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Table 1  Primers of candidate reference genes for qPCR

Gene Primer sequences (5°—3)

GAPDH GAPDH¥ TGTTGACGTTGTAGCAGAAG
GAPDH-R ACCGAACTTGTCGTTAAGAA

pusA pvsA¥  CTCCTTCATCCAACACGAT
pvsA-R  GGGCGAGATAATCCTTGT

pvuA pvuA+  CAAACTCACTCAGACTC
pvuA-R CGAACCGATTCAACAC

rpoS rpoS+  GACAATGCGTCAGAGACG

rpoS-R GAGGTGAGAAGCCAATTTC

1.6 HiFEAEMSH

M ABI7500 BAFVHE T 4 B A ZIEDIE A
[ FE PR R TK R B RQ . RQ R0 5038 1 ik
JE AN ARALBERE 5 K F R GA R E N 17, v A
X FEEAT A A b TB)AH R R L. AR SR iR
JE AL FRIRA R B ATCC33847 HRIA & “1 7k it
SR FE R A R IA L. 9 E A — PR
M geNorm Rt J¢ it 47 70 #ro geNorm F& /¥, ifi
Vandesompele 5 o F- 2002 F4w 5, £ %t E = PCR
WS MBI P ORI Z R " o
F T U 2 A A B AR P 2 R DR 3 2K 7K1 1 O AE Y A
AT REAS i — 30 UG B S 28 220 VR e 4 A
Xk AR IE KN Excel A%, C0F I IR B %
16 N 2 55 DA Ly At i 328 5 DR B0 TG 3R A K1 B 48
X B A VS AR 22 A by B DR Sk AR E A M, X
JIT A 3k P 2 5 TR 1 3R 0K AR E MR R (MDD
RILBALE) > I o R A S 3k DR b v A0 B8 7 10 TG
X EFSPHAHE NS RN REHRH . 23— DA
SPSS HL P 31 5 22 43 Mt R AH O 3 ik i Rl R AT S o
P, P <0.05 BN 7 7 i 35

y

2.1 5 RNA EHRE#N

5 DRI 298 43 M v LA DR 7 381 5 3 Pk % 4l BE B 4t
175 RNA, BULRAIE 5 88 [ e s J ¢ i 1 52 50 11 1
ko & Ab B R AL BE IR RE S 4R Trizol V242 LR
RNA, RNA HJk 45 B¢ 5 7 fr 42 HUI 5 FF 5 S RNA
(1) 23S FI 16S 7 HE 4% 717 i > & RNA 58 # 1k 48 4¢
Ufo [R) IS T 4R BB RINA 28 Il A ASCHS: 0 94 55 0 4
FAE R 0D, 1 ODL I LEAE 7E 2.0 /247, 4 )% 1%
U, oy T G S S

2.2 RIEASEESIYHERME

H T IR UE 4 BN 2k RS 0 S s BLEDE
M PESNE cDNA Sy BEAR 4 Fh 5 P 2 47 % 3 PCR
DA %¢ 6 e &t PCR A9l %18 PCR sk &5 R B
N FTIE S RE 2> il i 1 5 % A 2 3k BRI O
—HUW R B BB I TR AR SRR AT Ul ]
SRR e PRI U o B — Pl W 4 Fh S
1 s A it 2> # A0 H BB IR A T 0, AR 4 Rk W
WA I RARRAR RS 7 A% 5l 7 A g1 Ry e
RAF -
2.3 ZERNSERBEMEFEMN

M AACE I, 53 7 1 AT ok i W 2 0k R A AN
[F) R il (1 A . 4 AN IR 2 0k TR I A8 e Tk
if geNorm F£ )3 73 41 o geNorm Fi Jy i i 71 5 3 [ 1)
FIEREE (A M X I A 1) 0k A8 PEEAT HE ). M
fH A2 A WS IE D 5 HoAh BT 7 18 5 N 2 58 D R ak K
S 10 PR P LU AR S R 50 e v S LT S8 bR o 2 AR O
PA] 2 3 B8 JEE 1)~ B30 48, MU B /) 36 1) 6 DR) A
BE DA 1) 20k B R Bk =y o O R A B A S
AT Py 5t 2y 2 3 B {1 » 3K 8 P FE S U 4 pouA
(2.906) > pwsA (3.197) > GAPDH (3.746) > rpoS
(6.512) , Jrbdp B8 I B A2 poud s W] LUAE Sy qRT-
PCR 3 #r i . 8] I B i 2604 e 1
K HI geNorm B AP v 5L BN S 5L B H » i 20k 4%
2 AN IE B A E N BRI poud R pesA (1]
1) DL 1 JUART P 3B AR Ol 2 AT 8 O o ff AR
IE H IR 1 255

=43

L L
W o

@

A verage expression stability

< = =

8
3
8
3
8

rpoS GAPDH pvuA
<ii Least stable genes  Most stable genes == pysA

El1 geNorm RESHEZASERMRAREEM
Fig. 1 Expression stability values M of the reference genes

calculated by geNorm.
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Fig.2 Expression levels of selected reference genes in different

samples.
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Fig.3  Different expression level of tdh. 1. ATCC33847; 2.
ATCC33847 in brine; 3. ATCC33847 in filtered brine; 4.
ATCC33847 in shrimp; 5. QD; 6. QD in brine; 7. QD in
filtered brine; 8. QD in shrimp.
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Selection of reference genes for virulence gene expression
in Vibrio parahaemolyticus
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College of Food Science and Technology, Shanghai Ocean University, Laboratory of Quality & Safety Risk Assessment for
Aquatic Products on Storage and Preservation (Shanghai) , Ministry of Agriculture, Shanghai Engineering Research Center

of Aquatic-Product Processing & Preservation, Shanghai 201306, China

Abstract: [Objective] We selected reference genes for virulence gene expression of Vibrio parahaemolyticus under
different environmental conditions. [Method] Using qRT-PCR, we evaluated the expression stability of four housekeeping
genes (GAPDH, pvuA, pvsA and rpoS) of V. parahaemolyticus cultivated separately in seawater, filtered seawater, shrimp
and Tryptone Soya Broth. [Result] The result shows that all the candidate reference genes could be amplified specifically
in qRT-PCR reaction. The expression stability of the four reference genes ranked poud (2.906) > puvsA (3.197) >
GAPDH (3.746) > rpoS(6.512) . Further analysis with geNorm program reveals that the highest stability was observed in
pvuA and pvsA. The geometric average score of the two genes was considered as the most appropriate reference gene for
normalizing the expression of virulence genes of V. parahaemolyticus. [Conclusion] The pyuAd and pvsA genes could be
used as reference genes to study the virulence gene expression of V. parahaemolyticus.

Keywords: Vibrio parahaemolyticus, qRT-PCR, reference gene
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