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ABSTRACT: Taxonomic and genetic analysis of Phyfophthora species belonging to six different morphological
groups (GI, GII, GIII, GIV, GV, GVI) was conducted using RAPD method. Amplified fragments ranged 0.3~3.2
kb in their molecular weights. Among total of 145 bands, there were 109 polymorphic bands. Seven isolates of P.
infestans showed high similarities of 0.92~0.99, and P. infestans isolate 3 from potato showed similarities of 0.93~
0.95 compared with other P. infestans. Among isolates of P. capsici, similarities of 0.77~0.86 were observed and
they were grouped in 80% level. P. cinnamomi and P. cryptogea isolates which belonging to group GVI showed
very similar RAPD fingerprinting pattern. Primers OPA-04, OPA-17, OPA-18, OPA-19, and OPB-12 showed
high level of differences among the tested isolates in major bands and molecular weights. The similarity between
the isolates was 0.67. P. megasperma and P. sgjae in group GV showed similarity of 0.65. These two isolates
showed big differences in single major band in reactions with primers OPA-08, OPA-17, and OPA-19.
Phytophthora-specific and P. infestans-specific molecular markers were also selected with one of the random
primers tested. In reaction with primer OPA-20, all the genus Phytophthora showed common band at 600 bp,
and all the P. infestans isolates showed specific band at 680 bp. These markers can be useful for identification of
Phytophthora speices or P. infestans. As a result, P. infestans isolated from tomato and/or potato can easily be
differentiated from other Phytophthora species with this primer.
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Fungal strains and genomic DNA isolation
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Table 1. Fungal isolates used in this study for RAPD

Z223)7] 98 Rye liquid broth(rye 60 g, 20 g/1])o]A
shaking incubatorZ o|-&&}o] 20°CellA 1047t sfk3t -
AHAS filteringsty UAAPLS AAALE FRR| 3L FA
ula) et vlaflgF AL 2~5 g-& 15 m/®] extraction buffer
(50 mM Tris, 50 mM EDTA, 10% SDS, 1% Z2-mercap-
toethanol, pH 8.0)el] 3418k F- 65°C2| -2l 4] 147t
o) 98 s}slw E8k2) phenol : chloroform : isopropanol =
25:24: 102 Heg &, o]o] 13,000 pmellA] 208 EqF
AABFsla o F Azt Zekol chioroform : isopro-
panol = 24:15& 4]¢] o} dAlEelsta AEd s F59
t}. 2=&3 Al2de rlg] A 8F 2.5 volume?] 100%
ethanol2- 7}A] 72 DNAES A A)F] 3 70%2] ethanolZ A
A3ty rh. o|F AZ A7l DNAE TE buffer(10 mM Tris, 2
mM EDTA pH 8.0))] &-¢l 3 RNaseE |83} gel Afol|
A wEE 24950,

Polymerase chain reaction(PCR), marker selection,
and genetic analysis

B Alg]e]|x] ARE-EF 10 base oligonucleotide primer+=
Operon Technologies Inc., USA®l|4] Fd3ch(Table 2).
PCR Z%£.¢& Williams(1990)2] 4-4%¥ whglo = Zals}e]
t}. 0.5 ml®) effendorf tubeZ AME-3}ed & 20 ul volume]
HHS-E3HE-S A s 3 PTC-100™(MJ Research Inc.)S-
ol &3te] HE-S 33t vhEEFEL 10 ng?| geno-
mic DNA, 0.5 mM#] primer, 1 unit®] Tag DNA poly-
merase(Dynazyme™), 10X reaction buffer, 20 mM<] dNTP
(dATP, dTTP, dGTP, dCTP)2 3}¢it}. 2]% PCR 221

Isolate Phytophthora species Group Host plant
1 Phytophthora infestans GIV Lycopersicon esculentum Mill.
2 P. infestans Lycopersicon esculentum Mill.

. GIvV
3 P. infestans Solanum tuberosum L.
. GIvV
4 P. infestans Solanum tuberosum L.
. GIV
5 P. infestans Solanum tuberosum L.
. GIV
6 P. infestans Solanum tuberosum L.
. GIV
7 P. infestans Solanum tuberosum L.
. GIv
8 P. infestans GIV Solanum tuberosum L.
9 P. megasperma Solanum tuberosum L.
. GV .
10 P. sojae Glycine max Merr.
GV
11 P. cactorum -
. . GI
12 P. cinnamomi GVI -
13 P. citricola Zizyphus jujuba Mill.
GIII . . . . .
14 P. cryptogea GVI Brassica campestris subsp. napus var. pekinensis Makino
15 P. capsici Capsicum annuum L.
.. GII .
16 P. capsici Capsicum annuum L.
L GII .
17 P. capsici Capsicum annuum L.
. GII .
18 P. capsici Capsicum annuum L.
.. GII ,
19 P. capsici Gu Capsicum annuum L.
20 P. capsici Capsicum annuum L.
21 Phytophthora sp. Solanum tuberosum 1.
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Table 2. The list of primers and their base sequences used for
RAPD

