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i E. 2R E MR ER (Orchid mycorrhizal fungi, O-MBP) E2FEY M TH A MG KR AT AR T EAE
FAE . WS R U HE 35 (B 22 A1 43 85) A AR s 95 (GO RE SCEE) 2 FhJ7 1 K45 [A) — 5 5 b 3 A W) 49 22 Ja A AR 1
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SRR (D PrA MR B A B 22 P Al S op B B AR U 64 Bk, HoHb 63 RO BB B (Tulasnellaceae) FLE - 1
Bk A P Bl (Ceratobasidiaceae) FLR s 1T 0] 43 K 7 A~ OUT . A4 OTU 3 7 bk (19 1 22 #R A2 B B OrMF B3 1) 3%
BRI SO 308 SR A S BOR A0 5 0 B R AR E WY BB 22 B A A et 7. (2) R R
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Jr A E B OrMF OTU 288 AU i 35 54 P A 22 (Cypripedium tibeticum) > T HH 5 (C. flavum) > 8 A %
(C. bardolphianwm) AHREFRE D TR FRE . OXRBF AT RG KT 081 Bow . A AFELH OTU 25304
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Abstract: Orchid mycorrhizal fungi (OrMF) play an important role in seed germination and growth of or-
chids. In this study, the operational taxonomic units (OTUs) of ITS sequences of mycorrhizal fungi in the
roots of three Cypripedium species in the same habitat were obtained by culture-dependent (peloton isola-

tion) and culture-independent (clone library) method, to study the phylogenetic relationship and diversity
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of OrMF. The results showed that: (1) the pelotons distributed in all of the root fragments; 64 OrMF
were isolated, including 63 Tulasnellaceae strains and 1 Ceratobasidiacea strain; 7 OTUs were found, and
the representative isolate of every OTU formed typical subglobose or ellipsoid monilioid mycelia in chain
arrangement. All of the isolated fungi were asexual hyphae and did not produce asexual spores. (2) OrMF
obtained from roots of three Cypripedium species by culture-independent method were affiliated to Tulas-
nellaceae, Sebacinaceae, Ceratobasidiaceae and Thelephoraceae; The OTUs of Tulasnellaceae had an abso-
lute predominance in type and quantity; It was Cypripedium tibeticum =>C. flavum>>C. bardolphianum
in OTU type and quantity of OrMF acquired by both culture-dependent and culture-independent approach;
And the types and quantity of mycorrhizal fungal OTUs obtained by the culture-dependent method were
less than the culture-independent one. (3) The phylogenetic analysis of OTUs of Tulasnellaceae showed
that the dominant and non-dominant OTUs were distributed in three different clades of the phylogenetic
tree; This phenomenon that orchids symbiose with many kinds of relatively distant relatives of OrMF may
be related to the environmental adaptability of Cypripedium species; There was no significant difference in
the OrMF species richness of different Cypripedium species, but there was a differentiation in the commu-
nity structure.

Key words: peloton; clone library; phylogenetic tree

W22 )& (Cypripedium L.) & 2 BHEH (Orchi-
daceae) H1 LL B UG 19SS RE i 624 22 Al W 7Y 3
At 7 AR SRR R T W & R R
JRHEK & B A B aE a5 22 R R B R (Orchid
mycorrhizal fungi, OrMF) #3734 56 2, LIRS bk
P T E G 0 K 2 B R R TR AR B
LU R B B (Tulasnellaceae) | Ji 5% % BF (Sebaci-
naceae) , Serendipitaceae F1 f 1 & #l (Ceratobasi-
diaceae) iy F , H IO AU BB J& T 22 4% i k£ (Rhizocto-
nia-like) BLTA Y, 7E N T 8% 95 0k b & 08 A& Bk Ik
(Moniliod) B 227, 53 4 i A # 5 Bt ( Thele-
phoraceae) ., B 4 F} ( Psathyrellaceae) #1 21 % #}
(Russulaceae) %, A5 /b PR IHE Y,

¥ 2% @AY 5 I TR AR B B K R R —
P ERR I K S LR W 2 i 2SR (Y i R A
AR, I A i IR TR e Pl R )Y 22 A
Xt OrMF ) v AR K R B pe 5 L 3R 58 1A
F PSR R R 2 L OrMF [ 40t

