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ABSTRACT: To investigate genetic relationships either interspecies or intraspecies of 14 Korean Phytophthora species,
sequence analyses of nuclear DNA (ypr gene and rDNA-IGS region) and mitochondrial DNA (Cox gene, S-tubuline
gene, and EF1A gene) were performed. All of 14 Korean Phytophthora species clearly clustered into foreign isolates of
each species. These Korean isolates in Phytophthora species also showed no correlation between molecular classification
and morphological classification like as in case of foreigners. P palmivora KACC 40167 reported previously from
genetic groups of Phytophthora species in Korea was not consistent with the classification system, and therefore was
required re-examination for the genetic group analysis. Korean isolates of P. drechsleri KACC 40195 showed very close
relationship with P. cryptogea KACC 40161 above 94% bootstrap value in P. cryptogea-P. drechsleri complex group.
Identification of these isolates is still unclear, because P cryptogea and P. drechsleri were not differentiated in this study.
On the other hand, it was required to unify species for these two species, since P parasitica and P. nicotianae were
clustered into a group on the level of 99 to 100% sequence homology. Comparing to the sequences of foreigners,
Korean isolates were newly divided to ten groups in the phylogenic system. These results could be prepared useful

ST
40-47 (2010)

informations to understand genetic diversity of Phytophthora species in Korea.
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Phytophthora & =2 JAMAIHLZ A< =l
PYSlaL AAIX 0= Fagh 2= A7 TellE doTl=
JEH AT 25 F9] shield, 1876 de Baryell 9J8) Wt
o &3z Phytophthora®= 8 8% ©|e} 955 SHF]
4] JtH(Judelson and Blanco, 2005). 3HH <ol 225
o] ZAjsle Zlew Harwo] k@A E g3, 2009).
Phytophthora 48] -7 2 5782 23l &) 2 w4
ENEo] F&2 Z857|% 3O KErwin and Ribeiro, 1996),
U HFE Tl B =2 Woldd Tl TEEH=
B4 mj o) o5 A FEA Y 7ElE e wl¢
o€ H(Duncan and Cooke, 2002). WA 2 Phytophthora
9] E7 2 ATHA TR A HEo] SAESHAC
7IHE o] &k AP B4 o] o Bl FaE L Ut
(Donahoo et al., 2006; Ivors et al., 2004; Kroon et al., 2004).
Phytophthora 9] -7 2 58L 95t 7] EA=ET4
Q7= EE0]2 DNA probeE 753171} RAPDL} RFLP
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B4 7HE o] 83t 8 W nEF=gole] DNA ¥4 F
3] XY= ATHGoodwin ef al., 1992). T3t 3 rDNA2]
ITS el (Cooke et al., 2000) B EZ=2]0}2] cytochrome
oxydase®] 17+ 1Y 7do] /HEA] Y- 77 do W
DNA 71X g8 ZolE o83 FA=T] AR o]
2-8-5] 0 tH(Martin and Tooley, 2003).

olg]et AFEL Phytophthora <5 452 FE|Z 540
oa HEE T8 F U AlEst & AAIN AES F
o7 ke FEH FY 152 ol MEEE] 44
Aol W eetA A8k Freklth(Belbahri er al., 2006;
Dick et al., 2006). = 3} njEZ=go} Yo o 54
A=) thek DNA 971492l §A] 4122 Phytophthora
& 5ol g & o Ao Adg E7 2 F 530
=3 JTh(Villa et al., 2006).

=W Phytophthora 2] FAMESH] -5+ rDNAS]
ITS %3} mitochondrial small subunit (SSU)2|] PCR-RFLP
AS Foto] 1659 sl 2771 13508 T4 EACH,
P drechsleri 452 &2 715 wet 4 3150=
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W AtHHong ef al., 1999). 72 & Park 5(2003)> DNA
fingerprinting ¥21S 58| P drechseri 4752 41522
U8 ARSI HOH P drechseri®} P cryptogea 7+ Y=
Fdol Al FdsHAl vEhdthe AL ¥el v Atk =
3+ Hong 5 (2000)2 rDNAS] H71MEe B45te] =
Phytophthora 8] 2 ERAAE /M9 250 = 1}
= HF A

