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Specific multiplex-PCR method for rapid detection of
Vibrio parahaemolyticus
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Abstract: [Objective] This study aims to establish a rapid specific multiplex-PCR detection of Vi-
brio parahaemolyticus by targeting gyrase, tdh, trh genes simultaneously. [Methods] Three pairs of
reported primers were mixed in a single PCR tube. Through optimizing the concentration of primers
and anneal temperature, the best reaction condition and primers ratio were determined. This method
was validated by specificity test, sensitivity test and comparison test. The PCR-amplified products
were analyzed by automatic capillary electrophoresis device. [Results] The predicted DNA amplified
bands exhibited at sequences of 91, 269 and 485 bp, indicating high specificity. Assay on sensitivity
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of cell concentration in pure culture condition showed that the detection limit of amplified gyrase,
tdh and trh genes were 6.6x10", 6.6x10% and 6.6x10" CFU/mL respectively. When background inter-
ference existed, the detection limit of cell concentration of amplified gyrase, tdh and trh genes were
6.6x10°, 6.6x10" and 6.6x10° CFU/mL respectively. The sensitivity experiment for testing genomic
DNA template concentration showed that the detection limit was 1.36 ug/L. This method was applied
to the test for imported seafood, the results matched the FDA 2004 standard. The amplified bands can
be distinguished from each other more easily, comparing with those of FDA 2004 standard. [Conclu-
sion] The multiplex-PCR method was successfully established. It is accurate, rapid and convenient. It
can be applied to detect Vibrio parahaemolyticus or pathogenic Vibrio parahaemolyticus with tdh

gene or trh gene.

Keywords: Vibrio parahaemolyticus, Multiplex-PCR, gyrase gene, tdh gene, trh gene, Automatic

capillary electrophoresis
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Table 1 Primer sequence and amplicon size

e 97| J7 1) il R =R N 51 H
Taget gene Direction Primer sequence (5'—3") Amplicon size (bp) Reference
gyrase CGGTAGTAAACCCACTGTCAG 91 [15]
R GTTTCAGGCTCACCATGACG
tdh F GTAAAGGTCTCTGACTTTTGGAC 269 (17]
R TGGAATAGAACCTTCATCTTCACC
trh F TTGGCTTCGATATTTTCAGTATCT 485 [17]
R CATAACAAACATATGCCCATTTCCG
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Figure 1 Products of single PCR and multiplex-PCR
7£: M: DNA marker (QIAGEN size marker); 1: gyrase .8 PCR 255 ; 2. tdh #i8 PCR Z55f; 3. trh 5 PCR 4542 ; 4. gyrase,
tdh il trh = PCR Z5 8 B: 25 FAXTHH(ddH.0 WHHR); N: BN TEGTILE DNA AR,
Note: M: DNA marker (QIAGEN size marker); 1: Single PCR product of gyrase; 2: Single PCR product of tdh; 3: Single PCR product of
trh; 4: Multiplex-PCR products of gyrase, tdh and trh; B: Blank control (ddH,O as template); N: Negtive control (the DNA of Vibrio
fluvialis as template).

bp M 1 2 3 4 5 6 7 8 9 B bp M 10 11 12 13 14 N
1 000.0
800.0 —
1000.0 7
800.0-= W00~
700.07~ 500.0
g Q7= 400.0 —
400.07
300.0 ———
300.0 ———
25010 — 250.0 —
200.0— 200.0 —
150.0— 150.0 —
100.0— e _— 100.0 —
50.0— 50.0 —
15.0— - — 15.0 —

2 14 HREIBMMEINERN=E PCR I EER
Figure 2 Multiplex-PCR products of 14 Vibrio parahaemolyticus strains
7#: M: DNA marker (QIAGEN size marker); 1: A121; 2: R1; 3: R2; 4: P1; 5: P2; 6: P3; 7: P4; 8. P5; 9: P6; 10:
Wi1; 11: W2; 12: W3; 13: ATCC 33847; 14: ATCC 17802; B: 75 X I(ddH,0 FAAR); N: BAMEXTHR(ATIE DNA JH5AR).
Note: M: DNA marker (QIAGEN size marker); 1: A121; 2: R1; 3: R2; 4: P1; 5: P2; 6: P3; 7: P4; 8: P5; 9: P6; 10: W1; 11: W2; 12: W3;
13: ATCC 33847; 14: ATCC 17802; B: Blank control (ddH,O as template); N: Negtive control (the DNA of Vibrio fluvialis as template).

