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AR, O A HBERK . K. BIKEL
SOt )Z DU S A AL B WS 2] DFB B9AFAE
(BEM-4E, 2019; Placencia et al, 2018), 3 & FLHAE K
Al K 1K 80~96 d. FRAFHY DFB 2 HACI ™
WAL X BRI 3 5 3, [RIRHAR 25 5 1E 7K 7= 8l
WIANERBER R, I EREE YRR AN, ATHEs
S RES B R AR T RE, PO fE L, BA A
W BUE BRI AT, 2019) Parsons 45(2021)
W5 & B, DFB STEWFEDURRY) B AR, FEXT A T
TEAEYIRETR 4540 5 ) b Z2 R 1 U e  DFB %R 7K
) 2RI R B, B UG .2 A P O R
(LCso) 10~12 mg/L, 1 HLI e IR 25 %) A s il 2 40
03, I LA O 0 ik i £ S B8 T (Abe et al,
2019), HHEG, EWNAFNG L DFB & A5 RR F
FHVE A 5% B A 0 X A EE s B, A
K DFB X #0128 2 58 43 1 P e O AL v 6 A 41

Fiti 25 B 47 1) A R, B Sl 2 2 AR B W M A9 7K
HE A R A AL ) TR B, A AR OK AR AR
I P58 DR - AH S 3 S el A 8., 2 T M43+ 2 T )
HXF A A A R VE ML (Zhang et al, 2017, B HESE,
2015) Xu FF(2022)FHEE R AR /R T KI5
Hh DU PR 2K 2% 88 6 B AR L (Oreochromis niloticus)f8 17 5
PR . Zheng 02 V)AL A1 2R T 2,27,4,4°
- DO 2K it B 55 X BE S fAL(Danio rerio) 5t 4 K
HRTERR R . P02 (2022) R HIHE s 4 24 AR A b
T IR R A A BRI RN 22 T R 5 A R R N AT BE
yfe Jiii 41 20 o B BN o

W (Cyprinus carpio) e F 5 BB IR K 1 5258
Fr, Oz TR L WA MV SKIRRZ, 2R
5% DFB X 2875 BRI (0 AR RS o AIEAE A LA
S 5P IR A . & AR DL S Be A
AR P AR (Kietzmann er al, 2019), REME 2R A I 7
IREE A % RO AR MLAR I Y, J2AF5E DFB
oy FEEFE ML E AR E .

A5 R H RNA-Seq 5 55 41 ¥ £ AR XA [H]
DFB & 8 ¥ i I~ I %) 56 PR 0k 22 R b A 7oA, 4R
T KA Bh e FE R 2 T s BRAE L, 4B R IR A
KU DFB # 52 % 2 A9 55 #4FW pALE], A
SRy HLAE K Ak 1 PR £ B o T RN BRI 2 A PE AN 4
HERL A B

1 #MHETE
11 RRHRRAE

111 %8s MWREIEFRME R E TR

(150£20) g/ HIAR B, iz 4 2 P [ K P2 B4 0F 5T B
G L U S0 S M SC 0 &, T 2% #h /K 10 min,

SR BT T R R A I 75 A /KRR (B4R 200 em,
1= 45 cm) SR 2 L BB H 08:00~09:00 F
16:00~17:00 £ #ME 1 APkl H M it o o ik S
W 1.5%, BFRHK 1 IKRQO%IER),

112 REZER  EREHE, RS
BR . TR W AMI AR E TSRS, SEIRHT 154 24 ho

SCHRHAE B IR X2 HE f8 1 LCso A 10~12 mg/L, 24
WEEIE, M GB/T 31270.7-2014 (kA 253045
AT RN 7 35y AW EERE), KE
2 BRI BE A . =R 2R 1.00 mg/L, %
WAL T BOERE 10 £5, ARl E; K
W BE 251 B M 0.10 mg/L, K TFEEHE 100 1%,
P EON IR A . SR AR IR, A
3NEE, BAEE 20 4o SR T 5 K N AU i
REFEAH 24 h DM ESEK, RAZES A,
FEK i 4A>8.0 mg/L, 7K 4(20.0£1.0) 'C, pH A
7.240.2, SRR (28.00+0.05) mg/L, EhEEH 0.60+
0.02, K FIEET (1)) RER B R ERZE 12/12 he SR
Fr A KA 2519753, T 0.10 mg/L 1 1.00 mg/L DFB
TR SE T SR 15 do

113 H&ERE T 15 KR, SRFEHT 24 h 5
IEMRE . 3 45 HL 6 AHE(REAFAT LML 2 2%h)
FH MS-222 BRI R FLR B AR B AR b, I vk Ae R
R b TAGRARA T, P4 B L IE, & T T
B, A BT ARR K& D, TR S s o il .

