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ALK, HRAS, HEHRE, IA#Es
% F, B #, HKE’
(1 g IYE R 2K =24 Bx, TR # %  453007;
2. P UMV KSRl e 5 TRES0E, YL /KAEFR YR EESLRE, T B 210046)

FEE: b T ARG 28 xR otk B 4B B B - F LA, 523638 33 {# F Nova
Seq 6000 | F 4 A, T 1%4% 4 (1.5£0.5) mg/L 2 %} B 41 (6.040.5) mg/L 4+ 5| 4 72 24 h &
By AR R AT A R A KR, Bk, N FEE RS ERTHE. &
BRI S, A kAFH 128614 N iE g A Fn 128 614 4L H, FHKEH 2 634 bp (N50),
Q30>92%, ok, 12/ hEME, £HEH 1687 N£2REALH, P FEAELE
899 4, TIAZE 788 4. GO F1 KEGG 4 & I, RA M Xt A% 8 i f iy =
MG HEEMRA. ECM-ZRHEEHER. AREE. RAT. BEAtBERRAURH
MEFEHEREBAEFTETEER W, &E, BMAEETAREFE 10 N2 H #4728
Kot 8 PCR(QRT-PCR) B, 4R TR GHFARBEOAE—F, HPatE6 MEAmER: ¥
S F . R BEA N B EE. B LEE 3 B . 85 H B X % 8% 2. PDGF/VEGF #
XBEF 1 forelish; 4 NTHEMERE: THEEEEAT. "KTEE 90, LAk ATP &
R o I RA BB AT AFEWS B AT A4S bk B AR R R xR A
HE S FAH, B RS RNT A E R AT b A xR A B Ay & B AL e
A FIF RS

TEEA: P AEREE, makE i KA, HRAON

FEFHES:Q786; S917.4 SCERFRER: A

AR (Eriocheir sinensis) 1 FRTEE, H JREAGEE, WHIHIER . RERGIR . FEIE

WRIEEESE . EIRFE, RIREEENRKETIR
FHAh AR Z — o [HR T EEAER, BEAE IR A AL LA L
Fr O AN BTG T, v AR S SR A i i
ARG R R E DR T R
SRR, TR, A (DO) B S %
KRB R E SR B R AR BT AE).
o SR AR 2 PP N, SRR e,
XF 7K 7 FRBE R W B R B A 22— B H i
Ak, EUESEAR A AT LSS 7K 7= SR E sh W)t ok
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RGEFLAF,

R, KA 52T LRI Fh AN [6)
F18) 17 2 2K IR X6 AR 1] A AR S JBIR 3 oy ke AN A 5
WL H % (Scylla paramamosain) W LI i B 1%
MM AEA, 3RS B Ry K
T i B SRR AT RIS T ER R R IR (Procam-
barus clarkii) FIE-38 8% (Carcinus maenas) 1 T %}
IR BT, AT DU AL 30 55 S i v A M Oy AT
g, VARRIRBLE Ak faF, H2, g
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KB H A AR R IR B 2, W SEsh i i 2k
PR . s RGERR 2 B E RGN
AR B T2 5 32 B0 I 1) JER gy, e 283 ™ H
st T E RS, HasY
58 A MO 516 K A 2 BT A0 R s S A 0 g S g
TTT ML 94 T 24 A R e oy o S ) S i A i
70 20 W) 1 1L 94 L 200 AN AN — o e ) i A i
Hh, HEEEWAYEDREANLE, Hik
10179 U8 240 RELA DN Ay 2 oy R A AR 5 4 58— B R e
BN, B 5T IR SR U0 AT DL G % SR LN T X
¥R (Litopenaeus vanname) Ifil. 3k B 20 i 14 1 & A5
DI RS RGP R G, [iAs R i 8125 ) 32 31 J5 )
VBP9 W 7 A O 1 1 =W ) STER AT
[DBTRUE-A1 0 L AR Ry (IR W R SN 7 =
B G v . DL Rt S AL N R BE ) T Hh A ks
L7 T 200 L 8 e e A 41, (B v R 0 2 T i Ak
EEL 20 1 X AR AR 38 B B AL AN TS AE

