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Abstract: In recent years, marine medaka (Oryzias melastigma) has been recognized as a model organism for ma-
rine ecotoxicology research. It has similar research superiorities as the freshwater model organism zebrafish (Danio
rerio), including short generation time (3 ~4 months), daily oviposition, small adult size (2.5 ~3.5 cm), transparent
embryo, sexual dimorphism, and easy lab-scale cultivation. In the past few decades, domestic and foreign research-
ers have conducted extensive genomic and proteomic studies of O. melastigma. These omics data can further help
us understand the potential impacts of environmental stress on marine organisms at the molecular level and their
possible toxic mechanisms. In this review, we summarized the advantages of O. melastigma as a marine ecotoxico-

logical research model, introduced the current technical methods for Oryzias melastigma genomics and proteomics
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studies, and sorted out the application status of genomics and proteomics in studying the toxic effects of different

types of the marine environmental pressure source on Oryzias melastigma. Finally, we put forward some expecta-

tions and prospects for the future research of Oryzias melastigma.

Keywords : Oryzias melastigma; genomics; proteomics; high-throughput molecular tools

1 =948 (Background introduction)

A2 Tl AR R o B 5 0 B R TR & i o
A ELHAL SRV 2 E R BB S AT AL A
I T R R 7 M RIS XS 23 22 05 9 45 A LR A R A
B E AR A, R — B A3 RO
VAR TEBUR B RLTE A 12F Fe EAL TAT ML 1Y & e
BB AREAL R G s B AR B B, T HL
XFAT B2 A T m bR S ER . B
JENG 7% e, A BN T PRG3R A0 3% 1 ) AR 40 2R
I S S PTEAL FR A AE BRI 5 5K, 7E4k T
it A P AV T B A R v A T R R A AR
Yy, Hovp B B A ML Y5 Y ¥ (emerging organic pollu-
tants, EOPS)E@?%EERHﬁ‘iZ?ﬁ?EZﬁ%{T%O ENpEES
TSR A | B MO 5 R LB A i ok WA
PR _EATI AR B A LTS G 1 53 2558 el 3
I E AT LASR 9 N 3 TR (EDCs) L 25 i 54 A9
BEFH & (PPCPs) | 4> 384k & ¥ (PFCs) | 1R AR BH A 57
(BRPs) , 1% H /K 3 B &1 7= 9 | 99 oK B4 RE F G028 R}
P BEE KR BOPs RSBy s in, 18 Y17
BT HIE M AR BRI S E . R, X &I Gy
YA SR BT S B A0 4 B H AR BFSE N SUEAR
Wir - AN [R5 e 1 2R A AR A 7 2 P 3
SLRG ., MRNE R R ZHEAR KA B MBI 52 2 T B
FENTA)Z A, X T 5 e Wy s R AN AN T
BEYIVE AL (%) A5 25 B PE2E A 5T R RN AT sl et )
JRUAE i 30 JH A £ P 00 H A Ry A S A 4
BTG M ERE S HBA R /N Y
Byt ( Danio rerio)Fl H A 75 i 61 ( Oryzias latipes){E
GG R A D ATE AR A ] CIE7RGIE e
AL AR LG B, I 2 ) 1z b T3 4124
B R 5ER

H AT, KA A A5 B 22 I 5% AR SR LLIR 7K
W T & 38 (AN A5 S 40 AN IR TS e 55
YRR BEERE R R . B Tl ARk i fb i
J& TS Y ) H 25 E T ISR S Y i A A
BERAE A A R IS S, i T IRAK AR K
WG AR B B IE ) pH LB 0 B L AR
GBS AR E R ISR R

W 5T R A A ) B RS T T AR S
BEFRAPAESZ B T 10 2 5 e, S 306 AR TG ZE IR K AN
7K 2 PR [R] BREE b B9 A Wy AT R I T A A 25
FEAEBSR R R 2RO Rk, B AT 65 R B
fa AR K R IS F TV SR K IR B Y 52
5T, HAFTE A5 1A RE B4 AMIE R I VE IR L T 1Y 5
AT RS RTAT B TV PR AR S A ST A U X T
VTS e i A S KU PPAl 2 OC 2, IR /K i i
A R BT 2% 0 UV A0 B R A W E B A B 5 AT
B,

1K 7 8 (Oryzias melastigma) 3 J& 5 8\ 24
(Actinopterygii) . Wl &1 fi1 H (Beloniformes) , P& il ff £}
(Adrianichthyidae) , 7 & J& ( Oryzias) , J5i 7= T ED & Y
R AV IR T A A F 2 RN A B
IR BRI KT SRR K B Al
ZL, B 4G B A A LAY 2 R 8 R R A, (H
Yang %5k I KF 8 b 1) FXYD 8 1 (FXYD
14 Na'-K " -ATP [iff (487 1 38 15 550 AH 8 IR 7K il
LA Rl A A AR 33X AR TR /K 3 i LU IR K
I T AT AR . Of HL, Kang SFUYUR IR
K i 8 A LR 55 7K B Bl AR 3k B A v T A
HRTEHE K T 8 b DR 4 AN S | X Uk W I 7K 3 B X T
AR EERER I AR B B T RE ST . S 4, Lai
SEUE I RNA W3 & B8R, 1 7K 7 fiff AR R —3 4
e SR P T B IR K T B (1) 5 s AP 9 v AN AE
TE, XEERMIE—20 EIUE T IR KRG AR S5 Bl
S5V RE R ME BRI BE I AL A
L1 WK BT 1 A S 3 B AR F S B AL A A
FE IR

H AT EPRA N T AR S wE B2 iR Y
AR, WK E bt T HA TG 2k
MR REE ARG B R 2 2 T 8
ARSI iz 8 AR S —Fh il B T 1y
VAR AR L [ B A i b2 22 25 (ILST) 5 R
IR R =58 Bir (HESD A & S 1 2 A R Hl 2= bt
FEME T A

R TR SR RL/NQ2.5 ~3.5 em), AR
573 ~4 M ELAT AR 5 A PR I 52 P (AT 38 S
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NG - BRI b 360 X i85 7K 75 86 ( Oryzias melastigma) 5 RN 7E L DR 20 27 AR 1 BT 20 2 B RRIF STt i 77

ERBEVEIE R 0 ~35%0, 1L R 17 ~31 C)' | s fa By
Btk 22 5 a0 SO IR AN ) £ 6 2 R R B S e
PR e S0 % 5 UL SR A0 S5 i 203 AR
T AR YIRS R C R AT T R Y A
SEEH, L AT, DU KR B E R AR S
BB ST SO AR R I T I AR
PRI 2 A A T
1.2 AR 4H 2= 38 H i 2

LRI 2 2 FVER 11 T30 20 2 A ELEE 2R SOAH B AR 5T
HATSE e SR R T AH S B AR T ik X AR B84 1Y H B
H 5 FERA 2 2 TR AR A PR i) SR 4
BRI TRAE R AL, A5 B AT Z [ B AR B OC R
B ER AP AR s = BETR 20 2 A A8 R DR 21
(R0 7 A 53 BT 388 A P e 38 2 DNA I3 AL AE 9
F R L RN 43 e AN B DR A D Re R4 R Y
B 5 1o 3 I P B AR 1 R R R AR S R AL
BAFLLZW5E T HARCK AR T A 56 A A i)
IRBE ) A2 5 % 3 o A0 M 00 A B R 2 T
F14) 5 M) 45 77 T PR BAF 5 3 D

BELRI 20 2= B 5 B FRAT TS 0V Wi . 1 A 2 MR
(4953 FVE AL, {H 2 D DNA/RNA 4347 H 3K 15 11
F AR N R PR 5 R T, 7E B 1 2
LRt sy ] AR S AN R 9 0 SCtE AT B 4, i s
AR FEE H T, ok A SRR AR BT 2
G N2 1k 50 PRI 5T, T7E 8RS K28

M2 T8 R B0 IS 18 i (protein  translation-
al modifications, PTMs)ifij /& A= Ak 525 Ab (3 52 38 i
TS IR AL A ) R R 55 AT A T8 A, 3288 I A
FEvERAL | SR AL | T I i k| A e I 1 0 B 1R 1k
45, X FMEMRZE IR 15 I A B DI Re i % &2
KELEIEN WS A B RS Re B &2
%%, DKtk DNA 581 50 Fr A B R Tl & (1 5 7
MR, B RNA A9 5 1 B2 B8 ME A i i A
N FR) 2 1 7K S, DNA/RNA 43 A7 -t JG 125 19 30 26 1A
PR A LTS R B PERT PTMs (28 7 A g A
SOHANREE VIR N | 25 SO A A A AR S
ZAFER B FAER ) IE SRl T 41200 N AR
HER A B G5 AT M R MER R L , & 1 A
AR F| TP K SR S R kR NS EER A
TR FE B, BHF AT 5T 8 5 1 3 20 76 7 21 6
N WU EE B Rb 78 T, XS i T 8
FLH 2= R

AR R — D R 2 G, B TE AT
A LRI AR AR A R RN — 2B S (181 a0
TRk 1z Ak - B BAE ] RS 1B
T A EE A T, A b R U AR N B SO
EATEA IR BE M, PR 2 s —
FE DR 20 F k0T N Y T B B, AR AR R DR 2
BT AR 2 IR AR B ATAn 45 5 40 B v i) 2
P AR 2 FR T35 PRl i [0 B85 9 el A8 i 2 A LR AR Ak