1.2 S RNARE, XEHERNF

3 S IBCARR IR 8 2 e R FEE A R RT R 2 g O 2
LB FATAT 2 FEAFIEALUES), R
TRIzol ¥ (Ambion/Invitrogen, 3% [ )4 I I ) 5
RNA , i il Oligo (dT) & % mRNA, ffiJ5 7E
fragmentation buffer H F — i FHE F F Befb RNA, %
5 A i DNA #% 4% adaptor. f# Hf NanoDrop 2000
3 G HE T35 B 158 M P Uk ] X RN 448 J38 A
TR . Agilent 2100 A4 3HTAURT Qubit
2.0 FEETH A3 IR RNA HEAT 58 8V A E S A o Xof Ao
MAA%H RNA BRI SCPE, SCORM AT AR &
“J NEBNext® Ultra™ RNA library prep kit for Illumina®,
SR SCE AR . T qRT-PCR X SCPEA R0 BE A T
HERfE S COEARORER T 2 nmol/L), JFH Agilent
2100 FI Qubit 2.0 F3 BN S B4 AR BAE i
Mro FEKS A% )5 , SR/ llumina NovaSeq 6000 (Illumina,
e [E) AT i i R
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1.3 HIERIESIT

F R IE UG 7 515 HE (raw  reads) 1t 12 3k (adapter)
# reads. 7% N (N 278 TCik A 2 i FE 15 2 Y reads Fl
fICT & reads (Qphrea <20 FITRILEL 2T read KM
50%Lk 1) reads). FFH HISAT2 {44 clean reads
5% HNAMATIRERG A0 LT, FREL reads 155
I B E AL B (Mortazavi et al, 2008), K15
A unique map I TR E 2o, A
StringTie A58 BB % SRA A 22, X B e sk A i AT
GO. KEGG ¥ 11 % .

14 EREEENH

K JH subread F A4+ featureCounts 1" E.(Liao et al,
2014)HH A AEA i A B R 1Y 3RIA(H (FPKM), T T4k
THAS [RI AR [i) 8 56 PR 3k 7K, 95 i Xl 7 TR B
FL R K B JEAT 4 1F (Bray et al, 2016) R4S BEAR BT
FE FPKM (BT 2H A B 2H T REAS (AR DG 1 ZR L
R, JRLE IR AR o o T PPAl A I 25 53 S N

FEART GG O, AWETE XS BT A7 FEAS 19 3% P 3R a8 {E
(FPKM)% FH 3 4343 BT (PCA) J5 ¥ X % LA 3 Al 4
PR A5 8 R AT o A % = R FE

15 ERRZFIEERMNFERSH

i jf DESeq2 #AFALLL P,yi<0.05 Fil|log,Fold
Change|=1 ¥ % 25 7 R I FE K (DEGs), ]
clusterProfiler (3.8.1)4X14:5¢ i, DEGs [ W fE & fE bt
3 #% 73 H1 (GO TIRE B KEGG i i 5 4 7341 .

2 #R

21 HEFRAMNFEHRE

AL P 2 Sy 3000 P 0 500 o et % LR 2 SR L% 1
GC & 46.25%~47.96%, Q20 H 97.49%~97.82%,
Q30 4 93.23%~93.86%, FHFLHHA 0.03%. K45 HE i
) clean reads 5% LKA 4T P FIELXT, HEXT
RiK 79.59%LL o BREESRH, R4y
R4r, nfTFRIE S A1 B i .

x1 EFRENFRENFIILET

Tab.1 Quality and sequence alignment of transcriptomics sequencing
FEA 4 BRI RREE  REEIG WFHRE Q0 Q30 GCHE HAHE
Sample Raw reads Clean reads Clean bases Error rate/% /% /% GC/% Total mapped/%
Xt B8 2H Liver control 40 722 452 39903 926 5.99 0.03 97.68 93.53 46.68 81.47
{K ¥ Liver low concentration 45204 806 44 309 698 6.65 0.03 97.82 93.86 47.44 79.99
R Liver high concentration 40 405270 39 348 500 5.90 0.03 97.55 93.36 46.25 79.59

H: Q20 Q30 43l Fe /s B FE M 7 B (H KT 20 A1 30 B2 7 SRS A E 4t o

Note: Q20 and Q30 represent the percentage of bases with mass values greater than 20 and 30 in the total bases.

