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BE A RATFHAENF, I KEME T H R A 8 (Palaemon carincauda) ¥ 2 3 H #y = 57
Fik,3K74% 10.62 Gb & L B 7 #3842 4% 3| 155113 4 4% 5 K #0 118953 4 Unigene. 7 % Unigene
37580 4. ', 33659 4 Unigene 5 Nr & & %4 FE L H B JF; 11275 4 Unigene i % 2| KEGG #
B, FEF 223 MRS, KREAMEFE 1392 £ 27K 5 EH, @4 311 & L EEA 1081
AFTHERE, 784 52 R EEA2 LR, tEE2MANEE. AhEE. EAZGEZIETFIER,
S AEN IR, ERAAEEFARE, RUKRAMEBE T IMRENGREAN—RP| B E, L,
REMAET, WEFFHEHT WHIF) 2 ANT 2 HIFIo fn HIFIS R 8 L3R ; L2 B0l 2, &
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BL(Sun et al, 2018), Hri, LEFEFHT 1 (HIF])Z
WML R E AR S I i S T R S 1, RS2 EA
TR o WA R E IR B WA AL, e
Semenza(1992)7E Hit 40175 5 1 20 A% i 45 42 v % B
S5V Z\EENEY =N . B, HIF1a F1 HIF1B
W S 2 5 UR 2 Bl 4AUIE I 1 S (Terova et al, 2010,
HARAE, 2016), BRART, FLANEXTERGE HIF1a, H il
TRES - 3 - T T I8 S it 0 JHT Mk O Al 1 SR W U . SRR - 1,6-
TR RS i G S, W HIF Lo 8¢ HIF 1o W5
() 10 BR BEL BT T B OO Il R G R TR O S
(Camacho-Jiménez et al, 2018), WH KM T, HIFI ()
FeE VRS e HIF 1o Y€ , HIF 1o WR 5 52 Z2 70
R, H HIFla H%—32 O, WIEM I, HIFIa
BN Kug RN T o F1 B TR R SR
5 DNA JBAI454, HIFLa B C A3 FRA S
AR TS, A 2 Do s 5, 2 4
SERIRT 51 1) Sy B R 4 S ST S AR, i AR
WS 5 A 25 #e) 385 (Oxygen dependent degradation domain,
ODDD), ODDD ¥tiE HIFla WikaEM: . TEH A &0
T, fiT HIFla ODDD P [ Jifi2d iR 5 55 1) 72 Ak T
fEHE HIF Lo BY72 R AL (AR, X RS iE
Mt ZRAEN S b, Il 2 LA (PHDs)
BV FEA L Tz ek, R R R R i
Ko 55— FhEEACTG & HIFT M7, FEHT R
AWK IL R I, SEMIANG] HIF 1o (306 (25
HAE, 2005), sl n] FT A [ 41 2 s A iR
BT HE IR IR ES, K854 P 6E
AR B AL A o A5 3 i s I, e BG4
38 T & BB F MR (Palaemon carincauda) L8 FL[H 1) 22
SRR, AT Ry — 254 s A AR 7 ARG SR8 Y 53 AL
HlfE =%,

1 MRIERE
1.1 SEIHigit

111 IREMEE K5 SCEET, AR AR 1A,
VLIS R S s A EE . BRI, KR 22°C~
24°C . hEHN 29, pH Jy 8.1, AT, BEHLPEE
MR R (3.15+0.26) g A RHYF 60 2, 0k 2 4,

R 3AER, BNKBEFHEOKIAY 50 Lyiss 10 B
HREI, ANTHEGEN 24 h, M7 (HACH) DRI00
W58 S K AR i SR B 7.6 mg/L., SEI TR I,
15 IR AR A N T 3G, KIEAEH 2 mm SR 4
AEEA . BNEZS 3.5 hE, B R AR A R ERIT
RARE; U 4h s, JREROIENEESD, &I H AN+ B K

R, BUET, ARV i SR R (1.13+40.26) mg/L, H
B FURSE AR IORE , MR TIRA 2 . BSc e 22,
ARG 25T, FERUENS 29 10~20 min FET . RHf
PRECE B R RE N, R RN S S ERURE . X RR
HAARFEN TR, RSl B, W Ak N
(7.59£0.66) mg/L, [RIFEHUREALE .

