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Abstract In order to master the composition and distribution of mating type, and population genetic diversity of P. capsici, a
collection of P. capsici isolates isolated from different regions (Guiyang, Bjie, Zunyi, Qiannan, Anshun, Liu Panshui) in Guizhou
Province were characterized in this study by matching pairs with standard isolates, and RAPD-PCR method, respectively. Total 72
isolates were divided into Al mating type 6 isolates, A2 mating type 64 isolates and A1,A2 mating type 2 isolates. A2 was the
dominant mating type and distributed in all sampling regions which accounted for 88.9%. RAPD analysis using 31 random primers
resulted in 329 reproducible bands, of which 317 (96.35%) were polymorphic. This shows that abundant genetic diversity existed
among different isolates. Shannon's Diversity indices in different regions were between 0.1142~0.4244, with the average of 0.2224.
The sequence of Shannon's Diversity indices was “Guiyang (0.4244) > Zunyi (0.2995) > Bijie (0.1926) > Qiannan (0.1822) >
Anshun (0.1206) > Liu Panshui (0.1142)”. Seven clusters were obtained by using UPGMA analysis at level of 0.78 similarity,
clusters have certain relevance with geographic region and host varieties, respectively.
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SO TARRER O TR 2 FEE R R
1) SR 2% 5 A IF9T. Silvar 25(2006) ] RAPD *if
FEHEF . PG, DR, BB A5 I R 1 AR 55 T Ak
HHAT AL ZREVE 0T, RILPHEF B Ak B A AR
WWAEAR S, >k F AN [ I 5K 1R B R D) et % 2 e AR B

R 1 DM BB B 181 X AT HC TR o A S A A A

o, bR AT 11 ] SR ) B B A AR B
e ZEPEAF(2011) %) K H B BB, Y95 A DU 1A
ST A% 8 W BT T RAPD i8i4% Z FEE 4T,
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PRI 5 I BRAUE 25 R A O B A B AT . AR
G R FR AR SRR, R IO 993 25 B 8 SR s
(il R LA

14R 500
1.1 S M PAE T AC BB A A5 43 AT

BRI 72 MEREE R H AL A2 R ALA2
SR E AR R, b 64 MR A2 AT, KR4
X IYAT o0 AT, K AEATR g 88.9%; 6 Fk o AL AZHLAY,
AT BB RIFR AT HLX, R AATR y 8.3%:;
2B ALA2 Y, ARk B STRHAIERSY, kAR
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Table 1 Distribution and occurrence frequency of mating types of P. capsici in Guizhou Province

Hi BBk H SRR ALRUEEBR) A2 BRASIR%)  ALA2 LR HI% (%)

Locality No. of Mating type Frequency of Al Frequency of A2 Frequency of A1,A2
strains Al A2 AlA2 mating type (%) mating type (%) mating type (%)

X 12 0 12 0 0.0 100.0 0.0

Zunyi

pihl 13 2 10 1 15.4 76.9 7.7

Guiyang

25 17 1 16 0 5.9 94.1 0.0

Anshun

] 20 3 16 1 15.0 80.0 5.0

Qiannan

Eey 4 0 4 0 0.0 100.0 0.0

Bijie

INHEK 6 0 6 0 0.0 100.0 0.0

LiuP.S.

STt 72 6 64 2 8.3 88.9 2.8

Total
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R 2 ANFRIHEIR YRR 2 P 1 8 1% 2 5L

PEFRECR/NE N 0.114 2~0.424 4, F-1 04 0.222 4,
PN HL B AR Nei's F8E0F1 Shannon's 84011155
g A, ALATTRH . 1 X . Shannon's
ZREPEFRECE ALY Ry . U1 FH(0.424 4)>18 S
(0.299 5)>H75(0.192 6)> 24 (0.182 2) > % i
(0.120 6)> /17K (0.114 2)(¥% 2).

AN [6] 1t AU 3 B AR P2 5 T MR (] 1) 2
FEAFABATE (3 3), 22 NUAI B4 e PR BRI PR LIS A5 AR BLE: S5t
110k 0.955 7, JLURCH 7N BEZK 5 108 SRR () st AR AH
AR 0.9302. 38 55 5t BH R R [A) 15 AL AR LU S
0.923 0. EHLARLMERARI AT 5K B
B2 @k, 2> %% 0.747 7. 0.752 9. Y5 H
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Table 2 The genetic parameters of Phytophthora capsici populations from different geographical regions

Hu X [E 73 P BRI A RS R R HEDR 2 FEEFR AL Shannon's {35 B35 4k
Origin NO. na* ne* h* I*
LSYE 12 1.5532 1.3567 0.2031 0.2995
Zunyi

piEl 13 1.8693 1.4761 0.28 0.4244
Guiyang

I 17 1.2462 1.137 0.0802 0.1206
Ansun

B 20 1.4802 1.2064 0.1191 0.1822
Qiannan

By 4 1.3374 1.2279 0.1307 0.1926
Bijie

ANFEK 6 1.2766 1.1163 0.0717 0.1142
LiuP.S.