KRZH OrMFE 558 2 FHE Y 5 - 7EAR K 2 41 i
P LS5 IR s R AR 1Y T 22 T (Peloton) JE A7 AE .
P OrMF B 43 25 32 %2R 1 36 K 6 5 09 AR Be i
V11 AT 8 55 45 70 Ak v 55 3R AR A LT T ik 1 2 2
PIR B B  2RHE AR T BR T OrMF 36 45
R HA N 2R LR A TR PRI ¥ 4 1 R A T AR
FLTE BRI A . B A T AR L 03 25 B R 1Y 8
E, BHE PRI AN B N T 22 P E AT B SR B9 7 k48 3
Tz R RORR O VR O T A AT A Ak 2
U, ELRE S A T TS e

BB I OrMF J7 36 A 52 7] DL 3k 4

AR IR OrMEF BBk FL il a2 X T 2R K G248 R
IR OrMFE 23 B ROR A 4F . X 26 OrMF 7]
REEL T OrMF BEE T Z M ZFE (R B, Bk, A
OrMF ITS ¢ 5 5190 W 22 BH D)L DNA b i 3%
R4 OrMFE ITS J7 51 J2 I3 45 & J i >k 09 8 7
EEO L BRI A A R RS IR T
OrMF &4 kB,

ABIF 5 2R £ 00 )1 B M 98 VU AN 22 (Cy pripedi-
um tibeticum) , ¥ AL 22 (C. flavum) Fl JC 8L F) =2
(C. bardolphianum) W, WF5% (1) B £ 7 25 W 24
MG FR 35 OeMF ¢ 5Pk 1TS 5 ¥4 18 ¢ 57 v B
SCPEMAREE R EA BN OCMF K R M AR K E
KR I LB FR 7 2 RO 5 (2) [/ — 4 5l 3 Fif
ANFEH = OrMF (1) 2 FEPE FIRE V& 454

L MRS ik

1.1 H@mXE

2015 4F 6 H U1 # e A SR R 40 X P B R
(103°44"E, 32°39" N) M 2% 43 #ii IX (Mg 3R 3 170 ~
3400 m) B E 20 ANHETT A3 IR A B AR 5 b PG
P22 BEAER 22 RTC ALK 22 AR . RS RE DT R
P22 5 BRAEBR AOAR . B AR BRR AR 3 MR, JH & 6
AL, 124 1 e S B O % 1 B PR AR L B
B (R AR BT 3 B9 3 43« — 0 40 FH JC 95 A A% 4 4%
U o TR A R R 1Y) ) 348 R TR AR AR s D5 — BB 4k
S BB, T 4 CURH P AAAE. 10 d A A1 52
B 2 WEAT PR ECTR 40
1.2 EREEMNSB . 4UMEE

KW 22 A 4 85 1k 3647 OrMF 1y 43 85 F0 46
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e, $EHCE T DNA JE 17 PCR 9734, 51 91k
ITS5/ITS4, PCR ¥ 84 (9416 425 B8y 94 °C FilAS 14
3 min, 35 KIE#H:95 C 40 5,56 C 40 5,72 C 1
min, & J5 72 C $EAf 10 min, ¥ PCR 7= %4 & [l
W % i TR TR A A R 2 /L ITS5
HTTSA AE S 0 51 9 3547 X1 00 5, % )5 31 A
— B5CA B R FE I — A~ SR LA B 1 22 i
52, AR P 514228 NCBI GenBank 54 /& 3k
BT (R DL ITS FFAI#E NCBI S 1 itk
A X 3 BRORH AR 85 o8 14 )7 9 1 00 T 46 58
1.3 REXEMNRERNRF

P R T H A 22 MR BT K N 0.5 em 1
INBESE AR A A )R BEALFR L 50 mg MR B A T
DNA 5. OrMF #3251 9" 47 PCR §7 34,
PCR ¥ 4 (9 96 R A B W) 1. 2, PCR 7= ¥ [l i 4l 1k
J& s i pGM-T # R # & (pGM-T Ligation Kit,
Tiangen, China) i#f 17 W 3¢ B . Bl ALk HURE A FE 77
FERDAY 22 Z /0 40 A BHE ERE L 36 AR TR TR
JBE 0y A5 BR 28 m) #E AT 00 )5 . FH 519 T7 F1 SP6 Ak il
FE 513y . AR MY 514258 NCBI GenBank
Bl PEARAR B 5 (R Do ¥ TTS [ 417 NCBI %4
JEE R IEAT HXF s BE ORI 8 v 1 P 8 00 T4
1.4 OTU XS MERLBERMAE

