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differentiation of Phytophthora capsici Leonian and regionality in Liaoning Province. [Meth-
ods] Using Sequence related Amplified Polymorphism (SRAP) technology, the 25 strains of
Phytophthora capsici Leonian in Liaoning were amplified in PCR method and evaluated by
clustering analyses of NTSYS-PC. The pathogenic differentiation was researched by
root-drenching method, and it was examined with hierarchical cluster combination by SPSS
11.5. [Results] The results showed that the DNA of 25 strains were amplified by 27 primer
pairs. A total of 578 bands were identified, of which 548 bands were polymorphic. The
percentages of polymorphic fragments of each primer pairs were ranged from 84% to 100%.
There were abundant polymorphism clustering analysis showed that the genetic similarity
among the 25 strains of Phytophthora capsici Leonian were very high. The similarity
coefficients varied from 0.56 to 0.91. They were divided into four groups at 0.68 for similarity
coefficient, significant correlations were not obvious among the sources of these strains, and
there were not regional characteristics. 80% strains were intermediate pathogenicity. [Conclu-
sion] The tested strains were not significantly regional characteristics, and there was no regu-

larity of pathogenicity differentiation from different areas.

Keywords: Phytophthora capsici Leonian, SRAP technology, Polymorphism, Pathogenicity

PRBUZERG PR RIS, Sl B B TR )
L SR AU 25 (Phytophthora capsici Leonian) 5|
%, BATBORVER F AR EY, &I
ol 7E B HE R R MR AR IR LR A, PR FL AT
SR bR 4, BEXL. R KEEALHE, TR
A SR A A IR GE E E, BOR iR 2
EHZAIE, ERREFMFR 152 E RS s E K
PR, 7 1 e ZR AR B AR, IR B B
b bt 2% S R Ak, I LB A A TR A O S i
PFEN TR R LD S R (s AR ARV R T SR T 2
PRSI, TR, AT T A MR G H
I, OB F RN R Z —.

SRAP (Sequence related amplified polymor-
phism)#; AR & 2001 4EF Li F1 Quiros 7525 & @ A
Yy LI BB A FhRicE AR, B—FT
AT H 5 BRI A EE PCR 4 (H  7 F-F5
ICHOR, B DNA ZKF- EAGIEE A 2H DNA £
M0, B PG AR mR. R
5, 7R T RAPD (Random amplification
polymorphism DNA)fEEPEZ: . SR | 2%

i, LK AFLP (Amplified fragment length poly-
morphism) B 2% . A B % 5T, SRAP
BRI MR T . Afe . Fli . BRE .
SRR A5 22 o st 4% TR 3% A Z2 A 0 B B F
GRS 2 A AP LN
ARiE, /K PRSI JE R ), ANzt
G R bRIC I, I SRAP H AR X Uz
LR AT 28 DA GE, AR LA T
A4 BRBURE 5 TR R BIE 9 6 2 A TR 3 PR A 1Y
SRAP Z A1 H S B 1 43 A5, LA R ]
BHPE I3 TR 19 22 5 1k S AR S B ) 2 A 3
W, AFTF TR BB AEAR TR, Xt i
NPV I R AR R . TR0 T R A R B N
AR BB B HER R L,

1 MRS HE
1.1 #HiXErk

XK HIL T4 N XY 25 MRS
oy A AL S, N T EY O OB i T
(Phytophthora capsici Leonian) (% 1),
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1.2 #ilERELAE

WP 25 ASBE T MR o I RS AE TR A
100 mL PDA #5511 250 mL =it . 7&
25 °C. 140 r/min $EPRAFEEFE 5 d J5, 5 000 r/min
2.0 5 min, FTCHEIEANR T 240K, B
TS U AR, 80 °C fR-AF#HI .
1.3 J&5%E DNA RYIRER R A&

FIH R BRI SEH 2] DNA $2BGEH] &

X DNA LRI THEI, KHRBU™ 2 1.2%35
BFEEERE 100 V ALYk 30 min, FIFH%ESMt
JEEETHITE ODogsoreo, FaLiMEE AL FYAENE o

1.4 SRAP ¥ 1%

1.41 S|¥8yiFEiE: ARERAN 10 £&IEmM5]
WK 10 215 4P (3 2)Hh EigA TAEY)
TREARSARAREG K, EECRFEHLIXT 4
MRS HDG . FSH . JBZ . BXXSL #H17