T na S0y FERIEG ne*: A FE KB (Kimura and Crow, 1964); h™: R £ REMEFE % (Nei, 1973); I Shannon's 15 K5 %k

(Lewontin, 1972)

Note: na”; Observed number of alleles; ne”: Effective number of alleles (Kimura and Crow, 1964); h*: Nei's (1973) gene diversity; I":

Shannon's information index (Lewontin, 1972)
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Table 3 Genetic identity and genetic distance from different geographical groups of P. capsici

Pop ID INBEIK S Ay 2 FirE Eeyy
Liu P.S. Zunyi Guiyang Anshun Qiannan Bijie

INHEK ok 0.930 2 0.843 2 0.8758 0.8616 0.7477

LiuP.S.

3 0.0724 kel 0.923 0.918 4 0.909 7 0.802 4

Zunyi

piglil 0.1706 0.080 1 kel 0.908 7 0.9075 0.7950

Guiyang

2Nt 0.1326 0.0851 0.0958 ekl 0.9557 0.7529

Anshun

) 0.1490 0.094 7 0.097 1 0.0453 falaiaied 0.7813

Qiannan

BBy 0.290 8 0.2202 0.229 4 0.2838 0.246 8 iaiaiaied

Bijie

B by WA, ROy LR RS pop ID: FREEHLIX

Note: Above diagonal: Nei's genetic identity; Below diagonal: Genetic distance; pop ID: population ID
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Figure 1 Dendrogram of P. capsici from different regions
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%4 SHMNBUE A RAPD-PCR 45 R 1) UPGMA B &5 RE0iHR
Table 4 Statistics of 72 P. capsici isolates from Guizhou by UPGMA analysis on RAPD-PCR

FERA ] ANEEK MY BE Lo 3 73 G LY
Cluster group Guiyang LiuP.S. Zunyi  Qiannan Bijie  Anshun  No. Host cultivar
I 2 5 5 0 0 0 12 TBESCHRARLG 7 A TR
Zunyi chilli; Tomato; Pimento
II 4 0 1 19 0 17 41 M RN KBRS, I

RS, BE L 5, AT 42; 7%
WAL, W3 5

Anjiao; Yellow skin horn pepper;
Changla; Changyan; Xin pimento
1; Nongfeng 42; Los pepper;

Xiangyan 3
11 1 0 0 0 0 0 1 fip:s
Pimento
v 4 1 6 1 0 0 12 T SCBIMG FIRG WHORBE Lk

G AT 4 5
Zunyi chilli; Pimento; Pod pepper;
Dushan cayenne pepper; Xiangyan 4

% 0 0 0 0 2 0 2 KIT 4
Dafang zhoujiao

VI 0 0 0 0 2 0 2 KIT 4
Dafang zhoujiao

VI 2 0 0 0 0 0 2 Ll B
Rauwolfia

pesry 13 6 12 20 4 17 72

Total

R 5 PR R R PROR I
Table 5 Sources of the tested isolates of Phytophthora capsici

YT [6:0% %57 REM S KRENHGEE) RT5 Bk KA Hh AT KA [8) (4F)

No. Isolate No. Locality Time (Year) No. Isolate No. Locality Time (Year)

