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Effects of Microcystin—LR on Lipid Metabolism of
Liver in Grass Carp Based on RNA-Seq
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Abstract: [ Objective |In order to explore the effects of microcystin—-LR (MC—LR )on hepatic lipid metabo-
lism of grass carp ( Ctenopharygodon idella ) ,the present study analyzed the transcriptome of liver in grass carps.
[ Method ] Grass carps were injected with 0,25,75,100 pg/kg MC—LR for 96 h, the livers were isolated and the
total RNA were extracted, then RNA-seq were analyzed based on the Illumina—Hiseq 2500 platform. Differen-
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tially expressed genes (DEGs) closely related to lipid metabolism were screened out. A KEGG pathway enrich-
ment analysis of these DEGs was conducted.Simultaneously, the expression patterns of three randomly selected
DEGs were verified by quantitative real-time PCR (qRT-PCR).[ Result | The RNA—seq analysis screened out
37,363 and 132 DEGs in the doses of 25,75, 100 pg/kg MC-LR groups, respectively. These DEGs in 75 and
100 pg/kg MC-LR groups were enriched to 15 lipid metabolism pathways including catabolism of fatty acids,
etc., DEGs in 25 pg/kg MC~LR groups were enriched to 12 lipid metabolism pathways.and there were no DEGs
in fatty acid biosynthesis pathway, biosynthesis of unsaturated fatty acids pathway and fatty acid elongation
pathway.In addition, PPAR pathway was the key regulatory pathway in lipid metabolism, and there were a large
amount of DEGs in the PPAR pathway in the three dose groups.Among them, the common DEGs mainly includ-
ed 7 DEGs like PPAR,FABP,CYP7A1 and LPL.The results of qRT-PCR of PPARa, LPL and CPT1 were con-
sistent with the sequencing data.[ Conclusion ] By digging into transcriptome sequencing data, a large amount of
pathways and DEGs related to liver lipid metabolism of grass carps were obtained.The study suggests that MC—
LR disturbs the lipid metabolism of fish, and the DEGs are expected to be developed as molecular markers to
identify the lipid metabolism in fish interfered by MC-LR.
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TR o ) — BRI K W B R, MC-LR Y 2 0E AL 88 B 2 TPIE , 4 5C MC-LR PP A LRI © 28 ol 2
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B B A T UL VE 45 R B A e 0l A ) P A BT (22.1342.17) g 136 B0 3K 0] 5 e AR &
PETIR 2 JA B IR U IR] g 3 HR A8 R S 1) 2.09% HEAT 500, I AR /K AE (2040.2)°C SEH AT MC-LR
(4lifE>95%) , 1 [ Taiwan Algal Science Inc 23 H] , RNA $#& BUR ] £ TRIzol reagent 14 T Invitrogen 23 A , ¥
TSR & RevertAid™ First Strand ¢cDNA Synthesis Kit FMSYBR Green Real-time PCR Master Mix %4 T+ Pro-
mega /A A
12 KEFHE
121 XIr & A WB MR AL FATESR SR IR 2 5, Pk A 5t e iy &t B AL o3 18 4 20 (AL 45
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gal Science Inc) JH 0.8% Az BREL K I i F B 25,75, 100 pg/kg 3 D FIHE . SRR I S e 25, 1S o
0.1 mL/J 5 X B 414 2 0 40 20 0 M 1 4 5 5k 14 0.80% 19 AR FRER /K o FE Y25 96 i, 43 ) DA 5 56 41 A v
HEZH R 25 B 6 A oy B FFE , R4 3 R A IR & B | AR B Tl AT IR A
1.2.2  #Famp5 50 BORE P PRAF 0 5 2 2 5% B8 TRIzol reagent(lnvitrogen)ﬁ%{/ﬁﬁélﬁﬁﬁ?
SLVRNA BYFR I, FH 15 /L A 35U IR0 BRE I Fi VAR 0 448 JBC 90 5 RNA S22 75 A7 (PR A RS e, sl 52 40 ook
71 Nanno—Photometer( LabTech , USA) A5 Il & U 5L RNA U4l . BEAF 5 2R 8 RN A £ 38 b 5T D 5
TR B ARA R F] H A% 2 FE GRS, 14 21 81> cDNA SC R A lluminaHiseq—2500 °F-
B HEAT G SN o R I 7 SR A5 1) I 0 5 1A 7 5000 8 B L SR J5 K 3145 19 Clean Reads SR 1 HISAT
(version 0.1.6) 5 F A KL PRI 4] (LA FE 41T ik « https : //www.ncbi.nlm.nih.gov/genome ) #47 HL X 43 H7
R HiE FPKM (Fragments per kilobase of transcript per million fragments mapped ) 77 72 1158 45 £ A ] & K] 1)
2258, B 5 AR 22 S R0 DR AT L AT D eV B K AR A0 Ar
123 RAEEZFPCRAM N 1 ¥ Uk MC-LR A F £ JFF e 53¢ 21 00 e 45 2R B0 i 1, 7 22 S B DA K
JE R BEAL PR 3> FE A, FIHT Primer 5.0 B iF 514 (1), 73 M7 98L& & PCR (qRT-PCR) 45 R 2T 5
e SR EA I Y A5 3R — 2, UG ) ZH DU P R A% ) RNARE ity , e BREZH RSB 2H 244 2 N E 52, R J Rever-
tAid™ First Strand ¢cDNA Synthesis Kit A VAT R %A 1 cDNA . B J5 $F cDNA R0 7 B 10 15 LR A7
F-20 CHH . %I = PCR K CFX96 Touch™ Real-Time PCR Detection System , X W& & 4 : 10 plL
SYBR Green Real-time PCR Master Mix, 2.0 pL #8019 cDNA B4R, F 514505145 0.5 wL(20 pmol/L),
Jin ddH,0 #MFE 2 20 L, W FEF R :95 CAEPE 5 ming 95 °C 105,58 °C 15 5,72 °C 20 s, 40 P F I,
72 CHEAH 5 min. BAFE S0 E & BT EE 31K, DL GAPDHAE RN S 3L ] | SR ] 27 ik B AE XT3
K.
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Tab.1 Primers of quantitative real-time PCR