22 BARERRKKFLH

PR ATE A X IR ZH 5 DFB 2k hin 2 AR AS fir T
Be B ) B PR AT e Ao iRl 1A iR, 7EFIEZH
girp 3 LR EHA 31950 4, A Hlfa
1990, 2917, 1759 MEEHAELCA . LLAH . LHA
RSB 5 FEAS ] BE PR 38 TR 7K1 A S S A e 512 56 T
SEMERREAS S PR A A B S BLAE A o AR PE A FEAS BT
FHIEHE) FPKM A4 N S 2 [RIRE AR 1) Bz 7R Eb AR
FREL, RPMAE 1, FUIREA A S R B
HFABUM T . B 1B REAA R IAL
23 DFB ZZ#AERFRIEZERMNIFIE

Xf DFB # s A HIATFIE DEGs LI P,yi<0.05 FI
llogsFold Change|= 1 AbrifEEAT ik . R Z KR
AT T A AL B FPKM R 0k 17 24 — {1k Ab B
(Z-score), #52l[8] DEGs AT ik m A e 2 [0 i)

KRAVUMRERIE AR . WK 2A 7R, X4 DEGs
FEXT IR 5 4 LWl Z AT B W i o 8, IF HBES
DFB ¥ FE B3, X Fp 2 2@k . & 2C~D 1k
IHE /R T 4541 DEGs [ AR A T o 5060 B4 A
e, LL 4 &4 1195 4 LAY DEGs A1 1211 4~ T
) DEGs, LH 41 & A 1394 4~ I DEGs il 1 294 4
T 51 DEGs, 2 Z11t3%i51 DEGs f1 821 1~ (Kl 2B),
GEERW, 3 ZRIfFER FEEFERIL, #78 DEB
ik 5 W I T P 7 SR AT S 2 R

24 EBRFEEN GO WEEITREEESW

Hexf IR F1% DFB #8541 DEGs #4T GO %L
P FE DI RE BN SR 0T, 1X 28 DEGs BRI A Y
T (biological process, BP) ., 4 12143 (cell composition,
CC)M4>F I E (molecular function, MF) 3 /> GO 4335
H, X454 GO 4325 DEGs & #EHEFHT 10 73 %
HIT R (E 3A~B). S5XTHR4 LC Mk, BET
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Fig.1 Sample gene expression level analysis
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A: Venn diagram of gene expression; B: Sample correlation heatmap. LC, LL, and LH are liver control group, liver low
concentration group, and liver high concentration group respectively. The same as in Fig.2.
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Fig.2 Analysis of differentially expressed genes

A: ZRFRIBIEHBIME; B: ZRRBIEN T RIE; CHD: 225RRKEER ALK,
A: Heatmap of DEGs; B: Venn diagram of DEGs; C and D: Volcano map of DEGs.

0.1 mg/L DFB ¥ LL 41+ )25 5 Fah SE I 3% & 45 7
255 4~ GO terms H1, ¥ 108 M EM2Ad R 38 4
YHAIZH 53 A0 109 A~53FIfE; %58 1.0 mg/L DFB (1)
LH #4199 DEGs $L & 5] 298 4~ GO 4 H, 4F
141 Wit 72 35 Al gl s A B 122 45 F I RE o
TERFZRBEKTT, FNE2ESRAEHNFES S

“DNA #45G7. “Siid il FAyEdiE, &
5 CHANXT . AN R SRR, e
“NAD %547, “BH4E” S ring. 25N
GO HENM 45 WR (F 3C~D), 0.1 mg/L DFB # &
FEE I ETIE “GTP 4547, “HEEMAZIF 44", “

