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W E: XL ER AT 0 SE S E R MC-LR Y3,
BB RIS AR AR K U 40 2 , SR Mlumina Hiseq 2500 77 &
AT EEFIRIE ST, H 5 25 7 3 B A9 2 H 4244 ( gene ontology,
GO) B AN 5t #F 2 R 5 3% 41 B A4 45 (kyoto encyclopedia of
genes and genomes, KEGG) i@l 17 B EMH EE NI, BRK
B AR R EEAMX CRIRERSERNAFEENERN
Fiko T GO BEMMT T BRI B EHERRL, A
A XA TR Y ERER, KEGC BEMSHT AH
I 240 L P 7 A e 2 SRR, AR T I AR A R RN 40 R
Mo FEERERKER, HREH, LPEXTIFER MC-LR
YT IT , 40 G R HEAE 7 R A AR 43, o 40 Bk B A
YEFIZEHEAN MC-LR XHAMAM ZE SR P R E T EEIEM,

VT EEAESR , WATE A I S IR KK B0 E B SR
FEE, T B K AR B R WA TE TP K A
HEYIE R T fEE . A BORLR U, 7E FLGN I X AR
( Litopenaeus vannamei ) 3558 1t Y& o, 4 4% i 3E 3
( Microcystis aeruginosa ) % W5 BT B EFh 5 W 9R
R TEAEIR , X M & s o 2 ke 3 38 A
RIS s I ZEAE ™ wh , SR A b 5 B R R,
BREWKE, SBOUFRFERERHKIET
5% T AR BB v 1 52 IR SR BT ( Procambarus
clarkii) . FL4R 5 WF A1 % EC VR WF ( Macrobrachium
rosenbergii) SR A7 2R 1 2 FEAIG, SD WL €5 I i
MEEHA B B AR LS Y, BRTESEIN N, G
FEFERE ™ A 2 AU FEBERE R (microcystin, MC)
Ho i W, & B iom S iR 2 MC-
LR BIFHR , XFEFR N Z KA S 2L 3h
WREE AR EF L BISCEAC Y . R, M5

RS HEA: 2014-04-27 {EE HH3: 2014-11-03

HARARA: BdHRMBERTEXN
FUREXT AR R PR R, T R e
20 LY X R4 R 2R 2 W Y
. RHRIKEW T 7570 5k
HRFT LY Do} WF % T Al 20 7 2 25
oy 098 2 I A SR R S A FR PR,
I G 2 1 £ B A R LR I X R
KMERNER,

KR FLPENIF; MBEETE;
R4 ARG

hESES: So17

RS : A

PHR W] FBAFIET? JIFR M RIE RS
N BRREE? BT E D,

R HAB TG HESh W) —HF , —MIA N R 2 3h )
BRZFFERIE RS, T 58 2RBAE R R RE R
SR R AR R G o W UF I S RS 4
240 D B 5 AR VR B e o 4 M 0 03 A 46 I
R A AR BT L R AR R B
75 5 PR B % S I T B I 2 o ) — S il
ES QN R A N R ] S I
AT (AT Ik BER R I IR SF) DL A
B T AL B RS RS,

A SCE X FL A I R R R AT 0 5 v S T g
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MRBE AR R T, ST B R KX IR
FEPEALEE , LAY g S B X Ak e I L A5 12 1
RESERKIE

U RPR

1.1 SEe#H

JLGREET HF I B b ¥ T I s 3BT 3 oty A B K
PRt R T . MR CFEAE D 15 ¢ /2
G R URVE S 3256 A, 5250 R 76 3256 = K
TEAFRFH R Ge N BT IR , o A& B & N FRFE AR o

