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Molecular Characteristics of Phytophthora katsurae Using PCR-SSCP Analysis
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Phytophthora katsurae is the fungus responsible for chestnut ink disease. The objectives of this study were to
determine if a single-strand conformation polymorphism (SSCP) analysis of rDNA-ITS region, elongation
factor 1 alpha gene and [-tubulin gene could be used for rapid identification and genetic diversity of P
katsurae, and to assess the potential use of the SSCP technique as a diagnostic tool for P. katsurae. Each
regions amplified by PCR using primers designed to overlap the genus Phytophthora were characterized for
the Phytophthora species. PCR products were denatured and electrophoresed for SSCP analysis. P. katsurae
isolates showed an unique pattern in SSCP analysis and were easily distinguished from other Phytophthora
species used as the control. This indicates that SSCP analysis is an useful technique for distinguishing
Phytophthora species from genetically close relatives, and show that the SSCP analysis of each region is an
efficient detection tool for P katsurae. But PCR-SSCP analysis of single-gene may have difficulty in
distinguishing P. katsurae from other Phytophthora species. Therefore, PCR-SSCP analysis of multi-genes can
be useful for rapid and effective identification of P. katsurae.

Keywords : Genetic diversity, Identification, PCR-SSCP analysis, Phytophthora katsurae

M E

R (Castanea spp.)= bt W&o Y
A FELR, 12%F0] ERb 20 2 oldiel x3}
RoW(#H, 2002), U}t EF vhiie HdE 2
BAE T A7E ol&Rd FE Exse FHURC
bungeana)$} S5 A|¥; oldol d] Exsl= o] H]
WA 2 F=ENE(C. crenata)= TEDTHA 5, 2007).

Sl A o] =2 dske Welle VR
H (powdery mildew)3} & 7|95 (chestnut blight)o] 1
o Fd o= WIVF-SH (Dryocosmus kuriphilus), =
FoFg U (Dichocrocis punctiferalis), H-v](Curculio

Rl

d

*Corresponding author
Phone) +82-33-250-8364, Fax) +82-33-257-8361
Email) jongklee@kangwon.ac.kr

sikkimensis) 5©] T} o] & ¥R Z7|vtEw ) v
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Aellx J=ZA o] Kol p-rh(Boutard, 2001).

Syl = 20059 B EE sheat delA W
S S/PHEHe e S sl 9o v
549 4%, Yy Jamen geggon Wads
P katsurae® 943 MB}(O 5, 2007). P, katsurae= 1976
W dEof|A] wAYSE w2735 (trunk rot of chestnut
tree)?] WHA 7} P castaneaet}l HI13FA S U (Katsura,
1976), o3 E78&el FAZ P katsurae® 7)™ 3FA T}
(Ko9} Chang, 1979).

Phytophthora 42 )58 AgAdo] m]-$- Hojur] uf
ol At ZAIE ke AR dHA 1o (Boutard,
2001; Vettraino, 2001, 2005), ©]o] B AFAE0]
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Phytophthora 239 t3F thFslk A1E 350t H2
e FHeE el A3yt Wol NPHAA, FH4F EA

TS 913} ribosomal DNA(rDNA)®] internal transcribed
spacer(ITS) G 9 A7IME A4S AAste] {2 &/
ABA AL, ITS 0303-4 Eo]AQl primerg A|2}3}
o] o}t Phytophthora %2 422 polymerase chain
reaction XIS AA| O}Oiﬂr(Ers k 5, 1994' Jyan 5, 2002;
Ristaino 5, 1998; Shen &, 2005). &=, Random Amplified
Polymorphic DNA(RAPD)E 01%0}0# Phytophthora & 7}
o] $47 kS 43 B 7t 13 (Chang 5, 1996;
Mahuku &, 2000; Willem 5, 1998), Kong (2003, 2004,
2005)2 P ramorum3 FE|H O 2 FHo] oJH e FE7
o] i 9 Phytophthora 43¢ Pythium 42| +3& 9
3} Single-Strand Conformation Polymorphism(SSCP)2 4
Algk vzt S)
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Elongation facter 1 alpha(EF1A), Z22] 3 rDNA ITS #¢
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Table 1. The list of Phytophthora species used in the study

