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Characteristic of Orchid Mycorrhizal Fungi from Roots of Cypripedium japonicum and
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ABSTRACT: Orchid mycorrhizal fungi(OMF) were examined in roots of the two threatened orchid species, Cyp-
ripedium japonicum and C. macranthum. The morphological characteristics of mycorrhizal colonization in the roots
of two orchid species were observed. OMF colonized in the roots of two species were identified using molecular analysis.
DNA from the root was extracted and amplified internal transcribed spacer(ITS) region using basidiomycete ITS
primers, ITS1-OF and ITS4-OF. Four species belonging to Tulasnellaceae in roots of C. japonicum and two species
of Tulasnellaceae and one basidiomycetous species was found in roots of C. macranthum.
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ks AAH SR 25,0005 ]3] 715E A=A oA
7P 2 3 F2] do]ti(Cribb et al., 1993). L FollA
B3I (Cypripedium) 2 &2 MAZOZ 40F0]
skl o, Syt 3587 (Cypripedium
Jjaponicum), EFHUR(C. macranthum), B@EFHU T
(C. guttatum), =ZBTHUTHC. calceolus) 5 4& 19F©]
Harg]o] glom(Fl ¢, 1997), WFAE X Helli= Lo Ao]
THFeE WolAlEe] Haro] Slrhel, 2006). #5875
S HIRSE = -, e, 2], By s ks
HEsto] S5 J7, o, TP} vie, Aol 3 &
frdoll B8l JTH(Cash, 1991).

Eouge] 252 T dat 2550 Hlal] o] A4
Rkt Azzo] B5So] A7 mom, A2 Ee] Ael
off thet #4lo] szopxlol] whet Feo o3t gl 7t w5stal
ATk B3 ARSI A 2k AR gl of AEA|
£ HstE doA ol AHESY AT AR EE710
Asl ek, it AEe] FAE S 7R iR /)l
22| SR 2 AERE o] Q7] wjiel AHA ZdEhol
A& Yt (orchid mycorrhizal fungi) §lel= Wolr}
Ao 7 E7Fs 35t (Smith and Read, 2008).
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=], o]52 BAasglE 5o FES WolA FFst] T2
o] Wols Eoll, 7] HEA AN B Aol a4
o] = Abole] FAAATE wi-§- F a8 S AXITHSmith
and Read, 2008). %3} 21837} o] 3A#A19] 24
wfjitol] Thefeh Wt A ESelA dtato] AtE] sith
2] RS EHAMINQ Rhizoctonia® 4314,
SAANE Ceratobasidium, Sebacina, Tulasnella <2
5455 2tk Sneh er al, 1991). 2L} o] Biglojx] £e
Wit 4= Gl Rhizoconia7t oPd BAREFO &3k Wt
Ie] EA7E GEA|AL 2lom, ofof wat Hejoa 2
A=A WS B8 deete] 57g0] 8% A
o]th(Zelmer, 1996).

U &l 7 9 587 Ed By
He- AFA AA HE$17124] B(Critically Endangered; CR)
ol (AHEH FYUSFEL, 2009), FE AL IR 54
oRA A& A40E = AFE UL Wk o2} o F A=
HoHd mpZ 9F7ME 1522 A REEHI )
o} o] TE2 FEL7I0l A3l om, F4 F oy} ulS-
oJHIL, Bk F B thgk @7 AlFE A EE, o5 o
TSR detarol] ik A 2 ol 27, AEld B4,
2K 273 Foll gk A7t AlEsich 53] YoM Bart
L3 EFmudsre] b Uitk A Aol oigh
thekst A7t )=o) $ho vk (Shimura ef al, 2009), <