FEN 1Y 51(5'-3") BT PR/ M bp

Gene Primerse sequence(5'-3") Accession number Product size

F:AGCAGAGAAGGACGTCAG
PPARa FJ231987.1 152
R:GAGTGCTGGTCTTGCCTGTGA

F:AGTACGCAGATGCCCAAAG
LPL FJ436077.1 104
R:CTGGCCTCTGAATCCCAATAC

F:AATTCTGCTTGACTTATGAG
CPT1 JF728839.1 127
R:CCTGTCCAAGGTACTTAGAC

F:AACTGAATCCTCTGTGTATCC
GAPDH GQ266395.1 124
R:GTCCGTTGTTGACCTCACCT

2 FER55H

2.1 PBYRERE RACHIHE X B KEGG & B%

X HEZHL AN 34~ MC-LR SE 53 2H 19 clean reads 204 0 4.1x10°~5.6x107, 5%F ML AH L , 25,75, 100 pe/ke
SEUOZH Y 2 S IR FE R 43 AT 953 (4 729 F1 2 2654, Hir ik R LA 4345 574 .2 498 Fil 1 4724,
FEIK T WA BL K43 A 379 .2 231 F1793 4>, 3> MC-LR S256 41 4L W] A4 18 2% 35 KL A7 3204, iR
HIA 13749,

it KEGG 73 M R, 25 pefkg 52 9 20 %040 i IE 22 58 96 h /5, DEGs & 42 7E 12 455 B A A OC 3 it
L AR 75 pwglkg BT 100 pwerkeg SERALH, DEGs & 5 4F 15 2505 B i L, 5 25 pe/ke SR 2 AR A
A LY, 3 B T ANRURIR 19 8 A5 G 1 R 107 T B R B R 1Al 3 Mg o A Rl i (32 2) .
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%2 MC-LR & & FFAEAS A 518 BE B9 22 0
Tab.2 The effects of MC-LR on the lipid metabolism of grass carp liver