H i & A 2007 N AR e 5 494
R Z A EAERSCRBIE T, Xiu 5 58 1
Xt B AR B (Macrobrachium nipponense) F.A>Fk K
PARTEE 1 70 IRFSE, R BZIEAE H ASVE R
X PR3 it B A AR LA R D e e aok A vh B AR
o Xu 88U 38 i il s P b, 120 T L
R YK I R X R M A A AL T Sk 4
B e i e 3 g — A, el T A R AT
T AR R R SRR AN, BTz I B EA AR
HONRAAIRZ IR . i F 50 IR 2 1] ¢ &
AT R, S T — RS h AR R I
I U 240 B RTAEG S N B =z ) A A EAE I OG &, e
r R B TR 10 I L 200 7 X I AR 8 S AL
A 5Y i 15 {3 F Nova Seq 6000 M4 A, 4351146
W7 e G IR A (1.5+0.5) mg/L A AR 20
(6.0+£0.5) mg/L 7EALFH 24 hJi5 Y I 4k T 40 i fi4 2 3%
HEARAR, KR FA Yo B B 5 58
Z: 53| 1 i HE SRR T i 9 U 240 0y %o I AR 3 Y
AR X 25 Ry i Y e R 8 i IR
[ 0 o FHLE, DL R A R R oA T 5E sh
T8 I AU 0 15 7 A BRAIL I AN A3 AL B AR T
EECIUBLINAN /TN

1 MEE A

1.1 SEIGXT&

SCY P ARG R A VTR N LR AH
PRI, (KE (25+5) g, W T SOMEI R IR IH
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I H [DO A (6.0+0.5) mg/L, ¥ FEE K 28 °C], 1JH
&, EBURF T, MR, 1% B
TRIEAT S0 o AL Fr AT FR A ™ s S S B )
RS BN Bl ) S 00 2 A W A, IR IR IR
7By S g A0 B R A 2 51 2 R R BB T

1.2 EESLIWHRMAINT

SJHAL IKA®, FE[E); 1 mL —RHELEE
S (RfEsE, [); —80 °C MMIKIEVKAS (Thermo,
EHE); BRSOl (Eppendorf, 7E[E); HE
1% (Bante821, H1[); »éitE it PCR Y (BIO-RAD,
2£ [# ); NanoDrop™ 2000/2000c Spectrophotomet-
ers (Thermo, 32[®); Nova Seq 6000 =i &l ¢ &
4 (illumina, 35[H); PBS ZZ MK (Solarbio, Jbi();
52 9 6 78 ik 7] £ Hieff® QPCR SYBR” Green
Master Mix(¥ 2%, L1 if§); DEPC/K (PE¥i, oL
F); EBAEE RNA $EHUAR & (RP5611, BioTeke,
JE50).

1.3 REMIBLE

BEBLPKIE 20 H fdFeny rhAe o 2 g 1 T 5
A BRI AE T (80 cmx60 cmx35 cm), A 4H N 7T
AR, BEmA SRR (1.550.5) mg/L, 418
HWHFEE S, MK R A S BT 2.8 mg/L
BI A 4, TR AR 38 DL AR I 9T, A S0 %
(1.5£0.5) mg/L S}y S2u e e SaG i e), il
Vo SRS Bt S RS I A SR B i, AR SR A AR
GBI AL T AR S AR A BT . X R A A )
BEE TR, RIFERES EAERRE
(6.0£0.5) mg/L. 24 h J& 4351 M\ 52 56 2H A1 X} BE 2 B
PLEEE 10 R e gi B BBtk e, s Sc s 4l
FIXFREZH 10 H A B i il bk 2 2 IR 5o —
AFES, BISCIGA 1 AR 1, BE.OERER
IR C A A T A b T 22505, Sde
UG BRLL 43 AT 2 IR RS e 2
1.4 Aoy B A8 ik B 40 A RNA BUIR R
¢DNA 3t

TR AL G B Ik e, S HTEER LUAF L
1: 14, 4°CF, L1000 r/min&.L> 6 min,
BOJEFE LR, EUCET A 1 mL Y 2
W RL (405 RNA $2HGL50 &), il ARG
TP, AR 40 5 RNA RO &0 B 42 i
Hh A o8 B R I I 40 M B RNA;  ff ] Nano-
Drop™ 2000/2000c Spectrophotometers £ il RNA
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SRRV T, [R) A AR HE VK A RNA Y 58 3%
o RIS RNA —3 0 H T diilly, —
#8453 T 5 22 1 28t 5 & PCR(qRT-PCR) 571 o
HL 48 cDNA S % s 0 & B 45, 7E 200 pL /9
RNase-free /08 FECHITR 5 . B RNA 1 pg,
4xgDNA wiper Mix 4 pL, RNase-free ddH,0 fil &
16 uLo ¥ FIRIEATIRS), 42 °C KIRER i E 2
min, BEJG7E BRI P IA 5xHiScript Il gRT
SuperMix 4 pL, BB KITIRS G, R TR
SN R AE PCR A AT s e i : 37 °C, 15
min; 85°C, 5s. G M cDNA # T-20 °C
KRS .