112 AR AKXBRIEEE SCYOHT, AR AR SR
18, BRI L11, FEHLP e E R (2.7740.34) g
IR 120 X, k241, BAE 3 EL, &
A IKIEFEORIRZ) R 100 Lyjitss 20 IR, AT
&R 24 h, WA (HACH) DROOO 75 7K 1A 75 fife 48 vk i
h 7.6 mg/Lo SR TF LRI, ARAME 4145 1k N T34,
AR 2 mm ARG S, #E 0. 10, 20, 40,
120, 240 F1 480 min, MAEAFHFEC 2 HAF, fif ] H
SLP | SR BRAE , YRR R, BURERS [R) AT K AR
fift 48 HE BE 43 ) M (8.05+0.40) . (7.21£0.23) . (6.71+
0.18). (6.10+£0.22). (5.81+0.25). (4.08+0.47)F1(2.03+
0.15) mg/L; XfHRALLAFE N TS, FERIEShIEH

VAR SEUR B M (8.1140.42) mg/L, [AlREHUREZRTE

1.2 #HFXANF

¥ 101 R IRAF AR EU 38 2 RO BE LA & 40 1)
FERA P UM R A, WAL RNA, R
A Oligo (dT) Y HERR &  HAZEY) mRNA, JTA
MR, B mRNA JEATRENLATIG, D) mRNA AR,
S A O EE cDNA 4% . F) i AMPure XP beads #iift,
cDNA, XF4lifbi)s% cDNA ST RSB S . eI
HERE P53k, X5, R AMPure XP beads #£47 H
BER/NESE, feJn, i PCR F4E15%] cDNA 0%,
RIL A A E ARG BRA A#E1T HiSeq2500 1H
WY, WP PE125,

1.3 4EWMERESW

X SR B AT 0, e B R 4 Sk B
Reads, FRA5 g 0T i A0 00 PP 8 o 4 vas Jo a0 80
WA Trinity 3K SEIT SR, R LYW
Unigene JF o H4% 5000 2H R0 R A i o 2 0 ) 4
i 5 20 445 2 1Y Unigene JEHE1T T 81 X R R 3R 56
AT, Tk 2E S RIA AL . ffTH BLAST # 444
Unigene /#5115 NR, Swiss-Prot, GO, COG, KOG
1 KEGG %4#s Lt Xt , 3845 Unigene [ 22 7 A5 A
2 RETE B (5 2 o i ] TransDecoder #K {1 i 17
Unigene & K 25 #4 Tl

14 EIHREENZE

WHRLOF PR 1.1.2 FREEST RNA, RFESEAR
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cDNA. [Fif, &5k 55n E & PCR, 519
B L2 1; M #AE SPSS 11 36478534047, LA P<0.05
ViR 22 5 8 K.

*x1 BREANXHESRAIMFT

Tab.1 Sequences of P. carincauda qQRT-PCR primers
5|#) Primer %1 Sequence (5'~3")
HIFla-F GCTAAAGGTGGGGCAAGTGG
HIFIlo-R TGACGCCTACCTCGTTGGAT
HIFIB-F GTCTCGCTCGCCTTCTACAC
HIFIB-R TGCTCCTTCTGTTCCCAAGC
HIF l0i-F GCCCCTGAACACTATGAGCG
HIFlai-R ~ AGCTGATCAAGCCCAGGGAA
PHDs-F GGGGATGGCCGATGTATCAC
PHDs-R AGGGTTCCGTCTATCCGACC

21 HFRANFHIFEAELE

SE JORT FEFIIG S0 0h 201 20 6 8 PR RE o A 2 s 4
W, A% 10.62 Gb = BT P EE , 45 FF 5 = i
T E AR ik 5] 5.27 Gb, JREHE =30 BIBREERT 5
B E 2 H(Q30)=90.21%(F 2).

