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ABSTRACT : Orchid mycorrhizal fungi (OMF) were examined in roots of the six terrestrial species of orchids
collected in Ulleung Islands. Seven OMF isolates from the roots of orchids were identified based on morphological
and molecular characters. Internal transcribed spacer region of OMF DNA was amplified using basidiomycete-specific
ITS primers, ITS1-OF and ITS4-OF. OMF beloning to Tulasnellaceae and Ceratobasidaceae was identified through

molecular analysis.
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W= AIAIZ S Z 25,0005 ©)/deo] LEixl 2lEA A
7P & ER 59 shuolth(Cribb et al., 2003). -2
etell= 20k}, 555, 4650 Sshe oF 100 F9 Wt
2ol e AR A AThAH ©], 1997). 3} A&
227wt B AM2she A, TR A& &
A= 2, vhg] EHe AAeke dARe R e
T AUth(Dearnaley, 2007). 2T F2 Lol ol
AMAete Fo= Wit AEe] 7P dwkHel Fejolth
AP F2 2ty olgitfoll A AR FOoZ AR
25 e 2718 A9, 5] FEolv 7S
Foretm A el gl Eeh 7REal Yo Fo] e
o] EAo|tt, AAZ o ZE oF 25% HL7} A Yol
°F 70% HE7F 2] FElE 7 5L 9 O b (Arditti and
Gandawijaja, 1983), gteoll= 7159} Aejz ol 544
A o] oF 70%E AL ATk €], 1997).

Wb 2158 et (Orchid Mycorrhizal Fungi, OMF)
I FAAAE D =], o5 BHASSE 5o S
oAl g3l FAke] Wols melar, el 7] 3454
A gl Aol FekS St (Peterson ef al., 1998; Smith
and Read, 2008). H38t Whttar-S o] AE, B 123
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AATANE FFS F= Fo= dx Urh(Rasmussen
and Whigham, 1993; Batty ef al., 2006). th7-3-2] Wit
£ Rhizoctonia %9l &3l Zog2 d#A AtH(Currah
et al, 1997; Roberts, 1999). Rhizoctonia 4\ &= &
FEANE S Bk vl 4220 A2 ZA4E A (sexual
sporulation)e] WEREA] £k7] wjiTell Mt o] FENH
AT 2= Yt EF = 27Fs8EH(Roberts, 1999;
Currah et al., 1997). WA EAABESH WHS 53
W2t A FAAIY Rl vl Aoz oltt
(Zelmer, 1996).

SEE= 57 130°47°377~130°5520", 59| 37°14°14"'~
37°33°0177° AX= shMo® fRe Zout g Al
59 HIZ dHA ot 5=e AEAAR S #-
ate] g3to] HAZIEERE A H o, gdxe} F
AR 52 w3 A AdrldE Al 139520 4
Q1 Aol M8l i 5ol A s At
Z(Oreochis patens), X538 Cymbidium goeringii),
SAHEHGymnadenia camtschatica), &% (Cephalanthera
Jalcatay= SO ot SAFEH, 53] B3 Cymbidium
goeringiiy= SV XA SR E A 485E A=
HSE o] AE T o FA9 el e
fl8l F a3k X HFoltk(H A ©], 1997).
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Wsh= AR O] ekt JfA| ] ZHAaR oo
H2 e da2ad G 28]
A= FHAEL A st Fagh o
HolF 3 QITKSwarts ef al, 2010). kA
o] WAG el W F B tid 277t A
B, et da 2l Eke] FAEAl] ks E
£ A9 o]FoX L YA Rt w3} A E
FA2k o] BAS flsixe It AEe] B
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2010 59 20109 109 23} AA &5&e] o
A Ao FFZ(Cephalanthera falcata), ¥Z=3H Cymbidium
goeringii), TSR VIS Gymnadenia camtschatica), 7¥A}
Y2 (Oreochis patens), EFel'dZ(Spiranthes sinensis), &
W= H(Tulotis asiatica) 5 & 65<] dolx A7
a2 Af S tH(Table 1). AP ¥2]ES ice packingd}
of B, AFAE SAX vlE el o] &-sit.

ST ZPoiF &A4FE

o] BElE 23 cm Ao|E et SFTE o ¥ AlH
T Koske ¢ Gemma (1989)2] WS HEP st A5}
k. ZHzbe] Be] HH-S 2.5% KOH &l Hof 121°Ce
Al 10:27F JsbEdtste] Bl sl & oy ¥ E2
7o) KOHE A ABIATE 1%2] HCI &9 2447 &
7RE 3, 0.05% tryphan blueol] o] 121°Col|A 1087F 22
dtate] FABEAL acidic glycerololl A B4 & 333813
17 (AXIO Imager Al, Zeiss)o- 2 #2313t}

B xXo2REQ ZE2| ¥ HiY
A B EA 2] FEE]= Richardson 5(1993)2]