2 A= SW Phytophthora 2:2] 3 B! mlEZ=g]o} U]
of] EAls= 7 - KMitochondrial genome region between
gene Cox2 and gene Cox1, ftubline of mitochondrial genome

region, Elongation facter 1 alpha(EF1A) of mitochondrial
genom e region, Ras-related protein (Ypr1) gene of the rDNA,
Intergenic spacer (IGS) region of the rDNA) % <ol thgh
DNA 971448 41 F3ate] =Wl Phytophthora &7+
T4 FEdE welL, FHoR v fAR s o
HZ =W Phytophthora E7}8] AP ESH] FrAddA] 249
S AABIELH, Phytophthora <73} FENH EFAALE £
e o2 aFst | FTE e v/ fAdAE
sRlsta, 2A =S ERAAE AE "l st

xE 2
1. SAZF
Phytophthora % 5 22|20 8 FostiXE 545
sk ARl 1458 Ao #e e
(CNU) 2 Ere st Ao 22lst 23 s=sdrAl
EAFIATE (KACO)ZHE] 42 1ol ARE-5H3Ath(Table 1).
EoFE 4552 20% V8 juice agar HiX| ol AltHul < 3k tR
25°CollA 597 mFate] FAMASS FHal Akt

2. Genomic DNA 2|

FAFFES 20% V8 juice agar plate AJollA] 25°CollA]
597k wiFstAt. 7F #e] +#% TP ERE cork
borers A3t 217 6 mm AF-AHES 452718 WU
20% V8 brothell HE3 5, Hdefe] 25°C =7l M
57 ARG ST mil g = HAHIE HatE 239 A==
A7 effendorf FE ¥ -70°ColM EH F FAAZ 319
o FA7% @ dARIE vRIS T 400 149] extraction
buffer [200 mM Tris-HCI (pH 8.0), 200 mM NaCl, 30 mM
EDTA, 0.5% SDS]®} proteinase K 50 pgs 37} 37°CollA
N7 A2kt o]ojA] 400 112] 2xCTAB solution [2%
CTAB (wh), 100mM Tris-HCI (pH 80), 20mM EDTA (pH 80),
1.4M NaCl, 1% PVP(Polyvinylpyrrolidone)|2 75l 2
Aol FA. ©]F 600 w1 Chloroform : isoamylalcohol
(24: D2 F=3FL 12,000 pmellA] 105 F<t YA E)sle]
’F5lS 1.5 ml tubedl] EATE.

Hall A Aol 0.79] %< isopropanolS H7}1ekaL AL
ol A 1037 WIS 5 12,000 rpmollA] 102 &< AR E

Table 1. A list of isolates of Phytophthora species used in this study

Species Waterho:lse Genetibc Source®
group group
P. boehmeriae 10 KACC 40173
P cactorum 1 KACC 40183
P cambivora 7 KACC 40159
P capsici 2 KACC 40180
P. citricola 2 KACC 40184
P, citrophthora 2 KACC 40186
P cryptogea 8 KACC 40161
P drechsleri 8 KACC 40195
P erythroseptica 8 KACC 40704
P infestans 1 KACC 40718
P. melonis 7 KACC 40489
P. palmivora 4 KACC 40167
P parasitica 1 CNU phypara
P sojae 7 KACC 40412

*Morphological criteria used to group Phytophthora species. This
information is taken from Waterhouse (1963), Newhook et al. (1978)
and Stamps et al. (1990).

"Genetic group used to group Phytophthora species. This information
is taken from schena et al. (2006) and Jaime er al. (2008).
‘KACC; Korean Agricultural Culture Collection, CNU; Chungnam
National University.

Table 2. A list of references used in this study
Nuclear DNA Mitochondrial DNA

%:;)fgzom Source il tDNA- Cox2- B
IGS  Coxl tubline

P alni SCRP2 0 0 0
P arecae P10213 o o
P boehmeriae  P6950 o 0
P. botryosa P6945 o o
P cactorum P0714 0 o
P. cactorum SCRP27 o o o
P cajani P3105 o
P cambivora P0592 o o
P cambivora SCRP67 0 0 0
P capsici P0253 o o
P capsici SCRP103 o o 0
P cinnamomi ~ P2159 o o
P cinnamomi ~ SCRP115 o o o
P. citricola P7902 o o
P citricola SCRP130 0 0 0
P. citrophthora P6310 o o
P. citrophthora SCRP179 o o o
P. colocasiae P6317 o
P cryptogea P1088 o o
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Table 2. Continued