“Ha

WG L “NAD 4587 70 1 DAk A ¢ 4k
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GTPbinding | o ribonucleoside binding
purine nucleoside binding |  © C GTP binding |-

nucleoside binding | o ount purine nucleoside binding |-

NAD binding | « *2 nucleoside binding - Count
enzyme regulator activity - o 4 ATPase activity |- « ®5
enzyme inhibitor activity - e 6 cysteine—type peptidase activity | « ®10

endopeptidase regulator activity | o o8 oxidoreductase activity |- ° ®15
peptidase regulator activity | o ®10 NAD binding | »
peptidase inhibitor activity - e o2 cofactor binding |- ° Py
endopeptidase inhibitor activity e coenzyme binding - ° 1.00
membrane—bounded organelle | Y intracellular organelle lumen - . . 0.75
Pug .
membrane part | o 100 organelle lumen |-
transferase complex | . nuclear lumen [ 0.50
endomembrane system 0.75 membrane—enclosed lumen | Y ons
organelle membrane - 0.50 membrane part ° . 0
bounding membrane of organelle - 0.25 nuclear part .
membrane protein complex | . ' protein—containing complex - °
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extracellular space - ° extracellular space - .
extracellular region | ° extracellular region .
cellular comp ization or bi is ° RNA processing - o
protein dephosphorylation |- « ncRNA metabolic process - o
lipid metabolic process - o localization |- °
DNA metabolic process - . establishment of localization |- °
cellular component assembly o transmembrane transport - °
protein ini ipl bly | transport |- °
protein- ini nplex subunit ization |- o cellular component biogenesis
cellular component biogenesis DNA integration e
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DNA i ion |- ] ) ) ) oxidation—reduction process - X X [ X
0.1 0.2 0.3 0.4 0.1 0.2 0.3 0.4
GeneRatio GeneRatio

K13 DEGs 1y GO ZRETT B Sl 4243 Hr (B B2 HEZ T 30)
Fig.3 GO annotation and enrichment analysis of DEGs (top30)
A: LL #i7 DEGs 1§ GO HIfielE#; B: LH 4 DEGs 19 GO IhEHE K ;
C: LL 4 DEGs 1y GO E4/0#r; D: LH 4 DEGs ) GO &£/,

A: GO annotation of DEGs in the LL group; B: GO annotation of DEGs in the LH group;
C: GO enrichment analysis of DEGs in the LL group; D: GO enrichment analysis of DEGs in the LH group.

ik, 1.0 mg/L DFB 2 &k 752 m Lk I,
I RS AT ATP TS M7 L J bk 2R 7 K
T R R R IE PE” S8 D BB AH G L R Y
#ik,

25 ERRFTIEZEFEM KEGG EEHH

¥4 DEGs i %] KEGG %, % DFB %#%
HIRT 20 455 4 R A p AR e Mk an 1R 4 FTOR .
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7E 0.1 mg/L DFB 2128 &1, it DEGs &
R3] 146 45 KEGG id g, Hrb, 24 Kl gz 3|
T (Paq<0.05) X 24 4% 3% KEGG 3 B #1743 258
T, FEW I 16 KR, 3 KEIURRS . 2 5410
R 2 A G B4 4 RG] BRI, s
YA 2R P450 Xt AR AR 29 - R
P450., 23— A AT 5 5 A 1 5 i A 400 i F
A SCRE B, BB R ED G . WP R
A=W G BB A A D TR A8 4 5 B I AR G A 3
H, PUSRILER ARG . DI E R . SO A
W TS T A B 5 A A5 S5 Rk K A A AR A G 1Y) 3 % DA
KA R IR G 45 16 258 MGl s 24 & 1
MR BR T SRR OC Y E A, 25 5 kA
JE TR A B SEAE AT ML Y B 088 22 8 FH N 43 1 3R G AH G
&R, a1 RIG-T FEZIR(E S . NOD
2 MRAF 38 [ PPAR {5 5d . ok, S
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Pyruvate metabolism |-
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Peroxisome [~ °
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PPAR signaling pathway ° C(:mll:)
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g Ascorbate and aldarate metabolism | : jg
g
. E‘ NOD-like receptor signaling pathway °
% RIG-I-like receptor signaling pathway — ° Pug 1.00
A Cytokine—cytokine receptor interaction |- [} 075
Retinol metabolism [~ . 0.50
Ferroptosis [~ . 0.25
Primary bile acid biosynthesis |- =
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Neuroactive ligand—receptor interaction — )
Drug metabolism — other enzymes °
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0.02 0.03 0.04 0.05 0.06
GeneRatio

A 2 114 5 PR 7 A A T R a4 b it A 45 400 it A= < gt
T2, B R b R E B, A,
5 BN TR 45 5 4 T FRE B AR 3 % 7 pathway
WHEE AR, WPR 28 5 P O AR 32 PR AH B AR FE K 4t i
TFZ A EAEH

