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Tab.1 Adaptor and primer sequences used in SSH

514 PR

primer name

FEA(5'-3")

sequence(5'-3")

c¢DNA synthesis primer
Adaptor 1

Adaptor 2R

PCR primer 1

Nested PCR Primerl
Nested PCR Primer2R
p-actin F1

p-actin R1

TTTTGTACAAGCTT;N;N
CTAATACGACTCACTATAGGGCTCGAGCGGCCGCCCGGGCAGGT
CTAATACGACTCACTAT AGGGCAGCGTGGTCGCGGCCGAGGT
CTAATACGACTCACTATAGGGC
TCGAGCGGCCGCCCGGGCAGGT

AGCGTGGTCGCGGCCGAGGT

AATCGTTCGTGACATCAA

TTGTAGGTGGTCTCGTGG

Y (B-actin RDILIE AL 289 A 4510 B . 48 LN
RS (B-actin F1, f-actin R1, & DJELR .

LA AT 695 bp #1913 bp b, 421K 219 bp.
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", P E B SR, DL 1 pl B5 3R B RAE N
#i#, FH Nested PCR Primers 1 il Adaptor 2R #F4 T
PCR "3, BUAF N 25 uL. [ &&f: 94°C 10
min; 94°C 10's, 68°C 30's, 72°C 1.5 min, 25 1§
R, 72°C S5min. £HUS pL ¥HEEYIA 2 % B
JIEWEBE M L UK (EB B () A0

145 BEEELX LW AR E, 913
FEBEMLBRE 384 A~ I BE v, PCR 5, iF1THE
SARAE T o B A AR F RO R R AR e Y
Jiid o MR IR BRI, A R4S 1 L
PCR 7= #)(Hfi A F BeSEE PCR F=4)) S, B4 5
0.4 uL, 29 10 ng **P HRiCHY IE [ 4 IR 41 0 R i)
TH DR (0 3] Sk 1 1] 0052 1] 8 0657 490 ) 43 A5
FEREFIEAT AR, BREN AR I B Al Ak 1 3 T I AR
EHRF £, 2238 Wi%E M ULTRAhyb (Ambion), 2%
LV E ] Cyclone PacKard 94{ 175541
i B e AT .

1.4.6 MFERFFIEEXT PREHEL 4582 R KB
2 AELL B A FE R BEHLIN T, W 5 2 A A
LIFAE R CAP3 PRHERIFIE I TALIE . AT 15
() EST A %% 4 ] tBlastX F1 BlastN %4 5 NCBI
B VTR o HeXE e BT 107 HKEER

T 50 bp WIFFHIHEAT G EE 0 M. W GoPipe #
PRI A ) J DX 90 8 A 7 2 i 43 25 43 M (gene
ontology)!'®!,

147 EEZ PCR ZEEAMNZERZEER &
RNA 23 5250 v FLAg X MR a8 L il i . ML
ZNIEEXTHF B-actin (GenBank access. No. AF300705),
BRIR T HFSER (CA, GenBank access. no. BF024146),
Fil Na™-K"-ATPase o 3£ [K (NKA-a, GenBank access.
no. GU004027)¥J 1 NCBI GenBank 13515, 3 4~
F 75100515 GenBank Hp H:Ath 47 1) % L i [
PEAT EEXS oM i, e s BE DRy XU T 90
& PCR #5191t 519 Primer3 #4153
. SR 2,

JENFIARHA] SYBR s PCR ¥, PCR 7
LightCyclerl.2 (Roche) F#17, [k R ALHE 1
uL cDNA, 0.2 pL FFiiF5] 9 Fl SYBR master mix
5 uL (TOYOBO), SAF R 10 pLo S 45T :
95°C 10s, 1 PMEIF; 95C 5s,60°C 20's, 40 MM
P o BN SONLEE R F AR th 228 I PCR 7M1 B
Btk (R B R M A 2R AT B B e vl
Uk, LE—HRIA PCR 7)o A SE R 2 DUBEAR
WEENBRIE . L B-actin NS AREMZ, 16
UERE D SRR A L M LA o BRIt S I 15 B 1 o) R
B DR SN A 2R R A2 15 % o i R A A U detla CT
AR poactin R Z .