1 PC-52-1 FNEEK 2009 11 PC-62-2 38 2009
LiuP.S. Zunyi

2 PC-52-2 FNEEK 2009 12 PC-62-1 38 2009
LiuP.S. Zunyi

3 PC-52-3 FNEEK 2009 13 PC-50-1 38 2007
LiuP.S. Zunyi

4 PC-53-1 FNAEK 2009 14 PC-50-2 38 2007
LiuP.S. Zunyi

5 PC-53-2 FNAEK 2009 15 PC-50-7 38 2007
LiuP.S. Zunyi

6 PC-53-3 FNAEK 2009 16 PC-30-2 38 2004
LiuP.S. Zunyi

7 PC-59-2 SE9E 2009 17 PC-30-3 38 2004
Zunyi Zunyi

8 PC-16-3 Y 2004 18 2012PC-5-2-1 38 2012
Zunyi Zunyi

9 PC-16-4 SE9E 2004 19 PC-68-3 payLE 2009
Zunyi Guiyang

10 PC-62-3 SE9YE 2009 20 PC-68-2 payLE 2009
Zunyi Guiyang
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k5
Continuing table 5
T WY REM S RENEGE) s BEKS KA 5 SRAET H] (4F)
No. Isolate No. Locality Time (Year) No. Isolate No. Locality Time (Year)
21 PC-66-4 iy e 2009 47 2012PC-14-2-3 2l 2012
Guiyang Anshun
22 PC-68-1 B 2009 48 2012PC-15-2-1 B 2012
Guiyang Anshun
23 PC-66-5 SR 2009 49 PC-47-1 L 5] 2007
Guiyang Qiannan
24 PC-66-2 iBH 2009 50 2012PC-12-1-1 L 5] 2012
Guiyang Qiannan
25 2012PC-3-1-1 T 2012 51 2012PC-12-2-1 e 2012
Guiyang Qiannan
26 2012PC-3-1-2  [H 2012 52 2012PC-12-3-1 o 2012
Guiyang Qiannan
27 2012PC-4-2-1  #&[H 2012 53 2012PC-12-4-1 o 2012
Guiyang Qiannan
28 2012PC-4-2-2  #ilH 2012 54 2012PC-13-1-1 E] 2012
Guiyang Qiannan
29 2012PC-7-1-1 i BH 2012 55 2012PC-11-1-1 L 5] 2012
Guiyang Qiannan
30 2012PC-8-1-1 i BH 2012 56 2012PC-11-10-1 Eoae] 2012
Guiyang Qiannan
31 2012PC-18-1-3  ©ifH 2012 57 2012PC-11-11-1 e 2012
Guiyang Qiannan
32 2012PC-1-1-1 2l 2012 58 2012PC-11-2-1 E Ogea] 2012
Guiyang Qiannan
33 2012PC-1-2-1 2l 2012 59 2012PC-11-3-1 E Ogea] 2012
Anshun Qiannan
34 2012PC-1-3-1  z2Jlii 2012 60 2012PC-11-5-1 Eo] 2012
Anshun Qiannan
35 2012PC-1-4-1 22 I 2012 61 2012PC-11-6-1 L 5] 2012
Anshun Qiannan
36 2012PC-1-5-1 2 2012 62 2012PC-11-8-1 Eoae] 2012
Anshun Qiannan
37 2012PC-1-6-1 2l 2012 63 2012PC-11-9-1 ) 2012
Anshun Qiannan
38 2012PC-1-7-1 2l 2012 64 2012PC-11-14-1 ) 2012
Anshun Qiannan
39 2012PC-1-8-1 2l 2012 65 2012PC-11-16-1 L) 2012
Anshun Qiannan
40 2012PC-1-9-1  “#JIfi 2012 66 2012PC-11-22-1 o 2012
Anshun Qiannan
41 2012PC-1-10-1  ‘ZJlji 2012 67 2012PC-11-23-1 L) 2012
Anshun Qiannan
42 2012PC-2-1-1 2l 2012 68 2012PC-20-1-1 L) 2012
Anshun Qiannan
43 2012PC-1-16-1  “#JIji 2012 69 PC-48-5 By 2007
Anshun Bijie
44 2012PC-14-1-1  “#JIfi 2012 70 PC-49-1 By 2007
Anshun Bijie
45 2012PC-14-1-2  “#JIji 2012 71 PC-49-4 By 2007
Anshun Bijie
46 2012PC-14-2-1  “#JIfi 2012 72 PC-48-1 By 2007
Anshun Bijie
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PR UEASIC Y AR S R AR 2 e CA B 9%
B LER— A, WR R 1L S H K AT FL s 70 )
HEATAH R B 228, SR A PR v LR IO 285
FEMENMEAS B (7= AR AE L, e DL GRS /N, 1997,
o [E b H A, pp.88-89).

