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A Duplex PCR for Detection of Phytophthora katsurae
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Phytophthora katsurae is a fungal pathogen responsible for chestnut ink disease. We designed two duplex
primer sets (SOPC 1F/1R+Katl 3F/5R, SOPC 1-1F/1-1R+Katl 3F/5R) to detect P. katsurae. SOPC 1F/1R and
SOPC 1-1F/1-1R primer pairs were designed for sequence characteristic amplification regions (SCAR)
marker, and Katl 3F/5R primer pair was used for P katsurae-specific primer designed from internal
transcribed spacer (ITS) region. To assess the sensitivity of duplex PCR, genomic DNA was serially diluted
10-fold to make the final concentrations from 1 mg/ml to 1 ng/ml. The sensitivity for two primer sets were 1
pg/ml and 100 ng/ml, respectively. To find detection limits for zoospores of P. katsurae, each zoospore
suspension was serially diluted 10-fold to make the final concentrations from 1x10°to 1 x 10 cells/ml, and
then DNA was extracted. The limits of detection for all of two primer sets were 1 x 10° cells/ml. All of two
primer sets were specific to P katsurae in PCR detection and did not produce any P. katsurae-specific PCR
amplicons from other 16 Phytophthora species used as the control. This study shows that duplex PCR using
two primer sets might be a useful tool for rapid and efficient detection of P. katsurae.
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o] Fo W FFL dRolM =d3 Al FFEE WIev 2 EElA e Phyophthora & WAL R
A A Syt A AupE A o] oF 70% HEE H polymerase chain reaction(PCR) 712 (Bonants 5, 1997;
3 A=d(Kim 5, 2006), ©] FFE2 T JaH Elnifro &, 2000; Jyan 5, 2002; Schubert &, 1999;
(P katsurae)dll 7357do|B2 Wk Aite] & FFE = Shen 5, 2005; Winton %, 2001)2 AR oH, F
Aow oddct webA o] ol o3 JsiE =o)7] 91 FolHQl primers o] &3 oA Y o|WE AREF
A= A&t e xido] BasAw, ofd7AA] ¢ Ele] AF AR B3 solual Sltk(loos &, 2005; Merlier
gufetollA] U Aol tisk Xdka A AHgoll of &, 2005).
gt A= AFg AA ol 2 A= FElvetlA] B2t P okatsurae 107
S, AR G, BE SN ol§F A9 % 9 ETE AET 1659 Phytophihora & TPFOR
He v g Al7te] Ag5 o] HlFEX oM, WYd  Random Amplified Polymorphic DNA(RAPD)S AA]519]
o) ) @ Aelel tha £FA A2o] aFEE ME o0 RAPD profiles] 7128t P katsuraed] S0]4 0.2
#4930 Wl glong olg U] 1@ Beo] B HEII SCARS marker AL 1212 P kasurae
w0} Aok Ftk(Schubert 5, 1999). ©|& FE317] $18lel o] DNA ITS #-919] 471D 7122 A2 5o
2e AFAE0] internal transcribed spacer(ITS) -$1<] 2ol primer2} SCARs markerE Z %3} Duplex PCR
Eo]Z 9l primer®} Sequence Characterized Amplified & AAISIFLH, o] T3] ¥y JIAH o A&y
Regions SCAR markerE ©]-&3te] Fed & FHHo= A 5k3t Rgrol] &8-sl2}t skttt
Table 1. Phytophthora strains used in this study
Strain’ Species Source Origin
TPML 06522 Phytophthora katsurae Bark of chestnut Hadong, Korea
TPML 08001 " Bark of chestnut Hapcheon, Korea
TPML 08002 " Forest soil Hadong, Korea
Bait: leaves of chestnut
TPML 08003 " Forest soil Hadong, Korea
Bait: leaves of thododendron
TPML 08004 " Bark of chestnut Hapcheon, Korea
TPML 08005 " Bark of chestnut Hapcheon, Korea
TPML 08007 " Bark of chestnut Hapcheon, Korea
TPML 08008 " Bark of chestnut Hapcheon, Korea
TPML 08009 " Bark of chestnut Hadong, Korea
TPML 08010 " Bark of chestnut Hadong, Korea
TPML 07001 Phytophthora citricola - Oregon, USA
TPML 07004 P, cactorum American Ginseng Oregon, USA
TPML 07005 P. cinnamomi Hydrangea Oregon, USA
TPML 07006 P. cambivora Baited soil Oregon, USA
TPML 07007 P, lateralis Port-Orford Cedar Oregon, USA
KACC 40173 Phytophthora boehmeriae Ailanthus Hapcheon, Korea
KACC 40185 P, citrophthora Schizandra Chilgok, Korea
KACC 40161 P, cryptogea Gerbera Incheon, Korea
KACC 40190 P, drechsleri Tomato Goryeong, Korea
KACC 40712 P, erythroseptica Potato Korea
KACC 40711 P, gonapodyides Douglas fir Oreagon, USA
KACC 40718 P, infestans Potato Pyeongchang, Korea
KACC 40194 P. melonis Melon Gongju, Korea
KACC 40402 P, nicotianae Eggplant Pocheon, Korea
KACC 40409 P, palmivora Cymbidium Suwon, Korea
KACC 40468 P, sojae Soybean Korea