http://journals.im.ac.cn/wswxtbcn



VRN P4 APk =3 PCR PRt A6 00 ) 3 ot P 9 769
bp M 1 2 3 4 5 6 7 8 9 10 P bp M 11 12 13 14 15 16 B
1000.0 1000.0~_
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gggigf— 68818F
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3 16 tRAFRIFMI4IME R =F PCR 145 R
Figure 3 Multiplex-PCR products of 16 non-Vibrio parahaemolyticus strains
£ : M: DNA marker (QIAGEN size marker); 1: JA[9K5E; 2. ZALIKE; 3: IWHINE; 4. £ ORAERE; 5. KBFFE 0157:H7;
6: WITRE; 7: BMRWITRE; 8: HWWHITE; 9: /NAEHARII/RARKE ; 10: SRREHEME; 11 KIRPER; 12:
BBURE; 13: IBIRATERIRIT R 14: SATERG 15 P2 UBFR; 16: AP ZIBAFR; B: 2 HXIR(ddH,0 JAKi); P:

PXT I (A121 B DNA HEAR).

Note: M: DNA marker (QIAGEN size marker); 1: Vibrio fluvialis; 2: Vibrio cholera; 3: Vibrio alginolyticus; 4: Staphyloccocus aureus; 5:
Escherichia coli O157:H7; 6: Salmonella; 7: Salmonella enteritidis; 8: Enterobacter cloacae; 9: Yersinia enterocolitica; 10: Klebsiella
oxytoca; 11: Serratia marcescens; 12: Shigella flexneri; 13: Citrobacter freundii; 14: Pseudomonas aeruginosa; 15: Enterobacter aero-

genes; 16: Proteus mirabilis; B: Blank control (ddH,O as template); P: Positive control (A121 DNA as template).

2.3 1R4R DNA iRE B R 8UE N4 R

M, S BORPERNE IR (A121 1]
BB AL F TR AR DNA R EE 4 1.36x10° mg/L.
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tdh Al trh (P RS, ()2 gyrase FFARIR, AN
Sy ¥, Y4B DNA /T 1.36x107* mg/L i 3 Fif
H AR A4 38 =R 1, P I AS B 53 R I
PRI FIET trh | tdh S0 DR Y A P S
B DNA ¥ RIRRYE N 1.36x107° mg/L, AP
1.36 pg/L, W 4 FR,
24 AIEFYERKERQERNLE

AT RV AR R A R R AR AL TR TR
PR B T B 6.6x10° CFU/mL, B H
107 B REE] 107, BEEUS i B 7 DNA iF
AW =& PCR Ml . 4 5 vk B 7 R 2

6.6x10° CFU/mL H}, #BfE45%] gyrase. tdh il trh
(3 7= 4y, ST R RS 6.6x10" CFU/mL A,
HAETS 3] gyrase Al trh (9F 14728y, MWK E /N T
6.6x10" CFU/mL K, gyrase. tdh Fi trh Z:P 94"
HaP= A T o PR I i I B b A S e 3 TR
gyrase . BOW L tdh Al trh f AR 4 50 R
6.6x10' . 6.6x10% F1 6.6x10" CFU/mL, W& 5 fr~,
25 AEMFHIREHEERERGERNER

N INAS -5 AR WS I ARG I 225 SR — 35, (HRAG:
mORBEZ W, MW W E MR
6.6x10* CFU/mL if, #iHEFFE] gyrase. tdh Fil trh
(38 7=y, YTk R RS 6.6x10° CFU/mL B,
HAETS3 gyrase Al trh (P 8724, YR E /N T
6.6x10° CFU/mL i}, gyrase. tdh F trh Z:PH %"
PR T o I, RIS AL SRR,
gyrase .. tdh FI trh fREIFR 43514 6.6x10° . 6.6x10*
1 6.6x10° CFU/mL, & 6 s,
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T
0L