H
35+ - Publications

HARY
Publications

o BT
Citation frequency

0
2007 2008 2009 20102011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
A

Year

1200

BEIHR
Citation frequency

1 ik EHHIE 15 FHRYAES RESEE

Fig. 1 Trend map of publications and citation frequency of Oryzias melastigma in recent 15 years
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1T B RERS LS 5 RIE 16 sh s A 5 /Y
A B E , DRLH T L3 e B X I 40 i 4 41
WY S BT ASAOR BE AT M TR . TERT IR
SIS Ty B B R0 U A T 5 TP R AR 2R A0, B
THE A AT B AT SE AT AR FRATT SN 4 v
SRV S M 1S e B B RE AL

TESEPREIATSE 5 0 L, BE PR 40~ A 1 B2
P HAM T, FE AR At TR R a5 R,
T2 1 5T 2H 25 AT LA™ e R DA 2 27 i o T Sk g 2
REVEZM BT, X AT B T IR A T i A2 S W 1 27
PLHRL, R 20 5 5 8 A 2 E U TR
AIEEHT IO, XA YA T A AR AT B
WFTE b 3 R 2 O FRAEAE PR TR 7 5 4
JRAEOSE AN T figp PR R 3R R TR AR W TR MR HL R A
TH,

2 EEAFMEARAFHEARNHRER (Re-
search progress of genomics and proteomics tech-
nology )
2.1 R4

FEDRAH 2 2 0 R 1B B T 9 TR Al L
FAIA Wy 1) 42 R AR 2R 0 5 G 0o A W e
PRZ RS2, S 2 R HOR 28 7 1 3 50 4F
MRS, ME B A R 58 3% 5 —IBEE AR &, Horp
SEHF 9 6 %€ 7 PCR (real-time quantitative PCR, RT-
gPCR) Al 55 — fL Il J¥ (next generation sequencing,
NGS)J2& H AT 2 PO 58 i iz F B o Tz i
FE PR AR 57 2 FhEOR X T K 7 g 5L A
J7- 30 4 A HURT L XA 4 TR ST Y 5 W

RT-qPCR 1] DL AR 4f Jz I 44 28 Ao A 19 25 S 5k
AR R DO GRS i ARk, X PCR 0 v i)
—MEHY Y B TS R, AL TR RS
A R (PCRY) , AT LS BRT 389 Sz 07 #) 552 i
I X746 DNA 8 22 8 AR g 1) R AR | BBl 2
KR HEPRAGI TR 1 NGS S22 T PCR Fil%E
BRLES & R TR 1) DNA W e R | T3 4 e i £
R 3K, REAE— U i Ak e 81, R AL
I A A, JF PR i HERR M. H AT RT-qPCR
T TG P e A 0 [ 66 A A AR P O AT 9K
Je MK T B B M I 5 B 32 U A B PRURS T R | T
NGS AT LAFEFT 4 K2 I 2 A T B 8 A6 0 357 7 A=
AR 22 S AN AL R S TR R I e BT Y
ARSI 3 B B 5 T8 Y 1A TR H 2
HATAFAEE Z B AT, He s i A A1 | e

SAGIN &5 FAFAE— R WA IR TG B, 75 278 Jo 22 5%
T AT R 3 A 5 A R 5 DR — 3 O3 B A
S AR G T i o 2 R A AR ) TR 1 AL ROk
21T R R T iy e 5 DR 2~ 40045 2 N, an g
F PCR 5% = AR50 7 12 A T4 PU 4G 44 K LU
PR ARAE 4 8 B R W 458k R AR ], 4545 1 i
S AR BT REAE YA M K T B AR R A 2E R
B F B AR

2.2 HEHERAHY

BT 24— AT S R 2 A S, B A S AT
FEAR M A Py A b 2 R s — DB R
BEEY, 75 NGS BEARM SR T, Kty A i
SRR A A AW AE B SRR E
AR B AR PR ST B X KR Y B A
BT E b A i S0, BME AL THT
3D SEFGTRN | A TS R L A b R -
P AR B AR DL 2 A A MS K080 4347 14 45 b A 9
fRE%TH,

F B2 53 BT 5 3 R FH B — Bl 22 B 1
H2EFOR XA s ) g (s BT e ot 5
FIR |, XoT 20 M AE 45 Fh 2 AU B g 98 s L T A FE AL
HATHEIR ST . LAY R B2 2 S i AR s DA
T 4 A F T R BRI B B e M
9% R BUE A AE R B2 (K 2), HETE
AR I BT 2 EAR IR

( BEREHLIK

Gel electrophoresis

xtraction and separation [
of protein ) ( AR (%

High performance liquid

l K chromatography

[ HH AR B )
E

A RE PEIE S JRTE S E S H

~
Qualitative research Protein identification by
of protein ) mass spectrometry

weERer )| (BN
Quantitative research of @able isotopic labeling with

BEBELIK

Gel electrophoresis

N NN

5

protein amino acids in cell culture

/
| R R R
A U A
H s A Isobaric tag for relative and
Bioinformatics absolute quantification

/
B2 ERRAFIERE

Fig. 2 Proteomics experimental process
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2.2.1 HAFSRBU A

2.2.1.1 B HIK(Gel electrophoresis)

2.2.1.1.1 - H4EEEH HL UK (Two-dimensional gel e-
lectrophoresis, 2D-PAGE)

YRR e F VK R — B T B R L AT 43 B AR
FERA R LT SE /9 7%, 2D-PAGE RE N 7% 2 i At
255 000 FA A A AR BT, FLAA IR T BRI Y RN
AU AR — A A5 v SR AR BRI L UK LA P B AT
ZE 5t FERIPEAT 73 B, W AE 5 4k SDS-PAGE H I
HRAE EATTHY i 22 S A 7 20 s T
2.2.1.1.2 YRS SE 25 57 B I HL K (Two-dimen-
sional differential gel electrophoresis, 2D-DIGE)

T YRS 22 S BECHLIK , B 2D-DIGE, J2: 1 %
SR I L DK Y A b 2 R T R ) U 1 B 2 2 e
AR, 2D-DIGE 73 B il 5 8 1 i J5l i 5 4k
B HL DK — 380, BRI 28 1 B A 558 1R R 20 1 Y
ZESEREEARIRGY . RN HZOEGR
10 R K NARAEHOAR il HAE E B A B 2
WF5E TR AR B AR T A5 G X HL Tk ™
2.2.1.2  EROR AR (High performance liquid
chromatography, HPLC)

SRR (L R EAT & BTy B I, B el
o it v ) B 1B 20 A TSR PR TR B 0 B R I ) B
JERRHEAT AT i T AT LUK R H R 5 2
ISR B e Ry B S ) W BRIR & 1, DT 53
W25 5 3647, IR Ik HPLC 7 — iz 17 H RE 3K 15
oA BT A IR BT B, T — 4 BE I HL Uk (1D-
SDS-PAGE)Fll —4E#E i H1 Uk (2D-SDS-PAGE) 7E ik %)
RIS,

2.2.2 HEHAFUEMERA

i (mass spectrometry, MS) B[ FH i 37 Fil i
B RS R e 1 R R i 0 e Y G S B 1
TR RMRE T RS BT 2
BT AR T A - A AR R
Y BSF)4% B AT 5 ey b o3 B S AT RS T Y T s
B G AR IR b i R AE B IR R
b, Zead ML U 108 7 o, E A SR A, 3R
FHBTi% A, 5 Uniprot 4 2 LU EAS 20 1 1Y 22 A
SE T
2.2.3 EHAFERREA
2.2.3.1 BEMHIK(Gel electrophoresis)

