410 ] 57 1 [ 2% [ Promega 23 7] ;35 mm
BRI 6 LI AR [ 22 [E Costar 23 F] 596 £LO%
2% PCR M1 2% 375 B 40 B} 35 B0 [ 38 B Axygen
A
1.2 S5k
1201 A i il Jf R 4 e R A

B T UK R, F 1% B9 SR BN 75%
FTRG X AR R T B , S IBUFIE A 2 B T AR B
KPS T, o) 5 I 28 2 I U 0 e
BIGFENA, 55 TT5TE 5 FRE IS AL 2 ~ 3 min 24
SUERANHL, F 4 Bl , I A 52 2R 958 2 (15% FBS+
80% DMEM+5% H,0+0.1% 75 55 2) 4 1k
150 H 38 Mk 8, B 8 & T 15 mL 2048,
1000 r-min~" &5.0> 5 min, Y4 T 4000 7 L35 G
FRAHEE PRI AR B R B Wy 22 Y (R TE
A0 TG F135 5] 90% LA 1 nl i i ok I 58 4% 5%

SRR IR
1.2.2 E, LK

W0 JFAR T A4 R0 T 6 FLAR P, X FR 4L A
DMSO, S5 A M A E, B, & T 25 € .5% CO,
YL SRR TR R 9% 24 hE, IR DMSO il , #
JERAE A 0.01 0.1 1,10 #1100 nmol-L™" ,DMSO &
AL 001% , B MRERE 3 MEY)EER R
#E W] 24 h,

1.2.3  RNA $EURHE 407

i A RNA I Trizol 277 $2 Bt , $2 B vk %
Trizol {7 45, FH Agilent 2100 (3 [ 2 FE{E Bl
Hi /5 w]) A1 Nanodrop 2000¢(3% [E Thermo Fisher Sci-
entific 23 F)KZl RNA M 58ebE ) Rl & 4% (1) RNA
FE SR BN SR ARl mt K 2% Sl P 6 -
lumina Hiseq #E47I ¥, 3K15 clean reads (¥ .
1.2.4  Bepdidide SRS 28 5 R FE I i vk

j#it CLC Genomics Workbench #% 14 %} clean
reads #EA T BI Y] (trim) 120 %2 , 15 31 K35 7 51 AR 25 (ES-
Ts), i CLC Genomics Workbench #% {4+ blastX
UIfext ESTs J¥ 8 #4711 B, #+ ESTs J¥AIME R 2
I3 AFE S 0 F2 355080 | LA RPKM 1R K flif
TR R KOE IR bR AT 2RI Fo A, DL 25 Skt
XHH | fold change (FC)| =2, P<0.05 1 A i G br i
AT 22 IR FE I (DEG) ik . & it GO 43 #r
M KEGG Pathway 73 #7453 2] GO ¥ fig {1 B Fl Path-
way & £,

1.2.5 RT-gPCR J7i%

H Primer Express(3[E Applied Biosystems)#{4:
B8, 5IFH I 1 s, Jok RNA 208
SRR U B B UG SR cDNAL L ipl7 NS
FEA L DL cDNA BT 98 g B PCR, W 2

%1 RT-qPCR 3|#

Table 1

Primers for RT-qPCR

GIL/ BN EMGIYFEIIG ~37)

Primer name

Forward primer sequences (5° ~3)

K GIFESIGET ~37)