2 Ao
olx= ololl tigk A7} A2l o] FolA|aL JA] St whehr
W3 Wt 28] Sol A A 917190 2 g B
gkt 35087130 BE Y Hes SeiMe Wl
e 712420 d77F st & d7e 9 =R
AR E By 35275 By sAsk=
o] gejd] B Bk 54 % rgstod, ol5 F
A= Fo| HES 97 7| 2ARR S8staal YU,
Mz o w
HaZol ZHE
7871 TN FHFE Tl AAsaL Sle Bt

oZNA 2} BFmU T STRAA HelE ANFH ST Tt He
= 2~3cm Ao|E At F/RTE oA ¥ I+ £ v
e o7 At #E3FY tH(Koske and Gemma,
1989). ZFzke] ¥ig] HH-S- 2.5% KOH &-2jol] o] 121°Col|A
1557 P dsle] Bels szl & oy W B2 S
o] KOHZ AAFITE 1%2] HCl g-Ho 24X 7F D71HE 3,
0.05% tryphan blueol] o] 121°ColA 1027+ Qb 3}
HASLAL acidic glycerolo|lA] G4 & Feln|do = 4

B},

DNA F&

o] Bl FARH 02 AdEEte] 100 mg¥ yHro] Bt
T2 73] Aol H, 1.8 ml tubeol] API buffer <04
micropestle® Z-7-5] Zo} #+&s}A W= ¥, DNeasy Plant
mini kit(GeneAll, Korea) #|2] Wiol| w2} genomic DNAS
ZZSPOjE]- =% genomic DNAE 20 ng/ulE 558 ¥

o ==
% PCR WEgol A3t

PCR
Age] ARgE PCR W2 0.2ml microtubedl]
Prime 7aqg DNA Polymerase 1 units/10 gz, 2xreaction buffer,
4 mM MgCl,, enzyme stabilizer, &7JAll, loading dye, 2 mM
dNTPE 557 2315t pH 9.02] €921 (F*)GENET BIOAI]
Prime Taq Premix(G-2000) A& ARSI, @Alt7ol &
o4 primer?] ITSI-OF(5-AACTTGGTCATTTAGAGGAAGT-
3¢} ITS4-OF(5-GTTACTAGGGGAATCCTTGTT3 )2 %
©F ARE31e] tDNASQ] internal transcribed spacer(ITS) X%
S SZ A A (Taylor and McCormick, 2008). Prime Tag
Premix®l] 10 pM&| ITS1-OF primere} ITS4-OF primerE
Z}z} 2 4d, 20 ng®] template DNA 2 zdol] 4 1] <75 Hol
A F1)7} 20 pio] EH == 2= F- o]F 2720 Thermal cycler
(Applied Biosystems)S ©]-8-3}>] PCR 3}31t}h. PCRS] HHg-
278 o3 2t 1A 96°ColA] 287 predenaturation
SHATh o2 94°CollAl 3037t denaturation, 60°COllA]
40%7} annealing, 72°Coll4] 1&7} elongation SI, ©]
3HAIE 1 cycleZ 31 & 35 cyclesS a3 vk

|

3

oft

2 72°ColA 1087 93 i}fﬂ?l The, 2719538171 A71A
4°CoM BAEAT. TEE PCR AHES 1XTAE buffer
(40 mM Tris-acetate, 1 mM EDTA, pH 8.0y A8-314 1.5%
agarose gelollA] oF 2017+ 271958 XIS 2H, 0.5 mg/ml
ethidium bromide® 137} GA3t 32+ EofA 5827+
A% 2 UV transilluminator Aol 4] =S 151t}

Cloning
PCR RESE-2 1% agarose gel “JollA] 21719531 DNA
bandE & JO]'_L, insertz AFE-3F 700~800 bp2] DNAZ

gel} A S #lo] A58t ©] & pGEM-T Easy Vector
(50 ng/d; Promega Co., USA)e| ligationd}3Z, competent
cell(Promega Co., USA)ll transformationd}®] X-gal©]
7k LB 8o w8ttt Transformation® colonyS
F3l LB/ampicillin ¥ =] o]l vl kgl 5, wljfel S o]-8-slo]
PCR ®H3-& F33I30tt. S35 DNAE gAlste] ABI
3730XL capillary DNA Sequencer(Perkin-Elmer. USA)*Y|A]
F7IM LS ATt