MBEBEFER MC-LR W B EM(CFH) ROE
FRAF A - 1, PBS ¥
1.2 ZBAHZE
1.2.1  JEFMUFEBER RN RN E

BOFHRTE N 15 g B FLATEXTER 738 4 4,
B2 20 B, $c UF A 1A 430 1 R & 50 g/
kg.100 pg/kg H1 200 wg/ ke (4T SR 45 MC-
LR &) PBS ¥ f# () MC-LR, X} B8 41 73 &t PBS
(NaCl 8 g,Na,HPO,2.9 g,KCl10.2 g,KH,P0, 0.2
g; ZRI/KEZ % 1000 mL) , 5§58 0.01 mL/g
0L RS MBS R AL, K BIRRBE T AMA
(AMHEEAS 3 8 BB T-hnfE) , i85 6 h 12 h,
24 h.48 h FXTEFALTE BE. LWEHR 3 K, %L
Wit KIRAEHIZE(26 £1) C,EhEH 10, F
AN —IE T T ISE 4, MC-LR F PBS %
il , I 1% I LLAMFE R 7] o LA 24 h FET- 3R Ry —
) MC-LR Y& BE 1 Jhy e 4 v VR BE , B Je i
100 weg/kg A7 MC-LR X FLANEERT R ) 7 5 50 & o
1.2.2 TAREBEFR TS

HRAE T SE 56 )~ BE I & 100 pg/kg 1 55 %F
R, S A5 A L, 20 o SE 5 2 ( BP iE 4 MC-LR
H)FIXIRA, K3 NELE. BIER 30 B

¥R, 7E 24 h N BAEE & 6 BUF, B4 5%
I 2 A FRZH &5 18 2, B IR B A0 I b B, 1f
WRELZE 800 r/min 2.0 WA I 40 L, W R AR A7 45
o
1.2.3 RNA BRI

& RNA ##i #2 Ff A§ TRIzol 2y RNAiso Plus
(TaKaRa) . HiF I 4 HEA 5 BF B , ZEHIA TRIzol
)& 5 FRlERTE % MS1(IKA)2 500 r/min &
3 ~5 min, REHTHBIED R 1k, HRBAE
R U AT . MRS RIS RNA /4
1% B b E IS B, UK 47 T B A 36, 201 Bk S A
¥ ) RNA #£ 5. * FJ Illumina Truseq RNA
sample prep Kit J5 544 2 S .
1.2.4  FRIEWFF K 534t

% Tlumina Hiseq M5V & (_E#gERE £
BE 2R PR R ) 58 BN T 0 W Y 2R 3K 7 T
F# ,#5# Tlumina PE 3 (200 bp) #47 2 x 100
bp ¥ (EST) , #1 50 bp Buiill ¥ (KX i) , %
AT R 7 B BT B R AR, R R RIS
BFFB AR AT T

2 FRS0H

2.1 ERRZERSW
HRBHIEFNEZFREAGREZBESTA L
EMEE ST L, R W R M BEE
ZEREA 5 R R A AR R RS X4
RIATTE BRI, 5T MC-LR J5 [ 4 ff H 3%
EVEREE A 1M/ 2 B ( thrombospondin )
AR B(cyelin B)2 FhEE , BT ARAEA
) B 4 1L 8 J ( prophenoloxidase ) | [ 2 H B
(trypsin) % C AU%EEEE E ( C-type lectin) 25 10 Fh3k
HEATEZEEREGRLE2),

F1 E5 MC-LR GRMREMFMAMESPEE ERBER
Tab.1 The significantly up-regulated genes in hemocyte of microcystin injected shrimps

HERLF  ERBEERRE P1E T ZESkmEN HH R
gene name significance level P-value up or down significant difference gene annotation
compl4048_cO 9.73E-09 3.94E05 T B thrombospondin, partial
[ Penaeus monodon |
compl4170_c0 6.02E-09 3.25E05 iR B cyclin B

[ Litopenaeus vannamei]
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F2 E5 MC-LR GRAMREUFAREPEE FAHER
Tab.2 The significantly up-regulated genes in hepatopancreas of microcystin injected shrimp