N Trinity X o 0 P b AT a3, 75 3
155113 4% A H1 118953 4% Unigene, #3745
Unigene 4 N50 4351124 1940 F1 928 (3 2), JFHI K i
} 200~300 nt ¥ Unigene 125, 5 A1 42.76%;
300~500 nt FJ47 33316 45, i 28.01%; 500~1000 nt £7
19088 %%, 5 16.05%; 1000~2000 nt A5 9112 %%, 5
7.66%;32000 nt LA I/ Unigene A 6569 5%, 15 5.52%.

*2 BRENFHETGAST

Tab.2 Statistics for evaluation of clean sequencing data

Qb7 X1 T 134K L8 e GC & Q30(%)
Treatment Pair-ends reads Base number GC content(%)
X 18 Control 20926999 5270136419 44.29 90.21
R4 P38 Hypoxic stress 21257665 5352900655 44.42 90.35

W Q30: FiE{H =30 BYBIE R S E 4

Note: Q30: Percentage of bases quality score which is greater than or equal to 30

*3 BARGRZT

% 4 Unigene TR %it

Tab.3 Statistics of assembly results Tab.4 Statistics of Unigene annotated
I SN . FB%
nH HeRA Unigene tERRELR Unigene  >300nt  =1000 nt
Items Transcript Annotated databases
200~300 nt 57076(36.80%)  50868(42.76%) COG 12527 9481 4182
300~500 nt 39602(25.53%)  33316(28.01%) GO 13878 10018 3941
500~1000 nt 26081(16.81%)  19088(16.05%) KEGG 11275 8707 3995
1000~2000 nt 15506(10.00%)  9112(7.66%) KOG 24738 18260 8144
>2000 nt 16848(10.86%)  6569(5.52%) Pfam 23791 18817 8903
%X Total number 155113 118953 Swiss-Prot 22344 17618 8421
X Nr 33659 25595 10923
BKJE Total length 135682981 73521294 .
#1F Total 37580 27426 11044
N50 £ J& N50 length 1940 928
FHKE Mean length 874.74 618.07 B RN FTI(Zootermopsis nevadensis) (2787 2%,

2.2 Unigene ThaE £

X1 B F ¥ FUnigene#E 17 DO BEIE B, HEHEBLAST
SHE<10° AIHMMERSHE<10"", 37143758054
RS B W Unigene (F3), H, COGIFE|HEBR
Unigene 1252745, GO 13878%%, KEGG 11275%.

5 Nr 8 AU AT RNE M LR X, A7 33659 4%
FHHF Unigene 5 & HIE A [A]E, 75 Nr 28 £ 2
SRS RE B A (B 1) AT 51 LA B

8%), BlEHIRIETIRFE (Daphnia pulex, 1765), LWk
(Stegodyphus mimosarum, 1169), X B ff(Branchiostoma
floridae, 1046) . #&7% Hi(Saccoglossuskowalevskii, 1019)
LG HH (Strongylocentrotus purpuratus, 965) . IR UL %
(Tribolium castaneum, 871), K FRIRBK B (Acanthamoeba
castellanii, 735) . 4% H(Capitella teleta, 644) . % T34
LW (Lottia gigantea, 605), NLANEXTEF(217). PR
HER(107). FEXSUR (Fenneropenaeus chinensis, 92)Fl
H AR YR (M. nipponense, 79).
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B Zootermopsis nevadensis 2787

B Daphnia pulex 1765

W Stegodyphus mimosarum 1169

¥ Branchiostoma floridae 1046

B Saccoglossus kowalevskii 1019

B Strongylocentrotus purpuratus 965

B Tribolium castaneum 871

B Acanthamoeba castellanii 735
Capitella teleta 644
Lottia gigantea 605

B Litopenaeus vannamei 217

¥ Macrobrachium rosenbergii 107
Fenneropenaeus chinensis 92
Macrobrachium nipponense 79
Other 21558