4 1EiY DNA iR E R §E /93 IE

Figure 4 The sensitivity of DNA template concentration
I¥: M: DNA marker (QIAGEN size marker); 1: 1.36x10° mg/L; 2: 1.36x10" mg/L; 3: 1.36 mg/L; 4: 1.36x10" mg/L;
5: 1.36x102mg/L; 6: 1.36x10° mg/L; 7: 1.36x10* mg/L; 8: 1.36x10° mg/L; B: 25X MR(ddH,0 MHEHR); N BT I8 (i
IR DNA HHEAR).
Note: M: DNA marker (QIAGEN size marker); 1: 1.36x10° mg/L; 2: 1.36x10" mg/L; 3: 1.36 mg/L; 4: 1.36x10"" mg/L; 5:
1.36x107> mg/L; 6: 1.36x10~° mg/L; 7: 1.36x10™* mg/L; 8: 1.36x10> mg/L; B: Blank control (ddH,O as template); N: Negtive control
(the DNA of Vibrio fluvialis as template).

bp M 1 2 3 4 5 6 7 B N M

5 AEFEMET A121 BiREMRSUERIE
Figure S The sensitivity of A121 strain cell concentration in pure culture condition
I¥: M: DNA marker (QIAGEN size marker); 1: 6.6x10° CFU/mL; 2: 6.6x10° CFU/mL; 3: 6.6x10* CFU/mL; 4: 6.6x10° CFU/mL;
5: 6.6x10° CFU/mL; 6: 6.6x10' CFU/mL; 7: 6.6 CFU/mL; B: =5 [%}#(ddH,0 ABAR); N: BIM:XT R G DNA AR
Note: M: DNA marker (QIAGEN size marker); 1: 6.6x10° CFU/mL; 2: 6.6x10° CFU/mL; 3: 6.6x10* CFU/mL; 4: 6.6x10° CFU/mL; 5:

6.6x10% CFU/mL; 6: 6.6x10' CFU/mL; 7: 6.6 CFU/mL; B: Blank control (ddH,O as template); N: Negtive control (the DNA of Vibrio
fluvialis as template).
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bp M I 2 3

1 000.0<_

i
400.0”
300.0—
250.0—
200.0—
150.0—
100.0—

50.0—
15.0—

6 AREMTIMEFEER A121 HiRENREERIE
Figure 6 The sensitivity of A121 strain cell concentration while background interference existing
I¥: M: DNA marker (QIAGEN size marker); 1: 6.6x10° CFU/mL; 2: 6.6x10° CFU/mL; 3: 6.6x10* CFU/mL; 4: 6.6x10° CFU/mL;
5: 6.6x10° CFU/mL; 6: 6.6x10' CFU/mL; 7: 6.6 CFU/mL; B: == %t (ddH0 MHHR); N: BA¥EXT IR GATINE DNA HHAR).
Note: M: DNA marker (QIAGEN size marker); 1: 6.6x10° CFU/mL; 2: 6.6x10° CFU/mL; 3: 6.6x10" CFU/mL; 4: 6.6x10° CFU/mL; 5:
6.6x10* CFU/mL; 6: 6.6x10" CFU/mL; 7: 6.6 CFU/mL; B: Blank control (ddH,O as template); N: Negtive control (the DNA of Vibrio

fluvialis as template).

2.6 HITHEFERENENREAERNITLER

XT 13 A3 FE i 30z FH BB FDA 2004 45
#E1(tdh 269 bp, tlh 450 bp, trh 485 bp) LA L AHF 5T
J5 % (gyrase 91 bp, tdh 269 bp, trh 485 bp)#4TEI%
M PEICEE ARG I 285 3R — 30, iRl 7 B, B 11
SEEAMB S A B MR, RE 3. 4. 10, 12
SRR S TR R R I ORI tdh,
LEECR I, AR Y B AR ReE trh B4R L
FDA 2004 HRifER 1 5507 028 M #E, i H. 3
sk B HLVKEE B 22 SRR, 5 T A& 8).
3 ZwhS5ite
30 KWHEREBLE