1.5 EHRBABIFEFLIBSHZ

i Fl NovaSeq 6000 R G X cDNA SCJE £ 7
J¥, i LC Sciences 43 H14X GEH) F=4 T KT
100 bp By J5i #5 %% & (raw reads), f#i Jl FASTX-
Toolkit #2F I8 Ji &5 I 57 B 40 DL AR BUAT 35 5448 (clean
reads). HARRG AW S E: OLKR
reads A2k 5 A R ER 00 S0 A 2 46 i AL T
KA R By reads; @QXFRE N LR B T 10%
i1 reads; @R EUA BT WAL reads, HI Q=20
Bl 3L LB /N T 50% B reads; D+ F adapter M i
BB 5 K /N 20 bp BT 5 . SR 5 (# FH Trin-
ity & 4t (http:/trinityrnaseq.sourceforge.net) X 3 15
{18 fe 308 U P A R A T A DR
1.6 HREER

X} Trinity Z S8 PF4% K151 unigenes #4171
Bl A (ORF)FUM , I #E47 BLASTx AR R .
SRIG 9395 NR, Swiss-Prot, Pfam, COG. GO,
KEGG $4fé e EAT e 1B . NR JERE: NR %odls
eI TR TUR S P B e, #5210y p 51 5
Z Wkt , FATBEE BE . Swiss-Prot RS : kAR
()77 5\ AE Swiss-Prot $ 46 2 i B, AT A 3 5
OB R OB 4 I (http:/www.ebi.ac.uk/uniprot/),
Pfam {1 B¢ : Pfam & — 8 2 i 09 8 B K%
B, TR A AR, BT I
http://pfam.xfam.org/. COG i : COG #¥& % K
Ji A% A= 4 4 AR R0 BT TR O 0 1 oy 25 A R
(http://www.ncbi.nlm.nil.gov/COG/), GO {FF: GO
SEH BRI ARG ST L, A A P25
Tt (B) Y 5 P ) 0, o L — 3 FH T4 R A Y
— AN EdEE, FEAE A aFYRe.
Wy 3o RN 240 i 2 B (http://www.geneontology.org/)
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KEGG % : KEGGJ2 #E 47 A= 91 78 N A 23 17
15 W 4% F 5% 1) 5 4 ) T HL (http://www.genome.
jp/kegg/)o
1.7 HREAPEFEAFES W

Sy 7 AV AR IR A8 TS AL SRR R 1 K L 4 i 22
SERIKM LR, {# F Reads Per Kilobase per Mil-
lion mapped reads (RPKM) J7ikitf 725 k0
S Hrid A2 H LA Fold change=1.2 M . &) XF AIr
A IEEFTERAFEAR T FRIRIEOLHAT 22 57 i 3 1
SIHT (P<0.05)™",

1.8 qRT-PCR i

h T B UE R SR B R P, BEAL
P e S AL BUE Y 10 4 3 25 SR L X Ay
qRT-PCR FrHririlt, 46 6 > LR . 5
R 1, W/AEBE A Y BB . BRI 3 B
Wi 1R H i R 98 7% B 2. PDGF/VEGF 1 5¢ A 1 1
il relish ZFE K . 4 N FPHAFER . OB HEE R
7. #URTCE T 90, LRifR ATP A il o K
XA AR EIH . AT 1, BT
PEFE NS N 18S rDNA, H4 3 DEE, i
FH 279 J5 g b 3 B A AR G 38 (P<0.05) ',