PL97% W — B F OTU & 43, LU
Multiclavula M Multiclavula
noides™ "MWERIN KBS HTEHIE ITS PO RGERE
X%, H Clustal X1. 815" k47 b X} . MrBayes 3. 1.

vernalis cory-

2P R G R B M. Modeltest 3. 7 #F 47 fe A5
BRI R Sy GTR+1+HG.#E RE LK ER
Z: ¥ & Nst = 6, Rates = invgamma, H £ 18 %%
(sample freq) 2§ 1 000, 5 /R A] K #F 1z 17 5 4
(nchains) F 4,45 % (burnin) BT 3 #EH (AT 2 000
). %A Tracer version 1. 4 ] JF MrBayes ia
TR P SCHE RN & S 8O 6 B, 25
RIERILFNEA,
1.5 AEM=ZOrMF M EZEMBEZIUEE
W AEER 745 5] OrME OTU J 3 A4k 2 8 fh
it# (Non-parametric estimators) : Chaol | first-or-
der Jacknife 1 (Jack 1) fil Bootstrap®* ) 43 Hi| %t 3
T 2R £ 5 (o 2D #EATAG . JH SPSS
19 B HEAT R 7R 3 (") B 5 4 22 1] OrMF
METFEEESETRE. JH Jaccard Fl Sprensen
FEBCO b A 22 ) OrMF B 9% 20 16 2 (3
ZHM . 2 NIRRT R T 2 MRFE I =R OTU
Bo B DL A B 7 R OTU Hide . Jaccard Al
Sorensen FEEETE 0~ 1 Z [8] , H0E 8K HE I& AH DL
FE R R BT 0 2 R,

2 AR5

2.1 AREENSE

A AR B A T 22 oA (1, A 3R
HH TR AR FLR 64 Bk b 63 RO R B (Tulasnel-
laceae) E.1# » 1 £ & A 4H & Bl (Ceratobasidiaceae) H
W(E 1.2) . T3 8 74 OTUGE 2). B4 OTU

AL FI 2R P BB 22 A1 (3K BT 45D s B~H 43 8155 OTU IT1.1T2. T2, T3.T4.T6 1 C1 AR BE I A S BRFETH 22 .
FRR %% AD.EA H =50 um;B.C.Ffil G=20 um
1 EAREE NG
A. Peletons in roots of three Cypripedium species (indicated by the arrow) ; B—H Monilioid mycelia formed by representative

isolates of OTU IT1, IT2, T2, T3, T4, T6 and Cl, respectively. Bars A, D, E and H=50 ym; B, C, F and G =20 pm

Fig.1 Mycorrhizal fungal isolation
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1R AR T 22 #RBETE i OrMF 3L 7 4 3 Bk 5§
WHERFE B AR HES 0 S BRI GiiE ( 1, B~H), &
HE R I DA AR L R 2 O O PR B T 22 FLUAS 7R A TE R AT
2.2 2MAEBIEHNEZOMF WX RARIME S
B J5 k4 8545 3 64 4~ OrMF &tk Xl 53k 7
A~ OTUGE 2), @ik 7E NCBI gk BLAST 2341 .6
A OTUCT2-T4,T6,1T1 1 1T2) 5 i B8 & Bk (Tu-
lasnellaceae) H [ A 1 ¥£ & &, f 48 X i %
(98.43%),1 4 OTU C1 5 f5¢ B #} (Ceratobasi-
diaceae) H B A U e 5. OTU T6 1Y B Bk 54 i
%, 36 33 k. b H 51,56 %0 Hki: OTU T2, i b
20.31% . VHHELAY 2 EAEA SR A 2 OTU
FRAYH0R 6.0 F1 3 AN (FK 2), EALK LTFEMR P AF
e K T 22 A AR VAT T 22 P R
JEBE IR AL 5] OrMF ITS J$51 1 579 4%, nl &l
7R 18 A4~ OTUER 1.3), @it #E NCBI #4171 BLAST
I3H7 .14 A4 OTUCT1-T14) 55 i B % B ( Tulasnellace-
ae) LR A PR B . o 48 % A (99, 62%0), 2 A
OTU(SI5, S16) 5 j 52 B Bl (Sebacinaceae) H B #H {21
P 5.2 A~ OTU(Th17, Th18) 5 # @ £ ( Thele-

— U66440 Muiticlavula vernalis
™ U66439 Multiclavula corynoides

99

Oa
a

a
AB369931 Epulorhiza sp.