Table 1. Orchid species collected from Ulleung Island in this study

Orchid plant species Latitude Longitude
Cephalanthera falcata N 3727 E 130°50°
Cymbidium goeringii N 3727 E 130°50°
Gymnadenia camischatica N 37°29° E 130°52°
Oreochis patens N 37°29°  E 130°52°
Spiranthes sinensis N 37728’ E 130°53°
Tulotis asiatica N 37°28°  E 130°53’
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off

oL

S Wste] ARgeiih 4 o ot

3 clean bench WA 50% €= &
Jobd 22N FE B (NaClO) &0 1327}
AR oy W AFsSIGIT. Bl =
Had 7S olg3ste] oF S5mm Zo|Z ZEbA Water
Agar(WA) vl=] o]l o]2&lqitt. | Eg|t]o 1713 471 ¢]
BEHHES o]2s & 25°Ce] AollA] RSt B
ZHE FAPE AR ™ Potato Dextrose Agar HIA| 2
=AM, 33 AL At 45 st &
T2EE 2 Riddel(1950)¢] "ol whet wjgato] #
Sk 72t wiA] 1 LF 24 thaat 22T} Water Aar(WA)
"l <], agar 12 g; Potato Dextrose Agar HJA|, Potato Extract
4.0 g, Dextrose 20.0 g, Agar 15.0 g.

LB

N

DNA F#& % PCR

SrEe]E 2] A1ZS DNeasy Plant mini kit(Quigen,
USA)2| "ol w2} genomic DNAS FE3I0T} 54
genomic DNAE 20ng/mlZE F=5 %E & PCR ®Hgo]
ARESAT A ARE-E PCR BHS-2 0.2 microtube
o Prime Taq DNA Polymerase 1 units/10, 2xreaction
buffer, 4 mM MgCl2, enzyme stabilizer, ¥ 7JA|, loading
dye, 2mM dANTPE EF &3 pH 9.0¢] &2 (F
YGENET BIOA}2] Prime Taq Premix(G-2000) #l|&S A}
&3tk PCR Wh&-2 FExktRol 5013 primerq] ITSI-
OF¢} ITS4-OF2 o= ARgste] DNA®|  internal
transcribed spacer (ITS) RS FZ3}tH(Taylor and
McCormick, 2008). PCR HE3-2 2720 Thermal
cycler(Applied Biosystems, USAYS ©|-&3o] =3)3}9]om,
PCR®| RE&271E v} Atk WA 96°CollA] 227F pre-
denaturations}S3th. T2 & 94°Col| 4] 3037} denaturation,
64°ColA] 40%7} annealing, 72°Coll4] 137} elongation S}
R3L, o] 3HAE 1 cycleZ 3} F 35 cycleS Y3t
npRERe B 72°ColA 1037 P8 s the, 2171955}
7] A7 4°CoM Basilty. S5 PCR Aha2 1X
TAE buffer(40 mM Tris-acetate, 1 mM EDTA, pH 8.0)5
ARE31O] 1.5% agarose gelollA] oF 20571 A 71958 A4
313301, 0.5 ug/ml ethidium bromide® 127 @3} &
25 A 587 E@4g & UV transilluminator “gell 4]
LIIASES LS i

A7 ML 2M H AHE BN

2% DNAE AA5e] ABI 3730XL capillary DNA
Sequencer (Perkin-Elmer, USA)Z 97] A¥& £33t}
A8 9714 E-SNCBI(http:/www.ncbi.nlm.nih.gov/)ol| 4]
BLAST(Basic Local Alignment Search Tool)d}] ¥X|%=7}
7M=& S 318 tH(Table 2). elE ZEo) )3t
A71M DS NCBIEZFH A & dAS B8 &4
Q71 EELS MEGA 4(for Windows, Tamura and Dudley,
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Table 2. Molecular identification of orchid mycorrhizal fungi using ITS sequence of rDNA

Isolates Host species Genebank accession No. The Closest genebank taxa Maximum identity
Isolate 1 Cymbidium goeringii AB369940 Tulasnella calospora 99%
Isolate 2 Gymnadenia camtschatica EF393621 Tulasnella calospora 99%
Isolate 3 Oreochis patens EF393621 Tulasnella calospora 74%
Isolate 4 Oreochis patens FJ613176 Tulasnella calospora 93%
Isolate 5 Oreochis patens EF393621 Tulasnella calospora 74%
Isolate 6 Spiranthes sinensis EF393621 Tulasnella calospora 95%
Isolate 7 Tulotis asiatica EU218895 Ceratobasidium sp. 91%

2007)5 ©]&3l] alignment ¥ A =2 YeRJALE A%
TojlA 7F EA] ] AR EE AlLkel7] f1ste] A bootstrap
AL Agaila, A A4S A

42 1000 replicatesE
outgroup®. & Pyrorchis nigricanss A3ttt

BE]E trypan blue® @Mste] AF3t A3}
T2 AR 55| ol datato] A saL
I+ ATt FE ﬂ‘/\F Y wefoz AN
(peloton)E BBl Y-S AT 4= o Fol w2

ztol= #HEE = 33 ;1"}7\2 A 93k 552 oA =
hel H#FE EElEtem, Av AdollA Rhizoctonia®l

A
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44 FUE BT 5 Yo} @FAl] FeiA
HolB TRE i ek B ATIME Forav
ozw YejH 54 HFHAO, ARAAL o)

Sk AW o] 20| M| Z(Shimura ef al., 2009) 53} 72 A}
o] Mg FHIE ER1T 87t ‘})\% Zlo|tt.