HERL ERBEERRE PfE IR E5BEN TR
gene name significance level P-value up or down significant difference gene annotation
compI2917_c0 4.82E07 0. 000975 3 [T E _ hemocyanin
[ Litopenaeus vannamei]
compl3363_c0 1.20E-07 0.000404 T B beta-1,3-glucan-binding protein
[ Fenneropenaeus chinensis |
\ GHS family protein GHSA
compl4051_c0 1.16E-05 0.008116 A e [ Limnoria quadripunctata
compl4659_c0 9.20E-07 0.001384 38 BE cellulase GHF9
[ Cherax quadricarinatus]
compl4713_c0 7.34E05 0.025159 i B¥ cytochrome P450 CYP379AL
[ Carcinus maenas ]
compl4826_c0 9. 77E-06 0.007804 I B hematopoietic prostaglandin D synthase
- : : [ Penaeus monodon ]
compl 5007 _c0 1.10E-05 0.008116 LA B prophenoloxidase b
[ Marsupenaeus japonicus |
comp3132_c0 2.98E-07 0. 00086 3 [T E typsin
[ Acetes chinensis ]
\ collagenolytic serine protease
comp6230_c0 6.33E-06 0. 005568 | BF [ Fenneropenaeus chinensis]
comp9703_c0 2.54E-06 0.002567 iR B Cetype lectin

[ Penaeus monodon ]

2.2 BEUERESW
2.2.1 Gene Ontology (GO) g &4 &£ /T

XF P4 A ) 22 S B A #E AT Gene
Ontology (GO) ThRE .3 ¥ & 4 43 #r , JF 4120 i ik
5 40 SRR G Y GO ThBEERE (3R 3) o FEIML
HMHrEA e GO WEMEERRKILA 39 1,4
¥ 2 B kS B (cell adhesion ) | 40 g & 155 ( cell
killing) Kz 40 B KL Bt 20 7 45 & 9 (cell adhesion
molecule binding ) FJFR X4, IESE T 7E FLANEXT KF
XF4T MC-LR B i o2 ot 72 vh 4 B w2 21 7

HEEM. EFBRIREEAL S GO BEMEERRK
IR 40 A, (B3 B KB40 M e BEFH 2K 1Y
GO BEZERMERIK. RMANDEE R K
BEHBREAE K GO B3 P2 73Rk, BB E
T S e B B 5 LA T X AR AR A AR 18 HE
B TO PR A ST o 0 8 B R AL A X A A
FHEZAE, TREIER XA B8 4 KRBk
TR I BESOR AR = B B g B, IF BE
I ACH A T R HE A

3 EH MC-LR GRARFMAMPAREREAXZZERN GO 2%

Tab.3 Gene ontology of cellular immunity related differentially expressed genes

in hemocyte of microcystin injected shrimp

N GO {5 8.7 B¥p Bonferroni % IF
GO 35 T o
G AReiAR HERIIE  RGRIER P i Pt — VKR
serial function L .
o GO ratio in the P_uncorrected P value after annotation
number description . .
target genes Bonferroni correction
GO: 0007155 g0 i 7/212 7.69E-07 0.000 722 7k Sur
GO: 0001906 ) BN 2/212 0.000 704 0.661 X =3vy o
GO: 0050839 HRE O FEEY 2/212 0.000 981 0.921 S FIfE

1 :ratio in target genes 1% GO {5 B /E HARIEH (22573 M ) b A I LA, - F A B E] GO 2 A FBR , /B A L 2 S 1Y

BEH s P<0.05 B EEM,

Note: Ratio in target genes indicates the ratio of GO enriched genes in the target genes( differentially expressed genes). The numerator in the
fraction means GO enriched genes, and the denominator is the total number of differentially expressed genes. P < 0. 05 indicates statstically

significance.

http: //www. shhydxxb. com



2 f—ng & B R MC-LR X FLAYEE T IR 40 g S B A 56 3 R e 1k K S O B2 i) 199

2.2.2 Kyoto Encyclopedia of Genes and Genomes
(KEGG) BEMEE LT

LB T PR AS i 2k R 3R 3K 22 53 19 KEGG
1 %, FFA0 2 0 0 H 5 A I AR BEAE SR A KEGG 3@
B(R4,KS5) . TEMA AT BRIRAEA A 22
SRIXI KEGG @ ER /M 1A 130 F1 174 4>, 7EGE
T4 40 MR ORT BB AR R RS A TE B MR K

( phagosome ) | #f] g & T= ( apoptosis ) . N & 1E F
(‘endocytosis ) F1 ZH il K4 Fff 4 7 (cell adhesion
molecules , CAMs ) 5 5 41 iy S 55 AH o€ 138 B, ik —
HAESE T 76 FLANEE ST HRXF 5 MC-LR B4 i) ey
T R R 2 i O R A B R T AR R B T AR
o