Sequence 1 =

2 ol e dte 97149 BLASTE &
3}"4 7V AR AEs ﬂ?}ﬂ'(http'//blast ncbinlm.nih.gov).
ATE Tl D2 hate] A7 S NCBAM &2
AR o2 g3t 4 Clustal X(ver. 1.83)5 ©]-&-3}]
aligngt ¥ njplotWin952} TreeView(ver. 1.6.6)5 ©]-8-3
AFTE eI E4E 71X 8] fAES FEl
ATE FENNCH, o5 Foto] Wt 7+ FA
AE A0 AleEolA 7 A9 A EE Altet
3k 233t bootstrap #2492 1000 replicatesS A= 5132,
A%E 495 213 outgroupl=Z 5| (4uricularia auricula-

Judaeys AH&-3F3AT.
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B8 3EI vy g Mg GAiste] Bzt
A} 5 ko] B Mo Wiaro] 3AEIL e A F
o1gt &= ATt FARE T (peloton)E FA S AN,
2] B 23l WAV oA HEE ATHFig. 1).
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A e)ols] DNAS F&3}0] 50| Zejo|rlZ o4
sfo] tDNAS] ITS A|9e 553 i CHBEEERE
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(Dearnaley, 2007).
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Fig. 1. Pelotons in root cells of Cypripedium japonicum (A) and C. macranthum (B). Bars, 100 um.
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Fig. 2. Phylogenetic tree of orchid mycorrhizal fungi colonizing roots of Cypripedium japonicum and C. macranthum collected in
Korea. Auricularia auricula-judae was used as an outgroup.

o &k #OoE RO H, F5 a7 M= IR 4
< FA3e= EAFF 15 (uncultured  ectomycorrhiza)yS:
golg 4= SItH(Table 1). & 4%F7<] Tulasnellaceae}
1572 SxER7E 58It B8 04l sl e
2 3579 Tulasnellaceaes} 3+ T/ HAEH
7 e e Ao® yeton, Emugle 235
9] Tulasnellaceae”} ERATE. $F 5-57-2] +#(Tulasnellaceae 3)
gho] B35 97w EFmUd BRoA] vElith olzgh
A= HE S U] Sshe $59] nrlSUSH mtLSU
ol Y& 7122 3+ A (Shefferson ef al., 2005; 2007) ollA]
Tulasnellaceaedl| &3h= FE 74l Ag= ] Arvk= 4&
I YABkE Aotk v AR o] e] the A5 Aol A
T EEoUde &ale =9 M o)A Tulasnellaceae,
Thelephoraceae, Sebacinaceae, Ceratobasidaceaee} 70| Uk
Q1 Whtto] M7= 0™, 53] Tualsnellaceaeol] <dh=

2 FEHoR MANE Ao 2 YHAAL AT} (Smith and
Read, 2008). T3t o] 2552 FgAF 722 QAldS
PAote WARSE FAAA | AUths Zlo] BHirx =t

Table 1. Molecular analysis of orchid mycorrhizal fungi colonizing
roots of Cypripedium japonicum and C. macranthum
collected in Korea

Host Sample Blast match Accession
speceis No. No.(Similarity)
C. japonicum 1  Uncultured Tulasnellaceae DQ925644 (97%)

2 Uncultured Tulasnellaceae DQ925645 (88%)
3 Uncultured Tulasnellaceac DQ925652 (91%)
4 Uncultured Tulasnellaceae DQ925652 (98%)
5 Uncultured Tulasnellaceae DQ925656 (93%)
6 U“C‘ﬂgz dle(‘)’t;‘ynci‘z)rrm EF644168 (70%)
¢ :ZZ;"’"' 1 Uncultured Tulasnellaceae DQ925634 (97%)
2 Uncultured Tulasnellaceae DQ925634 (98%)
3 Uncultured Tulasnellaceac DQ925634 (98%)
4 Uncultured Tulasnellaceae DQ925656 (92%)
5 Uncultured Tulasnellaceae DQ925656 (93%)
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