Source® Species Location Source

TPML 06522 P, katsurae Hadong Bark of chestnut
TPML 08001 P, katsurae Hapcheon Bark of chestnut
TPML 07001 P, citricola Oregon, USA -

TPML 07004 P. cactorum
TPML 07005 P. cinnamomi
TPML 07006 P. cambivora
TPML 07007 P, lateralis

Oregon, USA  American Ginseng
Oregon, USA Hydrangea
Oregon, USA  Baited soil
Oregon, USA  Port-Orford Cedar

KACC 40173 P. boehmeriae Hapcheon Ailanthus
KACC 40185 P, citrophthora  Chilgok Schizandra
KACC 40161 P, cryptogea Incheon Gerbera
KACC 40190 P drechsleri Goryeong Tomato
KACC 40402 P nicotianae Pocheon Eggplant
KACC 40711 P, gonapodyides  Oregon, USA  Douglas fir
KACC 40718 P infestans Pyeongchang  Potato
KACC 40194 P. melonis Gongju Melon
KACC 40712 P, erythroseptica - Potato
KACC 40468 P sojae - Soybean
KACC 40409 P. palmivora Suwon Cymbidium

"KACC; Korean Agricultural Culture Collection, TPML; Tree
Pathology & Mycology Lab., Kangwon National University.
®_: not confirmed.

of 2= FAIS #= AUy AEH R s g
FEYE e 9 5 d A3 KACC(Korea Agricultural
Culture Collection, f_‘f}% AP A=A LA ENZFE £
WK Table 1). U0 352 VSHiA| o] HEF5}o]
25°Cell A oF 747k HH &t 5, S8 FARE A FHsHA
genomic DNA FZ& A|5Z ARSI T

Aol A1 9] genomic DNA $%- DNeasy Plant mini
kit(QIAGEN Co. Venlo, Netherlands)E AFH&-3}%1 T}

PCR Primer. PCR-SSCP +#412 $J3} primer= GenBank
o 5% mDNA®] BTU® EF1A 123 rDNA®| ITS
$]2] 4718 € (Table 2)—0— 42 2 Clustal X(ver. 1.83)
0]-8-3}] alignment3t &, Phytophthora SE°|4 o]
]-;g U}o] WA SH= B xdsle] Z=ZA)Z 5
oo FF A7IMIEFY A Aste] AHESHAR
E}(Z}E Ay Ek) 7} FA AFEHE PCRE S8 @&

= ot DNA ZE)% 0] 7] BTU7} 226 bp, EFIA
7} 229bp ¥ ITS7F 209 bpE A, Z}7Fe] PCRoI| AF&-&F
primer= =X 213t P katsurae H+FE 7T O2
Table 33 72t}
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Table 2. GenBank accession numbers of Phytophthora species used for primer design

Species ITS? BTU® EF1A®
Phytophthora alni FJ802040 EU080606 EU080607
P, arecae AF266781 AY564049 AY564105
P. boehmeriae DQ297406 AY 564050 AY 564106
P, botryose AF266784 AY564051 AY564107
P, cactorum AF266772 AY564052 AY564108
P. cambivora AB367381 EU080869 EU080870
P, captiosa DQ297405 - -

P, cinnamomi AF266764 AY 564054 AY564110
P, citricola AF266788 AY564055 AY564111
P, citrophthora AF266785 AY564056 AY564112
P, clandestine AJ131989 AY 564057 AY564113
P, colocasiae AF266786 AY 564058 AY564114
P, cryptogea AF266796 AY564059 AY564115
P, drechsleri AF266798 AY564060 AY564116
P, erythroseptica AF266797 AY564061 AY564117
P, fallax DQ297398 EU080035 EU080036
P, fragariae vat. fragariae AF266762 AY 564062 AY564118
P, gallica DQ286726 - -