TGRS FRL UK 0 785 i A4 1 a2 Y (8 ) e 0
JEE Y RGBT LASEA T 5 b, BJAS 2 e

JE L VK RIS | B BRI MR AT 2 R ATE , AT
PRPEHR I 208 A A ok, iy HL 28 58 b
e PR E B AR R, LR Tt — 2B 00 A, @ X
U BE I 8 317, W] AR A R — DRBE I o0 B
(GOSN A= VoiUay i O 4= VT W=V D F T SRR NS
Z YR Z A EE BT 08 F Y g e
2.2.3.2 MRS ERE AL F R i (Stable isotopic
labeling with amino acids in cell culture, SILAC)
AR TR RS R R bR i e — Rl BE T B
R RETIR A 4R 1 B4l " 5 i, B e R A0 i 1 5%
AR R AR A TR 3R R I Y B AR IR 45 5 B3 4%
AR R H B AT E BT B — R EOR, 2 4
ARG TR , A LURAE A 3 IR 2 LR (light) Y 1%
FrAErR B LAY B IR LN 5 A« H2 (heavy)” Y 24 2k
R, BIESSE A R AR IC B E AR IR . A0 A% AU AR
J& s AL R ARIC R B IEIR 7E 28 A B A, I
T IEA R . XA, 2 N A Z A7 5
T ASE A A S B S, ) SILAC fi
FBIBRIC 2 BRI AR R 2 R R AU H 2.,
AU AP IC 2 R A 52 2R G AR 24 R
TR IR B AUR] LI 8 B A T 1
ST, 3 A R 1 — 0 A [ 3R U
T L B85k B ot o7 2 AR AN [RPAR ST 3R IB 7K F
SEHU A B AR A E
SILAC E I & —Fh 7 (BB A, T HE5E
BEH IR AR S AL S A BE S B R Y, i
b, SILAC JZ A5 57 v 73 b ik A A 00 UA 2 14 5 119
HEFOR,
2.2.3.3  [RMEFRiCHIXF A4 X} e B 5 R (Isobaric
tag for relative and absolute quantification, iTRAQ)
(6] (57 ZR AR AR X FI 28 X E et 3 AR S T R K J5T
TR H E R 2 EE H R ICEOR . IR R
2 A 28R bR i 2 2 Ik N AR Sl 2 1R
MR A, 28 o 2 i S ER I 23-A , T ]I e 22
K 8 FiEEAh Z A AY 8 H Rk i SR I AR R H A
FE e H A R R R R T
2.3 EWME B 2= i (Bioinformatics analysis)
AWM B i T AL R SR AN B A [R] S5
R R EE , T ALHG DNA [T 910 b7  SE R %5k
AN RENE A2 I3 M 7E P BIAS [+) A ) B DR AL AN 1 o
LB LEBEHIFSE o T BB S 22 0 e R B T R
BA SR RBE 73 B 18 0 Y vl R RO Y R AT AR
Yife B AEE I B 2 b i S R S HARY O
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T R S T A B P () B o3 B A B R B
FEPE AT AL EEAE A T AT A S 2 R R A L Rt
I8 AEL ] i A B A0 ke Dl K B B AR TH U H
G B A0 E R R, b, SRR ME
FRENEE A 2= R s 5 A 20 2 B R (& B R 4
SRR A ) Z ] 1) SR HK | 75 SR SR ZE I R AR
D WS = RN T i 7 7 0 7 N = < = =3 3 2
FEA B EWT
2.3.1 FEHAMKIE(Gene ontology, GO)ELE

FE ALK, B Gene ontology , /& X7 BT A 5& K Y
T REHEA TR IR A AR E I I WA 1)
DRI A A e HEARTEA I () A [R] K BT A 5 DR A A4
TR =R, 43 5 2 H IR 7 ) BE (molecular func-
tion) YA A | Jii i 41 9 2H 43 (cellular component) Y 4%
R UL R AR A= 3 #2 (biological process) AN
2.3.2  RUHREEP I N 4 (Kyoto encyclopedia of
genes and genomes, KEGG)% 45 /4

KEGG il id 731K {5 &L, JEHE R 737
B A A B s PR ZE I R HC At v SR T
f R INBE FAEY) RGN A A S RS
Y58 R P B R BE U, B H A SRR 2= A 15 B
2# U0 ) Kanehisa 32596 % T 1995 4F#E vy, 2 E P
A E BB R Z —, DB R 5
Y e R RE AN S R Py BRI &K
2.3.3  REPR/EAMEAEHR R A T H(Search tool
for the retrieval of interacting genes/proteins, STRING)

STRING %(#% /% (https:/string-db. org/) 3 Z W 5%
B Z A B AH B 28 A Bl T2 A% 0 ) R 45
KL, String ZE 2 H RS 5 w0 i
Iz RS B BAE R8s ez — . B,
STRING %4z /& EL 88 £ Version 11.5 MiAS , Y5k T
i 14 000 MRl 6 T2 FEH 200 2421
HAERREE . X8 U BAE R R 4G B
YRR AE T, A A0 9 TA) 42 09 D BE A O PR, Gl
STRING #4fi /i, AT mT LALAR J7 (3 i 45 R © H
[ B ARG R A7 B T 5047 M PR A= R b 2 2% 1
T4

3 ERAFNMEARAFEBKTHESSES
W3 H1 B9 52 A ( Application of genomics and pro-
teomics in ecotoxicology of Oryzias melastigma )
3.1 RPN A K T B AR S T B AR ST BRI
FH R

FE3 2509 10 4FHf PCR 1 NGS $ AR K i

HETIRATS FLE A 4> F LS Z A ER S K
3 18t DNA/RNA 2 5 A= W) 05 B #2540k
M 5 TR T A A AR AE 2K T2 T ROV
fGBIHERAYE . A Ay MO0 BR800
T WA ST RN T G A 7 PR B 80 1) 1 A 75 DA
TR, kA ST A AL 3 2 T 1%
SCRYEER , AR R LT 2 BRI A Z
RS I8 50 3 2 BRI Jpip A0 A AT 25 {5 e
() A= A AR A R PR P AR 587 1T H T TR e e AR 3
I R T 275 IR0 T IR B T AR
AT PCR 3 NGS $A AT LU o i b 0 2 28 48 1Y
FEDRL PRI 3 o B PR A 2 B Y Rl O e T
DRSS DA B4 Ve 3 A S i L A A A

VFZRb2E/INH — ELAE AN Wi 7K 75 5 1 2 S
FEER A TN F B 5%, B FE AR UK 3 56 Tl K
fof (1) B R4 S, DA T R PR 58 () A DG 53 4 e
#l 4N Kim 2854 {# A 1llumina RNA-seq i AR X} E1k J5
24 h MUK T BG4l AT T A SR AL R AR Y Ry Sk
T3 RF B R BT 5 DR 21 2 R A 25 7 UL [N 4 2 At
FEHRAE T V7K 5 Bl 4 £ 1) 5 SR ALAE B Lai 60 i
I Tllumina = 38 5 RNA 5 AR Sy 16K 75 8 A9 A
[R) ZH 2R (R 6 Kl A | B9 B RN 52 0 $R 3L T %% St
P ; Hwang %5538 1 NGS W ¢ £ R 3R A5 T ¥ K
T i TE B (R 2R L R AL, 0 8 — 48 B R S
FArEd, XS A LR A8 /R R A B 1K
BORES, FL 5 2658 0T LU R A8 7R 15 G W X e 2%
B OYRETERON K T A R 2 IR ) 28 AR 58 i
M AR P B, Kim SFP7E kAR
TR T B — A e S A R, S T
23 528 LA IR 4w T 3 P B 2 (H AT
il T A% PR EG 0 FN BE 5 £0) T 1Y 12 670 3K
W, FERA TR | WK T B PR 4 9 R 05 2 T
BIFH S amE G E R, ENEEmE TiEKE
oL PR RS B, Herp 0 35 5 A I o0 2 SO
(720 VARG 2R A R QR 1| L I o NI 711 R S e 2
WA AR AE R ER 43 WA RH DG Y 180 AN JEA s
L e G ER = &I UL AN TRE 7S G S B 9!
TR FAR ML LS F I 1K Y S A
HBHE O AHAG R 2%, T AT TR 25N
ZHZHE 1T Pt V7K T fof 178 35 R 2 5000 i i 1 )
SE3% VP25 T il 2 A Y5 B s ok o B E A
[FIZHZA A D RE L D], AT R 90 2H 8O0 BRI 25 AR 1Y)
R RV 1),



oW PNVEIEEE  FREE G XA K F 8 (Oryzias melastigma) )55 W 18 56 R 4H 24 A2 B2 2 I iF o ot e 81
x1 FAREREHEXBKEHAERE ARAPHIIEEENREZ N
Table 1 Effects of different environmental stresses on the expression of some functional
genes in different organs and tissues of Oryzias melastigma
it FRIER ST AR E A TRERIAEE N Z75 3k
Functions Genes expression Organs and tissues analyzed Exposure environment and its effects References
G FPE AL Y
SRR s N . .
NN NN NIRRT S )]
(Telomerase reverse i o . . . [39-40]
i Ovary, liver, testis, kidney, gill, brain, Hypoxia (up-regulated)
transcriptase, 7ert) . . .
spleen, intestine, eye, muscle, and skin
R T .
T JEEE 22 AR ()
(Hypoxia-inducible X i . [39]
Liver, testis Hypoxia (up-regulated)
factor-1 a, HIF-1 at)
B (L), AR bR
AL TRLTANME R JFAE LRI (R R (PFOS) (A7) 59, 411
Hypoxia-responsive (Erythropoietin, EPO) Liver, testis, and embryos Hypoxia (up-regulated), perfluorooctane ’
sulfonic acid (PFOS) (unchanged)
JF B8 0 B
IR ZAR LN NN NS SIE =S B (L) 2]
(Leptin receptor, LERP)  Liver, gill, heart, kidney, gill, brain, spleen, Hypoxia(up-regulated)
intestine, eye, muscle, ovary, and testis
) JE I rF A KA R 4 5 (WAFs)(F ) , Bt S o
2T %A R AL OWAFSICE T, SR AT
. i Water-soluble fractions in crude oil (WAFs) [42-43]
(Hemoxygenase-1, HO-1) Liver, gill, and heart .
(down-regulated), hypoxia (up-regulated)
AR H R L L HERER(PFOS)(T 1) 44]
(Glutathione peroxidase, GPX) Perfluorooctane sulfonic acid (PFOS) (down-regulated)
i A SR BERFR(PFOS)(F #) 44]
(Catalase, CAT) Wl Perfluorooctane sulfonic acid (PFOS) (down-regulated)
i
fiRARI A 1 2 Embryos BT (PFOS)(T ) [44-45]
ST (Uncoupling protein 2, UCP2) Perfluorooctane sulfonic acid (PFOS) (down-regulated)
Immune toxicity RAE A -2 BT (PFOS)(T ) [44]
(Cyclooxygenase-2, COX-2) Perfluorooctane sulfonic acid (PFOS) (down-regulated)
~ AR (PFOS)( 1)
o SR ALY A SR O A . . ’,
- . - KA LS (WAFS)( )
(Peroxisome proliferator-activated . .
i S i Perfluorooctane sulfonic acid (PFOS) [43-44, 46]
receptors, PPARS): K i
Embryos, whole fish (up-regulated), water-soluble fractions in
Ppar o Ppar 3, Ppar y .
crude oil (WAFs) (down-regulated)
. 227 AA’ -DUIRER A FE(BDE-47)(HEE T 8 i 1
RS AR 2 ok (BDE-47X )
i . 22’ AA’ -tetrabromodiphenyl ether (BDE-47) [47]
(Lectin, mannose-binding 2, MBL-2)
(male down-regulated, female up-regulated)
5 > DU R EE S . AEE T WEYE -5
SR 22° A4’ VUK ik (BDE-47)(MEM: T A, ik 1 3)
. 22’ AA’ -tetrabromodiphenyl ether (BDE-47) [47]
(Cyan fluorescent protein, CFP)
(male down-regulated, female up-regulated)
AL W A 227 44" -THBUBH A BDE-47)(HEE T 38,
Complement- i ) 25 1), IS L PESIL A L)
(Complement component): Liver , , i
related genes 22’ AA’ -tetrabromodiphenyl ether (BDE-47) [47-48]
Clr/s ,C3,C9,C3-2,C4, (male d ated. femal hanged)
mal wn-regulated, female unchanged),
C1q.C5.C8.C1HMHMI(CI inhibitor) © down-regulated, female unchange
Vibrio parahaemolyticus (up-regulated)
T 1Ll 5 TRV I IR (94T 48]
(Prothrombin, F2) Vibrio parahaemolyticus (up-regulated)
AMAR T R A BT () 48]