2 4

2.1 EREAYE

{8 FH NovaSeq 6000 ~F- 5 X %A 41 (Normoxia_
hemocytes, N_h) Fll {k & 41 (Hypoxia hemocytes,
H_h) Hr A G0 5 A 1 96k 4 20 i 2R 4 vl e )y .
bR T A 3 0 R AG A E A T A S, A S
JiE 2 /15351 4 600 74 clean reads, H.AEAFEM Y
GC &4 50.05%~51.85%, Q30 #RitAid 92%., iE
i Trinity 41236, —J3L435] T 128 614 P, H
SE 4K BE (N50) N 2 634 bp. 4831 3k 15 Y 3t A
COG Zr 11 B UL I 1, 20 2 DR 42 i 45 35 IR 7 91 43
S HEFT NR. Swiss-Prot. Pfam. COG. GO L) K
KEGG 7 B, A5 245 BRIl 64 154 4
(64.77%) . 49 195 4~ (49.67%). 51654 4~ (52.15%).
52 919 4~ (53.43%). 52 865 1~ (53.37%) F1 37 022
A~ (37.38%) (& 2-a), HiHFE NR 4 2 (1) DT fig &
5L ERTIF R A AR 61.30%,
S Ae gl B g B A AR LR 7 8.40%, 14.68%
(1 5 A 55 A PR b H At 1 b A R BE AR AL
(¥ 2-b),
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1 TEEEPCRETASIY

Tab.1 Primer sequences used in this study

EIE/ BN Gk 2]
primers name sequences (5'-3")
Es18S-F TCCAGTTCGCAGCTTCTTCTT
Es18S-R AACATCTAAGGGCATCACAGA

Eslntegrin-p1-F TGCTCGCTGGAACGGGTCA

Eslntegrin-B1-R CGCCAAATCGTCACGACACTG
Eslnnexin-7-F GCCAGGGATACAGATTCGGTA

EsInnexin-7-R TGTCCCACTCGCAGCATAGAA

EsHsp90-3-F GCACAACTCTGCCTTTGTGG
EsHsp90-3-R ACTCCTTCAGTTGCTGGACG
EsPI3K-F GGGACAGAGCAGAACGGATG
EsPI3K-R GCTGATCCGGTACATTGGGT
EsPGAM 2-F GGAAACTCTCTCCGTGGCAT
EsPGAM 2-R GGCCTTACGCACTGTCTCTT
EsAST-F CCGCAATCCTCACCAATCCT
EsAST-R GGGGTCATTCCAGTGAAGCA
EsRelish-Q-F ACAACAGCCGAAGGAGTCAG
EsRelish-Q-R AGACACTCAGCAGCACTCAC
EsSOD3-F GATATGGTCCCTGGCGTTGA
EsSOD3-R GTGCACTGCTCTGAGAGGTC
EsVEGF1-F GACAAACCCTGAACCACACC
EsVEGFI-R AGCGTTGTACCTTGTCTCCA
EsATPa-F CGGTAACGACAAGCTGATCC
EsATPo-R TAATGCCAGGAGCCTTCACA
TEAR S W, 56 825 4™ unigenes # i GO 43

By 3ATIRe g, g 514 ThEE

A (K 3-a), HpAY S 20 4>, 8RS 15 4.
Sy FIIRE 16 1. KEGG HRB4E R ER, 370224
unigenes 15 3| T ILHL TETEJX‘E%*?LE%E‘JQE%
UIRE, FTUAKME S J Qi . st (s A3 |
A E BT difuat /s . HEUR GBS 6 K
7 (I 3-b),

22 ERFTIEDE GO 5 KEGG E& 404

AT A Gl I Ak A AR AR A A TR
B FHLEL, DL 1.2 4% (P<0.05) g BAE 2 B AIK 4A
Jolp3E T Hp AR Gk S T i g £ A i 2 SR SRR I B
FEARE MG 24 h 5, EGHEEESH 1687 255Kk
FEP, Hob FE 3R 899 4, FE K H 788 A4
(F 4), GO BHEMM /R, XLE2EFRIKMIA
FEE P Z RN KEE I &I R T . ARKKET
TEE LW e AR A A TS Bh (18] 5-a), KEGG %k
P PEr, XK 8 T rh A8 SR 88 1k 0 At i 22
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15000t
10 000 -

5000} |
0 I 1 I [ | I I 1. n I I 1
ABCDEFGHI JKLMNOPQSTUVYZ
COG ZhREr 2k
COG function classification
& 1 unigenes & E K57
A.RNA N LAMEM: B. QiR MEJy: C. BeEr™ 4 5
D. Zf A 1 E. BRI IS AR F IREGRRE: G Bk
G WS ARG H. SHEE RS QM L R s AR )
W5, AESmSER: K B3 LER. 8. B2 M. 4
M EEFA IS S N ARES): o MidE B, makias
TN TR AR Q MERMM AR, BRIz, s R
AIHREHER: TAS S ¥ S U 4050 AR BtE . V. Bl
il Y. IRBREE: Z A E 2.
Fig. 1 Distribution of the unigenes length