3.3 E X4 DNA [f3#2E5 RAPD 447

W28 T TR AL R A R R R T KR 1Y) CA (200
g BHE MHETE, 250K 1000 mL)BARRS R, FRIK
Z (100 r/min)kEFE 7~10 d, FXUZ K 20 A dk
W22 )0 BT 65°C AR T8, B 5 B T-DNA
PENEL-20°C ORAT 5 FH o BAUHRUE 5 141 JE R 41 DNA 11
il R AR TAEY) TR IR A R A1 Ezup R
FL LI 4] DNA il i1 S 42 DNA, H 1%3¢
JUE B PR AST WU B8 o A b 2 T AR ) TR AT IR W)
FEI 100 AN AZ R RRREAL S |9 i i Ak i i 2
LI 31N BEAL S |5 Lk B MR EA T PCR Y4
RAPD-PCR 2% Williams %5:(1990) ) 732,
NAK R BAKF N 25 uL, {47 125 puL 2xTap
MasterMix. 0.4 umol/L 5|4 #1 15~20 ng DNA 5 .
PCR X NWAE PTC -200 1% FiEAT, #EIN N 24k
. 94 CTIAZYE 2 min, 94°C7AZYE 1 min, 36°CiBK
30 S. 72°CHEMH 2 min, 40 MEIR, fxa 72°C A
10 min, ;=4 4ACLRAF. BEIRY =W TH
Goldview T ] 1% IEpE &L vk 2.5h, £t

ERONEE A, BT 5 3 23R @ BREAT 3 Ik
EEY .,

3.4 FEab

3.4.1 B

Ao U0 AT RR: 1 A8 T TR R R AR AR . NS
AL AZRC R s¢ e YEAE R o A2 XA s XS
A2 ATHCRIPCR SE R PEAEBE GO AL RS 5
Al A2 ACPCHIECXT A se o AR B, (H PR
FERBESCRCE TEAFEI A ALA2 SR 5 AL,
A2 AZFLARIEON AN RE SE A ARSI A0 RS L
T BARRRE FERI AT SE A PEAE S I A ALA2 A2 IC Y,
TEZ 2 OB/, 1997, w0 b H g, pp.31).
3.4.2 BT

MEAFAL s i W 47 A IS, A1 b1,
TEHFAC 0", B0, 1 Hed b st SR AR AE . A
FH NTSYS-PC Version 2.11 #F i 8as L4010 2 5%,

1121

K FHAE AL 357 (UPGMA) 4T SAHN 5254)

Bt A2 AR R R [R] (1845 SR 2K 1K FIH Popgene32

AV H AR N KA TE] Nei's #1 Shannon's 2 #£1E:
BAL.

(AN

W REASSCSEIR T EEHAT N, JF 2SS
RGN ZUES YR BOT S KRTE S (TR /N,
FAVSHIIOMRRERE. SR BIT REHRIT WeE, £
= ARIH R TN, fRT kit Bl @
GRS AUAEE A AR A SO,

B

AHFFH M E BB H (RS NY
(2009)3002) ¥t Bh o S % )M A4 R CRAF T 5 3T 1 0 SRR
FEVIAT Lo A e AR 25 T A By, [ B SR e LAl K
25 S P 2 A Tt o 4 2 S G TR R

S 3CIR

Goodwin S.B., and Drenth A., 1997, Origin of the A2 mating
type of phytophthora infestans outside mexico, Phytopath-
ology, 87(10): 992-999
http://dx.doi.org/10.1094/PHYTO.1997.87.10.992
PMid:18945031

Hausbeck M.K., and Lamour K.H., 2004, Phytophthora capsici
on vegetable crops: research progress and management
challenges, Plant Disease, 88(12): 1292-1303
http://dx.doi.org/10.1094/PDIS.2004.88.12.1292

Ho H.H., Yu Y.N., Zhuang W.Y., and Liang Z.R., 1983, Mating
types of heterothallic species of Phytophthora in China,
Zhenjun Xuebao (Acta Mycologia Sinica), 2(3): 187-191
(R, RAKAE, FESCH, Rbio, 1983, H[EE % R
SRR, TR 224K, 2(3): 187-191)

Islam S.Z., Babadoost M., Lambert K.N., Ndeme A., and Fouly
H.M., 2005, Characterization of Phytophthora capsici
isolates from processing pumpkin in Illinois, Plant Disease,
89(2): 191-197
http://dx.doi.org/10.1094/PD-89-0191

Jia J.S., 1992, On the chilli pepper Phytophthora blight
and it's control in Xinjiang, Zhiwu Bingli Xuebao (Acta
Phytopathologica Sinica), 22(3): 257-262 (%5344, 1992,
BT S BB 3 S BT RIS, RN B AR, 22(3):
257-262)

Lamour K.H., and Hausbeck M.K., 2001, Investigating the

spatiotemporal genetic structure of Phytophthora capsici



WRJEAs: S N OB B 1 A IO AR S B st A 2 FEAE 3 A

in michigan, Phytopathology, 91(10): 973-980
http://dx.doi.org/10.1094/PHYTO.2001.91.10.973
PMid:18944124