“TPML: Tree Pathology & Mycology Lab (Kangwon National University), KACC: Korea Agricultural Culture Collection.
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AT B wFx. AAEE shed g
T day dHARZRE AHS P okatsurae F5E AL
g9, tx FA] 45 Korea Agricultural Culture

Collection(KACC, =35 HV A EALAE)ZHE &
WttH(Table 1). A&l A3t Phytophthora 55
V8HI A o] FF3tod 25°Col A <k 77 wigS &,
218F FARE A F 5] genomic DNA F& AR5 &
Rl

X2k HAFE 9 3 Phytophthora katsurae
- (TPML 08003)E V8ujA| el HF3tal 25°C x=7lel
Al oF 5Y FoF wige H, ZEAEH @ mm)E AHE-S)
o 459 7PgAE] FitolA YF 9 agar discE Wl
o] Petri plate(diameter 90 mm)ol T X|AFEFAL Soil
extraction solutione agar disc®] gTHe] I = 3
7hek 3 18°C FZ71(1000 lux)oll A F 257 uj &Fatod
T2 B34S stk 2Ade] FE agar
disc 3 7l Petri plate(diameter 55 mm)oll X]’33}3L Soil
extraction solution 3 mlE F7}sle] wiF3F F, 4°ColA]
oF 1A17E, 25°CoAT SF 2417, 18°CellA] oF 2-4A17He] <=
AME 7 BA e FFEAE ST

FrEAS B A B FEE flste] AREEE Soil
extraction solution 4t W EAste F71EY 8 ¢
400 mle] SRl EFE F oF 102 FF wHE ©]
g3le] £33, 8000 goll A 20871
FHAdAE AAGEoH, 2Este F49AE F7HH 2
Z AAs] 938k vaccum pumpE ©]-8-3}] filter paper
(Whatman No. 1)l &4 vhs oA A A 2eFATHLI
= 2009).

WA E f-FE 2= Soil extraction solution 3 mI7F A7}
H Petri plate(diameter 55 mm)olA] ¢ 1mlE 3 &}
1.5ml micro tubed] %713 ¢F 1&7F YARE3 & A
FTHE AALH, o] AAE F H U BHESR] P
plate(diameter 55 mm)°l| YAE FFEATE &5 Ei
sk3iTh.