Bl Nr [REA R A

Fig.1 Homologous species distribution of Nr

11275 4% B HF Unigene WER S| KEGG, 1%
Sy 223 AMRGE R, Hoh, SERBCRHEA T 20 1938
FEANE 2 FroR, BRI PR B e AR N T
RNA ¥z . Bi40K . Wik Semimefl . WEmEfR/
Wit . AIRIR . 2R R UK R AR
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Fig.2 KEGG analysis of Unigene

WRFEP R HEA T 20 429 KEGG 3 B
Top 20 of gene number in KEGG pathway

ARG | B LR R A W) 5 R BRI
W mEREACSE . ATBRIEER A RNA Bt 74k, 18
AR % P SR A A R B G W {5538 B
mTOR 5518 . AWEITY . p53 (558, AL
B HIF-1 {55 10 RS 24 -5 il R AUt

23 ERREEESNT

REE I E R AR ™ 1392 KRB
P, BLHG 311 4 RIRZER R 1081 45 FIRZER . X5
FE IR 22 R Rk B I AT DR T A, LR 784 4%
25, Hr, COG 232 4%, GO 240 4%, KEGG 206
%, KOG 460 4, Pfam 587 45, Swiss-Prot 542 4%,
Nr 742 %%, B 3 JB/R T H R 22 57 R GRS R T A 2L [H
TE GO £ i Uigeh i RIS O, &I 2E SN J 8L
WAEBIPUAAIE M . AR RO AR NI
. ZApAEY R BRI

FIH COG X R iR 22 S Rk LR = Wy it 47 B
RIEWZE, KRG YR . &
il . EARMERE . BB . B R s
1655 4 KEER 2 AP 20 . Hk, THLE
T 508 {55 SN A5 s A,
A B 1 0 O S PR G s B 5= W e |
B ENRE . BOBEIRGS M RI YA R AR Y
VG, AU SR EENERENKE
(K 4),

%I KEGG MM, HREAIFERRE
FE DR 430 T R B A BAL . N L L R B
bR AU, i R RA LIRS 6 Mo, Hr,
B F BAL A0 i PR X 3 KK s
HMR 22 B AR 2 . TR e Qb , 2550
SR KBRS A RN ZE S RENEZ, 758
11 Fl1 10 455 HREGW4) . S LW BHA @) RN
YEH(3); 75k, AL FEE i 2 M 2R i (6) . K&
TR A Z R A (4) . SRR H E R 4) . NETR
RAG RN R @) IR )& 5).

5 CRTHGE AR R R 2 e R IA
KOG 7rRERMEAE 3 A LM 0 AR A
(Amino acid transport and metabolism) ., 5 ZR/KILA )
Ay 3z i FET R AR 34 A (Carbohydrate transport and
metabolism) .2 4% B M AL % A (Defense mechanisms)
2 ZRETR A e AN A L [ (Energy production and
conversion), 7 Z—MIIHETHM LA (General function
prediction only). 6 2k JCAHLE F &% iz AR 5
(Inorganic ion transport and metabolism). 3 &g Fi%%
iz T A8 36 B (Lipid transport and metabolism) .
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W DEG Unigene

Cellular component Molecular function

Bl 3 25 3R GO g0 RS
Fig.3 Annotated statistical map of GO secondary node of differentially expressed genes

Biological process

1387
24
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2

Number of genes

BEARAR S GO = RAMRT 9 0 i, HNARBRFIR TR BT a5 i DR R 5 BT A BB A a3 L,

LU R I S DR O, i (R (AR 22 5 AR B D A T A O

The abscissa is the secondary node under the three categories of GO. The ordinates represent the number of

genes annotated to the node and the percentage of all genes. The red column represents the annotation of
all genes, and the blue column represents the annotation of differentially expressed genes

Cytoskeleton

Nuclear structure
Extracellular structures
Defense mechanisms

Intracellular trafficking, secretion, and vesicular transport

Signal transduction mechanisms
Function unknown
General function prediction only

Secondary metabolites biosynthesis, transport and catabolism

Function class

Inorganic ion transport and metabolism

Posttranslational modification, protein turnover, chaperones

Cell motility

Cell wall/membrane/envelope biogenesis
Replication, recombination and repair
Transcription