F4 E5 MC-LR J5 405 % 4R 00 20 A oh 40 A 52 5 46 X B i 2 R EF H) KEGG & B
Tab.4 KEGG pathway of cellular immunity related differentially expressed genes

in hemocyte of microcystin injected shrimp

Wk ARG YR e R b RIEIE KIEG
KEGG 3 % 4 Fk KEGG @ % ID  number of differentially S BE ) P fH 1 P A
KEGG pathway name KEGG pathway ID expressed genes in total number of uncorrected corrected
the pathway genes in the pathway P-value P-value
7 WEAK phagosome ko04145 7 105 0.001815 0.230017
% Ny y
BAMIAIATANEE ko04650 1 41 0.49701  0.795 613
natural killer cell mediated cytotoxicity
21 MUK P43 F cell adhesion molecule ko04514 1 55 0.602 403  0.795 613
ZHIJHT= cell apoptosis ko04210 1 62 0.646 537  0.816 487
PN AVEF endocytosis ko04144 3 202 0.655219  0.816 487
21 JE 3 cell cyclin ko04110 1 118 0.862 41 0.906 998
A lysosome ko04142 1 176 0.948 433 0.958 417
x5 AMRIMEHBERESRFREES KEGGC BRERRIALERPSAMEREXIS
Tab.5 Cellular immunity related KEGG pathways with significant difference in expression
in hepatopancreas of microcystin injected shrimp
W SAEREGE YRR RKIE KIEG
KEGG @& 4 R KEGG i@ ID  number of differentially BERABE i P H I P E
KEGG pathway name  KEGG pathway ID expressed genesin total number of uncorrected corrected
the pathway genes in the pathway P-value P-value
YL T cell apoptosis ko04210 62 0.625 71 0.911 749
PB4 E endocytosis ko04144 3 202 0.969 478 0.991 133
FF WA phagosome ko04145 1 105 0.973 512 0.991 133
20 JE 3 cell cyclin ko04110 1 118 0.983 137 0.991 133
12
3 e FRTEAAG OB A%, BEELEX A
e

X AR 8 B R o 22 47 T DA I A1) 8L
1 , BN A ML B OB 48, T 240 M S 3 S
o7 U603 0 R R 1, F R, A A 45 T R LS
B AL R IMBHERBYS  HIFEE
EEIRBIE ARG M C RIBEE RN R XL b
o By ILEJREE RGP W& A T DR
PEARZSAAAE T I 40 M 9 FORLH , A B R S A
ZHRRBERIE X R L. ENEL 2R XS
578 E 05 R L, A1 1% 3R LA B R (opsonin) , {2
2t M A AR, T R AE 1Y Bl 2 LA B T
EMBERE , = EREYI R, 25 B, e A

RAYHAT IR B B B B B R
K B9 5 18 B2 55— FR 5 ORL A i IR A 4% i
SR AT IR R AR, L B4 AT AR (o I
WREL R B o T AR AR , AT o 13X 2 JE A
TR RPHAFEH LA P Y BIEE S, U
KRR B A i R R R A
AERENFEBEEM, DRSS RY 0 T8
265 ML 40, I 200 PR SR e o e % 9 A W R R K AR
FA, DT A A 346 3 ot 40 0y B g R R o T C
REEER BB PP RN —REER, AR
HERA C BSR4 35 %k A 54 1L 240 5 Mk 5 4 3
SRAMKHIRR . TEXTEFXHT MC-LR iR,
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AV B o A2 L B e VE R B VI BC &, B R TL
BIERGM C BIBEE R B E R KRG IEY
TR AR M T ER R e EEAE
o

A TR S, BRI 40 B S % J T T
VEREXH IR A BRI o BF 9 o8 HE 3h i 40 e
FENLHIA B T T 4015 5 RORG BT Nt R . 4
M sy 2 v R B F AR, AT R, BUB R
AR aEE . AR R BIEXT HRXT 4T
o T R ) e S L e AR v, A WA AR oA
FAAR ST H AR e oM BB MR,