no. of unigene

FE R H /A

A. RNA processing and modification; B. chromatin structure and dynam-
ics; C. energy production and conversion; D. cell cycle control, cell divi-
sion, chromosome partitioning; E. amino acid transport and metabolism;
F. nucleotide transport and metabolism; G. carbohydrate transport and
metabolism; H. coenzyme transport and metabolism; 1. lipid transport
and metabolism; J. translation, ribosomal structure and biogenesis; K.
transcription; L. replication, recombination and repair; M. cell
wall/membrane/envelope biogenesis; N. cell motility; O. posttransla-
tional modification, protein turnover, chaperones; P. inorganic ion trans-
port and metabolism; Q. secondary metabolites biosynthesis, transport
and catabolism; S. function unknown; T. signal transduction mechan-
isms; U. intracellular trafficking, secretion, and vesicular transport; V.

defense mechanisms; Y. nuclear structure; Z. cytoskeleton.

SRIBHE P E T AR LA 5-b, {145 ECM-
SEARAHEARHT TR B3 % | ﬁﬂ%ﬁi%ﬁﬁi‘ﬁiﬁ
B, LLRP DR R A A R A | WA
BB e MR . RPN H 5% ﬁ%“ﬁlﬁf
AR B

2.3 qRT-PCR BEiES#7

RIS AR 2B T FRIA LN, FEHLIE
PEH A 10 S #EFT QRT-PCR 20 #1 , &5 5 8RR,
JIT A 3 e ] A 8 st 3 (B I8 AN T 98 A9 R 35
5 RNA-seq 745 R —2 (K 6).

TEIRFEFRBE A, ARSI AR S — o UL o
BT, 257K 3R Bl )R] Hp 2 R ok 7
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Swiss-Prot

Pfam

&2
~ 9 64154
m-z
® 5
"s 32077 37 022
* g
0 . >
NR  swiss-prot Pfam COG GO KEGG
types of database
(a)

0, =
1 34%79 ((1045%‘_60 /A))) N ® JUYNEXME L. vannamei
.54% \ © FIEGREE  E. sinensis
411 (0.54%) \ ©® T JEEIT P clarkii

454 (0.60%) \‘ © U2 H Hyalella azteca
465 (0.61%) ® i T8 P trituberculatus
o ® @G & Armadillidium vulgare
721 (0.95%) ® {UNEE S paramamosain
742 (0.97%)
® 1/ill|Z  Apostichopus japonicus
1385 (1.82%) ( [} E.[rjﬁ;%ﬁ Cherax cainii
0 O BETR P. monodon
lfg%él(zgggz)})) 46 759 (6130%) ) %ﬁﬁﬁ%lﬁneae@;apidus
) RS Rk H) kah
2037 (2.67%) BoE lyposmocoma kahamanoa
6 408 (8.40%)

© WIWEEE  Hyas araneus
1307 (1.71%)
@ KERIFNH  Strongylocentrotus purpuratus

HAth  other

(b)
2 unigenes EEFRRAEIT 04T

() FHARPEDD AR R ST T B (b) 2T NR Bl PR b J b, B AR AT ST b T 45 2 A unigenes 7E NR 345 B o i UG S 21
EARFEFAAAIE A, 555 P B AR ek R E A FE 3 46 7€ 2 /) unigenes JiT 5 Lo

Fig.2 Functional annotation analysis of unigenes

(a) Venn diagram of statistics of functional annotation of each database; (b) species category comparison based on the NR database, the number repres-
ents the number of genes similar to different species matched by unigenes in the NR database, and the number in brackets represents the proportion of

these genes in the unigenes identified in this paper.

ORI ) B/ (1R 7, NS ) o N < v NI 1 7 W S S5 - 9 1R, Nl O R A7) BT s
FBE MRS R AR AR T 2, (AERT WA SR AT IT . AR H R e S 40y
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Br, YA MR SR sl (5 S S 5 8] T AR
gt RGN DR O (o= Wiz STER P uN 0 S NNTT] L
Y v A 0 B A i 9 2L 200 6 1 X AR S0 38 79 43 L
il o ARWEFEH, WA ST b £, FE
A Y B IR I 96 B 40 B X IR S 3 24 bR, — 3t
B 1687 NMRHFMFRRAET BEFESZL, Hif
& 899 A~ L i 5E KA 788 AN F I SE A, A X axX
o2 B RIRFL N IAT WG B 2200, Rk sk
EZRRIFENS HR 2N EY R i, fln =%
RGN . BEEEf# . ECM-receptor #H HA/EH . 40 it
BB . AT B A i RS, AR
SR NIR, XSS I El A B AR A rh AR SR
TR 10 9K L A B PR SR G R R4 T EAE A