Nuclear DNA Mitochondrial DNA

Phytophthora

wis T R A
P cryptogea SCRP207 o 0 o
P drechsleri SCRP232 0 0 0
P. drechsleri P10331 o
P. erythroseptica P1699 o o
P. erythroseptica SCRP240 o o o
P europaea SCRP622 o o o
P fragariae P3821 o o
P fragariae SCRP245 o o
P hibernalis P3822 0
P idaei P6767 0
P ilicis P3939 o o
P ilicis SCRP377 o o
P infestans SC03.26.33 o o
P. insolita P6195 o
P, insolita SCRP385 0
P inundata SCRP644 0 0 0
P inundata P8478 0 0
P, iranica P3882 o
P katsurae SCRP388 o o o
P. kernoviae SCRP722 o
P lagoariana  P8223 o o
P lateralis SCRP390 o o o
P lateralis P3888 0
P. medicaginis  SCRP407 o o o
P. megakarya  P8516 o
P megasperma SCRP435 o 0 0
P. megasperma P3136 o
P mexicana P0646 o
P. mirabilis P3005 o
P. nemorosa SCRPI10 o o o
P nicotianae SCRP468 o o o
P nicotianae P6303 o o
P. palmivora SCRP526 o o
P. palmivora P0255 o o
P. pistaciae P6197 o o
P. pistaciae SCRP533 o o

P, pseudosyningae SCRP674 o o o

SCRP630 0 0 o

SCRP541 0 0

P3247 o 0
SCRPI11 o 0

P. psychrophila
P quercina
P quininea

P ramorum

Nuclear DNA Mitochondrial DNA

P}Ztsggfm Source - DNA- Cox2- P
IGS  Coxl tubline

P, richardiae P10811 o
P sojae SCRP555 o o o
P sojae P3114 o o
P tentaculata  P8497 o
P trifolii P7010 o
P vignae P3019 o o

3tk 273E DNAE 70% ethanole: ©]-83f] 7+ HhHo 2

H
A 3R e FHYE] ethanoke A, ZAFA)7] & DNAS
100 z12] DDWel =<1 T3 agarose geloll 171953l

DNAE 341 3 5 vpAS o] g-3to] FFatart.

3. EXRUEEE J|HE 0|88 B4 REEH B4 &Y

Multi-locus 714 E 4

B Ao M= Phytophthora & SAdF52] Cox2-Coxl,
Btubline, EF1A, ypt1, rDNA-IGS §-%1#}9] thdt DNA &
71 A4S el 718l BA2E primers ARSI
(Table 3, 4).

Z¥z+e] primer 0.5 pmol, 2 ng2] genomic DNA, 0.2 mM
dNTP, 10 mM Tris-HCl, 50 mM KCl, 1.5 mM MgCl,, 2.5unit
9] Tag DNA polymerasedl]l B8 371510, E volume
< 50 42 3l PCRS 3313t ZE PCR AH=-2 1.5%
agarose gelollA] 7|9 E3IL ethidium bromideZ 4 35}e]
X ool 1 AV]E AEEIIAL, SFE PCR =S &4
EA}] PCR Purification Kit(Korea)= A5}z, vl ZAA
sequencingS ©]Z]$+ F, National Center for Biotechnology
Information (NCBI)] Basic Local Alignment Search Tool
(BLAST)S ©|-83t4] DNA tlo[efuo] 29} fAkeh 7]
A ES v 23 TH(Table 2).

A7IMEe PHYDlT program version 3.25 ©|-8-3l] A4

SIS Bt BEE Tt A oA AlLsisitt
Neighbor-joining  tree™ PHYLIP 3.57¢c packageE ARE-31]
Kimura’s two-parameter model®ll ]3] 2M331%5.2 ™ 1,0003]
9] bootstrap 415 B3l A= =S HrlsI ol FA
Bl gk A Aol & 01"1 outgroup FY -t
A& 33 Phythium sp. B711E-S o] &35t

[/
(]

XEnt

Multi-locus Y¥7|MEg E38t 2L Phyrophthora &2
FoAzA 2o
Phytophthora 4:2] 3 2 n|EF =g} Yo ZA5k= 571

FAAF Gl thek DNA H71ME E4E Fste] =<l
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Table 3. A list of major primers used in this study