P, gonapodyides FJ801965 AY 564066 AY 564122
P, hedraiandra FJ802065 EU080877 EU080878
P, heveae AF266770 AF564067 AF564123
P, hibernalis EU686390 EU850961 EU080711
P, humicola AF266792 AY 564069 AY 564125
P, idaei AF266773 AY564070 AY 564126
P, ilicis AJ131990 - AY564127
P, infestans AF266779 AY564035 AY564093
P, inflate AF266789 AY 564072 AY 564128
P, insolita AF271222 AY564073 AY564129
P, iranica AJ131987 AY564074 AY564130
P, katsurae - AY564075 AY564131
P, katsurae - EU080803 EU080804
P, katsurae - EU079815 EU079816
P, kernoviae AY940661 EU080054 EU080055
P, lateralis AF266804 AY564076 AY 564132
P. meadii EU515176 EU079888 EU079889
P. megakarya AF266782 AY564078 AY564134
P. megasperma AF266794 AY564079 AY564135
P. melonis FJ801854 EU080472 EU080473
P. mexicana FJ801253 EU080703 EU080704
P. mirabilis AF266777 AY564038 AY564095
P multivesiculata AF266790 AY564080 AY564136
P, nicotianae AF266776 AY 564081 AY564137
P, palmivora AF266780 AY 564082 AY564138
P, phaseoli AF266778 AY 564044 AY564101
P, polonica DQ396409 EU080264 EU080265
P, porri FJ802110 EU079881 EU079882
P, primulae FJ802110 EU080824 EU080825
P, pseudotsugae AF266774 AY564084 AY564140

P, quininea DQ275189 AY 564085 AY564141
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Table 2. Continued

Species ITS BTU® EF1A®

P, ramorum AY540491 AY564092 AY564208

P, sinensis AF266768 AY564087 AY564143

P, sojae AF266769 AY564047 AY564104

P, syringae AF266803 AY 564088 AY 564203

P, tentaculata AF266775 AY564089 AY564145

P, trifolii FJ802123 EU080084 EU080085

P undulata AB217686 EU080441 EU080442

P vignae AF266766 AY564090 AY564146
*ITS: Internal transcribed spacer.
*BTU: B-tubulin.
‘EF1A: Elongation factor 1 alpha.
d—: not listed in GenBank.
primer 1 pl, downstream primer 1 pl ExTaq polymerase Table 3. The primers used in this study
(Takara Bio Inc. Shiga, Japan) 5unit, 10xExTaq buffer _ Product
Su20mM Mg, 25mM dNTP 4ple] & soulz, M Sequence size (bp)
PCR WH3-& Mycycler(Bio-rad, Hercules, CA)YE A3} BTU- 684 703nt
3, PCR cycling®] %71 94°CollA 2027} denaturation, 684F 5'AAY GIG CAG AAC AAGAACTC' 126
55°Coll A 25%7F annealing3} 72°ColA] 5037} extention ]g’;r(g{' 8'10 829m'
o2 deycled W AAHAOS, A& denaturaione —— ijGC TTG AAC ATC TCY TGG ’;Toi
2::011;323?0;; T3]3 AR extentionS 72°COlA] 10 260F 5' AGK CYC GYT ACG AGG AGA TCA 3' 220
e M EF]1A- 490 509nt

PCR 534tz e] #4122 Mupid 21(COSMO bio Co., 490R 5" ATA CCG CCG ATC TTG TAM AC 3
Carlsbad, CA)S AF&3}] 1.5% agarose gel(1xTAE ITS. 441 460nt
buffer)o141 100 V 3027+ A719 55 AA8deh H7149 441F 5'TTC CTT CCG TGT AGT CGG TG 3'

% %, ethidium bromide® 15%7F QM3 23} S/ ITS- 650 669nt 186
of 587+ A3 3 b2 Gel Documentation System(Bio- 650R 5" AAC CAT ACC GCG AAT CGA RG 3'
Rad)Co.2 SZHES 39ls3) ).