T ITA A AR A A ROk UL, =R
PEI I —A 2 8 A AR A o] 5B i BE AT
WIRIZE T SE 8 (Y IE Rk 2z e R IE
WABAT I WA, i, NADH & i n]
DIl i 3 A LR IARIE I B8, EITTS 5 ATP &

B EZREE, ZEAN TR ST E N ATP
E P, SRR AR E NS5 TCA TR 1 —
P G AR, A o 4 B A R BB 2 ™ A b R A
AT R, SR A R R K A A Sy —Fh i
R TCA IEALRLIREE, FEMEILIE AR IR 1L N
SRR R P ZEE AT RERIER BT
IREEEIA LR TCA TR SCHERG SN, A RL
X —id frp R BOCEEMEH, WATP &
. 2,4- I WERTEE A B IR AT . FEARHESE R
B, AR R I b A0 AR I M LT
TCA JEH A Z gL N Rk 1 W i, Hop
{45 ZF NADH LA . £~ ATP G . 2,4-
TURTRAEEG A R . IR K A LA SR
M o S 5 o XS EE R A UL, P ARG
Ab TR RS, IR E AT A TCA fEH %3] T
PR, HE AR AL R RE AR ATP &
B AR AZ BN . SR T R PREE AR R A R A

TR T o L A1)
percentage of unigene
0 0.26 0.40 0.53
1 T T
2
3
4 | —
2 g ImeE——
——
- § g = B EY)SFE  biological process
_]Hf 2 9 |m B {2l cellular component
é = 11(1) - B />FIfi&  molecular function
= .2 12
#H®3E
R
.= 1
< 16 |
17 |
18 |
19 |
20 |
)
E 3 e
Q 4 |
% 5 [ —————————
<R Q6 |——
S —
A
§2 1k
= 12
o 13 p
© 14 |
15
1
2
o3| —
R 4 | —
. S5 |
m g G |mm—
RE {=
Mg 9
’7?3 10 |
R
E 14
15
16 . . .
0 8283 16 567 24 850 33133
R Ho /A

no. of unigene
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| 770
2 jm257
i 070
5 |—] 49 BB
2 7 87‘1‘ 140 metabolism
9 2774
11(1) e 3768
6 N s
- b el E L R l T ARAE S A
= o A . .
= 9 i e 457 5 604 genetic information processing
= 16 = 7415 l BB (5 S AL
o o 18 p—029 . environmental information processing
QE'J_T—'_J z 20 2859 il ubuwsd
o % %} +3 104 cellular processes
o o 21 2258
5O 3 —— 5135 4
8 o 2 2245 éﬂ!ﬂ;f:é?ﬁ
028 2068 organismal system
He 3 5 3446
. 31 2638
: %
3 611 g4 106 I
30 704 PR
37 = 1373 5
EL RS - — 4710 human diseases
30 | 4060
pias 79 51
43 |p———— 485, L !