£ 1.0 mg/L DFB 2P EE 5514, i DEGs
A 149 45 KEGG i, Hrp, 15 £#iR s
(P.4i<0.05). X} 15 458 3% KEGG i i f10 258101,
FEW I 10 5408 2 SRl fE BT L 1 SRt
B FAILRS . | FABE BN T 5 KI5,
Z 5 RN B H B 2 0 R K S AR RO A
WA YRR S TS . SRR . SR
AyfRACI . BRZARIE . Al B e A R AR,
IPILRGE, Bk JERAE . mokIL S YR
b DFB ZEgVEIE 4 E, WL b S ae (5 8 4k

PRGBS . S RN A 52 3] 35 520
Starch and sucrose metabolism —
Glutathione metabolism
Apoptosis |- [
NOD-like receptor signaling pathway [
N-Glycan biosynthesis — °
Primary bile acid biosynthesis |-« Count
ABC transporters |- o ° 10
Porphyrin and chlorophyll metabolism : ;g
g Ascorbate and aldarate metabolism |- ® 40
E‘ Glycine, serine and threonine metabolism |- ® 50
% PPAR signaling pathway — ° Pug
A Retinol metabolism |- . )00
Drug metabolism — cytochrome P450 - ° §7
Protein export [~ ZZ(S)
Protein p ing in endoplasmic reti L o i,
Phagosome )
Steroid hormone biosynthesis O
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Metabolism of xenobioticsby cytochrome P450 |- °
Drug metabolism — other enzymes |- | | ) ° | | )
0.02 0.04 0.06
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Kl 4 DEGs i KEGG w837 (5§ #4447 20)
Fig.4 KEGG enrichment analysis of DEGs (top 20)

3 e

DFB @ RAEY S RUEBaH AR 2R, 2
TEALFE P T NG 4R A5 i 1 1 26 7K R R K DL &
TR, HET, KZ%0 DFB W5 e
WA AR R ARG Ol | FE T 5T B L IR Y R )
A 7K 7 B ) 1) 2 vk B G 43 o o L ) A
UL o B UL ] LA K RIS AIF 3 PR 3k 7K F
SEWFSEKAE A W R B2 A 1 F B, BRIk, AR
FH RNA-Seq il £ R¥R 5T DFB % 2 X i T IE 4% s 41

R, 45 RE W] DFB 255" H T4 1 8T EAEY)
AR AR ALY LA R o T UIRE R SR R R

A=W A RIS . BR RIS AR EETL,
PELE RESRAE FONE | A IR LA B S E TR AR

3.1 YApfEE P450 B & k&

Y (5,25 PAS0 215 (CYPA50) 2 [ A AR U5
PEY I . 25 AR ME 25 4 RN BR8E 25 4 A i AR i
BREZR, CYP450 HA =4y 2 — H THMNEEY) 5
18 (Guengerich, 2013), AW AL Fa 5 R E
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Wi BEAE: JE TG 2 A TR AR R R e o A R PR 3 3k 4 5 ) 135

W, 76 DFB 2R 588 5500, AT o 41t 5. % P450
X S A W AR 2RI -4 (L R P450 1R
Ry B EEE, CYPIA, CYPIB L) 445 beH ik
S-#; RS WH(GSTs) . HIZF WEE R B W (UGTs) . BiIkid
JREE 1 3L GST. UGT. CBRI Fik/KVH W% I
W CYP450 J& T AEW AL 1 AHfF R, 11 GSTs
1 UGT J&F I M 228G . F 2 NESEA F W i fE
CYP450 55 —tHE W A i R v i & T2 L 26 26 0%
PR Y, 5 AEMEA Y RS T E AU kA N 2
A, XHHUAE B E 5 I GSTs Il UGT w] LIRSS —
A5 RN B e ] P 4 A, AT B Ik & AR SR g
NI B fEFEVE T o 16 2 FPa R KT, Lid3
PR ¢ T8 1 400 s ke 1 R v 3 T AN 9 BT DFB
B A My i AR, X 5 Zaidi 25(2011)F1 Maduenho
HE(2008)FFT 4 R —3 . H4h, CYP450 fERh—2K
TNERE, 2512 MBE%ER . IR EAHALRS A
A W) B2 (DI Giulio er al, 2008; Olsvik et al,
2013), FEARWISE R, CYP450 ZKJGE L CYPIA

