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2 9 Rhizina undulata®l PCR 744 2 #48 EA B4S 5402 (DNA ITS 999 d7uid 314 2 PCR
Wl o)k BEoko mHE R undulata«] RS Jhakalsich. 18S (DNA F89] d97|AMd B4 A3 ZA8 4%
o) &#F HFE 1375 nte] A2 TG ow, Gruidn 100% LAEkTh g, (DNA ITS <o) drjnigde

585 nto]RU3L, PDK-1, PTT-1 2 PDI9 #F= G7I¥ide] 100% FA&504, PDS-SHFoE F Folld 79
2)glo] WAESIT} o9} 7He 2’37]HH°§2 A5t A28 R undulata 'DNA TS 9 5014 primerZ ©]&3F PCR

49 23 R wndulaia FFEONL o 525 bp F7)9] ITS oI HeIHel FEA%o] YTk PCR el o

sl A& 5 e BEY £ R undulata A4 AR SHAE 301817 elA, £ vslFS R undulata TV
Hel g o2} gAfsted 100 g AMFEY 8 v, SRR A EFS 47e EY AEERE F£3 ol
DNA2] PCR H#AHE-S 2435 A3l pCR ¥l 2lsled 100g] B 2ol 1 ng®l R undulara T 7Y S50

Rl A7 AEel Fesant.

Abstract: To investigate genetic diversity and PCR detection of Rhizina undulata, PCR detection and sequence
analysis of rDNA TS region of R. undulata in soil were analyzed and developed. The length of partial 18S
rDNA from four R. undulata isolates were 1,375 nt. The sequence similarity of R. undulata isolates was 100%.
The rDNA ITS regions of R. wundulata isolates were 585 nt long. Nucleotide sequencing of the ITS regions
showed that PDK-1, PTT-1 and PDIJ-9 isolates had 100% sequence identity. But, PDS-5 isolate differed from
the three isolates by two nucleotide substitution. R. undulata-specific primers designed by the sequence of ITS
region were used in PCR detection of R. undulata. PCR products about 525 bp size, which is specific to R.
undulata, were amplified from total DNAs of R. wndulata isolates. To assay the sensitivity of PCR detection
by R. undulata 1TS-specific primer, purely cultured mycelial suspension of R. undulata was serially diluted and
mixed with 100g of sterile sandy loam soil, respectively. And then, PCR products of total DNAs extracted from
each mycelium-soil mixtures were analysed. The PCR protocol could detected up to Ing mycelium of R.
undulata within 100g of soil.
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o] FERN lom, o7 AMEEHE primers FE
tDNA2] ITS ] A7IMF & o] gals led], 2 o)F
= ITSH A o] 7ol w72l F(species) Eol4d<] U
o1 F (species) 7Fe] WHol7} vlnl A “}01 sl 99
ol7] wiiZojth. WA #Fe FHY FAFA Bl
ITS 94 ¢] F7jude] F-80A E&52 UTh (Chao er
al., 2004; Kikuchi er al, 2000, Lu et al, 2002; Ranjard
et al, 2001). 34, R undulata®] DNA 304 9] A7
obd] 2B THAlol MFE3 9lem PCR Feto] g ITS
Fe] A7inlg A Ae olu|dk Aol

upEbA] o] At s vhElel dEoA EEld R
undulata TFE2) 185 rDNA 5] % ITS ¥ 2] 70y
g& st dtgon, olE JZ2 R undulata
DNA ITSo)| S0]2]2] primerE A 23t PCR A4 2] o]
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1. Al F ¥ TAb B

FA G R undulata T o3 JHF(1990)9] H
Wof] whehA AR AR AR el e I35 AR
st AHdA ] A A 2 71F FEL Table 134
2o gx #ie 2 AgAA £ uiksle] His
Q1 Botrytis cinerea, Cenangium fervuginosum, Fusarium
solani, Laetiporus sulphureus, Raffaelea sp., Rhizoctonia
solanis AHESIR T FA 45 T, C ferruginosum-2
MSPAU] A (Malt extract 3%, Soya peptone 0.3%, Agar
1.5%)el1A41 15°C oF 20947 vjeFatslony, 7 o]9] d5-E
& PDAWIRIGA] 25°C oF 77 wieFalaict. §h4, total
DNAS] F&& 9latd, 2t #5759 g mjA £l

Table 1. Descriptions of Rhizina undulata isolates used in the
study.