Reverse primer sequences (5° ~37)

mpl7
esrl
vtgl
vitg2
vitg3
chg-1
chg-h
chg-hm

GCCATCCGTGTCAAGAAGTTGCT
AGGAGGAGGTGGAGGAAGACTGT
AACCACCTCTGTCAATGTTGGCTTC

CCGCCATACCTCTGAGTGCTACA
TCCCAGTAACATCTTTGAAAGCAGT
TGATCCACATAGAGGCTACCGTCAA

TGCCATAGACTGCTGCCACGAT

ATGAGCCTGGTGTCCTTGTCTATGA

CCTCTCCATCTGCCTGTACTCCTT
GTGTACGGTCGGCTCAACTTCTG
CTAAGATCCCTAGAAGAATCAGCAGCAA
TCACCTAAGTGGTTGACCTGCTTCT
GCCAGGTGAGCCACTGTTGA
GGCTTGAGTTCGCATCAGGTGAA
CCACCACAACGATGAAGTGTCCAT
CTCCACGAGGTCCAATAGCAACTTC
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1.3 Fdlib gy ik

fdi 1] Excel 2016 X529 46 #4748 71, ] SPSS
HEAT BN R 5 2270 M1 (ANOVO), it F K P<
0.05,i# 1 Origin 9.0 7EA .

2 R 544 (Results and analysis)
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Fig. 1

Primary hepatocytes of Oryzias sinensis (100 times)

Note: (a) before cell culture; (b) after 72 h of cell culture.

R2 BHERIBRRABEERFITR
Table 2 Summary of different sample transcriptome sequencing data

FEAR Clean reads 4§ Reads 7 % % /%

Sample Number of clean reads Reads mapped/%
XFH# 1 Control 1 60 575 689 89.69
X} H& 2 Control 2 59 687 368 89.79
001 nmol-L™" E, 54 927 104 89.17
0.1 nmol-L™" E, 52225930 88.81
1 nmol-L™! E, 60 567 390 89.18
10 nmol-L™" E, 57 505 374 89.02
100 nmol-L™" E, 68 498 752 89.16
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camkva
unknown4
tspan5
herc2
igfbp2a
sh2bl
unknown3

N
(b) &
Q-

unknown2
I A mersl
tmem1I50a l p}rgs 1
unknown6 timp2b
hogal

unknown5
clorf43

log,(ratio)

E2 =RRZERRESH
T2 () A 22 7 RRBE I 5 (0) 2 LM 22 5 3RR BN 5 (o) T 22 SRR B
Fig. 2 Cluster analysis of differentially expressed genes

Note: (a) total differentially expressed genes; (b) up-regulated differentially expressed genes; (c) down-regulated differentially expressed genes.

2.4 ZFIEHEH GO Ml KEGG Pathway & 5434 %5 DAVID (Database for Annotation, Visualization
PTERI R 105 D22 R RIA P TEL M and Integrated Discovery) 53l i#£417 GO Hil KEGG &
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15 538
2.5 BRICHIEEDR A AN O R

JHF I -5 3 28 A G I SE A esrl VTG KT
Fl CHG ZK %55, ESRI N MEM R 21K, A7 Nl
FEFFRIR, VTG A1 CHG &R i ik 7= A | 38 3 1 7
NS KR B R B A HE W, AL
IO T A bR iC R X esrl | vigl  vtg2  vitg3 . chg-1.
chg-h F chg-hm, U\ 1pl7 VE 7 48 5 5L I # 47 RT-
qPCR, SiiE 5256 A Ry Al S, 15 B R B B
278 Rl g SPSS WEAT BRI O 2240 W,
SEEREERANE 5 s, B E, WREEBG I, FEH R
KK P, S SR AT 4 R — 8, VTG &
i %o SR R I W IS B CHG 5% 1 o R 4, 5 0 IR 4
HH L, MEB R 324K esrl 7F 0.1 nmol-L ™" E, 5% )5 T+
= 1 270 1%, chg-1.chg-h #1 chg-hm #£ 0.1 nmol-L™'
E, 80T T 2.08 4% 3.75 f5H1 1.84 4%, T
vigl  vtg2 Fl vig3 1€ 0.1 nmol-L™" E, 275 )5 I} 5 5

THE T 70.81 4% 1139 {7541 18.68 1%, AR E IR
HUE

3 112 ( Discussion)