CYPIB, CYP741. CYP2441. CYP27Bl, CYP26Al
L FRRK T B M. CYP7AT A [ BRI
W 2 R BIITIE X 321K o (LXRa)RYHLIEN, HAY
T AR AE . A1 e A R . R AR g L A
F B R S MR8, CYP7AT 5 P 223k ) 5 11
HAVRIE ML AR KA . KR YIA (BT 45,
2016). CYP2441 Fl CYP27B1 & 544 % D HI4MEAL
W, DT 2RI S 5 4 T 5 LA % A A ) 3
Bl AL AT T (Jones et al, 2012),CYPIA F1 CYP26A41
JES GO0 B QR LA FE [N, 8 i R HAT A e
RN AR A W EZAAIEIE R, FE D0 5126 R
W AR A UREE A0 RSN R AR G & b k4
YER (15 A%, 2019) . ARWFFEH CYP450 F215FE A 1)
W FE, AMUEHE T X DEB AMEMEAL S AL
FRE i, BRI e 2] 20 rp S B A &
B S REAE WA B . AT R A WA L B A
FEfRt, EAERENIE, % DFB ZE kK1
BN, SEEFAE R CYP450 i 0 3 R TR KT 2 R R
B, UL m kB DFB B 52 KV 4 Bk IR I E
CYP450 Hi R TG . ASHFFT 45 5 5 400 5 o 4 i A% H)
%S KRBT (Martinez et al, 2018)FI4B4E — HI R £k fig

HA YA T8 (Ctenopharyngodon idella)f(Liu Y et al,

2022) 45 2R P4SO fiff 28 2 i (1) 45 5 HA AR .
32 MBRREHE

AT R 2 B Ay Y IR Bl Pk L
SEVE | BB TE AN 5 1% 35507 I 250 2

TEH . EAMICUESS, TR, SRR RS . E4
BB AW T I 235 K A A W IR A
W (Farombi et al, 2008; Zhang et al, 2018; T,
2019), A6 DU TR QI 7E A T AR AE S0 ax A v 4
HEAEFHEEWHEY, 2021), i EALYBHARE9S 1 BR
YA b oy AR AR, RS RERE . IRREE . IR
R 1B W 5%, JE e B AL IR RS 5 G R s Hh i o6
S8 VE Y 40 0 %% (Schrader er al, 2020; #% 1 D1 %5
2015; Wanders et al, 2013), TEARMFRH, TERHKE
DFB Z# I, SATFIE 2 576 A DU R AR 81 5 30 i
R BENREE A2 1Y PLA2GIB. RidIEE E Al
PTGES3B, Ve 251 A ALY B IA ) PXMP2 . PEX19
GIHAFLRKTFBET . 4558 %H, UR)E DFB
2338 AR R A S, e o n s sk A
Tl Fi 25 PRl 34 05 % DFB P AE N E Y . 4R
Ay ity A 18 B 0 0 52 AR (PPARSs)J2: HT AN TR R s 1R
o G Ay B A I K% R Z R, PPARs L #E
PPARa.. PPARB/S F1 PPARy =FPEHL, |12 % S5HLK
14 i Rl 7K Ak A 0 AR5 LA B 4 A 2 K b B A
ER (MRS, 2002), HF, PPARa RERZ I
S5 2 N8 AR R P A SR Rk, SRR AR
W R E N (DI =%, 2016), FEMKHKE DFB
FREEWRE T, PPAR 55 IR RE A E AW
FABPI, KAEENGBEREIG A A 0GR LACST . ZRIEHE
) ApoA-1. CYP7A1 SRR RBKF W EFwm, K
BENRWEAHEE A A AUEENY VLACST. FFHE X ZAK o 1)
LXRa %5 R Fe 3R K1 0 35 N R . 7E = Wk DFB 2 5%
T, B IE PPAR {5538 % 1 PPARa .FABPI .CYP7AI
G R WE TS, Apod-1. LXRo, W
MR M) CPTI, SR8HAHCE AW Plin2 LK
M MEREE AR ANGPTLY 53:35KKFBE T
K. CPT1 J2&: 5 Wi TR S8 Ak 1o i v 11 — o Bk il I 45 ik
4, 2020), HEEPRIRBAKETERVIEWE DFB 2
& o W E AR DT R B-E A . T AE R KRR
PPAR« BCAA 4 B 105 R A9 0 A2 A, 40 i o i 1 i
A = EE A R T A S 20 PPAR G O FFEEIS , i7E
E e EE DFB 28 1, I PPARa 235 7KF W& T e,
VLIRS DFB Z2 88 3, S E IS iR p-4A
ey EZ B, HE R AR AR, ATRES
AR RGeS 3 ™ EE A