[solate code Host Species Geographic origin

PDK-1 Pinus densiflora Gosung, Kangwon
PDS-5 7 Samcheok, Kangwon
PDJ-9 ” Iwate, Japan

PTT-1 P thunbergii Taean, Chungnam

cellulose membrane(CelluSep T4, Membrane Filteration
Products Inc., USAYS 231 1 9ol 7} #5582 g3}
AL, cellulose membrane’dol A F2)3k FAMA - 5]
Hebar g arste] Aol Abg-3hdch

2. Al primer

18S rDNA®] 5" U2 E cloningsdl”] 93 PCRE
primers= White 5-(1990)8] #H ol wj2bx 7]&0] B ¥
18S rDNA 789l 358 oz EAsH= 7wl primer
NS1, NS2, NS3, NS4, NS5 2 NS6& AMH-3t9=d), =,
NS1~NS2, NS3~NS4 %! NS5-NS6&] Al BE O & 1}ro]
PCR ¥ cloningS AA8tT) gh, ITS ¥4 2] PCR ¥
cloning2 primer ITS13} 1TS45 AH8-3+3 th(Figure 1).

3. Total DNAS| &

FAA 25 total DNAS] %S Wizard Genomic
DNA  Purification Kit(Promega Co.)2] “Isolation of
Genomic DNA from Yeast Method”& ¥ 3lo] A A3}
THol 8 F, 2006). EYFOZYE total DNAS] 3
Power soil DNA isolation Kit(MOBIOYE AH8-313 1)
B o A3 R undulataZ PCRE AR 5= 9)
7Vs/dS #R1EH7] 18k, R undulata W% @AF 1 g&
vpRpAbgel A whal e vhe el Vel 4 e nio] wals)x)
%2 ZPulEa T "ol A A3 AMSFE 100 gk T
3t o] EY 5 04 gC 2R E total DNAE 3319t}
w3 PCRE AR + A= EF W EAs= R
undulata®] # A @A SAIE AA37] $3ke], &A}
1 g5 575 1 miol] @8t mRatabatol A vafiel o}
w 1 mg/milelA 1 pg/l ml 7H4] £2H4 0.2 345 g-oilg
zbzre] B9k 100 goll 718l o Foll A 04 go] BN R
ZHE total DNAZ FE3150 0}

ml'}l( O{l
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4. Polymerase chain reaction(PCR)
PCR reaction mixturex= total DNA 2 pl, 242t} primer

185 Nuclear Small rONA ms—@—l s-

.‘;l,

Figure 1. Locations of PCR primers on nuclear rDNA (18S
rDNA and ITS region).
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1 pl(5pM), Tag polymerase 2.5 units(Promega Co.), MgCl,
2.5 pl2.5 mM), 10x Tag buffer 2.5 pl, dNTP 1 pi(0.4
mM) B FHTE F 25 plE A8 PCR wHg-e
Minicycler(MJ Research)E A}8-3191 3, PCR cycling]
Z74& 95°Coll A 30%7F denaturation, 50°CollA] 30&7F
annealing@ 72°CollA] 257} extension®.Z ¥ 45 cycle
S ukE Al o™ 2 denaturation 95°CH|A] 3

=
7, 283 v extension 72°Cl A 1057 AA]

5. Cloning 3¢ 947(u{ed sHM

PCR %% AHE2 agarose gelZH-E Wizard SV Gel
and PCR Clean-Up System(Promega Co.)& ©]-&-3lo] &
Z3% %, pGEM-T easy vector(Promega Co.)ol 4] &
Escherichia coli JM109 competent cell(Promega)oll &2
AEAAon, fddo 2R e Sanee 50
Wizard™
Co)E o]&3l5ith.

cDNA®| 97182 High throughput DNA sequencer
(MJ Research)ll ©]ate] EA310om, A7 ujde] FA}
3 #4212 DNASTAR Program(Ver. 2.01 : USA)S o] &
Fsact.