Genomic DNA FZ. A ZFE genomic DNA9]
%2 DNeasy Plant mini kit(QIAGEN Co.)E AHE-3}%
o, FFEAZHE 2] genomic DNA %2 Power soil
DNA isolation Kit(MOBIO Co.)E A}&3lith &%
DNAE —20°ColA B35t

rDNA ITS 919 @7144¢9 4 2 Primer A
P katsurae®] rDNA ITS §-$1¢] H7|XE #4100 A€

primer= rDNA2] ITS F-91& SHAIZ 5 3= universal
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primer?] ITS1 % ITS45 AHE-SFITHWhite &, 1992).
H, Duplex PCRO| AF2-H primeri= Phytophthora 55 2]
DNA ITS 7919 47| dS thdS= DNA STAR
Program(Ver. 2.01: USA) W] Clustal WE ©]-8-3}¢] align
St 5 Phytophthora S|4 Wol7} 71 @o] v 3l=
TRAZ5Y 747 bp A717F SF == P okatsurae®] & 5
o] 2l primer$! Katl 3F(5-ACC AAT AGT TGG GGG
CGA GI-3)¢t Katl 5R(5-CCA ATA AAG GCA CAC
ACA AAT-3'YS A|Zek 5| SCAR marker?} Z3tale] A}
&3kt

RAPD ¥ SCAR marker A2}, RAPD$E- random primer
£ Eurofins MWG Operon's RAPD® Kit CE & 20%5%
A8-5199th. PCR reaction mixture®] 2432 genomic DNA
2 pl, random primer 1 pl, Taq polymerase(Takara Bio
Inc.) 0.25unit, 10xEx Taq buffer 5 ul(+20 mM Mg*"),
2.5mM dNTP 4 ple] % 50 ulZ, PCR ¥H8-2 Mycycler
(Bio-Rad)E AM&-3F3 3L, AH&-¢t genomic DNA®| F%+
RE Phytophthora &°] 5433t PCR cycling®] %71
S 94°Co| A 30%7F denaturation, 37°CollA] 30%7+
annealing@} 72°Col A 1:+7}F extention® 2 40 cycleS RF
H A3l o, ]S denaturationS 94°CollA] 3&7F =
2]3L uEA] 9} extention 72°CollA] 7H-7+o] ST

SCAR marker A28 3| H P katsuraeS 3o =
RAPD® 10-mer Kit C(Eurofins MWG Operon Tech.)Z ©]
£3}o] 12} screeningS AA G FEAHEL] EolAdz) A
HEE 7|52 2 random primer, OPC-02(5-GTGAGGCGTC-
NE ettt A $ random primers Ag-3Hod
Phytophthora €< 322 23} screeningS AHA]3}AL
RAPD #4 AANZHE P katsuraed| o]0 2 S2 5
TEAHES etk AdE FEAES F245Y
Q71 ES HA33, DNA STAR Program(Ver. 2.01:
USA)S o] &38}o] 13} screening®l ] A H random
primer(OPC-02)& 233t 23-24 nt Z719] specific marker
£ 23k th(Table 2).

29 9 7IALE B4, RAPD EAoA A3 p
katsuraedl S°]|H o2 FZH PCR A= agarose gel=
FE QIAquick® PCR Purification kit(QIAGEN Co.)E ©]
43l F&3 F, pGEM-T easy vector(Promega Co.)<]
cloning site] T4 DNA ligaseE ©]-&3ta] AYAI7]1a,
Escherichia coli IM109(Promega Co.)2] competent cell®]]
FAHZAZ T Ampicilline] ¥ LB 8% 2 5-E
FRE AZFA WA #F S AET F, Wizard™
Miniprep DNA Purification System(Promega Co.)2 A&

sf} Eelar|og FESS $3E Sevst 4
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38 4 EcoRI(Promega Co.)22 A g]dle], 37°Cel A
1A AAe U, 1.5% agarose geloll A insert94 Ao
FE QI ) Recombinant DNAS] 971X <E
terminator cycle sequencing ready reaction kitE AR&-5}o]
ABIPRISM 3730XL analyzer sequencer(Applied Bio systems
Co.)ell olated A&t om, 7t A P katsurae 5
S Phytophthora 57+ €7144E #42 DNA STAR
Program(Ver. 2.01: USA)S A&-3} T}

