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Abstract: [Background] In addition to orchid mycorrhizal fungi, the roots of orchids harbor plant fungal
endophytes termed root-associated fungi. [Objective] Three endangered photosynthetic Cypripedium
species distributed in coniferous forest and shrub habitats were screened for root-associated fungi using
culture-dependent (isolations from root fragments) techniques. The species richness and the degree of
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root-associated fungi community differentiation of examined Cypripedium species and two different habitats
were determined. Ecological function analysis of root-associated fungi was also estimated. [Methods] RAF
were isolated from surface sterilized root fragments of orchids. Total DNA were extracted from isolated
root-associated fungi, and internal transcribed spacer (ITS) regions were amplified. The ITS-PCR products
were sequenced. Phylogenetic analysis was applied. Species richness and diversity of fungal communities of
studied orchid species and collecting sites were estimated. After blasting the ITS sequences of
root-associated fungi in NCBI database, the annotation of the closest matched sequences were used to
analyse the ecological function. [Results] 278 root-associated fungi isolates, corresponding to 25 operational
taxonomic units (OTUs), were identified, including 23 Ascomycota OTUs and 2 Mucoromycota OTUs. The
root-associated fungi species richness of Cypripedium tibeticum was higher than that of Cypripedium flavum.
The degree of root-associated fungi community differentiation of different Cypripedium species is bigger
than that of different habitats. Fungal taxa in the roots of the three Cypripedium species could be assigned to
3 trophic modes, which were symbiotroph, saprotroph and pathotroph, respectively; and 8 guilds, which were
ectomycorrhizal, plant pathogen, endophyte, animal pathogen, fungal parasite, ericoid mycorrhizal,
undefined saprotroph and uncertain, respectively. [Conclusion] This study revealed the distribution
characteristics and ecological function of RAF in roots of three Cypripedium species sampled from two
different habitats, and also laid a foundation for the symbiotic relationship study of root-associated fungi and

Cypripedium species in the future.

Keywords: Cypripedium, Internal transcribed spacer (ITS) region, Trophic mode, Guild
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Table 1 The distribution of different Cypripedium species in two habitats

Coniferous forest

Shrub

Orchid species Number of quadrat with

orchid distribution

Number of roots

Number of quadrat with

A Number of roots
orchid distribution 4

Cypripedium tibeticum 9
Cypripedium flavum 8
Cypripedium bardolphianum 9

135 12 180
105 2 30
135 10 150
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REERE, Kdi 32%, FEFEHMNA 24%, BEN
8%, WEEWEMN N 4%. EHKY FFEEEHE
(Helotiales)ly OTU R PLHAERE, & 32%; H
WRASRIEREH, & 28%; B&EHMRER H
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(32 2)o TEVURTRYE . BAEA 2 MICAIAT 22 RAF
(1) OTU #2558 19, 5 Hl 10 4>, R
9193 6 Al 79 Fio BT IR ITS @5ty bl
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Mucor hiemalis (MF186043)

100 Xylaria hypoxylon (AY909012)
HLIO15_21a_35 (MH730191)
Truncatella sp. (MG098315)
Truncatella angustata (IN689977)
88 _HLIOI5_4a_51 (MH730174)
100 Pleurostomophora richardsiae (KF525814)
57 Pleurostoma richardsiae (MG966406)
89 HLIOIS 8a 11 (MH730176)
1o 100 1 Diaporthe arctii (NR_147544)
Diaporthe subordinaria (KC343213)
100 HLIO15_17C_20 (MH730186)

100 Podospora sp. (HQ829072)

Podospora miniglutinans (AY515362)
97 HLIOI5 2a 1 (MH730171)
00 Elaphocordyceps sp. (KF753860)
84 Elaphocordyceps sp. (KF753845)
0, HLIO15_20a_21 (MH730189)
Fusarium oxysporum (MF162321)
Fusarium lateritium (FN547466)
100, HLIOI5 la 12 (MH730167)
Helotiales sp. (HG764575.1)
Helotiaceae sp. (HM595530)
HLIO15_16¢c_14 (MH730182)
Leptodontidium orchidicola clone (JX630667)
Leptodontidium sp. (KY031657)
100, HLIO15_2c¢_16 (MH730172)
Helotiales sp. (JN859265)
HLIO15_1b_6 (MH730169)
HLIO15_12C_1 (MH730178)
Cryptosporiopsis sp. (KX377690)
Cryptosporiopsis sp. (LT821484)
Cryptosporiopsis ericae (GU934585)
100, HLIO15_14c_16 (MH730179)
93|[100 [ Oidiodendron griseum (KX440150)
Oidiodendron truncatum (KF835845)
HLIOI15_1c_12 (MH730170)
Ciboria american (DQ431172)
Botrytis cinerea (MF959762)
Botrytis cinerea (KU992693)
HLIO15_17a_35 (MH730185)
Botrytis cinerea (KT898761)
HLIO15_8b_16 (MH730177)
Penicillium chrysogenum (KR296886)
Penicillium granulatum (MH393382)
HLIO15_1a 31 (MH730168)
Cladosporium herbarum (KY039306)
Cladosporium sp. (KU933755)
Cladosporium herbarum (KU182498)