(Complement factor): HF ,BF

Vibrio parahaemolyticus (up-regulated)
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. JIF M ST R S AR . PN
hil% - e R L I 1 )
(Hepeidin, Hep): Hepl .Hep? Liver, spleen, gill, intestine, Vibri " yticus ( lated) [48]
N . idin, : . ibrio parahaemolyti -1
FMASE N epe P > P ovary, testis, brain, and embryos © parahacmosyticus (up-reguiate
Complement-
lated RS A BEAE R AR G L E R . . N
reed genes R JiF Rl L PESILEL)
(Mannose-binding lectin-associated i o . [48]
. Liver Vibrio parahaemolyticus (up-regulated)
serine protease, MASP)
LI HERAFRL(PFOS)(T ), XU A(BPA)(_L i
IR AE I o it 2 (PFOS)( )4 ' (BPA)(L-7H)
. Perfluorooctane sulfonic acid (PFOS) [44, 49]
(Tumor necrosis factor-a, TNF-a) .
(down-regulated), bisphenol A (BPA) (up-regulated)
ETALERRIR(PFOS)( N 1#), WL A(BPA)(_E1H)
AN 2 (1) 7 o
PR s R Perfluorooctane sulfonic acid (PFOS) [44, 49]
RAE (Interleukin (I1)): IL- 1B, IL-8 HRpS .
Inflammation- AR (down-regulated), bisphenol A (BPA) (up-regulated)
Jated Embryos
relateC genes CC H Ll TRk 11 XU ABPA)( i) "
(CC chemokine eotaxin-1, CCLI1) Bisphenol A (BPA) (up-regulated)
) ELERERR(PFOS)(F ), LY A(BPA)(L- 1)
AL " o
. . Perfluorooctane sulfonic acid (PFOS) [44, 49]
(Superoxide dismutase, SOD) i
(down-regulated), bisphenol A (BPA) (up-regulated)
XU ABPA)(F ), 17K (SW)(35%0),
TR (BW)(15%o0) , K (FW)(O)(FfiEh BE_F F11iif - 37)
Na*/K*-ATP [} [N Bisphenol A (BPA) (down-regulated), (14, 49-50]
(Na*/K*-ATPase, NKA) Gill, embryos seawater (SW) (35%o), brackish water (BW) (15%o), ’
freshwater (FW) (0)
(up-regulated with increasing salinity)
. 7K (SW)(35%0) , HUBK (BW)(15%0),
B SR TR ‘Yﬁéljﬁ(}‘\;i)(o; Uzﬁiﬁ;l "':L(ﬂ rrr)x(b;]o))
B EPA L] Na® K* 2CI- WA i & A i JULPA B O BRI e
(¢} lato: + K* 2Cl" cot rter, NKC Gill, liver, testis, intestine. Seawater (SW) (35%o), [50]
smoregu - : s s s >
¢ . i (Na™.K", CONAnsporter, O . . brackish water (BW) (15%o),
mechanism NKCCla NKCCIb NKCC2 ovary, brain, muscle, kidney,
freshwater (FW) (0)
heart, fin, and eye o X .
(up-regulated with increasing salinity)
. 7K (SW)(35%0) , HUBK (BW)(15%0),
ST FXYD S HIRAORS T (468157 s Bt T
. o T VA
(FXYD domain-containing ion i g B IR R R g ® ~
. . . X Seawater (SW) (35%o),
transport regulator, FXYD): Gill, intestine, kidney, brain, X [13]
i brackish water (BW) (15%o),
FXYD5 FXYD6 FXYD7 FXYDS . eye, liver, and caudal fin
freshwater (FW) (0)
FXYD9 FXYDI1 FXYDI2 s . ..
(up-regulated with increasing salinity)
LB (PFOS)(T ),
, XU ABPA)(F ) FE(Phe)(F
NK R AR T 2.5 (BPAXCEID IE(Phe) P IE)
L Perfluorooctane sulfonic acid (PFOS)
(NK2 transcription . [41, 49, 51]
(down-regulated), bisphenol A (BPA)
factor related 5, NKX2.5)
(down-regulated), phenanthrene
DERE (Phe) (down-regulated)
HIXAEIA s
Cardiac b " LRI (PFOS)(F i), XU A(BPA)
development- mbyes (COX1 ¥, cox2 L),
related genes AT IR MPs)(_ ) JE(Phe) (T 1)
- Perfluorooctane sulfonate (PFOS)
(Cyclooxygenase, COX): . [41,49,51]
(down-regulated), bisphenol A (BPA)
COX1,COX2

(COX1 down-regulated, COX2 up-regulated),
microplastics (MPs) (up-regulated),
phenanthrene (Phe) (down-regulated)
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S ERE R (PFOS)(F 1) S8 L (MPs ) (T 1)
ATP 4 Perfluorooctane sulfonic acid (PFOS) 41, 45]
(ATP synthase) (down-regulated), microplastics ’
(MPs) (down-regulated)
TR (PFOS)(F ),
. - . -
A AR XU ABPA)(T ) JE(Phe)( T ¥#)
K . Perfluorooctane sulfonic acid (PFOS) (down-regulated), [41,49,51]
(Bone morphogenetic protein, BMP4) .
bisphenol A (BPA) (down-regulated),
phenanthrene (Phe) (down-regulated)
AIRERTR(PFOS)(T i),
o X ABPA)(F )  JE(Phe)( T i
FRAT A M A K R 8 ( .)( . ) FPhe) )
. Perfluorooctane sulfonic acid (PFOS) (down-regulated),  [41, 49, 51]
O EE (Fibroblast growth factor 8, FGF8) i
- bisphenol A (BPA) (down-regulated),
LN WA phenanthrene (Phe) (down-regulated)
Cardiac
development- Embryos A FELERE R (PFOS)(F i),
\ NER 3]
related genes GATA Z5457E 1 4 A A(BPé)(TF),?F(Phe)(T]J?])
oo i Perfluorooctane sulfonic acid (PFOS) (down-regulated), [41,49,51]
(GATA-binding protein 4, GATA4) .
bisphenol A (BPA) (down-regulated),
phenanthrene (Phe) (down-regulated)
JEERZ I XU A(BPA)( L) 9]
(Leptin receptor, LERP) Bisphenol A (BPA) (up-regulated)
I HERZ(PFOS)(F ).,
SET il MYND Z5#3 26 11 1 ORI MPs)(F 1) 3E@Phe)(F 1)
(SET and MYND domain Perfluorooctane sulfonic acid (PFOS) (down-regulated), [41, 51]
containing 1, SMYDI) bisphenol A (BPA) (down-regulated),
phenanthrene (Phe) (down-regulated)
PR R 3 (Phe)(F i) 511
(Erythropoietin, EPO) Phenanthrene (Phe) (down-regulated)
AFHERRZ(PFOS)(F ),
JHEIE S VRS M O T e i) 7K A A 2 43 (WAFs) (14
iM% PASO N (WAFSICLT
Liver, gill, embryos, Perfluorooctane sulfonic acid (PFOS) [43, 46, 52]
(Cytochrome P450, CYP450) . i
intestine, and ovary (down-regulated), water-soluble
components in crude oil (WAFs) (up-regulated)
. S A KA AR 2 (WAFs) (G .42 4k)
I .
Water-soluble components in [43]
(Aldehyde dehydrogenase, ALDH) .
crude oil (WAFs) (unchanged)
BWEH K S-HeR% mi JELM e 7KV P2 53 (WAFs) (1)
(Glutathione S-transferase, GST): Water-soluble components in crude [43]
GSTa,GSTk ,GSTo ,GSTt,GSTz oil (WAFs) (up-regulated)
R — %Sl
: UDP- i B HH I TR 54 7 T . . y
Metabolisms N Whole fish S e AR K2 53 (WAF ) (1)
(UDP-glucuronyltransferases, UGTs): i
Water-soluble components in crude [43]
UGTIb,UGT2a UGT2a2 ,UGT2a3 .
i oil (WAFs) (up-regulated)
UGT2b33 . UGT2b3-like ,UGT5al \UGT5gl
RS [ e ot JEL i B K R L S3 (WAFs) (T )
(Hydroxysteroid dehydrogenase, HSD): Water-soluble components in crude [43]
3B-HSD. 11 B-HSD .17 B-HSD oil (WAFs) (down-regulated)
S E BERR I (PFOS (I AR KT,
Ji IR AR VT A i JELI R AR K PEZE 23 (WAFs)(L )
(Aryl hydrocarbon receptor, AhR): AR Perfluorooctane sulfonic acid (PFOS) (very low), [43, 46]
Embryos, whole fish X i
AhRI ,AhR2 water-soluble components in crude oil