SEYGAE I, LRIV P I bR S 1 3 R
gyrase. FUEH:A tdh F trh #E4T =5 PCR Kt
HEAED W el gyrase:tdh:trh=1:2:3 (5| HyHkE
12 10 pmol/L). It —H PCR fARFpFMEM, R
BB VR o XTI L B ERT P 2R P B AR DNA (13
BRI UFZE R . BIH DNA v B kil FR

N 1.36 pg/L. Slidfgefcff T ik i 2 6% 50 TEL,
WL . B LI B Fh A S PSR gyrase . EUR
JEP tdh A trh KBR35IN 6.6x10" . 6.6x10° Fil
6.6x10"' CFU/mL. AW THAEI T, Ik E R
O UE S5 S 20 ¢ I oM I B R S 3
gyrase . HOUR R tdh A1 trh R BR 3 510k
6.6x10°, 6.6x10* #1 6.6x10° CFU/mL, Xf ik [1fY 13
AN 543 B2 FHE AR FDA 2004 Al LA A
5T 7 v R A T I a1 I A A, PR 45 SR —
e, 1M HA FDA 2004 FrifE )4 L5 RAH L, AT
SR 14 S R trh SOHP RIS, 3 S HBRS
A P FL VK B BE K, T A
3.2 XFIAMLERITE

LI EE RN 3 &Y AR R BN, AN RIA
SRR S B RIS P SIS trh tdh o kA
MRIVA MR, TR (1) B A
000 R AL T 1 B A 3 A5 DN 17 3k FEAIG
TRMBR; (2) HEBRS:3 PCR BBAMERIH .
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bp M 1 2 3 4 5 6 8 7 9 P B bp M 10 11 12 13 P N
s s
s | s~ -
400.0 — 400.0—
300.0 —=—— 300, () — e
250.0— 2500— =]
200.0 — 200.0—
150.0 — 150.0—
100.0— 100.0—
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E 7 iz FDA 2004 #rEXT 13 Nt 08 7= e) 8 S M5 B4 45 SR
Figure 7 Vibrio parahaemolyticus detection results of 13 imported seafoods applied FDA 2004 standard
7. M: DNA marker (QIAGEN size marker); 1-13: 13 NHEOWE= 5 B 25 AN HR(ddH,0 FFiAR); N. BAPEXT B (AISKEE DNA
SRR P BHAEXTIR(A121 B DNA J9BEHR). FDA 2004 FrifE T DNA § 88 44719 K/ - tdh 269 bp, tlh 450 bp, trh 485 bp.
Note: M: DNA marker (QIAGEN size marker); 1-13: 13 imported seafoods; B: Blank control (ddH>O as template); N: Negtive control

(the DNA of Vibrio fluvialis as template); P: Positive control (A121 DNA as template). The predicted DNA amplified bands exhibited at
sequences of tdh 269 bp, tlh 450 bp, trh 485 bp in FDA 2004 standard.

bp M 1 2 3 4 5 6 7 8 9 P B bp M 10 11 12 13 P N
1.000.0 1.000.0
= i
200.0 ——— ?1888—
300.0 —=—— 300.0 ——
250.0 ——— 250.0 —
200.0 ——— 200.0 —
150.0 ——— 150.0 —
100.0 ————— — 100.0 —
50.0— 50.0—
15.0— 15.0—

8 ZEREIAMMINEYFFE=%E PCR RIEWKRN F57EXT 13 A 08 7= A &% I 14 & 480 45 R
Figure 8 Vibrio parahaemolyticus detection results of 13 imported seafoods applied specific multiplex-PCR method for
rapid detection of Vibrio parahaemolyticus

#: M: DNA marker (QIAGEN size marker); 1-13: 13 NiE OV = 5 B: 25 (X ER(AdH.0 A #EAR); N: BIPEXTEEGRT N E DNA
FBERR); P: PHEEXTER(A121 B DNA SHRENR). AHFST J7 vk i B i MEIR B B DNA ¥ 38K/ . gyrase 91 bp, tdh 269 bp, trh
485 bp.