© %QQ\@S@S’@%Q:@S5“&“&“6?@:6“:@(06}@,\69:&:6@
BRI KR/ A
no. of unigene
(b)
[ 3 unigenes HJ GO 1 KEGG 71
(a) H AR S8 1 1ML Vb T2 40 B 7% SR 2 unigenes ) GO 4325 MEALAREM R IR unigene MBS, AAPRHIFR IR GO FI=Fhsr3E, BIAEYIERE. 400
oLl Ry Foife, b, AR L RE, 2 AW R, 3 AR, 4 diEN, S IR RERAE R A, 6. B R,
7.2 EAMER, 8ORENM, 9 EWFM, 10. 41T, 11 ZAMAMNERE, 12, SRR, 13 AR REEE, 14830, 154
KA, 16. 55 LmAHI, 17. QUMM TEAE DG, 18, 44T ARG, 19. BEBEAHDG, 20. TRIEAE: AUMudr o 4E: 1 4upesisr, 2. 40
oy, 3. 40MEE, 4. EAEEY, S 4IRS, o A, 7. MAMXIR, 8. MIAMXIEHE Sy, 9. difd, 10. A TEEW, 11 A,
12, BB, 13, SRMAbE 4y, 14, Rk, 15900 A FIBeERE: 1L44E, 2 MIEME, 3. %igiE, 4. 90 7D, 5 BFA
Wi, 6. g TR, 7. WEEh O AL IR, 8 RESHIAATIENE, 9. PUEALIEME, 10, ZAENE, 1L RREEA, 12 WREEENE, 1358
FitE, 149 T8UE, 150 THHR, 16 Ny TIRNAR . (b) Ho AR 48 25 0% 1L ik 2 4 0 % SR 4 unigenes 1) KEGG I8 BRERE /01T, AR FRAR
7 unigene KR, MR N KEGG (5 5 @825, LXMW, 2. s, 3. 2RAEMEmS R, 4 AR, 5.6
AW, 6. HALE IR, 7. MBI A A AU, 8L A RAE I B AR, 9. EUERRANH, 100 Mh AR P A R, 11 BROK
&R, 12 %58, 1380, 14 ZHIABE, 15 B 0RaRR, 16557, 17. WS, 18. 55 FRMEIER, 19.8%
AUCHE, 20 -1 A%, 21, WARIEE, 22. MR KRIBETS, 23, BIGE, 24. LR, 25 AEEE, 26 W RS, 27. HEtt R4,
28 REE@ERL, 29. W RGE, 30. RIERG, 31 ARG, 2. MEH RS, 33 FIE-Frw A, 34 iR ML 40, 35 MK E, 36. Bl
ST 251k, 37, OMVE B, 38 W REAL YR, 39, MERATMEZN, 40 JBE-MEA, 41 RPEHN, 42 LYY, 43, N WA .
Fig. 3 Analysis of unigenes GO and KEGG

(a) GO classification of unigenes of E. sinensis hemocyte; the x-axis represents the number of unigene; the y-axis represents the three classifications of
GO: biological processes, cellular components, and molecular functions; for biological processes: 1. cellular process, 2. metabolic process, 3. biological
regulation, 4. localization, 5. cellular component organization or biogenesis, 6. response to stimulus, 7. multi-organism process, 8. developmental pro-
cess, 9. biological adhesion, 10. cell killing, 11. multicellular organismal process, 12. reproductive process, 13. immune system process, 14. locomotion;
15. growth, 16. signaling, 17. cell population proliferation, 18. behavior, 19. detoxification, 20. rhythmic process, for cellular components: 1. cell part,
2. membrane part, 3. organelle, 4. protein-containing complex, 5. organelle part, 6. membrane, 7. extracellular region, 8. extracellular region part, 9. cell,
10. supramolecular complex, 11. cell junction, 12. membrane-enclosed lumen, 13. synapse part, 14. synapse, 15. nucleoid, for molecular functions:
1. binding, 2. catalytic activity, 3. transporter activity, 4. molecular function regulator, 5. translation regulator activity, 6. structural molecule activity,
7. molecular transducer activity, 8. transcription regulator activity, 9. antioxidant activity, 10. cargo receptor activity, 11. protein tag, 12. cargo adaptor
activity, 13. toxin activity, 14. molecular carrier activity, 15. protein folding chaperone, 16. small molecule sensor activity. (b) KEGG pathways assign-
ment unigenes of E. sinensis hemocyte. the y-axis represents the KEGG pathway; the x-axis represents the number of unigene; 1. nucleotide metabolism,
2. metabolism of terpenoids and polyketides, 3. glycan biosynthesis and metabolism, 4. lipid metabolism, 5. energy metabolism, 6. metabolism of other
amino acids, 7. metabolism of cofactors and vitamins, 8. xenobiotics biodegradation and metabolism, 9. amino acid metabolism, 10. biosynthesis of other
secondary metabolites, 11. carbohydrate metabolism, 12. transcription, 13. translation, 14.replication and repair, 15. folding, sorting and degradation,
16. signal transduction, 17. membrane transport, 18. signaling molecules and interaction, 19. transport and catabolism, 20. cellular community-euka-
ryotes, 21. cell motility, 22. cell growth and death, 23. development, 24. digestive system, 25. aging, 26. endocrine system, 27. excretory system, 28.
environmental adaptation, 29. sensory system, 30. immune system, 31. nervous system, 32. circulatory system, 33. cancers: specific types, 34. infectious
diseases: bacterial, 35. substance dependence, 36. drug resistance: antineoplastic, 37. cardiovascular diseases, 38. infectious diseases: viral, 39. neurode-

generative diseases, 40. cancers: overview, 41. immune diseases, 42. infectious diseases: parasitic, 43. endocrine and metabolic diseases.
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Fig. 4 Overview of DEGs distribution trends between
the hypoxia (H_h_) and normoxia (N_h_) group
Red scatters indicate up-regulated genes (899), green scatters indicate

down-regulated genes (788) , and gray scatters indicate no genes.
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Fig. 5 Enrichment analysis of different expression genes