(WAFs) (up-regulated)
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) S e AR K2R 43 (WAF ) (T 4
SR 7 a1 ( _ )( )
Water-soluble components in crude [43]
(Sa-reductase, SRD5«) .
oil (WAFs) (down-regulated)
KRR AN E S e AR K2R 43 (WAF ) (R 1)
(Steroidogenic acute Water-soluble components in crude [43]
regulatory protein, StAR) oil (WAFs) (down-regulated)
ik
ATP B4 8 Whole fish JEI P AR K VA PEZE 43 (WAFs)(L )
(ATP-binding cassette, ABC): Water-soluble components in crude [43]
ABCbI ,ABCc2 ,ABCc3 ,ABCc4 ,ABCg2 oil (WAFs) (up-regulated)
PURTEHE ; . .
. Jih o AR A 45 (WAFs) (T 9)
(Heat shock protein, HSP):
Water-soluble components [43]
HSP10 HSP22 HSP27 ,HSP30 HSP60 HSP70 i K
in crude oil (WAFs) (down-regulated)
HSP75 .HSP90a HSP903 .HSPB7 .HSFPB11
R B IEZ I T . L .
A e LIRTETR(PFOS)( L 14)
Metabolisms (Aryl hydrocarbon receptor o [46]
Perfluorooctane sulfonic acid (PFOS) (up-regulated)
nuclear translocator, ARNT)
P TR U \
A Jﬂg&ﬁﬁbﬂ Embryos imikﬁzﬁf\%ﬁosxiﬂ) 6]
(Vitellogenin, VTG) Perfluorooctane sulfonic acid (PFOS) (up-regulated)
L e 4N SRR (PFOS)( L) 6]
(Estrogen receptor, ER) Perfluorooctane sulfonic acid (PFOS) (up-regulated)
il R I =) 53]
(Vitellogenin, VTG) B 6 Benzotriazole (up-regulated)
(622 PASO Liver, gill, intestine ST ) -
(Cytochrome P450, CYP450): CYPIAI Benzotriazole (down-regulated)
WM H AR S-H6A5 il FERGEREAEC L) [54-55]
(Glutathione S-transferase, GST) WRHG AT-fa Phenanthrene and alkylphenanthrene (up-regulated)
MR AL Embryos, larvae SRR (L) 542551
(Lipid peroxide, LPO) Phenanthrene and alkylphenanthrene (up-regulated)
KRR A AR E N HYPKRLT (nAg)(TEHA 42 1k) (56]
(Steroidogenic acute regulatory protein, StAR) Silver nanoparticles (nAg) (unchanged)
i 13 P4SO0 .
HRAKALT (nAg)(T )
(Cytochrome P450, CYP450): . . [56]
Silver nanoparticles (nAg) (down-regulated)
CYPI9a CYPlla
R [ e I , -
it RAVKRL T (nAg)(F )
(Hydroxysteroid dehydrogenase, HSD): ) . [56]
Silver nanoparticles (nAg) (down-regulated)
. N o 3BHSD 20BHSD
AT T A 1 i
Regulating steroid KERHER AR E A Ovary OB MPs)(F i)
. ez S i)
production (Steroidogenic acute . " X [57]
. Microplastics (down-regulated)
regulatory protein, StAR)
AL 3R P450 . .
W EHMPs)(F )
(Cytochrome P450, CYP450): . X [57]
Microplastics (down-regulated)
CYPll1a2 CYPl7al
J R 3 . .
o BOBRHMPS)( )
(Hydroxysteroid dehydrogenase, HSD): [57]

1IBHSD . 178HSD

Microplastics (down-regulated)
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. AR TR — Q- L ) Hig(DEHP) B HG P
4 {53 PASO .
-(2-4.F L 3)-A A — H RRER (MEHP) (L4
(Cytochrome P450, CYP450): ) Rili#%#-0-2 £0 1) Eppwﬁ( . )(bﬂ)‘ [58]
172 Bis(2-ethylhexyl) phthalate (DEHP) and its active metabolite
P mono(2-ethylhexyl) phthalate (MEHP) (up-regulated)
" - 4R7K R —.(2- £ 54 2 )R (DEHP) B H R 1
TG I N 2 11 . B :
IR AR -2 2 3T AE)-A8 2K F R (MEHP)( L)
(Low-density lipoprotein X k K X [58]
N ‘ tor, LDLR) Bis(2-ethylhexyl) phthalate (DEHP) and its active metabolite
5 24 o e receptor, @ mono(2-ethylhexyl) phthalate (MEHP) (up-regulated)
Regulating steroid Testi
i I N estis AR TR —2- L O )R (DEHP) K H i 4k
production K FE B 22 A R 2 P ht
PR L A R AR -2 2 3 HE)-AB 2K R (MEHP)( L)
(Steroidogenic acute regulatory X k K i [58]
. Bis(2-ethylhexyl) phthalate (DEHP) and its active metabolite
protein, StAR)
mono(2-ethylhexyl) phthalate (MEHP) (up-regulated)
ot e e i o AR R — Q- HE ) Fig(DEHP) B HAG P
LK L .
FEALKIIR AR R0 2 A6 ) A6 S (MEHPY - )
(Hydroxysteroid dehydrogenase, HSD): . . . . [58]
178HSD Bis(2-ethylhexyl) phthalate (DEHP) and its active metabolite

mono(2-ethylhexyl) phthalate (MEHP) (up-regulated)

AN TR AR J 300 X0 0 7K 7 B0 7 A 5 i 1) 2R 38 i K]
PV RE T LARE VA 9 S B AR S | B EEE AMA R
SiE B 3E R AL O & A AR T S
A 8 2R FEETIRE , FH KT8 /R i K T B RF 2 45 B 1Y
REIRE ENR 55 Rk 0T LR AE /R A [R5 g
YT E R B R, B 5 Y i X K T i 10 3
BEHLIE, DOREIER A g B s T Lok J S8 20
TG YL W) i LR B B A R AR S 5 5% Bk
B b 7 2 S 3R A L P D2 X SRR ML
R MB e AE HE
3.2 HEBTAHSAE N K E B A R TR A5 LY
o7 FH i Jre

VAR 7K 5 16 B4 25 1A B A 24 T 32 Bl R R
HLUK(GE)+ TS (MS) 73 A VE R 40 B M Ee AR . =
HrEEC L UK (2D-PAGE) 1 Sy H i B A 20 2R
B4 B H R TR 32 85 B 22 i 9 T A & 0 5 Bk, 7608
KT 0 B 1 T 2 2 B b DR N A 2 il
Wang EPF5E T 2E R EE T 1 000 pg- L7 A& fLK
(HgCL)WREET 8 h J& Ay /K I JE AR DR A v 7 2
MM, 38 33 2D-PAGE £ R1G3 T ZF7 4 Ik 2
R MR (ARSI AT LU A BT, 45 2R BAE K vh
() 20 A AT AR i 27 A i B A 31 28 1 1
PR o XSO B B B A R A T R B B O S i/
H 5 H KK AT B[] 5 3% (MALDI-TOF-TOF MS) %>
MF, B 2R S5 52 Y 46 FhE (S e S HeCl, 15
T RAMAEA RIS E I B RN
MBEZRAE A5 55 5 B BB AR A A

FHOC T RE (18] 4n B 58 B 1 | B 98 15 Fil % 32 ) ; Tian
ST T UK G TRV I R ik 3R (PLTx-
V)i 38 FE B PE ML, 38 42 2D-PAGE H AR, & B3
G ) 14 FhFD 24 FhEE AR FE N KA T B3
54k, [AkE# T MALDI-TOF-TOF MS 9% 5% T
13 P8R (1R 20 FHIKER (1, JFHEAT T T BE R 4%
Zhu SO o B i K 8 7E & P38 (1.2 mmol - L™ Al
2.6 mmol-L™' NH,Cl,96 h) F & [ i % #11C i = 9y
)A54k . it 2D-PAGE HARMFSEIfE T 23 Fhk2s
MR I, Z5SRR B, & AMURE S 5 5 A LN
T APE RIS AN AR R IR T AR R T K
(32 BEE T AP AR P 2 R 45