Primer Base sequences No. of
No. (5' t0 3") bands

OPAO1 CAG GCC CTT C  20(14y Operon Tech. Inc.
OPA04 AAT CGG GCT G 15(9)

Remark

OPA07 GAA ACG GGT G 15(11)
OPA08 GTG ACG TAG G 14(11)
OPA17 GAC CGC TTG T  14(11)
OPA18 AGG TGA CCG T  16(11)
OPA19 CAA ACG TCG G 18(14)
OPA20 GTT GCG ATC C  14(13)
OPBI2 CCT TGA CGC A  19(15)
Total 145(109)

“The numbers in the parentheses are the numbers of polymorphic
bands for each.

WL %7] denaturing THAS 95°CollA] 587t A3y 2
Z ARAGAE 72°Col|l A 1087} A &A7] 2 FAstel o,
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ZZ 0 94°Col|A] 127} denaturing A 3} 45°Col|A] 187
9] annealing & 18] 72°Cof|4] 28#-7k9] extending A
£ 13] 2o 7 453 vhE 2231t 1.5% agarose gel
£ Agse 120Veld 2347 B ANGFR F,
ethidium bromide(10 mg/m)= G435}z UV transillumin-
ator Aol 4] ARzl #edste] nstct. Zk F59] primerd]
2]3F =% pattern?] ¥| e FUI =7]9] band EAfofH-
2 Pl 2 =7]9) band= FUE Ao FHFA
t}. FF7+9) FALE (similarity coefficientys tha-9] 4] &
2 Akt
F = 2Nxv/(Nx + Ny)
F: Similarity coefficient.
Nxy: The number of PCR products shared by isolates
X and Y.
Nx + Ny: Total number of PCR products in isolates
X and Y, respectively.

Dendrogram-2- ¢]¢] $Al% ke &AHE UPGMA(Un-

Fig. 1. PCR amplified genomic DNAs from the twenty-two isolates of Phytophthora species. Lane m is molecular weight marker and
numbers on top of the lane indicate the isolate number of each species as shown in Table 1. The primers used were a; OPAO1, b;
OPAO04, c; OPA07, d; OPAOS, e; OPA17, f; OPA18, g; OPA19, h; OPA20, and i; OPB12.
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weighted Paired Group Methods with Arithmetic Average)®
£ o)gs) =Aslgich HA}=e} dendrograme] 2HAJ-S
NTSYS-pc program Ver. 1.708- ©]-8-5}53 tH(Rohif, 1988).
2o o o8

& AgellAs Ak ol zA]elA 24 F-2]gk isolate
33 EukEold B3t i % BT 8709 Phytophthora
infestansS} 6712 P. capsici®} A ol7] e Phyto-
phthora 5 ARE3It}(Table 1). Table 29¢)] =jAgF
primerE 7}A] 3. RAPDE 33 0w S35 DNA ARE
9] 7] 0.3~3.2 kb2 W el &P}, LA A5 Fo]

Eo 2 25l 600 bp2] common band®} P. infestansol|
"t A5 680 bpe] specific band2] markerS- A1k 4=
a9t EnlE o)W 2R A BeEgF 7Y P. infestans 7k
o= HA 0924 HI 0.999] =& FAHS Koo
Z¥Afol| 4] B-el3) isolate 33 0.93~0.958 Hol A
AR E7} 7o) AEsRe] FralE s o= glsd e P
capsici 7}l 0.77~0.862] A4S B olth(Table 3. Fig.
1). 8709) P. infestans= 2F 94% vFollA 158 HA L
o], P. capsicit= ©F 80% 5eol4] abd o 153 HS
b = glelr), =3k u]E£9] isolate 21-& ¢F 70% ] ol A
P. capsici 150\ 43 tH(Fig. 2, Table 3).

e o2 GVId| £8l= P. cinnamomi2} P. cryp-

7] f18A A A 22709 isolates B count ¥ 4 gl
band kS Ao o]gglord FHA 145709 Wh= ol

0.6 0.7 0.8 0.9 1.0

10971 9] polymorphic band& 98- 4= ¢] %It} (Fig. 1). {_(:Eé
OPA-01 primerS AH8-81-2 w) 7ka}e) oA ol 4] 1A :
E2]q 74 isolate 33} ¥vlEo|x] B3t P. infestans 2
ohe vl FAREE RS W3] on] o] OPA-07, OPA-1S, ;
OPA-19, OPA-20, OPB-129] primerol| 4] k. 7+ obARS 1 )
of efed ez A T3 75 isolate 30] P. infestans 0
g AP S ol @ AFke 7|5} ARgle] 7 i1
¥ P. infestans 7+ ol = A EA o FriEt Aol ¥
7} 98-8 wolFrl. P. capsiciv= OPA-20 primerel|A] 67} 17
o} P. capsici7} W|%% §3e) WE PeE wyw ofE 19

primerol| A& w-$- Alolgl =5 ®of P infestans Rr}t &
W sk ge] B hksiehs A @ 4 2lelchFie. D).
Primer OPA-20-8- A}-8-3lo] genus Phytophthora Wel| 2

Fig. 2. UPGMA dendrogram showing the relationship among
the Phytophthora species based on 1.5% agarose gel in
RAPD.