Translation, ribosomal structure and biogenesis
Lipid transport and metabolism

Coenzyme transport and metabolism
Carbohydrate transport and metabolism
Nucleotide transport and metabolism

Amino acid transport and metabolism

Cell cycle control, cell division, chromosome partitioning
Energy production and conversion

Chromatin structure and dynamics

RNA processing and modification

K4 22RFahHEH COG TR
Fig.4 Classification of COG annotations for differentially expressed genes

REALAR A COG £ 7JNEE, YA R KL H

The abscissa is the classification content of COG, and the ordinate is the number of genes
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Jak-STAT signaling pathway [N >
Notch signaling pathway [l 1

VEGF signaling pathway [N 2
Neuroactive ligand-receptor interaction NN 3
Pathways in cancer [N 3

Proteasome ] )

Protein processing in endoplasmic reticulum ] 2

RNA degradation | 2
SNARE interactions in vesicular transport ] 2

Environmental Information Processing

Human Diseases

Ubiquitin mediated proteolysis |

Homologous recombination ] 4
Mismatchrepair | 2
Nucleotide excisionrepair | 2
Basal transcription factors ] 5
RNA polymerase ]| |
Spliccosome | 3

RNA transport

Ribosome 1 5
mRNA surveillance pathway [ ] 4
Alanine, aspartate and glutamate metabolism [N 4
Arginine and proline metabolism NG 4
Amino sugar and nucleotide sugar metabolism [N 3
Fructose and mannose metabolism NI 4
Glycolysis / Gluconeogenesis [N 6
Glyoxylate and dicarboxylate metabolism [N 2
Inositol phosphate metabolism [N 2
Pentose phosphate pathway [ 2
Nitrogen metabolism [N 3
Other glycan degradation [l 1
Other types of O-glycan biosynthesis [N 2
Arachidonic acid metabolism [N 3
Glycerophospholipid metabolism [l 1
Sphingolipid metabolism [N 2
One carbon pool by folatc [N 2
Insect hormone biosynthesis [N
Terpenoid backbone biosynthesis [l 1
Purine metabolism [N
Pyrimidine metabolism [N 2
Celleydle 1 3
Oocytemeiosis[_____ ] 2
p53 signaling pathway [ | 2
Adherens junction ] 2
Endocytosis ] 3

Genetic Information Processing

Metabolism

Cellular Processes

Lysosome

Peroxisome 4

Phagosome 4
Regulation of autophagy 2
Dorso-ventral axis formation [ 2
Melanogenesis [N 2

Organismal Systems

Progesterone-mediated oocyte maturation [ 11 ) |

0% 5%

A s

10%
Annotated Genes

15% 20%

PR FKEN KEGG 432k

Fig.5 KEGG classification map of differentially expressed genes
A bR KEGG A8 B0 24 Pk, 80 AL bR g TR 21120308 B 1) e PR A R A8y i e b 8 i DR A B L A

The ordinate is the name of KEGG metabolic pathway. The abscissa is the number of genes annotated to the pathway and the
proportion of the number of genes annotated to the total number of genes annotated

9 ARWHEIR B . A F TR R R A R AR 2R I

(Posttranslational modification, protein turnover,
chaperones)., 1 45 il . H 4 &2 FLH (Replication,
recombination and repair). 2 2RI A E
B3z A i A 3 [ (Secondary metabolites
biosynthesis, transport and catabolism). 7 &5 55
HILHiFEH (Signal transduction mechanisms) ., 1 2&%% ¢ 5k
PHl(Transcription)#1 1 4% B OB S5 K F1 4= Py 2 5
FL[H (Translation, ribosomal structure and biogenesis).