R TR VR I E VTR VK T B R R A 2R R A
BRIz BEARI R, IR B A 2E s R A
TR IS By H2 AT SR AAAE — 2 B Bk P 5 R PR
P, ZHEDE 2 7 5E I R Uk (2D-DIGE) 7E 2 8% il
HERR L 7 T8 A B RS T SO R AR 1Y 55—
KEHIFF 2%, Wang 25 3§ 1 2D-DIGE # A #f—
5T T KRR T A S AL R (HgCL )W B (1 pg
L7 10 pg- L7 18R TR 60 d) TR T AL
UMM AR TS R N He A& SR 0L, X R A
X BRZH B ( SOSIEAT E A, BB 45 AR BT
FREEAEXNT He AbR N A T Wk, X As
(75 1 5 5. 3E 4T MALDI-TOE-TOF MS 43 #r, it &
YB3 R A, SR AR ES S5 E
B EALNOORRE R A, Hrp LR S ok ik
TIIREAH GG B8 1 0T (an i A gt ) e &b 20 4 i
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Wi 3 e AE, Wang % fiff H] 2D-DIGE # R 1
MALDI-TOF-TOF MS 43X K3 25 F HeCl, 11
IKE BRI h Hg 1 R 52 FUE (U85 10 64T T 5T
S50 RW] He TEREEAIR KNG 8 R I T
WAL d405 . ZRER 4L AN B4 22 [] 2D-DIGE # 14 i
TER R RN, 16 DMEREA A EELRAE T BEE
b, #E— 2 ] MALDI-TOF-TOF MS 73, % 5 Hi i
TR ICHLOKR v] 6838 1 175 5 AU A 0 B A B
IR PL T RE R A AN A QI ZE AL AT 5 R A 2

2D-DIGE # AR J& H it 7K 75 i 25 1 1 41 2% i
Sy I E ST R (BB AT FARIH G — 4E5E
JE FL YK ) — e s | R B T T FE I AR e, 2 2
R BE R T R R AR A AEY . AR BRI B 1 ik
ST AR N B A . TR R bR DA XS 1
£ %o} 7 it H R (ITRAQ) 45 8 T B AR AR 7 il 7K 75 il
BHE s D HAHE T 2D-PAGE A1 5 fig
i % T 22 B R 22 RS B 11 0T, PO AR e
AW EAMESR 2),,

iTRAQ H¢ AR BB G E 73 B %8 5 52 52 W 9 A
KM, Chen %454 iTRAQ H AR FIVEAH 433
FR I T 3 (LC-MS/MS) W 58 R ik A7 AL TS5 G (2.55
pg- LAY 4,5- G -N-2F H-4- 57 WEME R -3 -] (DCO-
IT)FIMREE A 2.31 e - L7 (T M N TR ) 2258 T it
IKE S S () 8 A BT RIS . & 38 DCOIT A
TR TR 3 A P E ARG T 26 FoRT 18 FhEE
J L B AR 27 FhFN 23 FhER iR IR S
EHEMA AR EXR, BEET DCOIT Mbgh %
RO 2253 34505 AR R (MAPK ) (5 530 P4 19

IR, T T 44 PR DU 25 M 5 20 1 2R R A S I B
J5i, Fong S5IFSY T 288 T 2 PPl (0.65 pg-g ' -
d'H1130 pg-g™-d',21 )22 447 -PUTR K[k
(BDE-47) A4 TE 7K 7 616 Il 1 000 A e B %) 2 11 i 3 3k
ik, PREUAY EE A BT iTRAQ #ricd JF i i3 MALDI
TOF/TOF MS #4750, 45K Frs2duh &8 T
42 Py Az 25 SRR A5, IERH T BDE-47 2 84 8
FIASRFLIN LR U BE T 0805 , 33X 1T RE SRS
TR EROF SR AT AL IR b 2 B 38 ™
T 2ZRREA R, U T BDE-47 & S 3000 R
HAIZARE H A-1 YRR RIS, R\ ATRES
— MR Ab B ) DT T S50 7K T o 10 2 T 1

AR Mg /K W B BTN BT A B8 S e
VFZ W XA [RS8 T K 7 B 70 A [R] 4140
TR U RGA I T R AT 08, LR A 18
() A= s S R ARSI RN BTN H 25 38 0 087 Bk 25
YL i) 2 i SN (3 3),

AN () P 300 X6 T 7K 7 B 7 £ 5 i P4 2 1 B4
ARSI RE T DL =20 E AR s i AR 55
R A BB A, B AT 55 AW DL R4S
IR RYINTERE R B W REE (HIE B T B A
SEIFARREAR 4f Mo AR 25 K i R 2 28 B B R B R
A, WS Y i K g i SR HLIE, PRt AR 1 5T
B S R—NEE B, SR G RN
S S 223 B e ) 1 A B B A SR R LA A
527 A5 Y ) 2 58 T AT e AR S e Y
T A — A H A T8 B BE A 0 O 1) s BEE HLER
I sils AE B,

R2 4 MEESTEARMIEELE

Table 2 Function comparison of four quantitative analysis techniques

[27, 65]

TYEBER R K

(Two-dimensional gel

YO 2E R B K

(Two-dimensional differential

AL FRASE IR R AT
(Stable isotopic labeling

(Gl 3z Z FR T AR
Y X E R

electrophoresis, gel electrophoresis, with amino acids in (Isobaric tag for relative and
2D-PAGE) 2D-DIGE) cell culture, SILAC) absolute quantification, iTRAQ)
I B B CEERw FEH A ER
Sphere of application A little broad A little wide Passable cell Very broad, all proteins
RIYPE i = R R
Sensitivity Middle High Very high Very high
Number of identified proteins Middle Much Extremely much Extremely much
E AT i = EHE R
Quantitative accuracy Middle High Extremely high Very high
e BAK =1 R =)
Cost A little low High Very high High
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Table 3  Effects of different environmental stresses on the expression of some proteins in

different organs and tissues of Oryzias Melastigma

SIBTHIAR B 2GR ER A ) B R

HHIE T RE BT . . E= PN
) . Analysis of organs, tissues
Related functions Proteins . . References
(exposure conditions) and their effects
HEALEEN BROEARH BT R, PoTx-1)( T ) [60]
(Histone-binding protein, RBBP4) Gill (brevetoxin, PbTx-1) (down-regulated)
1) s | B IE A 3 SRR R, PbTx-1) (T ) [60]
Cell structure (Gelsolin) Gill, brain (brevetoxin, PbTx-1) (down-regulated)
Krt4 1 B AR A SRR, PbTx-1)( T ) 601
(Krt4 protein) Gill (brevetoxin, PbTx-1) (down-regulated)
L£LE 11 B 6 LTI S5 5, POTx-1( 1-78) 0]
(Hemoglobin beta chain) Gill (brevetoxin, PbTx-1) (up-regulated)
HEH H3 B H SR EE R, PbTx-1)(T ) [60]
(Histone H3) Gill (brevetoxin, PbTx-1) (down-regulated)
B LA AR M A MR BR Y B B %, PoTx-1)(_L 1) [60]

(Glial fibrillary acidic protein)

MEA 15
(Keratin 15, KRT15)

WUBREE P 2
(Myosin light chain 2)
JE LR EE 1 alpha-3 %
(Tropomyosin alpha-3 chain)
a-TUEHE 1
(o-Tubulin 1)
8
ﬁﬂ:ﬁ?(}?ﬁﬁﬁ? (Keratin 8)
Oxidative stress a-LBhE A
response (a-Actin)
M 18
(Keratin 18)
BN 11
(B-Actin)
Krt5 % [
(Krt5 protein)

FAE 1 K10
(Keratin K10, KRT10)

i AL 4
(Peroxiredoxin 4)
1 AL 5 6
(Peroxiredoxin 6)

BHEH IR S5 R il
(Glutathione S-transferase, GST)

SOD(Cu/Zn)

Brain (brevetoxin, PbTx-1) (up-regulated)
W E AR B R, POTx-1) JFHE(SAL TR, HeCl,)(F i)

Brain (brevetoxin, PbTx-1), liver (mercuric [59-60]
chloride, HgCl,) (down-regulated)

A %, PbTx-1)( i)

Brain (brevetoxin, PbTx-1) (up-regulated) (601
gm&ﬁ%@?ﬁ%, PbTx-1)( 1-3) 601
Brain (brevetoxin, PbTx-1) (up-regulated)

JFFAE AL R, HeCly)( L)

Liver (mercuric chloride, HgCl,) (up-regulated) 9]
JFFIECSAL R, HeCly)( 1-7)

Liver (mercuric chloride, HgCl,) (up-regulated) 9]
JHBE (SR AR, HeCly)( 1)

Liver (mercuric chloride, HgCl,) (up-regulated) 9]