3.3 AEMAEEFEEZERIA

W5, MM (endoplasmic reticulum, ER)%Z
Yfi N B BT R A AL . i TR FE B Ay, R
MK Ca> WAF I £, X I 4 PR 2 ok Bk
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(Liu H et al, 2022), 452 F|NHMBRIR LT R Z A,
P T 40 A PN B RS AT B R AR el s, REUE AR
Iz A7 BB, iR AR S e IR T &
F TR P 0 D R R SR 2 7 9 5PN i I N A R T S
SRS EARE LB TV EALER, &
1% A4 B 25 M SV (unfolded protein response, UPR) Al
N 5T ) #8 f7 fnf Sz W7 (endoplasmic recticulum overload
response, EOR)EAELRF N 57 W 1Y 1E e . TEAHISE
W, TERYRIE DFB 28 T, A 53 1~ DEGs ¥ 5
SR AN AN @, Hrh, HSP90A ., CALR3B .
EROIA, EDEM?2 ., RBXI % 46 P IEH ik B3E Fif.
HSP90 /£ M i ad #2 i i 4 748, 7R A Y
Pr& . A, BiFEB. 2. WL R
M EAEZEN, S50 BT DNA #ifh
R T 2 E YR B (P R, 2022),
HFR R E B R e T 2 N R R, X S
(Oncorhynchus mykiss)i it 15 HSP9O $& 5 HiEk B 1%
NS R — B (JRR %5 %%, 2022) . EROT TE4ERFIN
JoE X B Ak 30 TR A R AR 2 B P O A A R A
2 A (R4, 2021), EDEM?2 S5k & %
Mok WA C & FE f# (ER-associated
degradation, ERAD) & 48 W 3% ] %% 12 Ml [ fl A3 K
(Hosokawa et al, 2021), CALR J2&-— Tl =5 B {55 B P9 I
M Ca> 25 A A, B0 TR TE . V835 40 45
RS DA B A0 i 8 72 45 2 Fh A= ) 2+ T BB (Pandya et al,
2020), BFZE#RM, 0.1 mg/L DFB % 5 ¥ 55 % i T i
7 B P S R O SO L HL 1.0 mg/L R R VR B 1
T EE A PN O A, P R A AR
22X % UPR . ERAD S5 AH G AR AP ML 245 P Joit 1Y)
R, (HFRFLE I R Z %) P T I 7 35 mT 35 5 PN o Do A G
PEANRIA T, e 25 i N P A0 A A B A SR T
KR G P 38 B2 R AP DR 5 32 9 AR 22 10 2 —
1B 5t B (Hou et al, 2016), £ ZAL$E RIG-1 FEZ K55
i fif . NOD FEAZ AR5 53 4% LA 2 Toll #5743 [ 55
BT . A FIZEA ML RNA #EA MRS, fTLLS
RIG-1 Z &334 NOD 3z K45 &I 51 NF-«B 5%
(A ITE RN PR R i e AR, S ECRE B BRI TE 1
FEH cGAS /- R DNA g4 d, STING &
BeHfi € M RIG-T B {5 -4 Bh X 7 R SC s i i sk 1, OF
507 T 2ohr A AN 2 T T 1 3 1 MAVS A E AR,
M 3% R R A0 5E ¢ 18 7 IRF3 . IRF7 fil NF-xB, %
5 T BP0 A R A0 P 7 1 7= 2 GRS, 2022)0
HAMAZE 8 (CXCL8)E—Fh h F W41 it A I 5z 20
I 55 0 1 s T T ERL -, o v P 4 i DA I B S 4
FZ B ALY, DT 51 R AL R Y Stk 98 5E

N, EFIAER E P (Awwad et al, 2018), FRER A
it 75 A2 1k A0 B AE T 114 e sl R A T R R SRR
Casp8 RE AT A M B T 32 14355 3 04 40 It 0 12 1) G g 43
T, XOERNPURZ RIS NF-xB ST 55
S8 (Zou et al, 2021), AWFFEH, K E DFB 1) #
FEIFT, 43 1> DEGs B % & 45 T RIG-1 2 IRGF
538 1% 1 NOD #f3Z R 15 53 i , MAPK12B ,STING1
TKFC %5 8 I FIRAKFE L, IRF7, CXCLS,
CASPS % 35 A3 HFIRKF- 8.3 T8, Uil DFB fig
375 e BRI 77 A vk 9 SN, S BRI 4 5 4
FERRAS TP RIVE 24 .