Note: M: DNA marker (QIAGEN size marker); 1-13: 13 imported seafoods; B: Blank control (ddH,O as template); N: Negtive control
(the DNA of Vibrio fluvialis as template); P: Positive control (A121 DNA as template). The predicted DNA amplified bands exhibited at
sequences of gyrase 91 bp, tdh 269 bp, trh 485 bp in this study.
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FroLE AR B AT gyrase FEFAYTY, AREIA AL
T A RV I T AS S 48547 trh | tdh 20 5L A
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AR VA PRI, I RE A1 DA 00 5 FE R 5

PCR B H R, (AHHEBRANEE: (1) F
i B A B B T R IR B Y B e SRR AR
DNA AR TARMIFR 3 (2) HERR T2l FHERY
A g,

TR AR S U0 23 SR AT AT - ) L e R A
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PRUERS HIX 3 AR R B TR TR 40T, Rl
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DL EA ARG gyrase LR BERD trh IR F
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it tdh JE PR B, R i e A Il IR R Y trh
F B SO PE R M O B Y B R R R
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gyrase K BRI trh SRR R B BRSL ST tdh
B oS <5 1 2 1 = IS T 7 A RS
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SRR ARATIN () SRR, PR A o DA T AN 2 5 TR o
e 15 1) 5 ) S P vk o AN o o 2/ AT &
RIS PRI, 55 E T HTSS Bt FE , 3 DA s ]
PFER TS

i FHIE = PCR J5 {46 — Lo R A% i 1 rpr
V4 R I A DI R B B, 44 PR i 7K e 2 e
#1145 DNA HEHGHEFT PCR A, PCR 45 5AR 55
PRI, X S5EGE . AT g Tk
RGN 25 ARAE, B BB 25 51 . X2 R 7
WA R A R B, AR (B TR
PEF), ZHESE, A2 AN Gl PCR ¥ 3% ) Taq B
T, WSS VeSS HL I 1K 200 2 A 1
7% DNA Bitl, X mRERR L, e e
PRI ZE 0520 AT seikid fE PCR &R

WINNERE1Y), A HiEad I ABHE R PCR RN R 40
HR SRR IR 2 S EUBRBAPESS R (R RIR T
R A RER PO PCR A LS. Rk, fEut
TTRE SR , ZARBIFF RAFE88 5E R FH 2 B0
VR TR ULVE BRI , J5 >R P o 4 &b 52 1) 240 TR
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FIE 1D 3k G 00 ) 300 5 o), DA A ) A A A ) R
LR
33 XTPRMLRmITIE

L ZE RN B, WARBEA AR b B S A
) i A ST s 30 e ) L P IR, 5 HE SR A B
PRI, BiH DNA FRIGHR R 1.36 pg/L, %
AR, R AR SRR A i v R A s S e )
RS SR IR Y i AR PR M [ R 38 P AR 5%
DA TR, B 25 G RR L BRPEXT BE L R
BH A 6T A 28 D PIAS AT 0 B, T ELRE L B
SXof JECRIT BH P4 X6 B, MAH I DNAA T 4R 358 43 31 $2 U
HVATRE o 2 FATX BRI P 25 50—, 251, B
PEXTRE L PR B RO AE S, I 2R
S5 RA BT 5

HAh, TCWIEEIETE, HZ DNA & A P,
PCR 45 5AR 2 BB PE . X F AR 800 P R i
PEICERT fe ity JE B P A D0 3 B4 e Al 8 A o )
i LA UG I o AR5 R 7 vk 02« R RIS
PSR 2 e SR AR AR, SR 36 °C #1707
Wi, RS VR R RO LA HL DNA,  3XREER
TR B 25 R 2RO TR R R I 25 51, T Rk —
B4 FE DA 1 B PHAE 2 o X T S0 M I i P
PR, JCV AU B 17 PRI HE S0 B PR LA A
WS TS W S, R B RIS T ™ AR R b
A BEMIRAEAE , 2 tdh JE Mt pEs =01,
34 XT%EPCRHAHITIE