L5 St

A LB I 8] (8 R AR EHE 23 AT T 22 5%
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BRI R 5 22 0 B K S A ] Joih 38 20 K W3 i [] Bk
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Tab.2 Primer sequences used in real-time PCR assays
EIkZE FH1(5-3") S0 E (mRNA) P4 KN bp

primer name primer sequence(5'—3") primer position(mRNA) final product size
NKA-o F GTATCCATCCACGAGACTGAG 313-333 162
NKA-a R AAGGTAGGCATTGTTGAAAGC 454-474
CA2F ACCTGAATGACGACGATGAC 172-191 205
CA2R GTAAATGGAATTGAGCGAAAGC 355-376
p-actin F2 CGACCTCACAGACTACCT 623-640 %
p-actin R2 TGATGTCACGAACGATTT 694-711

IR 2 B, 2257 B W T SNK ZH H bp

B, A SAS 8 iR, 2 B
KA 0.05,

2 ZERESW

2.1 5 RNAREURREER

PRI FLAREE X HREE | fil /A B E. RNA B
28S. 18S il 58 3 J&Atr LA, SHUBR M B UK 7 Aty
TEMWT(E 1)e Aseo/Asgo FLIEFE 1.8~2.0, BiH] RNA
ik RAT, KB PEEOKR U SR 5 Y UE cDNA
2 Rsa | WY 5 BN WEEE I v TR D 45 2R 18R
cDNA fiIHER RAF(K] 2), fF6 T — L5k,
22 EENERSN

1 Tester ¥, Driver 4119 cDNA ¥ 3t Ji 3k /2
H T REBTEP e A A8 Z Je AL [C PCR Y 1515 31| 22
FRINEN, S HERGUEE. Baid

PI1 PLAERT IR A L RNA 1 1% B M BEIE i Ik
1: % HRZHE L RNA; 2: 20 mmol/L BE 2 PR 8.5 RNA; 3: X
HEZELfil A1 A RNA; 4: 20 mmol/L B8 A0 BRAL fi 11 i 4 RNA.
Fig. 1 Total RNA extracted from gills and antennal gland of
Litopenaeus vannamei
1: RNA from gill of control group; 2: RNA from gill of group
under 20 mmol/L alkalinity exposure; 3: RNA from antennal
gland of control group; 4: RNA from antennal gland of group
under 20 mmol/L alkalinity exposure.
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K2 PLANIEXTHREE XUE cDNA 2 H: Rsal BEH] 4 1k &
M: DNA marker (DL2000Plus); 1, 2: X B&ZH K i 2 36 26 AL
INEXTHRE Rsa 1 BEVIRT ds cDNA; 3, 4: %F FEZH Kz b5 )% 118
LN EXTIT4E Rsa 1 MEY)JE ds cDNA.
Fig. 2 Gills ds cDNA of Litopenaeus vannamei

M: DNA maker; 1,2: control and exposure group before Rsa 1
digestion. 3,4: control and exposure group after Rsa I digestion.

Rsa | BEY) 09 8UEE cDNA -394 2 403, 43 50)m 1
adaptor 1 Fl adaptor 2R 2 Ffi4z3k, T 15 ZIAH LY Y
Tester-1 ¢cDNA, Tester-2R ¢cDNA &E{ Driver-1
cDNA, Driver-2R cDNA . %3k 2 FER50CR (A K Il 25
B 3 B, LA adaptor 1 A1 adaptor 2R A5 (Y
5% PCR primer 1 [ p-actin R1 51417 PCR fY
HIDKSERULES 1. 3. 5. 7 ki, DL p-actin |°F
5191 (B-actin F1, B-actin R1)#E4T PCR 1 HL Ik 45
R 2, 4,6, 8IKkiE. NEHRILIAH, 1. 3.
5. 7TIKIERY I MZTH 2. 4. 6, 8IKiH, B
B adaptor 1 1 adaptor 2R B 245425 cDNA [,
% FH Bio-Rad VersaDoc4000 #¢ 5 J8i1% R 5 K EH
AT R, 1, 3. 5, TIKEAWRSRES 2. 4,
6. 8 YKIH A% 5 BE B L AEL A 991 0.71 ., 1.21, 0.77
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bp 074, ¥IRTF 25%, BiBHEESK SRR KT
_ 25%, TG SRR EOR .
0 23 HBRBRRUESN
750 DA Tester ZH 78 cDNA CJF MMk, PCR
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M: DNA marker(DL2000); 1: LA Tester Adaptor 1 AAEARIH
PCR j=¥), B-actin R1 5|#)#1 PCR Primer 1 A L FiF5I¥;
2: DA Tester Adaptor 1 N ) PCR 7*4), B-actin R1 59 Fll
B-actin F1 514); 3: Ll Tester Adaptor 2R A AR Y PCR ;=¥
B-actin R1 5|4#)F1 PCR Primer 1 5[4; 4: LA Tester Adaptor 2R
HEEHL A PCR 774, p-actin R1 5[4l B-actin F1 514; 5: L)
Driver Adaptor 1 &A%, B-actin R1 5|l PCR Primer 1 5|4;
6: LA Driver Adaptor 1 NAEAR, S-actin R1 54 F1 p-actin F1
5|#); 7: Driver Adaptor 2R J#iR, B-actin R1 5|4#)H1 PCR
Primer 1 5[4/; 8: Driver Adaptor 2R A% A, f-actin R1 5|4
F B-actin F1 5[4