BFAERE— MRS ER TR, 2%
RERGEZH N LM E TR MR
RS ZARGE  TEA MR b AR s A
JG R R AL, B R T EEE, S
BN B k2 B R AR . B
GUEE T — S RO AR A E A 1L
#% Rab GTPases, Ran & [, ADP & ¥ LA F
( ADP ribosylation facror) 4%, TEAS%% 5% 40 i i
VT SRR A, BRI E R E N ERER
3K, (HX AT RR BRI S0 B[R] i SRR i [H] G 5% T 7E
ML 20 Ml GO & £ 7 43 #7 Hh & B 40 B KG B ( cell
adhesion) B E V22 F K35, L KX TE I 40 it KEGG
B EME T R I WK (Phagosome) | A FAE
FH ( Endocytosis ) F1 4 g %G ff 43 T ( cell adhesion
molecules , CAMs) 253 f{ 2 R 3 ik, X S 3L [ 5,
P S AM AR B B R, UL A
VB FATE FLGA T % R X000 2 B 7 3R 1 e P B 25
RSP ES T EEZEM,

A R T — R R AR A A B R AR,
HERALENEREWANE, ERB R, BE,
BRESMEEIBEPHEEEENA
5170 kR & B [ (caspases ) 7E 41 ffd I
&Y B A EE MR, BAE =S4
BRTES RGN EEEAS, B X
Caspase-8 &4\~ 4 Jl I 138 I Fir 5 75 1 3244, T
caspase-3 EL IS caspase FPEE SCBEAE T Y
H L, AR ERY  MBERE RS E S E
PRI R AT IS XIFBEE D R T
HFEBER R (MC-LR ) X 2 JF £ 7 40 B 1 22 R A
JFi, SCGE 1y =X 4 A # AE WL 21 B (. Fr) 40 g
PTG, B 53R B BRI R —E K
. BOE % L H M P H K A5 E BT
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PMETR B G  TRAEIESE ) X6 0 I 9 £
#4171 nM ) MC-LR 203, 7€ 2 h &0 2] B 2 /9
WREAA A -, WANG % 853 T H A2 xt
¥R(M. japonicus) p— 1~ B 240 H U8 1= 2 (I g 2k
A (Pj Caspase) , 4% R 9 5 7 /B YL B Pj Caspase
) mRNA KA B #E B, fEARLKH KEGG I
EWE MR A B2 5 40 B TR T 4 A B
(natural killer cell mediated cytotoxicity ) , ZH g
T= (apoptosis) , 2 fifd J& 3 ( cell cycle) 555 41 i I
TR DA R B B B T 2 Rk, UL 40 i
P LR MR XS U B B R L R b R 4%
TREER

A SCHIZEE S MC-LR J5 FLANEXT IR K A 5
2 B SR B A R R R () SRR TG AT 0T, 5 SRR W
et AR, Xof MR 240 B S 8 AR 1) A 400 B s B 4
PRSI S] T EZAEM. X0 LS E TR A
DR TCH HESh Wy 3t B R 9 e R RS 7 741
HSRHE T H B

B2 30k
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The toxicity impact of microcystin on expression of cellular immune-related
genes in Litopenaeus vannamei

FU Yiming', LI Zhi', LIU Fengsong’, LIU Liping'
(1. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Ministry of Education, Shanghai Ocean
University ,Shanghai 201306, China; 2 . College of Life Science, Hebei University ,Baoding 071002 ,Hebei,China)

Abstract; In this article, Litopenaeus vannamei were challenged by microcystin-LR through injection. Shrimp
hepatopancreas and blood samples were taken to analyze the transcriptome data using Illumina Hiseq 2500.
The expression profiles were analyzed by differential expression analysis and enrichment analysis. The results
showed that prophenoloxidase, trypsin, C-type lectin and other genes were significantly differentially
expressed. In GO enrichment analysis, we found that cell adhesion, cell killing and cell adhesion molecule
binding were differentially expressed. In blood KEEG enrichment analysis, we found phagosome, apoptosis,
endocytosis and cell adhesion molecules ( CAMs) and other passways were significantly differentially
expressed. Those results suggested that when L. vannamei was challenged by MC-LR, they would take a
positive immune response to resist the infection, and cellular immune response was one of the crucial part.
Phagocytosis and cell adhesion play important roles against the toxicity of MC-LR in the immune response.

Key words: L. vannamei; microcystin; transcriptome; cellular immune response
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