04

o \# ulaspella sy,
100
AL P Pumanatacs

Lo p
T8

phoraceae) BLE AH LI Fe 155 . P A 22 L 35 A6 A 22 I
Teai A 24 OTU 888535512 15.6 H1 8 A~ (& 3,

P B OTU 28 AU A% 5B AY 2% vh #8454 A
(F 2.3, 2), OTU T2-T4 H1 T6 H 2 Fp 7y B ¥ ik
AT BLAE 2 Ry vk op LR AR A PR (GR 2.3,
OTU T4 7£ 2 FhJr ik s HE MR A OTU J3 5150 7E
TCALHFY 22 AV R 22 8 (3 2.3). OTU T1 #E 4k K
FRATEN (0 7 5 B P R 2 5 . OTU T3 Fi T7
FEREACHT 22 B VU A 2% . oAb R B R OTU 3 Bk
Bl 50 B0 AN 22 E AL 5y A 2 R . 2 Fhor
EASF 3 FhAY 22 1 OTU S H RS i1 PE A 22
SRR S > EAE A 22 AR R AR F A OTU 287
BRI 2 FRFRE (R 2.3) . bR TR . 55 97 ik
153 A5 BT s R E B A UM s OTU CLL ik
B SRS B 5 A AA R AR R s i OTU 2 4>
DL SRR R AP E RS 1 OTU 2 4,

B TR 7E 2 Fp Oy A3 B () OrMF o 4 X £
PRI ITS RERFMEE R BR, A OTU 43
MAE 3 4332 (Clade) E(E 2), Ho, 3 T &
ARG EE 5 A OTU, & N5 2 k715
1E43 0 OTU it i £ . 46 7 4> oy 34~ OTU

e9p DQ457643 Tulasnella violea

AY373294 Tulasnella albida

DQ457642 Tulasnella pruinosa

AY373295 Tulasnella l‘)ruinosa

881 78080 Uncultured Tulasnella voucher
HM

073 Uncultured Tulasnella voucher

neul Tul, lla clony
éﬂ?geﬂ g?ﬁasnel la ?rregulan:s
o Gy 1 7864273 Tu’lasne‘ la ‘l;regulans
i
EUB18881 Eitmornies Soiaicuta
100 ulasnella sp.
o8, DQ061110 Tul: I
100 DQ388045 Tulasnella calospora
00 AB369940 Tulasnella calospora
GU166423 Tulasnella irregularis
JQ713577 Tulasnella calospora
AY373290 Tul bifrons
Q520097 Tulasnella violea

Clade [

S|

AY373302 Tulasnella sp.
JX54521gﬁnculturgcf%fagnse'ilaceae clone
1ol FJ786674 Uncultured Tulasnellaceae clone

GQZA@SZD Uncultured Tulasnellaceae clone
24

a
59 Uncultured Tulasnellaceae clone
I ab

1 B abec
T10 a
GQ241845 Uncultured Tulasnellaceae clone

JX545217 Unlc:‘uhured Tulasnellaceae clone

79 O
KC243939 Uncultured Tulasnellaceae clone
FJ788860 Uncultured Tulasnella clone
T130 a Clade Il
Uncultured Tulasnellaceae isolate
Uncultured Tulasnellaceae isolate A
# E a O Isolation
Z1B1369824 Epulorh O Cloning
ulorhiza sp. S S o
T4 PAE a Cypripedium tibeticum
JX630726 Uncultured Tulasnella clone b 5 3
Qac Cypripedium flavum
DQ925531 Uncultured Tulasnellaceae isolate Cladelll ¢

Cypripedium bardolphianum

MR Shefferson(2007) F Yuan(2010) 25 () @8 K FH Multiclavula vernalis Fl Multiclavula corynoides VE N AMNEE,
T RUAR BRI 192 > 50 %0 1 5 B0 ABE S L o i RIS SR BR 4% 0. 4

[ 2

3 A 22 b A i M R AR LB DL R G

Multiclavula vernalis and Multiclavula corynoides were used as outgroup as suggested by Shefferson ez al. (2007)

and Yuan ez al. (2010). 50% majority-rule consensus tree with Bayesians probability values are shown above nodes.