Fig. 3 Results of ligation efficiency analysis

M: marker DL2000; 1: PCR products using Tester 1-1(Adaptor
1-ligated) as template and the S-actin R1 primer and PCR primerl
as primers; 2: PCR products using Tester 1-1 (Adaptor 1-ligated) as
template, and the f-actin R1 and p-actin F1 as primers; 3: PCR
products using Tester 1-2(Adaptor 2R-ligated) as template and the
p-actin R1 and PCR Primerlas primers; 4: PCR products using
Tester 1-2 (Adaptor 2R-ligated) as template, and the f-actin R1 and
f-actin F1 as primers; 5: PCR products using Driver 1-1(Adaptor
1-ligated) as template and the p-actin R1 and PCR Primerlas
primers; 6: PCR products using Driver 1-1 (Adaptor 1-ligated) as
template, and the f-actin R1 and p-actin F1 as primers; 7: PCR
products using Driver 1-2(Adaptor 2R-ligated) as template and the
p-actin R1 and PCR Primerlas primers; 8: PCR products using
Driver 1-2 (Adaptor 2R-ligated) as template, and the S-actin R1
and S-actin F1 as primers.

K& B B-actin, 25 DGR A G W55 097,
T AR 283 Uk 22 52 9 7 W A SR 3, E 57 20 4>
PG 7P (] 4); PCR 4 R B B-actin
1€ Driver 2 {H 8 cDNA SCEHF ) E R, 78251
TEIRJE A T8 Y38, TR R 2878 Il 2% A2 /Y 7
P 20 MEF LA S (B 4). B R IEETEN
W cDNA AW cDNA 3= B ) 9f i 2 9% 5
2B Tester Al Driver H1 L4 (1) cDNA 854 Z0H
B, ) B B AR S 1 PR S A B2 1Y) 22 S R A Ak
PRIt A A5 31 6 4 o
24 ERFBEMRERERARFIE

I AR A B 7= 3% A pED-T vector AR5
T AL 2 A3 B TR SO o A SCERRBE S 450
A PHMETERE M TT PCR ik % 0E o W IR — 45
Ve LBRIG, A SOREILTEIS 2] 384 MR — KA
i) PCR 73 H A A BER/E 0.1~1.5 kb Z [1]
FIRHPE FERE . 54 PCR i dE 25 SR an i 5 s .
25 BREXMFRERRIETE

TEBSZZU I cDNA SCEH, B SCFEFfL
Peik 384 4> TERER) PCR W), 437 Pk A | itk
ATBE R85 I BE R 858, TERIBZERAEECH 2
UL Bk, EIERA 1581, TIHmA 291
I (# 6).

K4 I S8R I BTl SR (LU ILANIEE XS B p-actin FE DN 5= B2 1 A2 AL 201)

M: DNA marker(DL2000); 1,5,9,13: Lk Tester 1 7H UG 955 2 ¥k PCR j= ¥ IR 2,6,10,14: DL Tester 41 A THIR M 2 K PCR
FEMI RN 4,8,12,16: LA Driver 418U 1955 2 YK PCR ™) 0 iAi; 3,7,11,15: LA Driver 2UR IG5 2 YK PCR 741 KA ;
1-4: 15 fE3; 5-8: 20 MEIF; 9-12: 25 MEFF; 13-16: 30 PMEH.