Duplex PCR Z71. Duplex PCRO| AF8-%¥ Z} primer
sets== Katl 3F/5R(5 pmol)+SOPC 1F/IR(20 pmol)Z} Katl
3F/5R(5 pmol)+SOPC 1-1F/1-1R(20 pmol)Z, Z} primer
paires FalX F=2 &5t mixtureE AZsIA T PCR
reaction mixture®] Z/J2 genomic DNA 2 ul,
mixture 2 pl, Taq polymerase(Takara Bio Inc.) 0.25 unit,
10xEx Taq buffer 5ul(+20 mM Mg*), 2.5 mM dNTP
4 ple] & 50 plE, PCR WH3-2 Minicycler(MJ Research)
£ AlE-3k3iTh PCR cychng-% Z7AL 95°CoA 1E
denaturation, 60°CollA] 1i+%} annealing} 72°ColA] 1327¢ P
extention® 2 35 cycles ¥HE 33 o, * dena-
turation2 95°CollA] 28-7F 1237 iR} extentions 72°C
oA 5Tl PCR SFH4HES] 412 Mupid 21
(COSMO BIO Co.)& A3 1.5% agarose gel(1x TAE
bufferl 4 100V 3087+ 07195 Al slsich. 0719
5 % ethidium bromideZ 15%7F A&t 23} S/
o 557+ A&t th Gel Documentation System(Bio-Rad)
o7 FEAES skt

Duplex PCR primer®] W3 % ZHA. P katsurae TAF
Foll mhe A4 AL &<dstr] flsiA TU-1800 UV-
VIS spectrophotometer(Human Co.)E AF&-3] DNA &
L5 =it 3k fFEARke] 79-<ll= Hemacytometer
= /\]-&3}04 %7] %291 1x10° cells/mloﬂ/ﬂ 1 x 10* cells/
mle] F=7EA] 10882 3|43, 2 5 400 ple] §F
ZA} ?ﬂﬂ"" Power soil DNA isolation KIT(MOBIO

2 Bigdye

primer

Co)E A3t Z47te] sample 52 genomic DNAE &
=3t &, P katsuraed 5-°12Q1 primers AHE-3te] gHAl
A& s

Table 2. P, katsurae specific marker designed for this study

ol - B - oVgA - ol -

cuts

an oy

RAPD %4 % SCAR marker®] A2, P katsuraes
E}M}SE RAPD® 10 mer-Kit C(Eurofins MWG Operon
Tech.) ¥ 20%9] random primerE A}8-3}¢] PCRS A4
3IaL, A1 primer 5914 PCR 5 AH=Ee] AW E ¥
Eolde 7o 2 AES random primer(OPC-02)E A}
&3t Phytophthora €9 7t 4TEZ5FH F&3
genomic DNAS] RAPDE A A3 A3}, th42] PCR
FAkEol AEHAeH, 7F Phytophthom Fo nE fgeE
DNA patterne WEFH ATHFig. 1). T 5 P katsurae®l
EolA el FFA=E 2HE AESHAL cloningste], H714
s BAS A3 F A7) F= 247 1314 nid 1205 nt
Ao A5 A=), 7+ F714E8S ]85t random primer
(OPC-02)7} 2% P katsurae® 5°]24 <2 markergE A
2} tH(Table 2).

Duplex PCR®] W% AA. & wSE P katsurae
TALZFE FZ4% genomic DNAZH-E Duplex PCRO]
% A FAE U A3, Katl 3F/5SR+SOPC 1F/

IR Z$-ol& 1 mgml-1pg/ml, Katl 3F/5R+SOPC

M 123 4567 8 9 10111213 141516 17 18

Fig. 1. RAPD profiles of 17 Phytophthora species generated
from OPC-02 random primer (Operon 10-mer Kit C, Operon
Tech.). Arrows represents specific amplicons of P. katsurae using
SCAR maker design. Lane M: 1 Kbp DNA ladder (Promega
Co.), 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.