Target DNA Primer Sequence(5' — 3") Reference”
IgCoxF AAAAGAGARGGTGTITTTTTAYGGA Paquin et al. (1997)
Mitochondrial genome region between Sachay et al. (1993),
gene Cox2 and gene Coxl IgCoxR GCAAAAAGCACTAAAAATTAAATATAA Martin and Tooley(2003)
and Martin et al. (2004)
. Ypt1F CGACCATYGGYGTKGACTTT Chen and Roxby (1996)
ﬁ;flated protein (1prl) gene of the (. p TTSACGTTCTCRCAGGCGTA Moorman et al. (2002)
Ypt5R GCAGCTTGTTSACGTTCTCR Schena et al. (2006)
IgsIF AAAGTGRKGMGGWGWWGCKGA Liew et al. (1998)
) ] Igs2F AAGTRYMTKAACAACGCTCT Schena et al. (2006)
igf\fiemc spacer (IGS) region of the . GYGCGAAGGWKTGCTG Schena et al. (2006)
Igs6R CCCAGCRYAAACAACAACAC Schena et al. (2006)
Igs7R ATATCCTCCATACGWAAGAAGACG Schena et al. (2006)
Elongation facter 1 alpha(EF1A) of EF1A_FL GGTCACCTGATCTACAAGTGC Jaime et al. (2008)
mitochondrial genom e region EFIA R2 TTSACCGACACGTTCTTGAC Jaime et al. (2008)
Bubline of mitochondrial genome ~ Btub F2 CGGTAACAACTGGGCCAAGG Kroon et al. (2004)
region Btub_R2 GATCCACTCAACGAAGTACG Kroon et al. (2004)

*Reference to available DNA sequences on which primers were based.

Table 4. PCR conditions for primers used in this study

Target Initial Step Cycle Final
DNA  Denature Denature Annealing Extension Cycles Extention
Cox2-  95°C/ 94°C/ 50°C/ 72°C/ 35 72°C/
Coxl 2min 30 sec 30 sec 1 min 10 min
" 95°C/ 94°C/ 55°C/ 72°C/ 35 72°C/
P 2min 30 sec 30 sec 1 min 10 min
DNA-  95°C/ 94°C/ 50°C/ 72°C/ 35 72°C/
IGS 2min 30sec 30 sec 1 min 10 min
94°C/ 94°C/ 60°C/ 72°C/ 72°C/
EF1A 2min 30 sec 30 sec 1 min 33 5 min
ya o4°C/ 94°C/ 60°C/ 72°C/ 35 72°C/
tubline 2 min 30 sec 30 sec 1 min 5 min

)

Phytophthora £7¥e] 34 3533 =Ml Phytophthora
F7re] A=A FrddA 2418 Al
o R 2] mEZE]o} Fxke] A3 7314
EA4E f, T4 AXA AEF f3dol uf2 AR w2
o7 Irjjof nf-g- FgH o ® Hafjx= AR dHA Slof
T FAA O B4 wol E8EA 3L Yth(Martin
and Tooley, 2003). & <AelA = RIEZE=E ol Yo A8}
£ Cox, ftubline, EF1A +3712] 71 EEL o]83) =
Phytophthora % FE3} 71& Xil¥ 2=t Phytophthora
7= 7] DNA 97IMY 245 skt Cox 2]
B9 oA = Phytophthora & 452 10719] clade &
671] clade?t FLE 152 FASIATE Jaime 5 (2008
ole] & gl mEZe=g]ol Wol RSk F4He] DNA 9

q)

1

i

o

N

719 BA1S 23] Waterhouse 5] FE|Z] EFo 2
6/l 252 10709 clade® gk v} ok, g Hujell=
clade 59 &38l= P katsurae®] Aol B E o] Qo)
2 AN = A FKBINoBRE F5 olof gk B
T7F B8 3lh(Fig. 1).

gHA, 3 HHzE Yol ERlshe 2EA e FAA] Aol €]
Aol 4 dds I8k yprl FAk o
S AR A3}, S Phytophthora 352 9=2] £
7} L3 cladeE 4351 2M (Schena &, 2006), <=+
75T 82% ©’de] bootstrapel]l &J3l] A= BF F
Aoz FYs F 548 2 dthe AL I+ 3
ATHFig. 2a). =3 A rDNA-IGS P2 41L& sy
17N Phytophthora 53} 710 ¢&%1 Phytophthora 27
4] DNA 97| E=0l tiall =R = 2 A=
Schena & (2006)2] rDNA-IGS #4247} L34 Ye}
stk AT o]5 F9> IDNA-ITS 993 rR7 A=
GAA Y =2 WHETE EASAR 99 W DNA 9714
e Hol7t gol yeht oA 2] el -8Rt
T WollMx 17 Wol7t Wol EAlsh] Wit =&
Phytophthora 5% 534 4 9+ universal primer®] 41
dlo] ofzd2-o] JTtHMoss ef al., 1995). £ A7ollA = rDNA-
IGS @90l tiste] F%o] 7}s¢ & universal primers
setS ©]&3led PCR FF2 AASIHL Y P infestans, P
boehmeriae, P. citricola 552 5252 &3hth(Fig. 2b).
o5 & Y #7xe] DNA H7IMEE 43 A3 yprl
T2t rEZEZ oL W fRte] B4 Aol FdsHA
Uebst=dl =W Phytophthora 52 Jaime 5 (2008)°] <]