100

100

HLIO15_6b_12 (MH730175)
Phoma sp. (KY038041.1)
Diaporthe sp. (MH866094.1)

69 Didymella glomerata (MG832567)

7B HLIO15_20a_12 (MH730188)
98|l Phoma sp. (LC163533)
HLIO15_17a_12 (MH730184)
Epicoccum nigrum (KT898567)
Epicoccum nigrum (KX074010)
HLIO15_16¢_12 (MH730181)
Leptosphaeria sp. (GU288818)
Leptosphaeria sp. (F1025157)
Leptosphaeria dryadis (AF439461)
84 HLIO15_16¢_15 (MH730183)
Leptosphaeria sp. (KU516518)
HLIO15 20a_2 (MH730187)
Alternaria sp. (MH473886)
Alternaria consortialis (KY751366)

05 HLIO15_21a_30 (MH730190)
Alternaria tenuissima (MH594736)
Alternaria alternata (MF435060)

5 HLIO15_15a_49 (MH730180)
77| HLIOIS 3a_1 (MH730173) Mucorales
Mucor hiemalis (KM668138.1)
Mucor hiemalis (KY081701)
95
100
100
70
12
55
8
91
86
6
0.4

1 ETITS FFH5E RAF NI ARG & B/
Figure 1 Bayesian 50% majority-rule consensus phylogenetic tree based on rDNA-ITS sequences of RAF

. Mucor hiemalis YE R HMNEE; 7 SAMRIERE>50%0)J5 3R ; B RACE R KR 0.4,

Mucoromycetes
Xylariales
Calosphaeriales
Diaporthales
5 . Sordariomycetes
Sordariales
Hypocreales

Leotiomycetes

Helotiales

. . Lurotiomycetes
Lurotiales y

Capnodiales

Dothideomycetes

Pleosporales

Note: Mucor hiemaliss were used as outgroup; Posterior probability values>50% were shown above nodes; The scale bar represents

0.4 substitutions/site.
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(Leptosphaeria) . #¥&fJE (Alternaria) . Didymella .
UK & 25 J& (Peyronellaea) . Mt ERE J& (Epicoccum)

H 55 )® (Penicillium) . WAy 1)E (Oidiodendron). 4
1 5¢ )& (Podospora) . &% J& (Mucor) . 18] JE7C )&
(Diaporthe) . ¥ifJ& (Cladosporium) . Elaphocordyceps
4k T & (Fusarium); OTUS 1 OTU6 A ME
SRt MRER H BHE (B 2, & 2). HA
OTU21 H{EM:FH Pleurostomophora richardsiae
(KF525814. DFIRINE<97%, N 91%, HTHAERS
RERHRRE—Z R, W OTU21 7] HE>

A C
Symbiotroph
N A)
A0
Pathotroph | \
45% “
|
/
Saprotroph
S—/ 40%
~ bt i
B D

Pathotroph
43%

Symbiotroph
52%

i
Saprotroph
5%

Pleurostomophora JHEA, BTG EMH—LHTE.
22 AREEBFMAEMZ RAF IMEZE . #
EONEE
BEIEARFIFE AR A ] AESEAH L, Chaol
Jack1 1 Bootstrap #B\% /=¥ ARMKE) RAF P+ 5
JERET AR (R 3), EPIEZEZERA R E
(P<0.05, £ 4). PIFMESEZ [EHETS 22 5 LA A R
2] Jaccard Fll Serensen F5%043%]4 0.36 F11 0.53
(F 5), VLWIWI & RAF fFis A — & BB EA
B,

Uncertain Ectomycorrhizal
5% 5%

I..ZTr\
/
Undefined A f Plant pathogen
saprotroph 29%
33% \
1
|
/
Ericoid b Endonhyt
mycorrhizal S ndophyte
5% — 9%
Fungal parasite ~ Animal pathogen
9% 5%
Ericoid mycorrhizal ~ Undefined saprotroph
0% /— 4%
Animal pathogen 1 Uncertain
1% L 0%
Fungal parasite i Ectomycorrhizal
0% 28%
Endophyte 4 E/y
37%
N—.
pS—]
L 2
=" Plant pathogen

30%

El2 RAFHEHRIRIERE, £UHER OTU HESLLSEMHREBE N
Figure 2 Percentage of species and isolates in different trophic mode and guild of RAF

e A AREFREICRE OTU £ bt B: AFEFRB AR /0 C: AFPBHIFEE OTU Brisrtl; D: AR

FEEL A B MR ECE 20 B 0% 15 HE<0.5%.