455 1P AR M §-EDTA YA FIAILBK 43 1k Ak 231
JUE | A5 00 I 448 e o3 1808 &) B /0N A0 TR 4e
(R — b PRIV IRK A LG SR w3 R 2
4 EMEM, H Z H T 41 i & 15 9%, RPMI-1640 £ ]
TR AT AR, M199 3 VG b P AR S
55K FH A 2 DMEM (=8 TG B 21 35 5% JE 0 G 4 1l 3
A, 38 T4 A A2 A S 0 P R 35 %, UL
EGMEE TR 2E s IR . JRARA IR RO T
BB EL A AT A M Y A BRI RE AR, )iz N T
2R RN B R 2 5 AR

ER VTG ,CHG P F i 4 5 14 0% 75 fL il B(Ar-
oB) & MEM R FR B AR bR R, C Iz AR
WP NI TR o R 1 3R At P 93 2% e 37
FEH, Lam 45938 o 2 4% 1 BRI 0 42 AR R4S T 1
PR B £ 1% il IR o 1 L PR 1092 A4S 5 Levi %25
T S A A AT R SR 1 BRE-h A0 T v 1) DR 2R e 7
PR E T 20 A 35 22 5 FE D s Hao “5PWF5E T
T A1 U IR IR A B R ECGR i BRI . ASBIESE
T P 240 0 95 2l 1 R PR 105 A, B 7 N AEW
bRiC R esrl | vigl | vtg2  vtg3 . chg-1,chg-h Fll chg-
hm,7 DB 3 0 E R N L kI3 | exer3 | chia.
1.zgc:154058 . nots . fam20c 1 apoebmgll, 82 1~ &
PR I 955 2 v o7 356 PR D K 9 A Ao 44 B A G b
B PR BE R Rk £ W 3 BB 98, T DR R
At .

*3 LiAMTRAEREZIXR
Table 3 Up and down regulated gene list

A L £
Number Gene symbol

atpl bl b tentSba ptpnlla witdc2  entpdl . dtbpl .dnmll, wnk4b  cxcr3  best3  chia.l  trappcl0.
YHIEN % bicd2 . nots, rcn3 . plech. esrl . dmd. zgc: 154058, tmemli50a. cizl . pkdlll . retregl . slc41al .
Up-regulated genes 1am20c  Imodl b, zp4, zp3.2/chg-1, wdr83 , chg-hm, chg-h. vitgl | vtg2 . vtg3 ., unknown6 ., un-

known?7 .unknown8 . unknown9
grik4  abcd3 | abcf2a, anxa5b., apoeb . bnip3 ., brd2a. clorf43 . mcu, camkva, ccdc88b. cebpl .
ces3 csdc2  cyth2 .ehd? . fblnl . glsa,gramdl c  herc2 . hogal . ifi57 . igfbp2a keaplb kif3 ,Imo2
B EEYES) s lamp3 .mcrsl | mettll3 . mgll, mxI , mt-pk . ncbp2 | ntrk2a . pak3 | ptgsl , rbml4a, mf32 1pll5 .

Down-regulated genes

1p27 rsipl (ryrla. satlb. sfi2dl  sgms2b . sgsmlb sh2bl  slc8ada . sreb2 syl tgfbr3  timp2b .

e2fb  trmtd4  tspans5 | tsrl | ttcl4 | txndcl6 | kenab3 | yeats2 | ythdf2 . misl, unknownl | unknown?2

unknown3  unknown4 unknown3
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LR
Gene count
3 ERRIEZEEGO EESMH
T2 () hy S A2E F 2RI (b) 2 LM 2E H3RIA M (o ) T2 R K5
Fig. 3 GO enrichment analysis of differentially expressed genes

Note: (a) total differentially expressed genes; (b) up-regulated differentially expressed genes; (c) down-regulated differentially expressed genes.
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Fig.4 KEGG enrichment analysis of differentially

eXpressed genes
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