B A QA S 18 e AR BN B P
Lipid metabolism The number of DEGs P value
related pathways 25 pgkeg 75 pgkg 100 pgkg 25 pefkg 75 pelke 100 pg/kg
[T B
1 40 13 0.9309778  8.422393x10"  0.006 650 41
Fatty acid degradation
KA .
7 50 14 0.1179723  6.565 845x10 0.090 644 00
Steroid hormone biosynthesis
KGN BRLE &
a 1 19 6 0.6636037  3.116 186x10™°  0.033 105 61
Primary bile acid biosynthesis
NHLFIAR TR A= 965 1
Biosynthesis of unsaturated 0 23 12 - 7.105087x10°  0.000 118 86
fatty acids
A )
0 21 9 - 1.029 333x10 0.012 384 97
Fatty acid elongation
RERli) R
5 37 14 0.5133275  0.001 647 232 0.201 23270
Glycerolipid metabolism
AELE PO FRAR
5 35 8 0.5003126  0.004 460 549 0.851 046 60
Arachidonic acid metabolism
R A A
0 10 6 - 0.025 563 06 0.033 105 61
Fatty acid biosynthesis
AR Qs
8 45 19 0.4959277  0.090 098 75 0.397 437 60
Glycerophospholipid metabolism
R B G K
2 9 7 0.3288770  0.102 749 0.015977 76
Steroid biosynthesis
P A 145 5 e i
Synthesis and degradation 1 5 1 0.5543339  0.3389267 0.851 668 00
of ketone bodies
R A
2 14 1 0.7362439 03738113 0.998 029 10
Linoleic acid metabolism
S JRRAR A8
1 11 2 0.9052325 05797104 0.973 894 20
Alpha-Linolenic acid metabolism
LEliFEN )
o ) 2 28 12 09837422  0.610463 6 0.730 973 90
Sphingolipid metabolism
a2
2 16 8 0.8848004  0.714 9338 0.614 326 70

Ether lipid metabolism

2.2 PR i511E B P 9 DEGs
2.2.1 REF 2 MC-LR *F 3 & DS AR ME 3 £ 7 Rk R R ey e ARAEER 2 AT, 25 ng/kg 5000
ZH A P b K B AR AR 5 Y DEGs S 37 4. Ho I 105 R 4 A 6 A 1 0 i U 1 4 B
% LA K R M TR A3 (8% 1 YA B 5 DEGso AR MU TR 38 b it A BN TR 45 S B8 R 42K 1) 5 5 o fe
W FEIA 1A DEGs , Bk B 2S A QIR B | 4% [ B RIS Joh 1 £ 350 308 5 R 69 B 288 AR i h 34 24>
DEGs, H- it QI i A6 A DU BR 1 CIHE 15 sh A7 54~ DEGs, i 28R AW & 6B 4 74 DEGs, Hith
AN QIS8 B 0 H 3 8 1> DEGs
75 we/kg S0 41 An I A IR TG DEGs | Tt 3 363 4, o g B R & A0 I8 AR AN g 1 R A
JIIE B 7 R A A 3 P DL SR U7 TR I e % 34 & B T K DEGs , X 4 Ml % E 435I 10,23 .21 Fil
401> DEGs. #IA TR A BLE H A 194> DEGs, H Mg G558 B 47 37 1~ DEGs, 1 8 R AEW & il
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A I AN e