SSCP %82 denaturing buffer(95% formamide, 20 mM oA BEE P katsurae?t 99%2] AEAS R,
EDTA) 9 pl, PCR product 2 pl, loading dye(Promega Co., ol B2t 4578 100% LX|sh= Aoz
Madison, WI) 4 ple] 2= 15 ulZ, 95°ColA 1587F denature 3o, F 2ol Tl 43 H9l9] 7ML ¢
A7 H, 0°Cell F¥ A2 F, 7.5% acrylamide gel(IxTAE 3§32 el BEAHgE B4 §34 F99

buffer)o] A 200 V 1807+ %17]%9-5(Owl Scientific Inc.,
Portsmonth, NH)S A A&}t A719 %5 %, ethidium
bromide® 15%-7F A IaL 23} S/l S A=A S
T} Gel Documentation System(Bio-Rad, Hercules, CA)
o2 FEIAES gl
2o o

PCR-SSCPZE- ©| 43} P katsurae®] 373 tlekA &
A g FA. Oh 5(2007)°] 3bs, ¥, FFe] whiF
oA E2g 117] P katsurae 452 1TS ¥<2] ITS13}
ITS49] F7IMge] FABAE EAE A3, Ivory coast

7Igel ojst 14 g B4 A7 Ao 22
ol AAFE 7Hd 4 7] Wl DNA ITS 74
o}u2} nuclear DNA 2 mitochondrial DNA W& T}
9] A7IME B4ES AAste] §44 fARAE g
8= FA o] thBlair 5, 2007; Kroon 5, 2004; Martin¥}
Tooley, 2003).

o] e e4+= PCR-SSCPE ©]&38 P katsurae®] 3
vk B 2 548 2402 NCBI GenBankol
¥ Phytophthora %] nDNA BTU, EF1A ¥ ITS %

Q7IME FollA 7P Wol7t Bol WA s Bt
Z383l= Eo]& Q] primer(Table 3)& A|2}3te] PCR
AAe A, S A B8k P okatsurae 107 o

i

O fEo R o [

tlo tlo do o X
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Fig. 1. PCR products amplified from Phytophthora species-specific primer. M represents 100 bp ladder. Lane 1, TPML 06522; Lane 2,
TPML 08001; Lane 3, TPML 07001; Lane 4, TPML 07004; Lane 5, TPML 07005; Lane 6, TPML 07006; Lane 7, TPML 07007; Lane 8,
KACC 40173; Lane 9, KACC 40185; Lane 10, KACC 40161; Lane 11, KACC 40190; Lane 12, KACC 40402; Lane 13, KACC 40711,
Lane 14, KACC 40718; Lane 15, KACC 40194; Lane 16, KACC 40712; Lane 17, KACC 40468; Lane 18, KACC 40409.

W ool 22 FAIS Phytophthora 5 25X 22+
226 bp, 229 bp 2 209 bpe] TF AFEo] FHHAG
(Fig. 1). 2, PCRY] A}¢¥ nDNAY] BTU, EFIA %
rDNA<] ITS F-219] primeri= Phytophthora 49l 5-0]4]
Ql WS YERH S 2 X, Phytophthora %2 &4 8§
A 282 & UL 2R AU
z} o] £0]AQl primero] 2|3 PCREHE F=
FTEAES Zﬂ 195 WHE o83t SSCP E4 &
3 A 2l3k BTU % EF1A 9ol A
katsurae(TPML 06522, 08001)2} T2 Phytophthora %
o= denature® single stranded DNA(ssDNA)2] 3&lo]
T t2A YebethFig 2). ITS H$12] KACC 40161,
KACC 40190 3 KACC 407129] 73-9-, ssDNA®] sei¢]
FrAbstl ot BTU % EFIA F-9lolA < 3457 27
ssDNAS| dji&lo] th=A Uebsth 1TSS KACC 40468
o] 7%, P katsurae(TPML 06522, 08001)9} ssDNA =&

Rl r}i ~ rkﬂ

o] FY3ld oy, BTU ¥ EFIA ¥HdME d=2A Y
stk ¢HH, BTU 5919 TPML 07004 2 TPML 07006
745, ssDNAC] #'o] FAFstSl ey, EF1A 2 ITS

oM e F 472 ssDNA #elo] th=2A4 ettt

3k EF1A ¥ ITS 9]¢ TPML 07001 2 TPML 07006
735, ssDNA2] sj&do] frAkstleu, BTU 9]0l A
T 59 ssDNA #iglo] tf2A Yelylth ojef 2+
=W P katsurae 77} 3A1$ T2 Phytophthora ¢
2 7 FHE SAl0 v g o =H FEo] 7t

stATh ey g 7PX1 F9IRFS ]88k PCR-SSCP
Phytophthora & 7+ F-8°] o8& A$=

Aot wetA] Bl A 8st HESE Phytophthora %2

rUl

£

44 tdd Y 2 58S Slsixe G #9090 ¢
3 PCR-SSCPE.TH= &4 —‘?—H o] 2]3l PCR-SSCPE 2
A= Zlo] vl gt Aoz et