Table 3. Similarity matrix based on the number of shared bands by the compared Phytophthora species -and their crossed isolates of
Phytophthora species on the 1.5% agarose gel in RAPD analysis

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
2 0.987
3 0.944 0944
4 0.956 0.956 0.925
5 0.919 0.932 0.950 0.925
6 0.938 0.950 0.944 0.944 0.981
7
8
9

0.932 0.944 0.938 0.938 0.975 0.993
0.925 0.938 0.932 0.932 0.969 0.987 0.993
0.654 0.654 0.660 0.660 0.623 0.641 0.635 0.629
10 0.641 0.654 0.648 0.635 0.648 0.641 0.635 0.629 0.654
11 0.623 0.623 0.629 0.641 0.617 0.623 0.617 0.611 0.672 0.635
12 0.555 0.555 0.561 0.537 0.561 0.555 0.549 0.543 0.617 0.641 0.648
13 0.598 0.598 0.617 0.604 0.617 0.598 0.592 0.598 0.623 0.672 0.629 0.672
14 0.635 0.648 0.641 0.641 0.617 0.623 0.617 0.611 0.635 0.660 0.666 0.672 0.679
15 0.561 0.574 0.580 0.543 0.567 0.561 0.555 0.549 0.561 0.611 0.567 0.574 0.604 0.592
16 0.617 0.629 0.635 0.598 0.635 0.629 0.623 0.617 0.617 0.641 0.623 0.592 0.623 0.623 0.820
17 0.611 0.623 0.641 0.592 0.629 0.623 0.617 0.611 0.574 0.648 0.629 0.586 0.604 0.604 0.814 0.820
18 0.623 0.623 0.641 0.592 0.629 0.623 0.617 0.611 0.598 0.635 0.617 0.586 0.592 0.567 0.802 0.820 0.814
19 0.580 0.592 0.598 0.561 0.598 0.592 0.586 0.580 0.604 0.617 0.586 0.580 0.660 0.635 0.820 0.864 0.845 0.783
20 0.561 0.574 0.604 0.543 0.592 0.574 0.567 0.561 0.611 0.611 0.604 0.611 0.617 0.580 0.790 0.771 0.839 0.827 0.833
2] 0.611 0.623 0.641 0.604 0.641 0.635 0.629 0.623 0.660 0.672 0.617 0.685 0.654 0.679 0.679 0.709 0.691 0.641 0.697 0.703
*Isolate number.
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togea 7}2] RAPD fingerprinting pattern & Fig. 104 Ho)
= A o] A27hol Aolgt M= AL viehuic). =4
OPA-04, OPA-17, OPA-18, OPA-19, OPB-12¢|4]+ major
band€] molecular weighte} A M= 9] Z=o)lx] =213) A}
°l5 Hylch zBlx 7 dF2H] A 0.672 el
t}. GVel| &3}= P. megasperma$} P. sojae2] 739, §AF
A A=Tt 06508 vehpon o) tlE #59te] HALA
EHo 7P 2 SES Both =3 o] F #= OPA-
08, OPA-17, OPA-195 AM&-31-&w ©}el major bandolA]
& Aol & HoIch(Fig. 1, Table 3).

% 17 Az, RAPDE B FANEE A8 Phyto-
phthora species 7¥2] fA1%] FAE &4l & = Qgdct =
g}, RAPD fingerprinting 23} Phytophthora species®l| 3%
22 vepbd marker®} P. infestans-specific markerS o]-4-
3t} EofFolM £& BErtey 3alo] ojuizz o 2y
WAl vehdr)de] e et A E we ghge]y
5 A gl o] A=, o7 B A4
¥ EdE B} 52 5o|AE 2|\ Phytophthora-specific
E-2 P. infestans-specific marker?] 7|2to] 7}5-3la)e} oA
At

¥ 2

HelstEA o2 BEY 6719 1E5(Gl, GlI, GIII, GIV,
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AF dF= A TAA ezt A Ak, Ee
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23} isolate 3 I= 0.93~0.958 R I3, P. capsici o=
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o] marker24)2) &go] 715S & 4 gl Feyst
A 0 2= GVIol| 3= P. cinnamomi®} P. cryptogea 7}
RAPD fingerprinting patternol] 4] A}o}%} band sj&l-8- v}&}
W}, £33 OPA-04, OPA-17, OPA-18, OPA-19, OPB-124]|
A1+ major band2] molecular weight} ABAJHR = 9] Z=ojja]
FHE Aol E Mt 28w F Ik A 0672
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