FPRE i (AR, HeCly )(E3)
Liver, brain (mercuric chloride, HgCl,) (up-regulated) 9]
JFIE (AL 7R, HeCl,)( i)
Liver, brain (mercuric chloride, HgCl,) (up-regulated) (9]
i (G 7R, HeCl, (L)

Brain (mercuric chloride, HgCl,) (up-regulated) (9]
JFIE(SEAL R, HeCl, ) (i)

Liver (mercuric chloride, HgCl,) (up-regulated) [62]
JHRE (AR, HeCl,)(134)

Liver (mercuric chloride, HgCl,) (up-regulated) 621
HFIE (AL 3R, HeCl, )(tH BE)

Liver (mercuric chloride, HgCl,) (occurred) [62]
JFRE(E AR, HeCly)(F i)

Liver (mercuric chloride, HgCl,) (down-regulated) [62]

JHRE(SALR, HeCly)(F i) 62]

Liver (mercuric chloride, HgCl,) (down-regulated)
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) . Analysis of organs, tissues
Related functions Proteins . . References
(exposure conditions) and their effects
PRI UM 1 R I A2 (ALK, HeCly)(T ) 621
(Aldehyde dehydrogenase 1 family, member A2) Brain (mercuric chloride, HgCl,) (down-regulated)
Lo PRI I (SR feoR, HeCL)(F i) o
(Aldehyde dehydrogenase, mitochondrial) Brain (mercuric chloride, HgCl,) (down-regulated) [62]
1 AL 5 2 JFRE(R ALK, HeClLy)( L) 0
(Peroxiredoxin-2, PRDX2) Liver (mercuric chloride, HgCl,) (up-regulated) [62]
FLR AN T JFAE (R A, HgClL)( i) “
(Natural killer enhancing factor) Liver (mercuric chloride, HgCl,) (up-regulated) 391
ot L A 1 IFWECRAE R, HgCly)( 1) o
(Peroxiredoxin-1, PRDX1) Liver (mercuric chloride, HgCl,) (up-regulated) [62]
DI-1 X JHHECE AR, HeCly)( F74) 6
(DJ-1 protein, DJ-1) Liver (mercuric chloride, HgCl,) (up-regulated) [62]
HYUE A D P AR, HeCL ) L) .
(Cathepsin D, CTSD) Liver (mercuric chloride, HgCl,) (up-regulated) [62]
AR NS S LR CERE FE R
A A% TR R g 3 B ST (B 40 (L )
(Proliferating cell nuclear Testis, muscle, kidney, liver, cheek, brain, intestine, [40, 68]
antigen, PCNA) and ovary embryo during each development
LRI R period (hypoxia) (up-regulated)
Oxidative stress SR B0 s e SO LA BT | GLE ) AUIF (40T )
response (Telomerase reverse Testis, brain, muscle, gill, intestine, kidney [40]
transcriptase, TERT) (normal) and liver (hypoxia) (down-regulated)
AL AL il B S AL (K FALEE, nZnO)([iH) 691
(Superoxide dismutase, SOD) Whole fish (nanometer zinc oxide, nZnO) (up-regulated)
SBEEN He S (RS ALBE, nZnO)( L) 9]
(Metallothionein, MT) Whole fish (nanometer zinc oxide, nZnO) (up-regulated)
PURTLE 70 B S AL (WK AL EE, nZnO)(LiH) [69]
(Heat shock protein 70, HSP70) Whole fish (nanometer zinc oxide, nZnO) (up-regulated)
AL I AL il Jo 3 (TR (L3 571
(Superoxide dismutase, SOD) Intestine (microplastics) (up-regulated)
. o S JFREGREEDCR ), A T8 IS EEEED -
B S IR, JB RGO ETD
. Testis, liver (microplastics) (down-regulated), [57]
(Glutathione S-transferase, GST) . . . . K
intestine, gill (microplastics) (up-regulated)
i S A Sl JHFRECRIB RN (R ) 57]
(Catalase, CAT) Liver (microplastics) (down-regulated)
A e iR S JFREEED R 4) 57]
(Total glutathione, TGSH) Testis, liver (microplastics) (down-regulated)
A e H B S AL Y S PIEEEEDCT ) [57]

(Glutathione peroxidase, GSH-Px)

Testis, liver (microplastics) (down-regulated)
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. . Analysis of organs, tissues
Related functions Proteins . . References
(exposure conditions) and their effects
BIRER A-IV4 BRCEARIT BERE R, POTx-1)(F34) 0]
(ApoA-1V4) Gill (brevetoxin, PbTx-1) (down-regulated)
. BRCEAR I BERER, PoTx-1)( L), ICE AR R R, PoTx-D)( T M
R JEL ( 3 )(' ), i B (T i)
Gill (brevetoxin, PbTx-1) (up-regulated), [60]
(Aldose reductase) . .
brain (brevetoxin, PbTx-1) (down-regulated)
N ERR R AL I IR CERR P BERE R, POTx-1)(T ) [60]
(Pyruvate carboxylase, PYC) Brain (brevetoxin, PbTx-1) (down-regulated)
BRI S A0 il KRR P BERE R, POTx-1)(_E i) [60]
(Triose-phosphateisomerase, TPI) Brain (brevetoxin, PbTx-1) (up-regulated)
I AL KRR P BHERE R, POTx-1)(T ) 601
(Enolase) Brain (brevetoxin, PbTx-1) (down-regulated)
B TR I CERR P BERE R, POTx-1; S ALK, HeCly)(F ) 060
(Glutamine synthetase, GS) Brain (brevetoxin, PbTx-1; mercuric chloride, HgCl,) (down-regulated) : ]
SRR A T2 IR 75 2, PHTx-1)( T ) ]
(Isovaleryl coenzyme A dehydrogenase) Brain (brevetoxin, PbTx-1) (down-regulated)
N 3 - M XCRAR T BERE R, PoTx-1)( L) [60]
(Glyceraldehyde 3-phosphate dehydrogenase) Brain (brevetoxin, PbTx-1) (up-regulated)
PRBRR 12- AL JIFHE (SR AR 5R, HeCly)(EBUE) s
(Homogentisate 1,2-dioxygenase) Liver (mercuric chloride, HgCl,) (unchanged) 9]
N2 BE-tRNA A B , 20 f JFIE(E AL TR, HeCLy)(T ) “
(Alanyl-tRNA synthetase, cytoplasmic) Liver (mercuric chloride, HgCl,) (down-regulated) ]
R AR BN 2 B SRR HFRECGEAL K, HeCl, )(T ) 591
Metabolism (Dihydrolipoamide S-acetyltransferase) Liver (mercuric chloride, HgCl,) (down-regulated)
B 5 e P S B JFRE(SE AR, HeCLy)( ) s
(Adenosylhomocysteinase) Liver (mercuric chloride, HgCl,) (down-regulated) 391
TR S B o, PRI 25, 0 . :
PN D S0 Bl -o, ARANMDIE 25, 2R JFFIEGRAE R, HeCL)(T )
(Pyruvate dehydrogenase E1 component subunit . . . [59]
. . . Liver (mercuric chloride, HgCl,) (down-regulated)
alpha, somatic form, mitochondrial)
i U R iy R 45 R 1 HFIECGRAL K, HeCl, (i) “
(Brain-type fatty acid binding protein) Liver (mercuric chloride, HgCl,) (up-regulated) 9]
R H R B HFIECRAL K, HeCl, (T ) 9]
(Methionine adenosyltransferase-like) Liver (mercuric chloride, HgCl,) (down-regulated)
S-FP B LA IDE H koK e i JIFHECE AR, HeCl,)(T ) 59]
(S-formylglutathione hydrolase) Liver (mercuric chloride, HgCl,) (down-regulated)
HIRER Al (AL R, HgCl)(F i) .
(Apolipoprotein Al) Brain (mercuric chloride, HgCl,) (down-regulated) 9]
TR R 4 i ik (58 A5k, HeCl, )G L) 5
(Pyruvate kinase) Brain (mercuric chloride, HgCl,) (unchanged) 9]
T MENERGAR G M 5 il (A, HeCl ) (Totk %) 5
(Dihydropyrimidinase-related protein 5) Brain (mercuric chloride, HgCl,) (unchanged) 391
AR IEGRE 2 i (G Ak 5%, HeCl, )(EHr) s
(Dihydropyrimidinase-like 2) Brain (mercuric chloride, HgCl,) (unchanged) 9]
I Ak 1 i (F k7R, HeCl, (1) 5]

(Enolase 1)