(a) relative GO enrichment for DEGs; 1. single-organism carbohydrate catabolic process, 2. glycolytic process, 3. ATP generation from ADP, 4. nucle-
otide phosphorylation, 5. nucleoside diphosphate phosphorylation, 6. ADP metabolic process, 7. ribonucleoside diphosphate metabolic process, 8. purine
nucleoside diphosphate metabolic process, 9. purine ribonucleoside diphosphate metabolic process, 10. oxidoreduction coenzyme metabolic process,
11. nucleoside diphosphate metabolic process, 12. carbohydrate catabolic process, 13. generation of precursor metabolites and energy, 14. nicotinamide
nucleotide metabolic process, 15. pyridine nucleotide metabolic process, 16. pyridine-containing compound metabolic process, 17. phosphorylation;
18. pyruvate metabolic process, 19. serine-type endopeptidase inhibitor activity, 20. growth factor activity. (b) scatterplot of enriched KEGG pathways
for DEGs, 1. ECM-receptor interaction, 2. pentose phosphate pathway, 3. legionellosis, 4. fructose and mannose metabolism, 5. glycolysis / gluconeogen-
esis, 6. RNA transport, 7. cysteine and methionine metabolism, 8. measles, 9. antigen processing and presentation, 10. estrogen signaling pathway, 11. gap
junction, 12. protein processing in endoplasmic reticulum, 13. complement and coagulation cascades, 14. influenza A, 15. spliceosome, 16. prostate can-
cer, 17. fat digestion and absorption, 18. tuberculosis, 19. phagosome, 20. propanoate metabolism. x-axis: the rich factor, the higher the rich factor, the

greater the degree of enrichment; y-axis: GO term and the pathways.
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10 selected genes as determined by
real-time PCR and by RNA-seq
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Fig. 7 A schematic model of the molecular mechanism of E. sinensis hemocytes response to hypoxia stress

Red color represents up-regulated genes, green color represents the down-regulated genes.
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Transcriptome analysis of Eriocheir sinensis hemocytes in
response to hypoxia

HOU Libo', LU Yinyue’, REN Qiulin', KONG Xianghui ',
ZHU Lei', GU Wei’>, MENG Qingguo >
(1. College of Fisheries, Henan Normal University, Xinxiang 453007, China;

2. Jiangsu Key Laboratory for Aquatic Crustacean Diseases, College of Marine Science and Engineering,

Nanjing Normal University, Nanjing 210046, China)

Abstract: To understand the effect of hypoxia on Chinese mitten crab Eriocheir sinensis, the transcriptomic pro-
files of hemocytes in the hypoxia (1.5+0.5) mg/L and the normoxia groups [(6.0+0.5) mg/L of DO] were obtained
using Nova Seq 6000. Firstly, by splicing, annotating and screening the original data, in total, 128 614 transcripts
were obtained with an average length of 2 634 bp. Meanwhile, using a 1.2-fold change (P<0.05) in expression as a
physiologically significant benchmark. A total of 1687 differentially expressed genes were identified, including
899 up-regulated and 788 down-regulated genes. GO and KEGG analysis showed that many processes or path-
ways are involved in the crab against hypoxia stress, such as tricarboxylic acid cycle (TCA cycle), glycolysis,
ECM-receptor interaction, gap junction, cell apoptosis, prophenoloxidase system (proPO), etc. Finally, ten selec-
ted genes from these processes or pathways were verified by qRT-PCR analysis. The results showed 6 up-regu-
lated genes (integrin-B1, extracellular Cu/Zn-superoxide dismutase, phosphoinositide-3 kinase, phosphoglycerate
mutase 2, PDGF/VEGF-related factor 1, and relish) and 4 down-regulated genes (innexin-7, 90 ku heat shock,
mitochondrial ATP synthase subunit o, and aspartate aminotransferase) corresponded with the transcriptome ana-
lysis. This study preliminarily elucidated the molecular mechanism of hemolymph response to short-time hypoxic

stress, and provided some valuable information for the further analysis of the mechanism under hypoxia stress in crabs.
Key words: Eriocheir sinensis; hemocytes; hypoxia; transcriptome
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