ud Mo
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(a) ythi 21
P. pseudosyringae SCRPG74
_"&R ‘nemorosa SCRP910
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B
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Fig. 1. Neighbor-Joining tree of the Korean isolates of Phytophthora genus with reference isolates (in bold) based on the sequence
of CoxI gene and Cox2 gene (a), Stubulin gene (b) and elongation facter 1 alpha DNA (c). The numbers at the branch points
indicate the percentages of bootstrap values(based on 1,000 bootstraps).

*Morphological criteria used to group Phytophthora species. This information is taken from Waterhouse (1963), Newhook
et al. (1978) and Stamps et al. (1990).
*Genetic group used to group Phytophthora species. This information is taken from schena et al. (2006) and Jaime et al. (2008).

=2] Phytophthora £l W8l -3k 10712] clade T clade  Zlo} Ul FRAES] EAox e} w2 3§71
52 AL EF clade 1, 2, 4, 7, 8, 100 TEEJATE (DNA-IGS  DNA ¢714Y 248 o] &3 BxYESHA BR7ol e st
P SEZ KA K3 P boehmeriae S22 23] clade A BFes Ad3dS 7] ofHltk(Fig. 2).

10& A 2] 3 clade 1, 2, 4, 7, 8] Est=|RIc). 1A, n|EEE =W Phytophthora <5 d-5° 3t A7) 2l}* Hong 5
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( a ) Pythium vexans81708-98
P. infestans SC03.26.3.3 vt T
P. infestans KACCA0718
100 [ P nicotianae SCRP468 1
—[P. parasitica CNU phypara

100 P. cactorum SCRP27
L P cactorum Kaccaoss

P. cinnamomi SCRP115

P. cambivora SCRP67
P. europaea SCRP622
100 - P. fragariae SCRP245
P. fragarige SCRP333
P. pistaciae SCRPS55
P. melonis KACC40489
100 | P- S0jae SCRP555
P. sojae KACCA40412
P. inundata SCRP644
P. megasperma SCRP435
P. medicaginis SCRP407
P. drechsleri SCRP232
P. cryptogea SCRP207
P. erythroseptica SCRP240
P. erythroseptica KACCA0704
100 P. drechsleri KACC40195
P. cryptogea KACCA0161

100 |: P. lateralis SCRP390
P. ramorum SCRP911

P. C40167

_ 100 — P Capsici SCRP103
I: P .capsici KACC40180

100 P. citricola SCRP130
P. citricola KACC40184
100 [ P citrophthora SCRP179
P. citrophthora KACC40186
P. insolita SCRP385

P. kemoviae SCRP722
P. KACCA40173

P. katsurae SCRP388
P. quercina SCRP541
£ P. pseudosyringae SCRP674
101 _ P iiicis SCRP3TT
% 31— P. nemorosa SCRP910
P. psychrophila SCRPE30

0.1

FEAHESHE<HHAHBHHHAHRNZ<SSSSSS<<E<K<KSE<K<ESEsSSmrARZ
®

®

.
I= g

100 |P- palmivora SCRP526
P. palmivora KACCA0167

P. cinnamomi SCRP115

P. europaea SCRP622

P. fragarise SCRP245

P. alni SCRP2
P. cambivora SCRP67

P. pistaciae SCRP533
190 p. melonis KACCA0489

53 |P. sojae SCRP555

P. sojae KACC40412

P. drechsleri SCRP232
[— P. medicaginis SCRP407
f cryptogea SCRP207

P. erythroseptica SCRP240
. erythroseptica KACCA40704

P. drechsleri KACC40195

P cryptogea KACCA40161

100 [ P lateralis SCRP390

P. ramorum SCRP911

P. inundata SCRP644

P. megasperma SCRP435

P. quercina SCRP541
72 1001 P. cactorum SCRP27
93 P. cactorum KACCA0183
100 |P- nicotianae SCRP463
P. parasitica CNU phypara
P. katsurae SCRP388
P. pseudosyringae SCRP674
20 _p psychrophila SCRP630
88\ P. ilicis SCRP3TT
P. nemorosa SCRP910
= P. citrophthora KACCA0186
100[~P- Capsici SCRP103
0 P .capsici KACC40180
100( P.citricola SCRP130
P. citrophthora SCRP179