Brain (mercuric chloride, HgCl,) (up-regulated)
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) . Analysis of organs, tissues
Related functions Proteins . . References
(exposure conditions) and their effects
JUURR 4 it (AR, HeCl, (L) [59]
(Creatine kinase) Brain (mercuric chloride, HgCl,) (up-regulated)
BANEH Ik R R AL (M T AR VA PE2H 57, WAFs)(_E i) 3]
(Total glutathione, TGSH) Whole fish (water-soluble components in crude oil, WAFs) (up-regulated)
DR K S5 B S AL (UM 1KV PR AL 53, WAFs)( L) u3]
(Glutathione S-transferase, GST) Whole fish (water-soluble components in crude oil, WAFs) (up-regulated)
T L A2 il He S (L KA T, WAFs)(E i) 3]
(Sulfotransferase, SULT) Whole fish (water-soluble components in crude oil, WAFs) (up-regulated)
AL AL il He S (JEUM KL T, WAFs)(E i) 3]
(Superoxide dismutase, SOD) Whole fish (water-soluble components in crude oil, WAFs) (up-regulated)
ARV e D ity He St (UM KT HELL 2T, WAFs)(_L i) 3]
(Glutathione reductase, GR) Whole fish (water-soluble components in crude oil, WAFs) (up-regulated)
AW H B S A B SR A0 (RN T A K VA PE2H 57, WAFs)(_E i) 3]
(Glutathione peroxidase, GPx) Whole fish(Water-soluble components in crude oil, WAFs) (up-regulated)
gt
Metabolism FUR R a0 B % (I KL ST, WAFs)(F 1) 3]
(Catalase, CAT) Whole fish (water-soluble components in crude oil, WAFs) (up-regulated)
LRI ATP & U AL d FFRECEALR, HeCL)(T i) -
(ATP synthase subunit d, mitochondrial, ATP5H) Liver (mercuric chloride, HgCl,) (down-regulated)
S P ) ) )
TR SRR RN HPREGR L, HeCL)(F i)
(Electron-transferring-flavoprotein . . . [62]
Liver (mercuric chloride, HgCl,) (down-regulated)
dehydrogenase, ETFDH)
LRI R B 2 TE [ . .
R TR SRR LA o WFREGR AL, HeCl,)(F )
(Electron transferring flavoprotein . . . [62]
K X . Liver (mercuric chloride, HgCl,) (down-regulated)
subunit alpha, mitochondrial, ETFA)
PRI I B T A )8 TFIEGRAER, HeCl)( L 7) .
Pyruvate dehydrogenase (lipoamide) beta, PDHB Liver (mercuric chloride, HgCl,) (up-regulated
7
IR AL it JFRE (AR, HeCL)(F i) ”
(Phosphorylase, PYGB) Liver (mercuric chloride, HgCl,) (down-regulated) [62]
P I fre B R Il - P I At HFIECGRAL K, HeCl, (T ) 621
(Formimidoyltransferase-cyclodeaminase, FTCD) Liver (mercuric chloride, HgCl,) (down-regulated)
UBRER (184 R 2 HRCERR PR R, POTx-1)(_LiR) [60]
(Myosin regulatory light chain 2) Gill (brevetoxin, PbTx-1) (up-regulated)
A FXYD 45 ¥ 3k i 25 iz T 5 .
G Wy i 0 17 . SALY L)
(FXYD domain-containing . . [13]
. Gill (Salinity, SAL) (up-regulated)
ERciasd ion transport regulator)
Signal transducti " N
1gnal transduction NKA a7 3 fﬁﬁ(%n’f)ﬁ, SAL)( ) .
(NKA «a-subunit) Gill (Salinity, SAL) (up-regulated) ’
RS R 1 R JERE R, PoTx-1)(TF ) 1601

(Grancalcin)

Gill (brevetoxin, PbTx-1) (down-regulated)
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WLBREE 424 2 BRCEMIT R R, PbTx-1)(_LIR) 1601
(Myosin light chain 2) Gill (brevetoxin, PbTx-1) (up-regulated)
5 00 2 H BRI HRE R, POTx-1)(T ) 601
(Calreticulin, like 2) Gill (brevetoxin, PbTx-1) (down-regulated)
ISR R FE R, POTX- DG, (S LR, HeCL,)(F )
BEILZR T RhoA . S :
. . Brain (brevetoxin, PbTx-1) (unchanged), [59-60]
(Transforming protein RhoA) . . .
brain (mercuric chloride, HgCl, ) (down-regulated)
B ET R 5 2 WS BT 624 22, POTx-1)( L 78 "
Protein (Calmodulin) Brain (brevetoxin, PbTx-1) (up-regulated)
modification BATEZE 11 4 JFFE (AL AR, HeCL)( R i) “
(Annexin 4) Liver (mercuric chloride, HgCl,) (down-regulated) 9]
W [ AL3 WG R, HeCly)( T ) .
(Annexin A13) Brain (mercuric chloride, HgCl,) (down-regulated) 9]
AT I o A1 JFIE (G AL TR, HeCLy)( L i#) “
(Proteasome alpha 1 subunit) Liver (mercuric chloride, HgCl,) (up-regulated) 9]
PHRTEHEH 90 i (GEAk R, HegCly)(T ) s
(Heat shock protein 90, HSP-90) Brain (mercuric chloride, HgCl,) (down-regulated) 391
& TCP1 R LI 8 i (A4, HeCl, )(T ) 5
(Chaperonin containing TCP1, subunit 8) Brain (mercuric chloride, HgCl,) (down-regulated) 9]
B-F Ml H AR TP AR R, PbTx-1)(JEBUE) 1601
HAh D fEAH (Beta-synuclein) Brain (brevetoxin, PbTx-1) (unchanged)
Other function :
related MRS C3-1 JFIE (LR, HeCly)(F i) o1
(Complement component C3-1) Liver (mercuric chloride, HgCl,) (down-regulated)
BRRRIT 1 WCEALR, HeCly)(F i) .
(Carbonic anhydrase 1) Brain (mercuric chloride, HgCl,) (down-regulated) 9]
R (ALK, HeCl, (1) “
HAbLIHEMI (Transferrin) Brain (mercuric chloride, HgCl,) (up-regulated) 9]
Other function .
related ZHEH H4 FEMECE LR, HeCly )(_ ) o
(Histone H4) Liver (mercuric chloride, HgCl,) (up-regulated) [62]
et VAR B R SR K AR 3.3 KT BEIE AN AR 1 I A A 1 A TR 9T

%ﬂ%ﬁ%ﬂﬁﬁﬁTEﬁ%#%jﬁ%EEi
7% v R AR 1) i R SR IS B AT R Y B

TR, KT B TR PR Y - AN S i
W AEVNE B e Mt AT 8 R AL A B9 B T IR

fRERL . E AR K5 8 1) 2 B B4 R AR 7598
AR WFFE B, WO, 7 1 — 20 S B B
PG 50— LA BT AR . Dl A R RS E T
FeE 8 YRR S, E— 2D Bl AR 2 B S A
KRBT | AT AR AN TR 45 IXURS: PP 45 52 B
JO7 SR S5 45 B

H R IO L R e T i 3

WEHE HidE T 2 M RE ) R4 e A T R OR Y
K BN A A B B 2 T AR
TEBEA FNFRSE W, AR 122 1) A AR S DT B B
KBIFBANLI W SE5E Hh B R DRI 5
277 1] AR B AT A8 (9 73 TR MU AR AR W A D BR
S T A AU 5 X PR R S XSS PP S (G 114
FHEclE . L 1K B 2 BAE o PRAl XA B
ez AL A A A SRR R AR
i ) 25 22 R S 0 A F BTSRRI RIS
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R H WL TS G W) A 4 4 R B fi iR (PFOS) | 1 2
FHMPs) S 7K I 2H 53 (WAF's) 8 = Rl
LT IR A ML SRR T HgCl, % T0HL
A2, RV A IR S5 A F AR, PbTx-1 55 A 28
AR USRS R

AN ] () 3R B RN B 11 AT DAAE S A s i ) e
IV N R =3 OE 784 SENENE A1 ) o S T I e
JKF B ChgH F1 Chgl X 8 2 15 Ye Wy 1) Sl i
B, % B ChgH 1 35 1% AT UL % N ¥ B (Lowest Ob-
served Effect Concentration, LOEC)iZ ik T* ChgL™,
{145 ChgH A LAAE Ry —Ff sy 2 BURR (1) A W s s ok
ivalURGERE SIS A i R LY/ R Y S % & 3
i 4y JHF AR KA v JE AL oK 42 8 AR R 2185 S A
A A P SR i 2 R/ IR A Tl e RS B T
1B A7 5 i T A RH G T RE Y 2 3k B X AN 4
000 (A9 I HE R B 1 o] DUAE S A= s
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s B PR DI 2075 5 10 /K7 B 440 B 240 A%
20 i I R 2R R PRI Y Rk T A A 2 SRR T
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SRR 1975 B KT 98 3R A2 R 5L DR (4 3R 3R 1E B 4
T R SRR S (A5 98 2 27 AR S R AT
VIR by i v A A58 ) R AR I A ]

H T A HESI Y B s B AR RS, FRATT B0 RE
% I i 1 S EL A T R AN [R5 3 ) A s s
Yy, X S bR A B T A S A Y
TN A e XU PEAR AR R — D IR A 55835

15 %5 10 4 rp A — YRR 5 U~ F
CL )2 I T A5 v 7 TR N 1 2 R AR AR
Yy AR R — A 2R A R R, Teikse &
il R B E JBh 10 T E B B AL B DA PR — 2 T % B
FBAE 2 T0Al, Ry B 8 fAOR 2 — b SR 1Y
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HAE AR A 27 5 K R 4 B mRNA SR A
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4 RZ5FEE ( Conclusion and prospect)
Vg 7K 5 B T L RS /N B g i | AR A ]
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PO ABEAR L TR 2 SR, BEIERAK
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K U B RERE BN AT 58 S L T A9 45 AT, AT
SR K75 5 40 A B A2 A AT B T A 257 B~
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