F1 BERESREKRKIER

Table 1 The strain number and source of strain

Hi RE Hb R o5, R FRE
Locus Strain ! Locus Strain ! Locus Strain
WP SFK . ST CYK 75} FSA
Shenyang i Chiayang : Fushun
SXM ; %_%} i JBZ ; FSB
: Jinzhou :
SYT L L HDG : FSH
| Huludao |
FKA ! EHm YGM ! Fsl
! Yingkou |
SAA AET BXBL FSK
EAIIi ASF ; Benxi BXHL ; FSX
Anshan AKH BXN FSL
j‘ﬁ_ﬁi DLW i BXXSL i wﬁﬁ TQY
Dalian ! ! Tieling
PR DDNL
Dandong

*2 IER3IYHFSY

Table 2 Sequences of forward and reverse primers

nALGILY) B w514
Forward primers (5'—3') . Reverse primers (5—3')
Mel TGAGTCCAAACCGGATA Eml GACTGCGTACGAATTAAT
Me2 TGAGTCCAAACCGGAGC L Em2 GACTGCGTACGAATTTGC
Me3 TGAGTCCAAACCGGAAT Em3 GACTGCGTACGAATTGAC
Me4 TGAGTCCAAACCGGACC Em4 GACTGCGTACGAATTTGA
Me5 TGAGTCCAAACCGGAAG Em5 GACTGCGTACGAATTAAC
Me6 TGAGTCCAAACCGGACA Em6 GACTGCGTACGAATTGCA
Me7 TGAGTCCAAACCGGACG Em7 GACTGCGTACGAATTCA
Me8 TGAGTCCAAACCGGACT Em8 GACTGCGTACGAATTCAC
Me9 TGAGTCCAAACCGGAGG Em9 GACTGCGTACGAATTCAT
Mel0 TGAGTCCAAACCGGAAA | Em10 GACTGCGTACGAATTGTC

http://journals.im.ac.cn/wswxtbcn
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519 PCR ¥4, ik th S5 I i e ek Sl 2
HAREMTIY . I A5 % BRARUEE 9o T
25 MR RIEAT PCR 973 o

142 PCR REAZARER: SRMMAAFS
25 uL: 10xPCR buffer (Mg** free) 2.5 uL, Mg
2.0 pL, 10 mmol/L dNTPs (10 mmol/L Each)
1.0 pL, IEZAEIS[#7(10 pmol/L)# 1.0 uL, Taq
DNA polymerase (5 U/uL) 0.25 pL, #tz DNA
1.0 ub, A ddH,0 B2 ZE 25 ub; IV FEFSIE Li
1 Quiros FY7J7 I ANE L™, 95 °C 5 min; 95 °C
1 min, 35 °C 45 s, 72 °C 1 min, 4 PME#; 95 °C
1 min, 56 °C 1 min, 72 °C 1 min, 34 ME#F; 72 °C
10 min, 4 °C {447

143 M WEREESIT: PCR Y&
6% N A LR e LYk 1.5 h (180 V). 0.2%
AgNO; {7, 15 min, 3% NaOH 5 0.8% CH;OH
W 5 min J5id s &, Al H A Marker
(DL2000) A #HRic, 200-2 000 bp Z[a]Hi ¥ DNA
PHGAIC L, oY AL o 07, B R T
AL TR, R NTSYS-PC {43t
AR T IR 2 o3 At st AL HE 25 43 AT

1.5 HiXEHKREE HNE

1.5.1 iR BT 1 @) L 1019 (4
FARL) . LA 11 (RRARHN) . H A K JE (RHRAR)
152 BURNME: RABEREME, & Hht
WAL T PDA X555 25 °C 53R 6 d Jm, 1A
ENGATER 7 mm B, BT REBRUR 25
252 cm AT —IRZY 1 om /LS s it e
K, 4F 20 BRET O —AbFE, AR 3 REEM) L
PG TR E N IE # S,
TRAARFFIRIE . 3R 2 d S5 IR B LR TS I,
10 d J&5 A A AL BRI A T L o

153 AEAHZE: S MG EKERZEM LS K
PO R 19 i IOk A 45 R B 1 B0 T
255

0 Z: TATATHEIR;

1 9 WA R, A AEE
ARG S

290 YRR RIS Lom=2 cm, A
IR VEZERS, R A Tk,

3% WA R 1 em-2 cm, M

A A 2235 s I A A
4 9% gl RS | A, AR AhER I
i 75 B AR R TS

5 2% HERAHAE

WTETE R (RREUE IR B EEL) x100)/
(R = (> JH AR ER)
154 BUwNXIS: Hi A )7 kP AR
M3 R SR BRI CE-H49 4 =50)  Hh4F 3K
TRPERE IR (50> F- 15 = 20) . 55805 LR R (CF
BistE <20), HAIH SPSS 11.5 432 BRI i%F
I TR TRPR R R AL G