Miniprep DNA  Purification System(Promega

ol

2

1. 18S DNA £&9| 7(ul
3%9] $Eluel #5(PDK-1, PDS-5, PTT-1)9} 159 o
B FF(PDJ-9)el] thake] NS1/NS2, NS3/NS4, NS5/NS6

B ITS1/ITS4 primerS AF2-3lo] 18S (DNA 2 [TSH-E
2 PCROl 98t % %319 thFigure 2). NSI1~-NS6

primer©]] 333z 18S IDNA F-¢]9] Z3# 2H29] cloning
R Q7GR Ao, felvet 2 28 gFoA
1,375 nt Ao]9] FE o] HAET A7 E 100%
R etz 2102 et} EE NCBI Genbankol] B 3

Figure 2. PCR products of R. undulata rfDNA by primer
NS1/NS2(Lane 1), NS3/NS4(Lane 2), NS5/NS6 (Lane 3), and
ITS1/ITS4(Lane 4) were analysed on 1.5% agarose gel. M
represents 1 kbp ladder(Promega Co.).

¥ R undulata T5+(Accession No. U42664, DQ471009)
%t} nucleotide®] FAMd-E WS ArjwidS £
St 99% o]de] FAMI S B thFigure 3). §HH,
NCBI  Genbank®] MEGABLASTE ©o]&3ld R
undulata®] 18S rDNA2] NSI~NS6 5o th3+ g7]A
& ¥u FAEYE W, R undulatas -5
Pezizales 3 EH-+7-2] Lecophagus, Cephaliophora,
Pulchromyces%°l &3l dRFELE 97-99%2 &

A3 & hERpelT,

2. IDNA ITS oio| 47|uj
SElvtet 9 dEoA 283 R undulata FFE )
rDNA ITS G4 ¢] H7Img-g v 48 23 (Figure 2),
% 9715E 585 ntZ PDS-5 55 A9 e 455
L A7 E S el oY, PDS-S dFE

o] 91X 311 Z 3329 ) 7] Wol 7} Bl

3. i @Al PCR ZH

R. undulata tDNA®] ITS ¥92] G7)wjd S 7|22 3}
of A2 AR X S0l & primer, 2 upstream
primers: ITS®] 31~50 nte] F4-ol s F3l= 5-GAGGT
CAAACTCTGAGAGTC-3'9} downstream primer= ITS
9] 536~555 nt ¥-&¢ AEFA grwdel 5-CCG
CACGTTTCATACAACCC-3"g ©]-4-8H(Figure 4) PCR 7
4o AL 7 T F59 WY aALE digeR A
8% A3}, R undulata FFANM = oF 525 bp 7)o &
ZbEol AETA OV B cinerea 9 5TAAME 1L 3
719 SEES AT & QI thFigure 5-A). 319, &
A Q] R undulata®) A 7R AR A3, U=

AR2-g Bl M= R undulata tDNA ITS 3 &

A S &3 EgolM= <F 525 bpe] R, undulata E°) A
2 FEA =] AEH AKFigure 5-B).

4. PCR ZZ0I st ZAtzke| HE sHl

PCR A4 ol ojste] EgFo e A4e 4 ¢
R undulata 2 A @AE 517 S,
mg~1 pg®l R. undulata Wi°F FAFE EF 100 gof] &
5, 2 F 04 g EYARZHE total DNAS 3
U, R undulata 5-°) 2] primerS A}8-8le] PCRS 4
AgH A3, EF 100 g 1 me~1 ng®l R undulata TAt
S E5tet BEdollre oF 525 bpel S AHEo] AR
O}, 100 pgolate] R. undulata d+HE S8 Bk A
= R undulata 50121 FF 4HEo] HAER ergiet

(Figure 6).

NI

P e

:



428 SEBIEERE A 96 A A 4 5 (2007)

5 —

% : AAAGATTAAGCCATGCATGTCTAAGTATAAGCAATCTATACAGTGAAACTGCGAATGGCTCATTA 65

Ud42664:
DQ471008 :
*®
Ud2664:
DQ471009 :
*
U42664:
DQ471009
*
U42664:
DQA71009 :
*
U42664:
DQ471009 :
*®
U42664:
DQ471009 :
*
U42664:
DQ471009 :
*
U42664:
DQ471009 :
¥
U42664:
DQ471009 :
*
U42664:
DQ471009
*®
U42664:
DQ471008 :
*
uU42664:
DQ471009 :
*
U42664:
DQ471008 :
*®
U42664:
DQA471008 :
*
Uy42664:
DQ471009 :
¥
U42664:
DQ471009 *
*
U42664:
DQ471009 :
*
Uu42664:
DQ471009 :
*
U42664:
DQ471009
®*®
U42664:
DQ471008 :
*
U42664:
DQ471009 :
*
U42664:
DQ471009 :