5 44 %

%A 501 DEGs , #84F DU PR A8 %A 354 DEGs, H il IR B A 451> DEGs, BEJE 21 i1 1 2%
16 1~ DEGs, 25 [& 55 BGH #6547 9 4> DEGs, M 7H 2 4G 38 B A7 14 1> DEGs, 5 A5 25 A 15538 2% A 28 4~
DEGs , B & i) 1 5 B %A 51~ DEGs.
100 pg/kg 2560 41 o I E P Ig BAR AR SCIE R A 1324 A4 T B & A Ak, Hrp IR R & s ARt A
LTI P TR 5 S B i I R S % LA g 7 o ik 3 B 0 AT 6012 9 R 13 SRR b AR Ak,
AR TCIGHE A 190 DEGs, H g4 C it 6 A1 {55 28002 AR W 6 iGE B34 14> DEGs, S5 IR 240
A 124> DEGs, 48 4= U 95 2 4K 355 380 5 R0k Al 28 1C 1 38 B% 24047 8 1> DEGs, 2 [ it 45 1003 #6417 1
DEGs , WI NI R G WG AT 6 1> DEGs, 1117 SV i1 i 4G 355388 % RN LA 1) 5 5 R4 fiee %44 HOAT 1) DEGs.
222 ARRAAEMC-LREETEEAFBEER GIERAMEFRALR  BE2ALZAFFEMC-LR
AEFRS A 12 A FE TR 3 A4 S0 2 v Rk [l i H (3R 3) A7 14 SRR 3 4 5 2 2 rp 3Rk [R] s 1 4
(#£3), HrhEik IR EE K F2A . SMPD2 .cPLA2 .PTGES3 .SQS .UGT5A4 .GSH-Px M1 PTGS & , ik
TSR FEA . MICAL3A LIPC .LPL .BDHI .ETTNPL .UGTIA7 .SOAT2 .UGTIA7 Fl CPT-1%,

®3 FAEFEMC-LREZTEEFELERENERRGFERSRIEER

Tab.3 The common DEGs of lipid metabolism from grass carp liver exposure to different doses of MC-LR

SRS

Gene symbol

FERE S5

Gene Bank

L ik

Gene description

AR AR

Change folds

25/(pg-kg)  75/(pg-kg")  100/(pg-kg™)
SQS NP_001189454.1 squalene synthase 4.63 2.64 17.88
SMPD2 AAI63237.1 sphingomyelin phosphodiesterase 2 3.41 47.18 29.65
PTGES3 NP_001002137.1 prostaglandin E synthase 3 3.32 6.36 5.78
uncharacterized protein -~ XP_005157370.1 uncharacterized protein 2.81 20.39 3.20
GSH-Px AHJ80778.1 glutathione peroxidase 2.71 8.17 50.21
PTGS2 KTF91275.1 prostaglandin G/H synthase 2 2.64 233.94 1370.04
UGT5A4 NP_001170969.1 UDP glucuronosyltransferase 5 family, 257 778 14.62
polypeptide A4 precursor
ACSBG2 KTGO02735.1  long—chain—fatty—acid—=—CoA ligase ACSBG2 2.51 8.57 2.60
o0xXCTI NP_001007292.1 suceinyl=CoA:3"ketoacid coenzyme 2.25 5.03 2.33
A transferase 1,mitochondrial
PLA2 NP_571370.1 cytosolic phospholipase A2 223 574 351
hypothetical protein KTG34553.1 hypothetical protein 2.19 3.46 4.38
uncharacterized protetn. NP_001038796.1 uncharacterized protein 2.11 12.04 3.10
CPT-1 AJQ31839.1 carnitine palmitoyliransferases [ 0.50 0.19 0.39
BDHI KTG3s420,1 D betarhydroxybutyrate dehydrogenase, 0.49 0.24 0.49
mitochondrial
hypothetical protein ACN66300.1 hypothetical protein 0.49 0.27 0.42
MICAL3A KTG35420.1  Protein—methionine sulfoxide oxidase mical3a 0.49 0.22 0.18
LPIN2 XP_005163511.1  phosphatidate phosphatase LPIN2 isoform X1 0.45 0.28 0.32
LPIN1 XP_005158866.1  phosphatidate phosphatase LPIN1 isoform X2 0.45 0.22 0.11
ETTNPL NP_956743.1 ethanolamine—phosphate phospho-lyase 0.44 0.23 0.37
LPL ACN66300.1 lipoprotein lipase 0.42 0.27 0.46
hypothetical protein KTF79716.1 hypothetical protein 0.39 0.07 0.39
uncharacterized protein -~ NP_001070194.1 uncharacterized protein 0.31 0.09 0.39
SOAT2 XP_010864570.1 sterol O-acyltransferase 2 0.31 0.12 0.34
hypothetical protein KTG40982.1 hypothetical protein 0.29 0.26 0.13
UGTIA7 ADCOI940,1 VPP slucuronosyliransferase | family 0.21 0.18 0.24
polypeptide b7 short isoform
LIPC NP_957316.1 hepatic triacylglycerol lipase precursor 0.15 0.13 0.52
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23 AEFIEMC-LR I E &R PPAR{E S 18 BN E E 30