log,FC B {H e KA Hy 22 % R /5 A FR 4K 1 I (Serine/

threonine protein kinase), A 4.98; HJE DNA 45Hid
&5 5 H (DNA mismatch repair protein), & 3.38,

log, FC FUH /N M SUEE Il 1 (Cathepsin 1), 4
-6.89; HKJEWYIJLT i i (Endochitinase), —6.58,

24 REMEN HIF1ESERERRENFMN

ARG, HIFI UM 27 HAH 4 4,
HIFla 1 HIF1p SRR FIE, 1 HIF1a
FI(HIF 1oi)Fl PHDs ik N o LS4 F 3
B EEA HIFT A5 S F 4 HIF1o N 3Ri85Z PI3K .
mTOR F MARK %55 53 % 5 5 F -1 5% i (1] 6)
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Tab.5 Part of differentially expressed gene
Xf R iR 38 4
KQG ﬁ:}%@(ﬁ% ' Unigene FPKM A FPKM 18 log,FC
KOG classification annotation Control Hypoxic stress
FPKM FPKM
FALWR 11z i AR 1 S A T LIRS T 16.60 65.77 2.13
Amino acid transport and metabolism  Prophenoloxidase activating enzyme
FFIRFE AR Amino acid transporter 15.38 1.40 -3.27
R @B S WU Glutamine synthetase 3.77 0 —-6.04
WAL A Y 432 S F0 307 A 3 MR Adenosine kinase 1.84 0 -4.12
Carbohydrate transport and metabolism i g H- i % 1 il 1 1.21 0 —4.12
Phosphoglycerate kinase 1
B A 1 Glycogenin 1 8.96 0.28 —4.64
1,6- T R S Bl A R il 5.22 0.08 -5.06
Fructose 1,6-bisphosphate aldolase
i 3 B 1.95 0 -5.13
Glyceraldehyde 3 phosphate dehydrogenase
B fEIHL ] Defense mechanisms 22 R A A D R 37.19 2.97 -3.46
Serine proteinase inhibitor
2 F R AT Serine protease 42.28 2.65 -3.84
REVRAE F= i 4k B E AL 1 Hydroxyacid oxidase 1 0.90 0 -4.28
Energy production and conversion SERLER I Z( B Malate dehydrogenase 1.90 0 -4.56
— I RE T PEMEBRR RO R 2 A 5.53 0.80 -2.58
General function prediction only Gonadotropin releasing hormone receptor
Bt E ALY EE Chorion peroxidase 17.91 2.01 -2.98
PEFEHE A Zinc finger protein 2.76 0.25 -3.18
2K Neuropeptide 1.97 0.17 -3.20
B IG N Translation initiation factor 3.90 0 -5.53
JUT BRI H  Chitin recognition protein 11.77 0 -6.08
WL T i Endochitinase 20.70 0.10 -6.58
TeHLES T4t 15 FFC i BEEE{R Zine transporter 1.99 0.27 -2.49
Inorganic ion transport and metabolism 445 S v 4 J8 K 76 1 21.23 0.5 -4.97
Copper specific metallothionein
#1148 Copper chaperone 4.88 0 —4.99
THLE 75 iz ARG it A LB Catalase 1.77 0 546
Inorganic ion transport and metabolism  Fi R i fifi 1 Carbonic anhydrase 1 11.61 0.14 -5.75
4 JRHLEH Metallothionein 9.54 0 -6.32
g 5 B 32 FIHT AR g iR A Fatty acid synthase 17.14 6.66 -1.22
Lipid transport and metabolism WIS BEIR — HEnE 1.71 0.11 -3.65
Sphingomyelin phosphodiesterase
JURE 3 B2 A5 T 1.40 0 -5.13
Inositol 3 phosphate synthase
B . BT E R RE R LSS | Peroxidase 1 0 1.36 4.24
ER R T 1 20 Heat shock protein 20 5.93 0.38 -3.34
Posttranslational modification, protein g2 4 £ % [ 2 Thioredoxin 2 1.63 0 —4.12
turnover, chaperones S S AL 553 0.08 500
Glutathione peroxidase
AR EH B Cysteine proteinase 1.81 0 -5.43
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&R 5
Xf B 2H iR e 4
i
KOG stk Unigene FPKM f{H FPKMH o4 pC
KOG classification annotatation Control Hypoxic stress
FPKM FPKM
R AR MEAN A 15.38 0.22 -5.63
115 Protease regulatory subunit
Posttranslational modification, protein 25 e+ ik S 47 i 4.43 0 -5.92
turnover, chaperones Glutathione S transferase
21 415 H i 1 Cathepsin 1 46.67 0.30 —6.89
R =BERRNE ATPase 6.84 0 ~7.23
2. EHMBE DNA $5HCE S 8 1 2.39 23.72 3.38
Replication, recombination and repair DNA mismatch repair protein
AR A G N, By WLZAEER SRS Sorbitol dehydrogenase 2.38 0 —4.21
A Wi T NADP BBk S AL 12.52 0.27 —4.88
Secondary metabolites biosynthesis,  NADP dependent alcohol hydrogenase
transport and catabolism
&5 i AL 22 8 BRI A IR E G 0.11 5.97 4.98
Signal transduction mechanisms Serine/threonine protein kinase
CEHAEESETHTF 2.52 6.72 1.54
Regulator of G protein signaling
1518 R 3Z 1k B Scavenger receptor class B 53.43 5.47 -3.13
P AR Vitellogenin 50.02 3.23 -3.79
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Transcriptome Analysis of Palaemon carincauda Subjected to Hypoxic Stress