Primer Sequences’ PCR product size
SOPC IF 5' GTG AGG CGT CGA AGA ACG AGG AAT 3' 1209 b
SOPC IR 5' GTG AGG CGT CCG GTG TAG AAG AGG 3' p
SOPC 1-1F 5' GTG AGG CGT CGA CGA GGC AGA ACA 3' 1100 b
SOPC 1-1R 5' GTG AGG CGT CCA ACA GGA TGC TT 3' P

“The underlined sequence represents the original random decamer primer (OPC-02) sequence used in the RAPD reaction.
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Fig. 2. Sensitivity of Duplex PCR on P, katsurae mycelium using Katl 3F/5SR+SOPC 1F/IR (A) and Katl 3F/SR+SOPC 1-1F/1-1R (B).
M represents 1 Kbp ladder (Promega Co.). Lane 1-10, amplified product from DNA at the concentration of 1 mg/ml, 100 pg/ml, 10 pg/
ml, 1 pg/ml, 100 ng/ml, 10 ng/ml, 1 ng/ml, 100 pg/ml, 10 pg/ml, and 1 pg/ml, respectively.
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Fig. 3. Sensitivity of Duplex PCR on zoospore suspension of P
katsurae using Katl 3F/5R+SOPC 1F/IR (A) and Katl 3F/
SR+SOPC 1-1F/1-1R (B). M represents 1 Kbp ladder (GeneDirex
Co.). Lane 1-5, amplified product from DNA at the concen-
tration of 1x10° 1x10% 1x10% 1x10% and 1x 10 cells/ml,
respectively.

1-1F/1-1R9] Z$-°l= 1 mg/ml-100 ng/mlo| Al E-o0]Z ]
SEEo] AEEATHFig. 2). B3, FFEAF] e
AR FAHS g1gk A3, F /72 Duplex primer set
B 1x10°-1x10° cells/ml7HA] o181 FFAkE0] 7
25 cH(Fig. 3). Lee(2010)= Nested PCRZ} Conventional
PCR % SCAR PCRel| 2|3 A& @84S v
u], Nested PCRo] #ALS o]&3F AA A HAAM = F
4> 10"Rel A 107, FrF2AE o83 7 Alddl= of
108 A= 8] F2 A5 st & A7+47et
Hl w3l S |, Duplex PCR-> Conventional PCR %
SCAR PCR¥} §d3 F&7kA] HE0] 7HeslAonzE,
AA| oW E A AF e AFZHE Q] HENA = Duplex
PCRO] Nested PCRHT} §-840] @2 Aoz FAHEUTH

Duplex PCRS ©] 43 P katsurae®] 737. SCARs
marker2 AF8-% primer pair 25(SOPC 1F/1R3} SOPC
1-1F/1-1R)3} rDNA ITS #$]9] 4711 ES o] &35l A
2+st primer pair(Katl 3F/5R)E AH8-3to PCRS A
A3}, Z42Fe] primer set< 107 X9 2] P katsurae B
dFolA 27R9] SolH]l SFbEe] SHEUTH(Fig. 4).
S P katsurae 259 Phytophthora 16%< Z+7te]
primer set& AMg§-3te] PCRS HAIS A3}, P katsurae

2e ol A RE 5ol ] 27l 9] FFAHEC] HAEG o,
Phytophthora 165N <= P katurae 5°182 ZSZA4HE
o] & Jier WAL AY BAEA] U4 THFig. 5). Duplex
PCRS 98 W A3l #AH3 nAyE A g8
Fol7] S8l ] AMgEE AE WHeE AR bgE A

19] SZAES 2k primer 52 2FOE o F
& @l HAEsAL, dubAel PCR #AolA 9]
o EZAE 93] A 2 X 1@ A9

N

=

l
=
)

R
1 554t TS

2 o

o
R

I

—

of
Ju 4 o lo

to

E /RS AIZHE, AAA 02 54 ZloR B
2% A H(Elnifiro 5, 2000; Morot-Bizot 5, 2004). <=
L2} Ao Az gjEllE BAYAT = P lateralis
of gk 719 A7 ABF o] AL, H]E"Xq?l s
Aetar, AA] oA W ol &AM HE TELS
o]7] 18] rDNA ITS #2919 5o]A<l primers AHE-s
o] Duplex PCRS ©]-&3F A7 B3E B} JTth(Winton
= 2001).