Li P, Chen Y.F., and Gao Z.M., 2011, Phylogenetic analysis
among isolates of Phytophthora capsici in Anhui Province
by RAPD, Anhui Nongye Daxue Xuebao (Journal of Anhui
Agricultural University), 38(2): 287-291 (Z=, 43635, &
BYE, 2011, 2R HUBUE 3 B ARG % ZAETERAPD
SR, BRI R, 38(2): 287-291)

Liu Y.G, Zhang H.Y., Guo J.G, Lv H.P., He C.G, and Song
S.Y., 2008, Mating type distribution and pathogenicity
difference of phytophthora capsici in Gansu, Zhiwu
Baohu Xuebao (Acta Phytophylacica Sinica), 35(5):
448-452 (XKW, gkifgEde, FREEE, BA-P, SRS
R, 2008, HM A BB B W A IC B o3 A1 S L3
W2, KRGk, 35(5): 448-452)

Noon J.P.,, and Hickman C.J., 1974, Oospore production by a
single isolate of Phytophthora capsici in the presence of
chloroneb, Canadian Journal of Botany, 52(7): 1591-1595
http://dx.doi.org/10.1139/b74-208

Qi RD, Wang T, Li P, Ding J.C., and Gao Z.M., 2012,
Distribution of mating types of Phytophthora capsici and
inheritance in asexual progenies in Anhui province, Zhiwu
Bingli Xuebao (Acta Phytopathologica Sinica), 42(1):
45-50 (BA-GE, TEW, A, TR, R, 2012, %
TR BB B2 AC BE B ) 20 A JeAE TSV R AR e A%, il
Yyivi B4R, 42(1): 45-50)

Silvar C., Merino F., and Diaz J., 2006, Diversity of
Phytophthora capsici in Northwest Spain: Analysis of
virulence, metalaxyl response, and molecular characterization,
Plant Disease, 90(9): 1135-1142

http://dx.doi.org/10.1094/PD-90-1135

Wen J.Z., Jia W.X., Zhang M.H., and Yu W.Q., 1998, Species
of Phytophthora causing stem and fruit rots of squash in
Hei Longjiang province, Zhiwu Bingli Xuebao (Acta
Phytopathologica Sinica), 28(3): 261-262 (3LH%, B
A, KRR, T304, 1998, FRBTLAE R I 0
WHEE, M ELAAR, 28(3): 261-262)

Williams J.G.K., Kubelik A.R., Livak K.J., Rafalski J.A., and
Tingey S.V., 1990, DNA polymorphisms amplified by
arbitrary primers are useful as genetic markers, Nucleic
Acids Res., 18(22): 6531-6535
http://dx.doi.org/10.1093/nar/18.22.6531
PMid:1979162 PMCid:332606

Yang M.Y., Cao J.F, Li X.D., Sun D.W.,, Wang C.Y., and Zhao
Z.J., 2009, Molecular diagnosis and characterization of
blight disease pathogen on pepper in Yunnan, Zhiwu
Bingli Xuebao (Acta Phytopathologica sinica), 39(3):
297-303 (M WI9%, W4kJF, ZFIAR, FMERE, £,
R, 2009, Z5 BB 1 73 T2 K O i R
WEFIERIEST, A B4R, 39(3): 297-303)

Yang X.H., 2004, Study on phytophthora blight of pepper in
Guizhou province, Thesis for M.S., Southwest Agricultural
University, Supervisor: Xiao C.G., pp.1-43 (24}, 2004,
SN BB R AT I, W22 3, TR AR R 2%,
SpUl: F &4, pp.1-43)

Zheng X.B., and Lu J.Y., 1990, Distribution of Phytophthora
species and mating type in east and northeast China,
Nanjing Nongye Daxue Xuebao (Journal of Nanjing
Agricultural University), 13(3): 61-64 ((/Nik, BEix =,
1990, 7R ARACHUIX BB Tl ) 70 A ST Y, R AR
Mb R 2244, 13(3): 61-64)

1122



	研究报告
	Article Report
	贵州辣椒疫霉菌交配型测定及遗传多样性分析
	Mating Type Determination and Genetic Diversity of Phytophthora capsici Isolatesin Guizhou
	摘 要
	Abstract
	关键词
	Keywords
	研究背景
	1 结果与分析
	1.1 贵州辣椒疫霉交配型组成与分布
	1.2 辣椒疫霉菌的遗传多样性
	1.3 供试菌株RAPD 聚类分析

	2 讨论
	3 材料与方法
	3.1 供试材料
	3.2 交配型测定
	3.3 基因组DNA 的提取与RAPD 分析
	3.4 数据处理
	3.4.1 交配型确定
	3.4.2 多态性分析


	作者贡献
	致谢
	参考文献