£ PCR Z7E[A]—> PCR 0 & i A £ %
S19, [RIEGIZ R AR R A PCR T,
—H PCR j2Z & PCR —Ff, HIALIN 3 Fh H brdk
P PCR 77172, 25 PCR Byis i, 781 iRk 7)
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ARG b, RS R R 28, A G 1A G,
RIS, FEANABIAR B AT, PRI e g i) i 52 1 A
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R i ]t R w] BELE 2 h P 5E A, TR 2 AR 150
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http://journals.im.ac.cn/wswxtbcn

BIMHZ, AWM —=HE PCR FEANBEE
FH T BEARL R 0 S BR 75 % 19 il K S0 i 2 12
HETS S0 R A IR RV I PR IR, R AL e 3R 07
L AR S — AR PRI BRI Tk

2 XM

(1] &MRBF, XUEIE, e, . 0 TR 5 iR
AR M), dEat: ARTA: H Rk, 1990: 179.

(2] ArREHE. IR i b P I P IR D). e
FEEE, 2010, 32(3): 4-5.

[3] fIE37, KM, SEIK, . FUM AR FEEE h RS
MR BTG YRGS IN[I]. P EAIETA, 2007, 22(6):
745-746.

[4] Nordstrom JL, Vickery MC, Blackstone GM, et al.
Development of a multiplex real-time PCR assay with an
internal amplication control for the detection of total and
pathogenic Vibrio parahaemolyticus bacteria in oystera[J].
Applied and Environmental Microbiology, 2007, 73(18):
5840-5847.

[5] Miyamoto Y, Kato T, Obara Y, et al. Studies on the
enteropathogenic, facultatively halophilic bacterium,
Vibrio  parahaemolyticus. 3. Enteropathogenicity[J].
Japanese Journal of Medical Science and Biology, 1968,
21(5): 325-331.

[6] CaiT, Jiang L, Yang C, et al. Application of real time PCR
for quantitative detection of Vibrio parahaemolyticus from
seafood in eastern China[J]. FEMS Immunology and
Medical Microbiology, 2006, 46(2): 180-186.

[7] Wang HP, Zhang JL, Jiang T, et al. Insufficiency of the
kamagawa hemolytic test for detecting pathogenic Vibro
parahaemolyticus in Shanghai, China[J]. Diagnostic
Microbiology and Infectious Disease, 2011, 69(1): 7-11.

[8] FiAZ:, JrB. A PCR AN RIE MG 1 tih A tdh
SN J7 R @ S S A BT[], S8 B B, 2012,
19(9): 1413-1415.

(9] L4, BRbiy, S8, A8 SCmFOt PCR ARIIK™
wn PR L BIER (0], P B AR A AR 4R A, 2009(7):
624-625.

[10] T, XUAHT, sakm. @V o e i B ik & oH
BT, B S5, 2008, 35(3): 53-55.

[11] A AR LA B T A 3 b [ A AL A 2 DR 4
GB/T 4789.7-2008. F fty A= Wy~ A6 I i P 9K B A
MS]. dext: HERE T AR, 2008.

[12] ISO/TS 21872-1-2007. Microbiology of food and animal
feeding stuffs—Horizontal method for the detection of
potentially enteropathogenic Vibrio spp. Part 1: Detection
of Vibrio parahaemolyticus and Vibrio cholerae[S]. First
edition. Switzerland: ISO Publishing Company, 2007.

[13] rhe AR [ 5 5 B B G s fe i B sy, hEE %
PRAfEALAE PR ZE 51 2. GB/T 26426-2010. fikh o il ifn
SRBAAAIS]. dbat: v EARHE AL, 2010.



WARTR 55 e Stk = H PCR R G I a1 v i A4 5K B 775

[14] e AR L0 [ ) 5% 0T B A 36 A % R SNUT 1202-1208.
0173-2010. 3k 4 11 £3 i v @ 35 10k 91 B 4G I 5 32 [S). [22] %hatr, 168, BoetE, % ZE PCR [l mFAR M 15
dbat: H EbRAEH AL, 2010. FEIRTE . SE/KIER B RUK M 1 9 8 0], shi e

[15] st A R4 [ B 5% Bk B G 0 K AR, SNVT HLJfe, 2006, 27(7): 55-58.