The scale bar represents 0. 4 substitutions/site

Fig. 2 Bayes tree for Tulasnellaceae associated with three Cypripedium species
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Table 4 OrMF richness in roots of different Cypripedium species

=via OTU %t

A Chaol Jackl

Orchid No. of fungal OTUs No. of clones Bootstrap
PERIA 22 C. tibeticum 15 743 15.50+1.32 16.0041. 00 15.6240. 68
TAAHI 2 C. flavum 6 239 7.00%£2. 21 7.9941. 41 6.7340.68
WA 22 C. bardol phianum 3 667 8.2540.73 9.00=41. 00 8.6440.68

PN 7 TR R RE AR A 4 A U AR 85 95 16 3R A5 s RAE 41
e OTU A 3 A4 Hrb 24~ OTU Fifh J k4R
REARTR . 1A OTU HA RS I ks, HAESEFR 7
ERBIN FO RO T 100 AIEHE OTUCTI-T6) (3
TE 3 Ay 3 B oA 43 oy 3 1T T1 A
T5:03 3 11 #9 T2 A T35 23 3 T4 A T6. 7352 1
AU OTU 7 3 My 22 vh 4 4045 i 23 S H Y
OTU TEE AL 22 TR A A (B 2),
2.3 AEAMZEREEYMESEMFHESINEE
Chaol, Jack 1 Fll Bootstrap #f i 78 AS [6] 44 2% [a]
A4 PR AR L TR ) R T R O T R 22 > A = >
BB 2 (R 4 H P 22 2 1] 22 53 8 i 3 (P<<
0.05,3% 5), 3R 2P M Z [ OrMF BEVE 2 5t
gk B3R W Jaccard 1 Serensen 38 BUAR A = (R
6), Hrf Jaccard 8L 7E 0. 27~0. 35 Z [a] , Sprensen
TRECAE 0. 43 ~0. 52 Z [, UL W] P 1 A 22 22 ] 14
OrMF B — i 1 22 7 Aok

31w

A5 R FH $5 35 AR 35 5% W0 b 5 1 3R A5 00 1| 5
¥R (] — 4 5 ) 3 A [/ A% =2 g Al 0 AR 22 b4
P9 OrMF OTU, 3R J& T R i # i 52 R A FH R
FEA A A R, AR R 2B W b W W OrMF 28
Lo o) o i T 7 A 4 O L 7E R K
VS AE L — DY, 2 o ik R E) 16
MR OTU, Hf 47 6 4~ OTU Rik# OTU, 78
RGERBMIN 3 A0 L B 5, i OTU
AHH.2Z 0] 55 2% ¢ R, FoAth 10 A HE O 34 5 B 7
OTU e 3 MoK LA A, XA e 228
W) — Bl A= A7 SR s, RIS 3 5 22 o 4% ¢ R AT
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Table 5 Comparison of numbers of OrMF OTU using
chi-square test (y*)

PIPT LA OTU %kt No. of OTU

Pairwise

comparison N DF X P-valure
CT vs. CF 15 vs 6 1 3.857 0. 050
CT vs. CB 15 vs 8 1 2.130 0. 144
CF vs. CB 6 vs 8 1 0. 286 0.593

W CT RRVE A 225 CF KRR E AL 225 CB KR T 22,
T
Note: CT: C. tibeticum; CF: C. flavum; CB: C. bardolphia-

num. The same as below
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Table 6 Indices of similarity among OrMF communities
of different Cypripedium species
7 LE 45 B OTU % . 1
Pairwise comparison ~ No. of shared ()'I%U Jelas Sclas
CT vs. CF ) 0. 31 0.48
CT vs. CB 6 0.35 0.52
CF vs. CB 3 0.27 0.43
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e S RE R F RS . HETC 258w B R 25
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