F7INLE S ol&s 8AT F 7 75 T 9]
@57} Tulasnella calospora M—‘I] i‘% ] el A
Ceratobasidium sp.7t  SRIE|ATH(Table 2, Fig. 1).
Rhizoctonia %2] ‘di<d-2 FdMte] E4ol wzt 24
Tulasnellaceae, Ceratobasidiaceae, Sebacinaceae Al 71¢] 3}
2 53 4= QItH(Taylor and Bruns, 1999). ¥ 7ol x=

—24: Isolate 5
24 Isolate 1

REs) FEANS, ARdx, ElgldzolA Tulasnellaceaeol]
338l Tulasnella calospora’t A8 25 E2151%
o

™, %LFEXLX}E]LW]H Ceratobasidiacea 5 Ceratobasidium
go] &8s dS 1T 4= AT Terashita(1982)= Ef
EH‘/PEE—.—H hazoctonza repens(F73 A th
calospora)?} Rhizoctonia solani+3M N : Thanatephorus
cucumeris)& -2 st H1|, f¥, FoPA oK (PG
ThellA - Cypripedium 2] FE T3t AtollX=
Tulasnellaceaed] &8l Watate] FAo] of§- =2
AT deS BAAFUAK(Shefferson et al., 2007;
Shimura et al., 2009). $-2lUZtl A= Lee 2+ You(2000)7}
BEsloX Tulasnella repenss 23 =H, £ A+2
= N Tulasnella calospora 7% 73RN0 o]/d<]
ATES T divkrd] bt AES0] FAshs Wt
22 Tulasnellaceaedl] &3l= wo] 8312 JS5S &
< At (Smith and Read, 2008; Dearnaley, 2007).
= ﬁ?oﬂ*ﬂb 559 Wt AERZNH F 7T Uit
75 HEatdlon ole A7IME F4E 5ot 2%
L}ﬂ‘lﬁi FAT = JAY. Zhu 5 (2008) 359 &
< e & ‘?i:rLoﬂ’q T 15455 g5310H, 3719
ol &3l Wi 3ol . =3 Bonnardeaux &
(2007)2] AollM= 35—4 X]*ﬁa}oﬂ/ﬂ Z2)37} peloton®-
ZHE 39 Foll &3 10479 TS 23k
oA Tt S el -r]sﬂ*ilﬁ: Hr} opeket /9

.y

. Tulasnella

Tulasnella calospora -GU166421

Isolate 6

34

35 ,— Isolate 3
96l Isolate 2

Isolate 4 Tulasnellaceae

19— Ceratobasidium sp.-EU218895

Tulasnella calospora -FJ613176

Isolate 7 2
Ceratobasidiaceae

Pyrorchis nigricans -AF348057

Fig. 1. NJ Phylogenetic tree based on a fragment of ITS rDNA sequences of orchid mycorrhizal fungi isolated from orchid roots
of Uleung island. Pyrorchis nigricans was used as outgroup. Numbers at nodes are bootstrap vaulues in percent from NJ

bootstrap analyses.
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wij R 9} TheFst 7oA Q] vl 18] 3L peloton®] FE2 5
3l 52 (Zhu et al., 2008) T3 7Fo] ThEF 7|4S o] &
st Hoh o thekst & EElEld 5 S Aol

o] AGAjo|A] FAFS A IS A skl
ATk wEbA] F FA el ik Ate b HISE 93]
9S85t BElE #-S o]gste] Tl Wol, YA
(protocorm)2] ¥rer 9 A 9] Aol 54 FAYto] vX|=
G B0l 54 AFe f7]e A3k ol W] B

=g 83 JHE AT Aot

SRISIATE te] Aol ERIEUTE 2 Fof =
T 2EE derado] #AQ #4S Fole] 2Rl
At ¥R E EEE oA DNAE FE351d, g4}
7ol 5ol#Ql ZetolmQl ITS1-OF9} ITS4-OF5 A
ato] ITS A8 F535 § G7|MEE B4 8k F 21&9]
el FAsle IS S5 A 24
53| Tulasnellaceae 2} Ceratobasidaceaed] &3l= Wt
+eto] ERIE AT

o
=
Tl

dAlel =2

o] ATE 20099% 3= W thelw (KNUE) sH&<d
THIE wol sl

T

g, olAAL. 1997, d=r9] . wEAE A& 495p.
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