Note: A: Percentage number of OTU grouped by trophic mode; B: Percentage number of fungal isolates grouped by trophic mode; C:
Percentage number of OTU grouped by guild; D: Percentage number of fungal isolates grouped by guild. 0% means proportion<0.5%.
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Table 3 Estimators of RAF species richness in two different habitats and studied orchid species

Category Number of fungal OTUs  Number of isolates Chaol Jackl Bootstrap
Coniferous forest 16 267 23.85+7.35 23.85+2.78 19.45+1.43
Shrub 18 258 33.04+12.40 28.94+3.30 22.58+1.70
Cypripedium tibeticum 19 193 36.90+14.31 30.93+3.44 23.94+1.76
Cypripedium flavum 5 6 11.67+9.78 8.33+£1.67 6.43+0.75
Cypripedium bardolphianum 10 79 12.62+3.43 13.93+£1.96 11.89£1.10
F4 FHKIELLE RAFOTU 8
Table 4 Comparison of numbers of RAF OTU using chi-square test (y%)
Number of OTUs
Pairwise comparison
N DF b P-value
Coniferous forest vs. shrub 16 vs. 18 1 0.118 0.732
Cypripedium tibeticum vs. Cypripedium flavum 19 vs. 5 1 8.167 0.004
Cypripedium tibeticum vs. Cypripedium bardolphianum 19 vs. 10 1 2.793 0.095
Cypripedium flavum vs. Cypripedium bardolphianum S5vs. 10 1 1.667 0.197
x5 TEREEMTEFZ= RAF BEEMBILEIER
Table 5 Indices of similarity among RAF communities of different habitats and Cypripedium species
Pairwise comparison Number of shared OTUs Jclas Sclas
Coniferous forest vs. shrub 9 0.36 0.53
Cypripedium tibeticum vs. Cypripedium flavum 3 0.14 0.25
Cypripedium tibeticum vs. Cypripedium bardolphianum 6 0.26 0.41
Cypripedium flavum vs. Cypripedium bardolphianum 2 0.15 0.27

Chaol .Jack1 F1 Bootstrap #F {& 7~ 3 Fii#) 22 RAF
Y= E B 2R 5 P 22 (19 1~ OTU)
JCAEHI = (101 OTUY M BT EFT = (51> OTU) (K 3).
B A P AN 22 RN B AR 22 Z AV Rl oF & R 2%
2 (P<0.05, & 4). 3 PR 2P Z [0 #F 7% 25 5
e 25 R BH Jaccard 550N Serensen #5EUAFA
=3 5), Hi Jaccard $5%5U7E 0.14-0.26, Serensen
FREAE 0.25-0.41, UEWIMPIAY 22 2 [6] (1) RAF 7%
ZERER, HRERR.

2.3 #Z RAF £5F4FE

Fl FUNGulid $#a 2 iEF T OTU AEZS IR R

2R, 25 F RAF OTU w1, BEA{5/KF Nl fig

(Probable)FI1[ A] A€ (Highly probable)J A 4 14
6 ~HK 16 4~ OTU (3 2), 4 & 38578 1 44 % M
WH 14 0TU, R H 1 4 OTU, WHEERH
1 1~ OTU; #EHMNZEH 6 4~ OTU; HEFErE
Wi H 51~ OTU; BHNERH 21 OTU
(£ 2). X 167 OTU J& T 3 MEFE, nlit
A 7 (Symbiotroph) . i 4= &Y (Saprotroph) Fl £k 7Y
(Pathotroph) (% 2), OTU Fh2& &5 b /r 510 15%.