0.1

[e]= |

[

HEHHHZZ2ZEZSHANANE<ZE<SSSSS<S<<SESES<EsHH

Fig. 2. Neighbor-Joining tree of the Korean isolates of Phytophthora genus with reference isolates (in bold) based on the sequence
of ras-related protein (¥pt1) gene (a) and rDNA-IGS region (b). The numbers at the branch points indicate the percentages

of bootstrap values(based on 1,000 bootstraps).

*Morphological criteria used to group Phytophthora species. This information is taken from Waterhouse (1963), Newhook

et al. (1978) and Stamps et al. (1990).

"Genetic group used to group Phytophthora species. This information is taken from schena et al. (2006) and Jaime et al. (2008).

(2000 rDNA®] ITS 42 H71X L 4L 3l 5719
I (group A : P cactorum, P infestans, P. nicotianae,
P, palmivora; group B : P, citricola, P. citrophthora, P. capsici;,
group C : P. cambivora, P. cinamomi, P. melonis, P. sojae,
P erythroseptica 275 group D : P crypitogea-P. drechsleri
complex group; group E : P megasperma)S-Z U=,
o1& ALY &3= P palmivora KACC 40167 42] 7%
B oAro] yprl Ak} Subulin F-AAF] G771 LG EA0)
24014 group B} 71718 FABAIE YERATE E3 Cox -
A2} deoll tigk B4l 3lelX= group CoF dhte] clades
o] F2U3L, tDNA-IGS 992 EFIA fdAalx= dse
I5S AT wetA ol BAE P palmivora®l
ek et $582 8] fleliMe = U AR FEiA
EAT 37 2Ao] 8 FEth(Fig. 1, 2).

=W Phytophthora 2] 57/ 52 @9l thgh &40
oI =W Phytophthora®] €52 Jaime 5 (2008)°] Yhe
cladedl] e} o]=FE3} FLT 2FS sk Ae= 1
Epom R =Y Phytophthora 55°) £1=-2] Phytophthora
TEI FAA Aol vt w25 Bl & 0tk ol
S Al subclade® VRE clade 191 735, clade 1aol 3
= P cactorum 5%} clade 1coll &3t P infestans a5
M2 TAd3 35S Ao, clade 19] subcladeE &

J8l= P nicotianae 47+ =W P parasitica 75} g
252 FAAT @A Sl FHORE 2o]X Q=
P, paracitica®) 735, ©15 G2 G714 Y B4 s =
P. parasitica CNU phypara =+ P. nicotianae SCRP468,
P. nicotianae P6303 T2} 99% ©]/¢2] bootstrap #t-S
YeRAT). o= P parasitica®}t P nicotianaes L% 4 A
o]gh= Waterhouse 5(1963)2] 42 Slxlslse). 2]
A MADLZE P nicotianae=. FL3to] ARSI Q1oL
U= o}F] o] 7 TS b FOE HiEo] Ut
wEbA] S E T FUo] 8T

=tUl Phytophthora E2] ITS ¥9< #2413 Hong &
(2000y> G- =l P megasperma= P, cryptogea-P. drechsleri
complex groupt DA AT=o] Uckal BASIAAIRE,
Cooke 5 (2000} Schena 5 (2006)> P megasperma &<
ol53} 5YH clade 622 W73 vl 2Uch. EF1A f-317
BIE A w2 Gl e EAS FAT 2
Al A clade 8ol FHe 7S FAS =] P
cryptogea®t P. drechslerit= 28] =] P megasperma
F2 clade 60 3R Tt whebA] £ Aol = FaE
A FIARE el A BAS= P megasperma®l] g A
g FEHE e T £ ol B2 A5 ES eE
she B A7 298 AS dddr



46 A

S A el Tk DNA 971AE 22400 ojA] =l
P drechsleri KACC 40195 4+ 9|=2] P drechsleri ¢
FE7 3he] subgroupS AR 23 Hong 5 (2000)
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