3/~ F £ 1 MC-LR O 5o £ JHEJIE PPAR A5 538 B 4 A 5200, Horp 25 pg/kg 52 50 40 75 81 JHIE PPAR {55
W K 12 SR W E AR A, o ik B R L R £ B AR FABPT R FABP4, 3635 B35 N Y
e = ZAHE FATP .PPARa .CYP7A1 \LPL ADIPO ., i 75 pg/kg 5% 5 20 v & o i HE A7 70 A4 38 A i
FHoE Ak Rk B DRI N B AHE FABPI . FABP4 ILK F1 AQP7 %5 9 P FE R, 323k i 3 F PR 1) 3
{345 FATP .PPARa .SCD—-1.CYP7AI .CYP8BI .CYP27 .FATPI .LPL.CYP4Al .CPT-1 Fl CPT-2 % 61 4~
FE . 100 g MC-LR/kg S 55 20 o 75 ) ) A 31 S N 3R ik A 3 284k, Hoh A FABPI . PGAR .
FABP4 .CAP F1 UBC 6 ~%&[H #3k W 3% L, FATP .PPARa .RXR .SCD-1 .LPL .CYP7A1 .CYPS8BI .CYP27 .
CPT-1.CPT-2 .LCAD M1ACO 55 25 AR ik W2 N . 355 i MC-LR X 546 i IE PPAR {5 -5-38 f#%
FEFILFE R DEGs A 84N (£ 4) 0 fE 34 LR M S A T RB SN, Hop pABP4 B3 1A, 7F
25.75 F1100 welkg SEEGZH AN F 840 ) E9E T 3.39.41.07 F125.46 1% ; FABP1 435 -9 T 4.56.2.45 #12.19
¥ s PPARaAE 3D FIHZH 435 R 98 7 0.32.0.15 F10.24 4%, CYP7A1 43 51 F 8 T 0.47..0.18 #10.35 1% , LPL
ST 0.42.0.27 F10.46 4% s Hofth 345545 10 AR AL S AR FI LA

*4 AEAFEMC-LREETEEMEPPARESEE FERNERRIEIERE
Tab.4 The common DEGs of PPAR pathway from grass carp liver exposure to different dose of MC-LR

SN 465 R s L[N 1A AAEATEL Change folds
Gene symbol Gene Bank Gene description 25/(ug-kg") 75/(pg-kg") 100/(png-kg™)
hypothetical protein KTG20094.1 hypothetical protein 4.08 19.43 43.11
FABP4 AEZ53130.1 fatty acid—binding protein 4 3.39 41.07 25.46
FABP1 NP_001019822.1 fatty acid binding protein 1 4.56 245 2.19
uncharacterized protein ~ NP_001076488.1 uncharacterized protein 0.27 0.14 0.28
hypothetical protein KTG40982.1 hypothetical protein 0.29 0.26 0.13
PPARa ACM78031.1 peroxisome proliferator 0.32 0.15 0.24
activated receptor alpha
LPL ACN66300.1 lipoprotein lipase 0.42 0.27 0.46
CYP7A1 AMMO04294.1  cholesteral 7 alpha hydroxylase 0.47 0.18 0.35

24 WHREEPCRIITER
SRy TEI R VR BEHLIE BT 34 DEGs #E4T qRT-PCR O o 4539 8 /s ixX 3 4 FE R e iA 7K
S P A A AR A 5 T S A I e 5 SR v ) e A B AR — 3, SRR S R 4 IR AT A

- 1.20 ¢ OqRT-PCR - 1.20 OqRT-PCR - 1.20 OqRT-PCR
©1.00 | BRNA-Seq 5 1.00 mRNA-Seq .8 1.00 BRNA-Seq
w w w
i I I % 0.80 i %
X & 0.80 X 2 X = 0.80
A j=h A j=h 7 o
w5060 L w5060 w5060
T 2oa0 ! 2 040 ' 2040
z3 z3 3
= = 0.20 = 0.20
= 0.20 5 = 0.
0.00 .00 .00
' 0 25 75 100 0 25 75 100 0 25 75 100
F& Dose F& Dose F& Dose