2 HZFR5SH

2.1 SRAP 3|89k

PEHL HDG. FSH. JBZ. BXXSL E#kXT 100
¢l SRAP Hl¥itATiiivk, 45085 27 50T
Wi . ZEME S LA
2.2 SRAP 3|4¥ 1%

FIH 27 H514%F 25 AR IHAT SRAP 43
(B 1), PHader=: T 578 IMhric, MR
548 %, FrEMEHR 115 & B SIMA AN Z
SHE L 11-30 2%, st dich 0-12 4%, A
WSR2 S 84%-100%, £5MEFEE
(# 3),
2.3 SRAP BE 4R

RIEGYIXT 25 DT BEZE R iE1T SRAP
KA 2), SRR AR IR S, A
ZH0CN 0.56-0.91, BLHEE N 6.67-2.97( 4).
HAo#i Bk HDG 54 Rtk BXBL., FH4R
itk DDNL 53Rk FSL AR, R 80, 20
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1 Me4-Em2 #0 Me8-Em2 5|#4H & 3T 25 N EHk SRAP ¥ 1445 R
Fig. 1 The amplifications of twenty-five strains by Me4-Em2 and Me8-Em2 primer pairs

0.91, LR fRIL, ¥oh 2.97; EIlAEk ASF
SARERE M BXHL AR BERAR, 4 0.56, itf%
PRSI, A 6.67. AIFRECH 0.68 B RI5rH4 4
4H, Hr%s 1 414335 BXBL . HDG .DLW ., DDNL .
FSL. YGM % 15 4~ Ki#k, FSI. FSA. SAA 34
AR NS 2 40, AKH, FSH., SFK., JBZ, SXM,
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K, IRIRAE AT LA (£ 5) HRH 11 XFH
5% 45 BUTE 5.83-51.67 Z A, Hih OB bk
YGM Euw J1 ek, WIHEME CYK BUwk J1 55,
HosREOR I EERE 1Rk, SE0% R 4 Bk,
RYPAPESUR S, SRR 80%; FSX %
7 BRI k45 28.95-39.79, 4k h 530 1)

BERE, TEPH 5 BRASERIHE 7.91-48.96, ZEFIK,
RGP R HL, T AR E AR
SRS 7 B B XS AR LR (] 3). Fh T
D, JL T4 M X BRBSUEE I TR 22 B0k Hh S 80 7,
{H45 PN 45 b DX TR R 8006 77 8 55 4316 1) DX SRR A1
PERUEHASEH &

&3 SRAP A SXMERMEREYT EHHREZSHETY

Tabel 3 The total and polymorphic fragments number per SRAP primer pair of

Phytophthora capsici Leonian

. T Ty B LA 5 SHPERP AL EEMIE
Code Primer _combi- The number of The nur_nber of poly- The n_umber of  Percentage of polymorphic
nation total fragments morphic fragments special bands fragments (%)
1 Mel-Em7 17 15 2 88.24
2 Me2-Em4 22 20 4 90.91
3 Me3-Em3 20 19 4 95.00
4 Me3-Em5 16 15 5 93.75
5 Me3-Em6 24 23 7 95.83
6 Me4-Em1 25 25 1 100
7 Me4-Em2 19 19 2 100
8 Me4-Em4 12 11 2 91.67
9 Me5-Em3 17 15 2 88.24
10 Me5-Em4 19 18 12 94.74
11 Me5-Em5 22 22 5 100
12 Me5-Em8 21 21 4 100
13 Me6-Em1 18 17 0 94.44
14 Me6-Em2 25 21 2 84.00
15 Me6-Em3 20 18 1 90.00
16 Me6-Em4 21 21 7 100
17 Me6-Em5 31 30 10 96.77
18 Me6-Em8 27 26 8 96.30
19 Me7-Em1l 26 26 4 100
20 Me7-Em2 26 26 4 100
21 Me7-Em3 25 22 3 88.00
22 Me7-Em4 15 15 1 100
23 Me7-Em9 20 19 3 95.00
24 Me7-Em10 18 17 2 94.44
25 Me8-Em2 24 24 9 100
26 Me8-Em3 26 22 4 84.62
27 Me8-Em8 22 21 4 95.45

http://journals.im.ac.cn/wswxtbcn
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Table 4 The genetic distances among twenty—five strains of Phytophthora capsici Leonian