195

260

325

390

455

520

585

650

715

780

845

910

975

1040

1105

1170

1235

1300

1365

1375

Figure 3. Sequence of the 18S rDNA region (NS1~NS6) of R. undulata isolates. Underlining sequence indicate primers NS3 and
NSS5. ¥ represent the sequence of R. undulata isolates PDK-1, PDS-5, PDJ-9 and PT'T-1.
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AR
88% o] FAMI-S vERfo] Thax
sttt Lefut, 18S
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2kl A& o BF 1375 nt2 LT 2719000 A7

& T 100% YR FHo] E4lEArk. 5, NCBI Genbank
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Figure 4. Sequence of the ITS region of R. undulata isolates. Underlining sequence indicate the R. undulata specific up and down

primer.
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Figure 5. Analysis of PCR products from fungal DNA by R.
undulata specific primers(A). Lane 1~10 of 1% agarose gel
were PCR products of R. undulata PDK-1, (Lane 1), PDS-5,
(Lane 2), PTT-1 (Lane 3), PDJ-9 (Lane 4), Raffaclea sp.
(Lane 5), R. solani (Lane 6), B. cinerea (Lane 7), F. solani
(Lane 8), L. sulphureus (Lane 9) and C. ferruginosum (Lane
10), respectively. Analysis of PCR products from total DNA
in soil by R. undulata specific primer(B). S and S+R were
PCR products from control soil (Lane S) and R. undulata
mycelia-mixed soil (Lane S+R), respectively. M represents
1kbp ladder (Promega Co.). Arrows represent the predicted
bands specific to R. undulata.

FAAA 7 AL H(family) E S(genus)oll &3 o7
EHE & FAMIS Ve S AERIAA FUH White
et al, 1990).

Figure 6. Sensitivity of the PCR detection on soil samples
using R. undulata specific primers. Mycelia of R. undulata (1
mg~1 pg) were mixed serially in 100g of soil, and PCR
products from the 0.4g of soil samples using R. undulata
specific primer were analysed on 1% agarose gel. Arrow
represents the predicted bands specific to R. undulata. M
represents 1 kbp ladder (Promega Co.).

HhH | 5+7-9] F(species) ZHinterspecific)oll &= Hol 7 &

715 BAS R undulata®) 405
A

T, A% AR s gel
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NCBI Genbank 9l 5& 5] Sl&
R undulata®) tDNA ITS 999 F71mds &

E7}F 1% njvto]7] ILH—:E~°ﬂ(l’eterson and Kurtzman, 1991;
Sugita ef al., 1999), ITS ¥4 9] A7|MES 7|2E 3t
A28t primere= 54 779 PCR A0l Bo] o] &5
ATH(Kikuchi ef al., 2000; Lu et al., 2002). ©] A& olA
% R undulata 1DNA [TS %<9 Eo] 74 primer= A 2+5)
of 72} @R wlg FAERE PCR AA S AAg Z
#, R, undulata® A <F 525 bp 719} S04 SHA4

Tw O
76 PN o8]
E" 4 } 9\)\/\}\5}

3, PCRE ARS-3to] EYo 2R E 54 A 144
Aol s Aok & —'?—Xﬂﬂﬂ EY udEEe] 4 ad
o A& HeR =S ate )BEH Hog g Al

ZASTAR- I E‘*"‘Z}LP B f71E AL 4%
o] glon], PCRO] o3 DNAS] 322 A5 s} 2t
F2l 2k humic acid)e] A1 3h= A Fol A Elo] ot
(Porteus ef al., 1994; Kreader, 1996; Culien and Hirsch,
1998; Kageyama et al., 2003), 2ol ol#d EAH&
1 hs}o] EOkogTEi total DNAS 28407 $2%
T Sl Theksh A E Al A=A ATh

EY HAgFo d=2 R undulata®] tEF o]H 2 ¥

o A==, Power soil DNA isolation KitMOBIO)E- A}-£-3}
of B9k 2 1H total DNAS F%3}, R undulata 1TS
g ol Eo]H2l primers AH&3le] PCR HA& HAlSH
e, HlaF FE Al A% (0490 EY AIRE
BE R undulata®] E°]3¢] DNA £Z 258 A&

Aelom, 100ge] EY o 1 ng2l FAME =
Joi= HAEo] riEsiddnt. kA, o] WY E o] &3t
AA R undulata ZFEA ] EY JdE S8 02 47
g £ e Aoy dgdn
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