2424-2010. 3 H 171 £ 5y HR R v 2 DI T b s B M [23] HEAAk, WAER, BT, . VIR . 7 B an 2 ks
W7 SERSEE PCR JEL[S]. dbmt: b bz A, WZE PCR Ay ik AR K] A8 35
2010. Ji2E4Rk, 2006, 22(12): 1121-1123

[16] b AR 3 A R A R A B A R SNIT [24] #E, SelIZs. I ZE PCR Rl s Sum v etk
2754.5-2011. H 1T 5 R BOR IR A 2 E R Y MRTE I 3 7 ZE R 3], b [ TR 5 BR 2= 4, 2006, 28(2):
(LAMPY Al 5 s 5559843 milvA i M9 E& [S]. b 228-231.

AR HE H L, 2011 [25] JHOCAE, FAERR, sk R, 45 PEZE PCR HREKMN

[17] FDA. 2004 Bacteriological Analytical Manual Online STD Ji R [J]. BRARKLIN PR 24247, 2006, 21(2): 26-28.

Chapter 9[S]. Seventh Edition. American: Food and Drug [26] flde, SRiEMk, RiEF, % £H PCR H A

Administration, 2004. . .
. ' . s N et s AT % X% 7 9T [J] & A 2 2, 2011(5):
[18] FHE, BLIRRI, XA, S5 5 PO e L 52&:53%& GRRTLR R A R 200(5)

Z & PCR Al kb ni 3] JE AL K2z 2=k, [27] BRSO, 27884, FREASE, % RifIZE PCR Kol s

2010, 41(6): 701-705. N —— T p
[19] fBSHE, R, 45 bR K HCEE £ IR PESOR I PCR K :zgf’;;‘_;mimﬂ“[”' TR FR, 2005,

W AR ] A 2E, 2010, 50(2): 141-147. (28] 4K, KB W % LE o6 b PCR HIISHE
[20] XUk, stWEHH. P HENARTEVNTTIREE PCR AN Jr vk b iy LU R I O], o A S S RS, 2011,
L] Wi dit, 2006, 33(2): 156-161. 27(12): 1065-1070
[21] SffE, ZFEM, &£EM, & £FE PCR milg4-FLIR [29] Jeocig, w5 ¥, «tEE, 45 HEWEWIRELZE PCR &
REWOFEERIE . TILBEBRA . L BBk A A ORI T RS [0]. AR AR A4 AR, 2009,
kR 5] & BSR4, 2006, 37(11): 29(12): 79-84.

AR AR R Y Y R R R R R Y AR A AR R AR R R Y AR R AR A R R AR AR R A R R R AR AR A AR AR ) R Y Y Y R AR AR R oY) oY) Y A AR R R R AR AR ) L)
—
fEiTRE

SRIPIT IR (P A4y 5B IR )

(A 2EER ) BITIF 1974 45, R ERZABRUEDIF R T b B RUE %S0, BN RTT, LIGRUED
22 0 FAFE MR R B AR BB S5 0 AN MR B2 R P, PP NAETE . JEMBZEY A5, Rl A=, 1«
A A Y 2EE Y, EEUESATY, IR REIESY, SRAUE ST, UEDTIREIRE R AT, MUEMEAA
FEIE, UEIBCRMRIESY, Y TR S 2T, UE P E AR R P2l A A Y A R T M S

AR E B RBLEAZOIAT] . SR E KRR H R =, b EREEE SR =, b I E R
HAFIR Bl AH I R B BT« EIATIOT I R E S CRG” #1F.

H 2008 4EAPIC L apidih, WA FISCH A B, ARFMAE, NABEMFEEHESL . Wl KiEE B RTTH
ERS5AAHETHERWE, 2014 £ MEM 58 o0, 24 696 6, FRATHGHME 2711,

MR bk . (100101 ) b tsfH X LR VEH 1 5B 3 5 Hh E B A B A YR it (RUEY27m iR ) giiEip
Tel: 010-64807511; E-mail: bjb@im.ac.cn, tongbao@im.ac.cn
W4k . http://journals.im.ac.cn/wswxtben

E N2 RS, 2-817; EINEITRS: M413

http://journals.im.ac.cn/wswxtbcn