BXBL HDG FSB FKA FSI FSX CYK BXN FSK DLW TQY DDNL FSL YGM SYT AKH FSA ASF SAA SFK JBZ SXM FSH BXHL BXXSL

BXBL 0.00

HDG 297 0.00

FSB 5.06 4.80 0.00

FKA 520 521 4.32 0.00

FSI 552 534 516 5.20 0.00

FSX 555 538 3.99 4.85 5.33 0.00

CYK 536 508 416 4.32 539 4.12 0.00

BXN 572 549 487 521 550 4.90 4.87 0.00

FSK 538 5.13 511 521 544 511 5.08 5.33 0.00

DLW 465 4.67 556 556 5.78 560 5.21 5.67 5.16 0.00

TQY 558 531 526 5.06 579 542 520 5.24 4.83 514 0.00

DDNL 4.44 434 542 536 542 546 526 5.34 497 3.92 489 0.00

FSL 450 4.40 541 528 550 5.47 514 536 506 3.77 518 297 0.00

YGM 471 454 533 533 558 555 523 550 514 401 503 386 3.55 0.00

SYT 579 569 523 533 579 539 520 490 531 556 533 539 534 533 0.00

AKH 6.16 6.06 5.90 581 6.01 6.01 569 594 573 588 566 572 5.67 550 572 0.00

FSA 6.20 6.10 5.70 5.70 4.85 591 585 578 569 596 5.88 594 587 567 570 556 0.00

ASF 6.56 6.52 6.10 6.24 6.27 6.48 6.29 6.34 6.25 6.47 6.38 6.35 6.28 6.29 6.38 6.14 6.07 0.00

SAA  6.16 597 587 581 511 581 584 597 6.00 597 6.10 593 594 572 598 6.03 4.94 6.42 0.00

SFK 6.08 5.96 5.64 558 546 5.79 526 5.60 5.87 547 539 573 566 564 567 508 546 6.21 5.63 0.00

JBZ 6.10 6.08 5.56 5.78 490 584 560 579 564 561 587 575 558 563 566 570 5.08 6.17 5.06 4.83 0.00

SXM 576 5.66 564 573 5.88 594 576 581 544 550 555 552 560 539 555 556 6.11 6.46 6.04 5.39 4.90 0.00

FSH 6.08 598 585 5.64 594 6.08 564 596 598 578 567 582 556 561 6.00 4.69 585 6.04 5.87 4.92 528 5.33 0.00
BXHL 4.99 541 585 6.03 6.00 6.00 579 6.10 569 501 585 4.85 4.83 520 591 578 6.14 6.67 6.04 5.76 550 5.67 5.33 0.00
BXXSL 5.66 5.49 5.69 596 587 547 5.66 5.67 542 585 556 550 564 563 596 549 6.01 6.60 5.82 5.60 5.73 5.69 550 5.11 0.00

981
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BXHL
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DDHL

_| FSL
YGM

BXHL

FSB
FSX
CYK
FKA

BXN

SYT

FSK

TQY

FSI

FSA

SAA
AKH
FSH

SFK
IBZ

SXM

BXXSL

0.60 0.68 0.76

Coefficient

: ASF
0.83 0.91

2 FRMMERRE 25 D EPR SRAP fRICERENN
Fig. 2 The clustering analyses of SRAP for twenty five strains of Phytophthora capsici Leonian

3 ikt

AHFFEFIH SRAP FANF L 72448 AN [R] b X B
PSR AT PCR Y IR T IR b, 452K
TR AR st A AR AU PEAR 5, JC i AR AH A
RECHBER 5y, F—H X W E IR B —
T, AR AR SCPEA A i, 1 R AE— A AR R
H SRAP KA EtE—E S, R EEM
M, Bom AR LRk, S wk T 80%
I EEON T, RIS AR BoRBUR 1Y
DI EAFAE A & B SRAP RAELE IR 5hg1E 18
BORBLEELXT AT B, 80 1 —BEida
PRI AEAMEIEAN R, s AL v i T
R IRES A — 225, W FSX, SAA FSI . FSH
ERMRER IR, (BFE SRAP R4
M4, i HDG 5 BXBL, DDNL 5 FSL