SSCP= 97148 %46}21 FE A719 % st
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Fig. 2. SSCP analysis for Phytophthora species using a part of BTU (A), EFIA (B) and ITS (C) amplified by PCR. M represents 1 kb
ladder. Lane 1, TPML 06522; Lane 2, TPML 08001; Lane 3, TPML 07001; Lane 4, TPML 07004; Lane 5, TPML 07005; Lane 6, TPML
07006; Lane 7, TPML 07007; Lane 8, KACC 40173; Lane 9, KACC 40185; Lane 10, KACC 40161; Lane 11, KACC 40190; Lane 12,
KACC 40402; Lane 13, KACC 40711; Lane 14, KACC 40718; Lane 15, KACC 40194; Lane 16, KACC 40712; Lane 17, KACC 40468;

Lane 18, KACC 40409.

o] F7IMEe] AolE FRIT U= Hl
7195l oJgk A7+
7] WZoll, & @ 455 Hol 4
£ %= 1P o] ti(Hayashi, 1991; Hong 5, 2008; Kong 5,
2004, 2005). Kong 5(2004, 2005)2 SSCPE ©]&3le] P
ramorum®] tDNA ITS G 9L ZEZ3lo ThE 18F9
Phytophthora 3 SSCP 48 AAISFA AL, B3, F-9)
o I (Pythiaceae)| <3t=  Phytophthora®}  Pythium<
PCR-SSCP 45 &3dte] g a7} Ut} Hong &
(2008) m|=o A Lo 2 WAH P irrigatas THE
9%-2| Phytophthora %3 SSCP #2415 AA5HA
Phytophthora®l| 213t 2]EW 9] PCR Fdell= rDNAQ]
ITS 949 F(species) 502l A7IAHoll 7| %3t A
28 primer7b 2 Bo| o] gttt a2y o R

O Hr o2

nyd

= ITS J¥nt ojyel 2 A& T3l Wzl BTUSH
EF1A 3] Eo]& 2l primerdl] 2|3 P katsurae2] PCR
A o] MAETHH E84Q f2 H9)E o] 85t
5 2 ko] 715 AolH, FEjeE, WA, A
At B3 A B §AF F91E o] &gk
e AT P okatsurae®] B4 2 ATk AT =r}
Ak Aoz 7|gEnh

o ok
I =

gt A B3 P katsuraed] 44 EAALS 11
371 f18led oM E=Ist P katsuraes TV3SZE nuclear
DNA(hDNA)2] B-tubulin (BTU)3} Elongation facter 1 alpha
(EF1A) Z28]3L tDNA ITS 91| PCR-SSCP #41& 4
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Sted, P katsurae$t Phytophthora 49 &3l TSt
FTE 4 s R 4 FARAE vl
St FA O o] &3t A} S Th. Z42be] Phytophthora <
oANA Wol7t 7HE @Wol dAske FHE Edtete] FF
A UEE 7} 919 FF d7EERE AZE
primer= Phytophthora 59| 1492 WS-8 Yepdo=
A T4 B AdeE f&sd 288 7 S AR #
e ATt SSCP 24 A= S P katsurae 159+ ¥
A&t ©H& Phytophthora < #FE3] F-2°| 7Fs3Hd
O, Phytophthora & 7+°] &% 7bsstith. 28
3k 7kA] F-99kS 0]-8-3F PCR-SSCP #2412 Phytophthora
T 7] o] ol AL ATt wetA] ®Hoh Y g
staL ® &gk Phytophthora £° F47% thdd 4 4

8L fletedx e & 9o ¢ PCR-SSCPE U=
B 9]l 9§k PCR-SSCPE AAlste Zlo] nhzjgh
Aoz FIHI
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