4 it

AR T RNA-Seq H2 AR AN [ B AU 5% 25 vk
BN AT TR SR . S5 R B R, DFB
U R M BT A 2t A L AR A o Ko T O EE,
JEE TR T 4E R P450 X Sk Z i, PPAR
F A PR SR B T RIG-T BEZ KRR
53 N NOD FEZ K5 Sl ik 5, H, 2541
B F P4ASO X A R LA CYP741 2 ER
ik, RWAEA T IFAL RAEMET (L, SUbF, B
R SRR RE R, 25 RIG-T HEZAR(E 518
%1 NOD FEZK(5 S B 1) STINGT Fih/K- 5 3%
T, CXCL8 . CASP8 Fik/KF-1. 3 T /%, KW DFB
RENE 51 K T 20tk 9 0E L« P J5 O I 38 LA B B 9 7
P, FEOFIEZI . AW IEfE 2 1H N DFB # 8

S £ 25 (1% 43 ) 1o AL o B2 1L T8 ) WL, 4 DFB
FE 7K 77 G0 1 PR St A o ) RO G 2 AN BRI T
Blef R, AR A A L5 e W % K AR A R
FA R R P T H AR A IS S
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Effect of Diflubenzuron Exposure on Gene Expression in
Cyprinus carpio Liver Based on Transcriptomics

CHEN Lu'?, YANG Zhen?, XU Jinhua?, QIAO Lu?, SONG Jinlong?, SUN Huiwu®, MU Yingchun®”

(1. College of Food Science and Engineering, Bohai University, Jinzhou 121000, China;
2. Key Laboratory of Control of Quality and Safety for Aquatic Products, Ministry of Agriculture and Rural Affairs,
Chinese Academy of Fishery Sciences, Beijing 100141, China)

Abstract As a benzoylurea insecticide, diflubenzuron (DFB) has been widely used in the prevention
and control of diseases and insect pests in vegetables, fruits, grain cultivation, and other fields in recent
years. In addition, because of its low acute toxicity, excellent biological activity, and specific action
mechanism, DFB has been widely used in aquaculture to kill bacteria and lice. With its large-scale
production and widespread use, its partial residue remains in environmental media, such as water, soil,
and the atmosphere, and causes direct or indirect chronic toxicity to aquatic organisms. The residual DFB
enters the human body along the food chain and poses a threat to human health when it reaches a certain
concentration through chronic exposure and long-term accumulation. At present, research on DFB
insecticides has been limited to the usage and dosage, residual metabolism, and its toxicological effects on
the environment. There have been no reports, to our knowledge, on the effect of DFB on gene expression
in carp liver in China. The purpose of this study was to explore the differential expression of genes in carp
liver under DFB stress.

In this study, carp (Cyprinus carpio) was selected as the research subject, and three exposure
experiments for 15 days under 0.1 and 1.0 mg/L medicated bath concentrations were carried out in
parallel for each concentration. High-throughput sequencing of the liver was performed using the Illumina
NovaSeq 6000. Differentially expressed genes (DEGs) were screened by P,qj < 0.05 and [log,FoldChange|
=1, and bioinformatics analysis, such as Gene Ontology (GO) functional annotation and Kyoto
Encyclopedia of Genes and Genomes (KEGG) enrichment analysis, were performed. The transcriptome
analysis results showed that 2 406 and 2 688 DEGs changed significantly at 0.1 and 1.0 mg/L exposure
concentrations, respectively, and 821 DEGs were co-expressed between the two groups. GO analysis
results showed that DEGs in the DFB exposure group were enriched in biological processes, cell
compositions, and molecular functions. KEGG enrichment analysis showed that DEGs in the low DFB
concentration exposure group were significantly enriched in metabolic pathways, such as biodegradation
and metabolism of xenobiotics, lipid metabolism, carbohydrate metabolism, amino acid metabolism,
signal molecules and interactions, endocrine system, and immune system. In addition to the above
metabolic pathways, DEGs in the high DFB concentration exposure group were significantly enriched in
metabolic pathways, such as folding, classification and degradation, transport, and catabolism.

Studies have shown that DFB exposure causes the biodegradation and metabolism of xenobiotics,
lipid metabolism, carbohydrate metabolism, and amino acid metabolism, and generates endoplasmic
reticulum stress, inflammatory response, and immune toxicity. In summary, the results of this study provide
basic data and a theoretical basis for further research on the molecular mechanism of DFB stress in carp.
Key words Carp Cyprinus carpio; Diflubenzuron; Liver; Transcriptomics; Toxicology
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