40%F01 45% (&l 2A), BFRET &5 HL il 3300 R 52%
5%F1 43% (I 2B); 8 FPILAiHE, 43AlEsh A AR
W B (Ectomycorrhizal) . A ¥ %% J& & #f (Plant
pathogen) . Az ELE#F(Endophyte) . 14793 )i 2

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



TRFSFLAE: = FioA 2 AR G LA Z R EAI A S RE

2143

(Animal pathogen) . FLF# Af 4 [# /£ (Fungal parasite) .
KBS A SS H AR BE (Ericoid mycorrhizal) . &€ X AYJE
4 H BE (Undefined saprotroph) A1 A~ #ff & 7l
(Uncertain) (% 2),0TU Fh2& (5 H43 38 5% .29%
9%, 5%. 9%. 5%. 33%H 5% (K 2C), WAL
FIF 7 EL 143901 28.2% . 30.2% . 37% ., 0.3% . 0.3% .
0.2%. 3.6%71 0.2% (|4l 2D).
3 WikE4®

ABIEFEM DU B PR R AR B 3 Rl 22 SR AR AR
TN B TSR RAF, AR 70 B 5
Wk, (A1551E) RAF OTU F2EAIA 250 fE2E
BoNFEE, XSCHERAFHY RAF AMUE R
ZREVERS, B R PR S I DS O gk
R—E TEEZAVI RAF FILHERE, B
B B R — O FeSE AR R A H
JEH 2% (Cypripedium  calceolus™ ) F1 3t 22 BHAH
08 Ty A T Y LIS A g rh Ly B 5 —
P AW H HE, W& 2 E M (Truncatella
angustata), TEFTAZERIA G, P2
AR P AR R B SR 0T A i ol S T
B, BARS 2 B S R Y b R AR
B, HELFINAELAM Pestalotiopsis bicilliata
F1 Neopestalotiopsis clavispora T & = FHEY)
WA Bl o B B0, S L AR B P 2 B
g JE 140431

FIEW HR OTU MEHRZ, Jy 84, Wk
B (UK THEEZ B, it 66 #R(23.7%), BAT
3 FEFRBUMZ RO . RMETA B 5T R I ER
i X O A AR 2 v RAF MOOR SR, S
AR g A VRSO R R AT, AT LA
WUEAE 4 A A K P Y R R BT
H W 045 T Leptodontidium . Ciboria. Botrytis
Cryptosporiopsis Fll Oidiodendron 5 /\~J&H) OTU,
Hrp, Leptodontidium . Cryptosporiopsis 1 Botrytis
3NNENAE B ETFS Gymnadenia conopsea
18" Oidiodendron J@& ) OTU12 Jyf-ES

TR AR FL , 7E Pseudorchis albida (Orchidaceae)
Ak S AR AR EL A AGRGE D) e B e 3 b
22554 XA KL RS AE R A 43 A, 156 [R]—
A B = RHRAL RS AERHE YA P RgiE ) RAF A
MR Y B TR M 28 R AR BR AR

EKEREH . AR H . WEREMESRH
P TRIARAR RAT A sl A 8, Wy Bl X 4 A4
H 4385 R Y B TR AR LL D AR AT 2 R AT
LA B FRAL, 5 3 PPy 2= i/ DB ) BRI OG R i A
B o A H RRR (Hypocrea sp.)Fl%: -+ &% (Mucor
hiemalis)%} Thelymitra longifolia WFh— 85 &4 i
AR B o+ B 5 M AR ] B (Fusarium
oxysporum)f&=—Fh 2 JE Y (Cymbidium sp.)fB =%
J& B4 s B . R T H FE Cyrtochilum
myanthum . Scaphyglottis punctulata F  Stelis
superbiens 3 P = RHEPIHL N A LR BFSE Th 20
PR, LS T R TEAHIE ST A & Bt
AR B = RHE YA AR R AR ]
REME

PUBEHY 2% RAF (R F & B (o 20 B e
Fozsmms, s ARREAR MR R AEBE X RAF
YR EE AR BRI (B Z2HE1)
R AR A 22 P 22 8] ) B v 25 S B AP ] A=
B K o U B W A A= 55 B AR TA] , (EAE (] — 4 2 b (7
Jeya) AN Rl R B A . AR A AN ]
H 3 b BRI AT BRI AL IR R B AR RN K
e W) 2 REVE SR MR I 20 A B2, BT LA AT fiE S
T AP AT T RAF P9Rh=F & B ARV oAb AR
WA AR A m A A

g5 F AR, o BRSO I KB 3 A
ZJEMHY T RAF 2Rk s BAAEZ R A28
REZRAY, B3ROkl Lh3RkAS RAF IRItE, Ak
#1T RAF 52 BHEMITERDFHT & . DA K FIag
B3 0 A5 5 T R 4T T Sl B oy s B ik 4
fiiflfi RAF ELIA ARSI SRR T2 A
e 30 0 S5 T VR R 22 JE AR Y RAF ZREPEFIRE
V&G HIEAT RGEAR
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