E 1 34-DEGs Y7 E B PCR K 40 1Y Fb B 43 Mt

Fig.1 Comparison of three DEGs by quantitative real-time PCR and transcriptome analysis
3 i
3.1 MC-LR &£ FFRERS Bl B8 0 £ R R A E E R =20
& — A BTG BRI e B, 72 2 B e BRI 0 454 i & G EEE Y. HAn, B — L
FE R MCs X /N BURFIERR B2 A QG A 520, I I DR 3k 7K1 (G AKCF- (A S0 3] | 45 7 kAT 1 F
5% WIMC-LR 7] SFEU/N FUIS A S A 56 3L K (Angpe] 11 PPAR) 7F mRNA FIEE [ /K-35 % A= 28, 36
U6 i I T £ VAR Bl L A0 s I I LT s 28 B R A 1 DA R H ik =l S Y T3 2 A A A



- 172 - UL PN a4t

GrHT MC=LR X /INEL MDA HYSE ], % B MC-LR 2 X HFIEAR BTACBAT 520 . 53 b, MC-LR -t vl i 5 thg 22
LT T = AN TR RN 105 7R R AT 2% 2 AR 2 1 S5 A R 1 7K1, DTS s/ s BRURE i B A 25 8L L 5
B JHF U o £ RO B B Dy B 3 n ™, DA b B 43R W] MC—LR R 52 e Wi 2L 0 00 4 i oA st
B E YA N R — RS E Y, T4 MR IR (B SE R A 2 RIS 4 A KK . X ek
JAE A WA N R 5 B R A BRI RE o i R A 2 rh A2 2% 10 I 288 N S AT ATL o 1 1 L 9 B LA 24
BUEE s T (B R AE SR B N ) A 18 e R R A A R A S AR e A 2
ZAE 30 B AL R E LA A TR S A AN TR R AR DR 5 G 1 Al 017 1 A 3 B O Uy R o e
6 e e A e 5 e e A e 8 55 SRR A 5 M % R i A B AR A O A 1R A
TSR PR A 2 . ABIETE A R R EIRGR B 20 (25 pg/kg 20) Y F A0 T PP AT 12 S50 %
BN, T 75 pg/kg F 100 pglkg 5256 2H 52 ) 52 00 (30 B 404 15 2% ARG i d b, R iR & 1 i
AL 7 25 IS i LA e g 17 2 A A 30 V5 A 52 B 52 0, 3 Ut B MC— LR ) 5 £ PR i 5 A 3516 i )
SO AFAE—E 1Y 70 0 22 57 o ARGR) 5 MC—LR XS e #8 JHF R iR S5 4 Qs 52 M 52 /)N , T g 711 o) s £ P JEE G B £
WEZ MR AR K, JU R X AR TR A {5 5 i A 0 3 5], X A AR IEAN R — B, 4 A i o)
I FF 53 W R LA BT HF TS MC-LR 5, 2285 R HE IR S G B AT | 1150 25 A1 5 e S 2H 00 e [
FEZ I MC-LR 32X W 568 f P A S 26 A A 52l o ARS8 38 AT 9 v R B 3 15 e 2R K T DL
SO NG A 38 6 & 2B AR Ak, AEUAE T A3 6 ke U, 89 B 2 A 38 A 25,75, 100 pgrkg SE4H A7
S5 0 4 B A R % X 07 5155, 33X 16 B MC—LR %o 5 £ I A5 M A J2 DA IR A0l £ . B
Wz Ah  H il AR A B A 32 2520, X 5 70 BE D f g HR B AL . AR A DOA R T TR A a=lin-
oleic FRTE (A TP LA AL 4 3 5 SR ™, ABF 8 & B T MC-LR 7] DL | ik 2258 % 1Y 284k , 075 1Y
TRV (1% B I T A A0 3% (%) A ] T HIE TS T e e A S Y 4 RN A ok B X R AT DA B MC-LR W]
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