Fig. 4 PCR analysis of the subtractive hybridization efficiency by f-actin
M: DNA marker(DL2000); 1,5,9,13: PCR products using Tester subtracted cDNA as template; 2,6,10,14: PCR products using Tester

unsubtracted cDNA as template; 4,8,12,16:PCR products using Driver subtracted cDNA as template; 3,7,11,15: PCR products using
Driver unsubtracted cDNA as template; 1-4: 15 cycles; 5-8: 20 cycles; 9—12: 25 cycles; 13—16: 30 cycles.
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Fl5  TEWCCHE cDNA B BEK/ME PCR %
M: DNA marker(DL2000); 1-12: #543 BH 4 72 B 8 7% 1 PCR %52 45 .
Fig. 5 PCR selection result of cDNA fragments from the substractive library

M: DNA marker; 1-12: the randomly picked clones from the substractive library.
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i s T =X PN TR 2 1R V8 I 5 IRl (PEPCKO W R 1 41
385 P G L DR i T il 2R A T
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2.7.1 CA BERZEFRE MNCEPEE C4
NKA-o WAEEH, #3519, XF 20 mmol/L i
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20 mmol/L 55 &b BHZH 156 B 2H (2 mmol/L) T U5 & 45 19 cDNA 4353 5 76 W 5K JE Jg b AR [R) (9 62 s 4L, B *2P FRiT i 1E 16 T4 96k
REF (AR 1] T IR AT (B) 73 315 15 b 9 S e A5 2 A2
Fig. 6 Dot blots hybridization of differentially expressed fragments

cDNA clones enriched in 20 mmol/L alkalinity and control(2 mmol/L alkalinity) treatments were spotted via dot blots technique on
two nylon membranes and then hybridized with positive substractive probe(A) and reserve substractive probe(B).
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Fig.7. CA mRNA levels in Litopenaeus vannameigill and antennal gland before and after transfer from control to high
alkalinity water (20 mmol/L)
Expression is relative to the expression of f-actin and is normalized to controls. Different small letters denate
differences among time points (P<0.05).
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Expression is relative to the expression of S-actin and is normalized to controls. Different small letters denate differences
among time points(P<0.05).
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Gene expression profiles of Litopenaeus vannamei in response to car-
bonate alkalinity stress

YAO Zongli'?, YING Chengqi', ZHOU Kai', WANG Hui', LAI Qifang'

1. East China Sea Fisheries Research Institute, Engineering Research Center for Saline-alkali Water Fisheries, Chinese Acad-
emy of Fishery Sciences, Shanghai 200090, China;

2. State Key Laboratory of Pollution Control and Resource Reuse, College of Environmental Science and Engineering, Tongji
University, Shanghai 200092, China

Abstract: Saline-alkali water-bodies are common in China. Alkalinity stress is considered to be one of the primary
stressors for shrimp in saline-alkali water. Thus, an improved understanding of the molecular response to alkalinity
stress is critical for advancing the sustainability of shrimp culture. Our objective was to evaluate the effect of car-
bonate alkalinity on global gene expression in Litopenaeus vannamei, a species of shrimp that is cultured
throughout the world. We constructed two subtractive cDNA libraries from the gills of shrimp that were exposed to
either 20 mmol/L alkalinity water or control water for 4 days. Dot blot expression analysis revealed that 158
clones were up-regulated and 291 clones were down-regulated following exposure to alkalinity stress. These
clones were subsequently sequenced and up to 100 genes were identified from the forward and reverse libraries, of
which 50 were well annotated. These differentially expressed genes were divided into a number of biological gene
ontology groups related to catalytic activity, cell, structural molecule activity, binding, transporter activity, repro-
duction, enzyme regulator activity, and cellular process. Ion transportation genes, such as carbonic anhydrase (C4)
and Na'-K'-ATPase (NKA4-a), were up-regulated while immune response genes (e.g., lysozyme) were
down-regulated. We evaluated expression of two differentially expressed genes (CA and NKA-a) in the gills and
antennal gland of shrimp prior to exposure and following exposure to 20 mmol/L carbonate alkalinity water for
1-9 d. Exposure to carbonate alkalinity resulted in an increase in C4 mRNA and NKA4-a mRNA expression in the
gills and antennal gland. The majority of the increase occurred on day 1. Our results suggest that expression of
carbonic anhydrase and Na'-K'-ATPase genes plays an important role in the response to alkalinity stress in L.
vannamei, particularly in the gill and antennal gland. To our knowledge, this is the first study to use shrimp SSH
cDNA libraries to detect global gene expression alterations in response to alkalinity stress. Alkalinity stress
stimulated ion regulated processes and slowed down the gene expression related to immune system and reproduc-
tion in L. vannamei. The alkalinity-regulated genes characterized in the present study may be convenient begin-
ning points to study the molecular basis of alkalinity adaptation. The physiological role of these genes in envi-
ronmental adaptation remains to be explored. Understanding how alkalinity triggers regulation of gene expression
deserves further attention.

Key words: Litopenaeus vannamei; alkalinity stress; gene expression; SSH; real-time PCR
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