AL R B R =, BUW AR 25 5, (BERS i 3E
57 TGRS AR A o
VLT FIH RAPD H AN M B . =
WLZR A 7 NI R BUBURE RS 1) 35 A 2 REMEIF R 25
REW, [\ — XA BRI B e 2
FEPERA: Dusabenyangasani i B4 SRR, K EH T
A Tvi) 3t DX 118 7R 45 8l T TR 352 1 22 R 5 TR R OR T
To 13, A PEPLAE R ] ISSR-PCR 43#7 T #ik
FESUMG PR30 AG e, 25 R UL TR R 38t
RIS 0K 1 AR BT 5P, By 5 AR
AR LA I, BRI A
] AN SCA B 0 i ot 22 5, il FLAR e 2R 3
INFRAAEIRGE, AR 3 IR ) 0% T AR — 2 1Y
S AR S T ) 22 A L B0 1 5RE
R o 2 SR NP R —E X R T —
gl
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Table 5 Disease index of 17 strains of Phytophthora capsici Leonian on 5 varieties Phytophthora capsici

PG 11 Fm IR 5L
BRIk OPESHIX Index of disease 11 days after inculaton S
Sl Largifa B 1 LA 19 AR 11 EESN! bz
Yuantian Nol Liaojiao No19 Liaojiao Nol11 Tianying of Japan
BXBL A% Benxi 250 HR 10.00 HR 1750 R 1750 R 11.88R
HDG  #/ % Huludao 25.83R 28.33R 28.33R 25.83R 27.08R
FSB  #LMi  Fushun 42.50 MR 46.68 MR 38.33 MR 21.68 R 37.29 MR
FKA  JLFH Shenyang 34.18 MR 41.68 MR 44.18 MR 1250 R 33.13 MR
FSI i Fushun 30.83 MR 74.18 S 46.68 MR 7.50 HR 39.79 MR
FSX  #EMi  Fushun 42.50 MR 40.00 MR 40.00 MR 36.68 MR 39.79 MR
CYK HiFfH Chaoyang 3.33HR 3.33HR 3.33HR 13.33R 5.83 HR
BXN ZAE Benxi 2250 R 31.68 MR 8.33 HR 16.68 R 19.79R
FSK  #E/il  Fushun 31.68 MR 62.50 S 26.68 R 21.68 R 35.63 MR
DLW Ki% Dalian 60.00 S 40.83 MR 48.33 MR 30.00 R 44.79 MR
TQY k&  Tieling 2750 R 32.50 MR 25.00R 35.83 MR 30.21 MR
DDNL #}74< Dandong 47.50 MR 38.33 MR 37.50 MR 24.18R 36.88 MR
FSL  #EMii  Fushun 38.33 MR 25.83R 28.33R 23.33R 28.95R
YGM &I Yingkou 53.33S 51.68 S 51.68 S 50.00 MR 51.67 S
SYT LFH Shenyang 64.18 S 51.68 S 70.00 S 10.00 HR 48.96 MR
AKH #ilI  Anshan 55.00 S 40.00 MR 36.68 R 33.33 MR 41.25 MR
FSA  #E/il  Fushun 42.50 MR 65.00 S 45.00 MR 20.83R 43.33 MR
ASF  #1ll  Anshan 41.68 MR 65.00 S 30.83 MR 31.68 MR 42.29 MR
SAA  ILFH  Shenyang 65.00 S 35.00 MR 51.68 S 7.50 HR 39.79 MR
SFK  PkFH Shenyang 47.50 MR 26.68 R 20.83R 26.68 R 30.42 MR
JBZ N Jinzhou 52.50 S 29.18R 60.00 S 9.18 HR 37.71 MR
SXM  JLFH Shenyang 3.33HR 1750 R 3.33HR 7.50 HR 7.91 HR
FSH T Fushun 40.00 MR 44.18 MR 69.18 S 250 HR 38.96 MR
BXHL A% Benxi 47.50 MR 45.83 MR 45.00 MR 19.18 R 39.38 MR
BXXSL AN Benxi 74.18 S 23.33R 31.68 MR 15.00 R 36.04 MR

TE: HR: St (0<RiETE50<10); R: PUs(L0<)igfEFE % <30); MR: Tt (30 <JigtEFE 5 <50); S: Bk (15755 >50).
Note: HR: Highly resistant (0<Disease index<10); R: Resistant (10<Disease index<30); MR: Moderate resistance (30<Disease
index<50); S: Susceptible (Disease index>50).
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Fig. 3 Synthetic map of the hierarchical clusterlng for tested strains’ pathogenicity
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