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Tab.1 Adaptor and primer sequences used in SSH

(53"
primer name sequence(5'=3")
cDNA synthesis primer TTTTGTACAAGCTT3NN
Adaptor 1 CTAATACGACTCACTATAGGGCTCGAGCGGCCGCCCGGGCAGGT
Adaptor 2R CTAATACGACTCACTAT AGGGCAGCGTGGTCGCGGCCGAGGT
PCR primer 1 CTAATACGACTCACTATAGGGC
Nested PCR Primerl TCGAGCGGCCGCCCGGGCAGGT
Nested PCR Primer2R AGCGTGGTCGCGGCCGAGGT
f-actin F1 AATCGTTCGTGACATCAA
B-actin R1 TTGTAGGTGGTCTCGTGG
(B-actin R1) 289 50 bp GoPipe
(B-actin F1, p-actin R1, 1) [ (gene
695bp 913bp 219 bp ontology)!'™
1.4.4 cDNA 1.4.7 PCR
2 PCR pED-T RNA
vector (SinoBio) DHS5a(Gibco) P-actin (GenBank access. No. AF300705),
, X-gal/IPTG 37 (CA, GenBank access. no. BF024146),
, 1 uL Na'-K'-ATPase o (NKA-a, GenBank access.
, Nested PCR Primers 1 ~ Adaptor 2R no. GU004027) NCBI GenBank 3
PCR , 25 puL 94 10 GenBank
min; 94 105,68 305,72 1.5 min, 25 ,
;72 5 min 5uL 2% PCR Primer3 (1]
(EB ) 2
1.45 , SYBR PCR , PCR
384 , PCR , LightCyclerl.2 (Roche) , 1
pL cDNA, 0.2 uL SYBR master mix
, 1 uL 5 uL (TOYOBO), 10 uL
PCR ( PCR ) , 95 10s,1 ;95 55,60 205,40
0.4 uL, 10 ng *P PCR
( )
, R PCR
, ULTRAhyb (Ambion), f-actin ,
Cyclone PacKard ,
detla CT
1.4.6 (201" B_actin
2 , 15
CAP3
EST tBlastX  BlastN NCBI (Levene’s test and Shapiro-Wilk’s test) ,
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Tab.2 Primer sequences used in real-time PCR assays
(5'-3") (mRNA) /bp
primer name primer sequence(5'—3") primer position(mRNA) final product size
NKA-a F GTATCCATCCACGAGACTGAG 313-333 16
NKA-a R AAGGTAGGCATTGTTGAAAGC 454-474
CA2F ACCTGAATGACGACGATGAC 172-191 20
5
CA2R GTAAATGGAATTGAGCGAAAGC 355-376
f-actin F2 CGACCTCACAGACTACCT 623-640 %
p-actin R2 TGATGTCACGAACGATTT 694-711
. SNK bp
sAs 8 Pl
0.05
2 5000
4000
2.1 RNA 3000
2000
RNA 1000
750
285 18S 5S3 , 500
(1) Azo/Azso 1.8~2.0, RNA
) cDNA
Rsa 2 cDNA Rsal
cDNA ( 2), M: DNA marker (DL2000Plus); 1, 2:
29 Rsal ds cDNA; 3, 4:
. Rsal ds cDNA.
Tester Driver cDNA Fig. 2 Gills ds cDNA of Litopenaeus vannamei
PCR M: DNA maker; 1,2: control and exposure group before Rsa I
digestion. 3,4: control and exposure group after Rsa I digestion.
Rsa cDNA 2,
adaptor 1  adaptor 2R 2 ,
<288 Tester-1 ¢cDNA, Tester-2R cDNA Driver-1
188 c¢cDNA, Driver-2R ¢cDNA
3 adaptor 1 adaptor 2R
<38 PCR primer 1 p-actin R1 PCR
1 3 5 7 f-actin
(f-actin F1, p-actin R1) PCR
: RNA -1 2 4 6 8 1 3
1: RNA; 2: 20 mmol/L RNA; 3: ’
RNA: 4: 20 mmol/L RNA. 57 2 4 6 8 ,
Fig. 1 Total RNA extracted from gills and antennal gland of adaptor 1 adaptor 2R cDNA
Litopenaeus vannamei )
1: RNA from gill of control group; 2: RNA from gill of group Bio-Rad VersaDoc4000
under 20 mmol/L alkalinity exposure; 3: RNA from antennal 1 3 5 7 2 4
gland of control group; 4: RNA from antennal gland of group ’
under 20 mmol/L alkalinity exposure. 6 8 0.71 1.21 0.77



bp M 1 2 3 4 M 5 6 7 8

2000
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250

3 PCR
M: DNA marker(DL2000); 1:

Tester Adaptor 1

PCR , p-actin R1 PCR Primer 1 R

2: Tester Adaptor 1 PCR , f-actin R1

f-actin F1 ; 3: Tester Adaptor 2R PCR ,

p-actin R1 PCR Primer 1 ;4 Tester Adaptor 2R

PCR , f-actin R1 p-actin F1 ;S

Driver Adaptor 1 , P-actin R1 PCR Primer 1 ;

6: Driver Adaptor 1 , B-actin R1 p-actin F1
; 7: Driver Adaptor 2R , p-actin R1 PCR

Primer 1 ; 8: Driver Adaptor 2R , B-actin R1

p-actin F1

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 f-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
p-actin F1 as primers; 5: PCR products using Driver 1-1(Adaptor
1-ligated) as template and the f-actin R1 and PCR Primerlas
primers; 6: PCR products using Driver 1-1 (Adaptor 1-ligated) as
template, and the f-actin R1 and f-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 f-actin R1
and f-actin F1 as primers.
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Fig. 4 PCR analysis of the subtractive hybridization efficiency by S-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.



5 cDNA PCR

M: DNA marker(DL2000); 1-12: PCR .

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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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).

B p=5;®SE

oW B o o =
N W W
[SERVERIE VN

(relative units)

[ —
= tn

HENKA-a LA 2k K
gill NKA-a mRNA (relative units)

S e
= i

(=]
fil 5 RN K A-a S DM RS i K F-
antennal gland NKA-a mRNA

pre 1 2 4 5 7 9
Ia] /d time [5F[8] /d time

8 (20 mmol/L) Na'-K'-ATPase o (NK4-a)
LA p-actin Ay N ZREAT RIEEHH . KB B LA 7 8K 2 7 B35 (P<0.05).
Fig.8 NKA-o mRNA levels in Litopenaeus vannamei gill and antennal gland before and after transfer from
control to high alkalinity water (20 mmol/L)
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 Chenggqi', 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.
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