Duplex PCRE in vitro\ X P katsurae 89 d2] 7
2 & 540l Nested PCR THF2] =2 84S
= $AT, Conventional PCR ¥ SCAR PCR} H]S=3h
AINE JeEPNRN 22 Phytophthora & W9 574 2 7
Zoll= &8o] 7T Ao 2 AFEATE Nested PCR
A=A L§°L74‘/} WA ] 2 SR8t e wg &

oX,

Fo| HAAE HEE F UL I F4A FLE Y
o= 37 ] “41'1‘01] T B Aol 277 #AE 3
ot} Aol =& Phytophthora 4 W9 544 &
o FoleAMRte] F 54 B AT 3&0] HojXits
AHdo] thFst A5 3l 1= ATHKroon 5, 2004;

Meng®} Wang, 2010). 3<%}, Duplex PCRS 135]¢] PCR
2 BolARl FFAES Ul F3EAA v 1A F 4
£ oz s7] wio] A3z el|A= Nested PCRETH
Holurtar & = Sk 1o Heket 54 2 eS¢
&A1= Nested PCR¥} Duplex PCRS Ao A-&3kchd
T AE B T4 AN 2/FE TS EY F 3
= Aol
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Fig. 4. Duplex PCR detection of P. katsurae amplified by Katl 3F/SR+SOPC 1F/IR (A) and Katl 3F/5SR+SOPC 1-1F/1-1R (B). M
represents 1 Kbp ladder (Promega Co.). Lane 1: TPML 06522, Lane 2: TPML 08001, Lane 3: TPML 08002, Lane 4: TPML 08003, Lane
5: TPML 08004, Lane 6: TPML 08005, Lane 7: TPML 08007, Lane 8: TPML 08008, Lane 9: TPML 08009, Lane 10: TPML 08010.

M12 34567 8 910 1112131415 1617 18 M1 23 4567 8 910111213 14151617 18

(B)
3000 3000 =+
1000 1000+
250 250 =+

Fig. 5. Duplex PCR detection of Phyfophthora species amplified by Katl 3F/SR+SOPC 1F/IR (A) and Katl 3F/SR+SOPC 1-1F/1-1R
(B). M represents 1 Kbp ladder (Promega Co.). 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.

e of & P katsurae®] %33 a34AQl HAEol &34 &
84 F de A O]‘:]'
Phytophthora katsurae= U-5- el fdjle] =
WA dFolth P katsuraes % 30}7] flate] 2719 Acknowledgment

duplex PCR primer set= A 2}3} % tHSOPC 1F/1R+Katl

3F/5R, SOPC 1-1F/1-1R+Katl 3F/5R). SOPC 1F/IR%}
SOPC 1-1F/1-1R primer pair= sequence characteristic
amplification regions(SCAR)E ©]-&3}o] #2813 aL, Katl
3F/5R primer pairi= internal transcribed spacer(ITS) <]
ZHE A &Sttt 53 genomic DNAE 1 mg/mlof| 4]
1 ng/ml7HA] 10‘311”’q —TE ]';q O 2 3Aste] ALl e
Duplex PCRS] U= sk A3, 270€] primer set>
Z¥z} 1 ug/ml2k 100 ng/ml77]—?<] AEo| 7Is3tat 75
FAE 1x10°FE 1x10° cells/ml7FA] 10814 =2pH 0=
3] 3l3 genomic DNAE FZ381Y P katsurael] T35
FapFol o3 AE FAE A3 A, 2719] primer
set B 1x10° cellsml7HA] HEE + AATh 7479
primer set PCR A&S AAISIAE Wl P katsurae 5
o ¥k PCR 2HEo] 538 WHAC, Phytophthora 165l
M e P katsurae®]| E°1&<] PCR FZ4HE0] AAHA
okttt wEbA, 2709 primer setS ©]-8-3F Duplex PCR

This study was carried out with the support of “Forest
Science & Technology Projects (Project No. C1002315)”
provided by Korea Forest Service.
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