CAO Mei', WANG Xingqiang'”, QIN Chuanxin’?, SHEN Ye', ZHANG Ziyang', QIAN Shiyue'

(1. College of Marine Science and Fisheries, Jiangsu Ocean University, Lianyungang 222005;
2. Guangdong Provincial Key Laboratory of Fishery Ecology and Environment;
South China Sea Fisheries Research Institute, Chinese Academy of Fisheries Sciences, Guangzhou 510300)

Abstract A rapid reduction in the dissolved oxygen concentration of water is an important factor
contributing to disease in shrimps. In this study, we examined differential gene expression in the shrimp
Palaemon carincauda under conditions of hypoxic stress. We obtained 10.62 Gb of high-quality
sequencing data, from which 155113 transcripts and 118953 unigenes were assembled. Among the
unigenes, 37580 were annotated and 33659 were found to be homologous to genes in the Nr protein
database. We also annotated 11275 unigenes using the KEGG database, which were further classified into
223 metabolic pathways. We detected 1392 genes that were differentially expressed in shrimps exposed to
hypoxic stress, among which 311 and 1081 were up- and down-regulated, respectively, and 784 were
annotated. The enrichment of differentially expressed genes in antioxidant activity, cell connection,
protein-binding transcription factor activity, multicellular biological processes, replication, and
reproductive processes indicated that exposure to hypoxia activated a series of physiological responses in
shrimps associated with adaptation to low levels of dissolved oxygen. Among the genes up-regulated
under hypoxic stress was hypoxic induction factor 1 (HIF'1), which is comprised the two subunits HIF/a
and HIF1p. RT-PCR analysis revealed that during the latter stages of hypoxic stress, there was a notable
up-regulated expression of HIFlo and HIFIf in the hepatopancreas and gills of P. carincauda. These
observations indicated that P. carincauda cells induced hypoxic induction factor production in a hypoxic
environment, thereby inducing an increase in blood oxygen supply. We also detected an enrichment of
differentially expressed genes in the glycolysis/glucose generation pathway, arginine and proline
metabolism, and pyruvate metabolism in response to hypoxic stress, which indicated an upregulation of
anaerobic metabolic processes such as glycolysis, and increased metabolism of certain carbohydrates and
amino acids. In addition, we detected numerous differentially expressed genes associated with the
pathways involving lysozymes, phagocytosis, peroxisomes, and endocytosis in P. carincauda exposed to
hypoxia, thereby indicating that HIFs might reduce mitochondrial oxygen consumption by inhibiting
mitochondrial biosynthesis and activating mitochondrial autophagy.
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