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Isolation, identification, and diversity analysis of natural
entomogenous fungi and endophytic fungi in Xishan Forest
Park of Kunming

XU Xiaorong', HUANG Zhipu', XU Yuxiao', ZHANG Ketao', TUO Chengjie',
ZHANG Bing', LIU Chaojin', ZHAO Qing', ZHANG Xiaomei"'?

1 College of Basic Medicine, College of Traditional Chinese Medicine, Yunnan University of Chinese Medicine,
Kunming 650500, Yunnan, China
2 Yunnan Key Laboratory of Molecular Biology for Sinomedicine, Kunming 650500, Yunnan, China

Abstract: [Background] The investigation of Cordyceps species diversity in different areas is
one of the hotspots of Cordyceps-related research, and the study on Cordyceps-related fungi
flora is an important content of fungus resources research. [Objective] To investigate the
diversity of natural entomogenous fungi and endophytic fungi in Xishan Forest Park of
Kunming in Yunnan, and increase the understanding of Cordyceps-related fungi flora.
[Methods] The resources of Cordyceps species were investigated, and the tissue separation
method was used to isolate entomogenous fungi and endophytic fungi from the samples of
Cordyceps species. Morphological observation and multi-gene sequencing of ITS combined
with nrSSU, nrLSU, translation elongation factor-la (tef-1a), rpbl, and rpb2 were used to
identify the entomogenic fungi of Cordyceps species and analyze their diversity. [Results]
Forty-five natural samples of Cordyceps species were collected from Xishan Forest Park of
Kunming, which belonged to 12 species, 5 genera, and 2 families, including 2 Samsoniella sp.
with 1 potential new species, 4 Cordyceps sp., and 4 Beauveria sp. in Cordycipitaceae, and
1 Purpureocillium sp., and 1 Tolypocladium sp. (potential new species) in Ophiocordycipitaceae.
The dominant genus was Cordyceps, and the dominant species was Cordyceps cateniannulata
(ecological dominance=0.241 380). Meanwhile, 67 strains of endophytic fungi in 14 genera of
13 families were isolated from the samples, among which Trichoderma (28%) and Fusarium
(19%) were the dominant genera. [Conclusion] This study supplements the resource database of
Cordyceps biodiversity in Xishan Forest Park of Kunming, which is conducive to the protection
and utilization of Cordyceps biodiversity resources in Yunnan. At the same time, this systematic
study also deepens the understanding of Cordyceps-related fungi flora.

Keywords: Xishan Forest Park in Kunming; entomogenous fungi; endophytic fungi; isolation
of pure culture; species diversity
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Table 1 Primers used in this paper

Gene Primer name Primer sequence (5'—3") Length (bp)

nrSSU nrSSU-CoF TCTCAAAGATTAAGCCATGC 1 800
nrSSU-CoR TCACCAACGGAGACCTTG

nrLSU LRS ATCCTGAGGGAAACTTC 900—-1 200
LROR GTACCCGCTGAACTTAAGC

ITS ITSS GGAAGTAAAAGTCGTAACAAGG 600
ITS4 TCCTCCGCTTATTGATATGC

tef-1a EFla-EF GCTCCYGGHCAYCGTGAYTTYAT 900-1 200
EFla-ER ATGACACCRACRGCRACRGTYTG

rpbl RPBI-5'F CAYCCWGGYTTYATCAAGAA 900—1 200
RPBI-5'R CCNGCDATNTCRTTRTCCATRTA

rpb2 RPB2-5'F CCCATRGCTTGTYYRCCCAT 900—-1 200
RPB2-5'R GAYGAYMGWGATCAYTTYGG
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Samsoniella sp.

100x
10 pm

Cordyceps cocoonihabita

100x
10 pm

Cordyceps cateniannulata

Cordyceps tenuipes

100%

Cordyceps lepidopterorum

Beauveria pseudobassiana

ST

-~ 0 pm

Beauveria asiatica

% Beauveria bassiana

Beauveria varroae

Purpureocillium lilacinum

100
10 pm

1 MOHLEERLEUDESERERESHLE  A-As: BAERBEREAR B-By: HEEE.

C1—C1o: F@éﬁm 13??){'210 um/ZO pm
Figure 1 The characteristics and microscopic features of some entomogenous fungi strains. A;—Ag: Wild
material. Bj—Bjo: Colony on PDA. C,—C,¢: Conidiogenous structures. Bars=10 pm/20 pm.
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99 Cordyceps lepidopterorum (MF140819)
97 —: Cordyceps lepidopterorum XBS5 (ON804528)
63 —————— Cordyceps jakajanicola (MN338480)
Cordyceps bifusispora (EF468747)
94 Cordyceps fumosorosea (MH244853)

Cordyceps takaomontana (MF362094)
93 Cordyceps tenuipes XS4 (ON804517)
90 100 —— Cordyceps tenuipes XS11 (ON804518)
Cordyceps tenuipes (MH879667)
—— Cordyceps tenuipes X513 (ON804519)
Cordyceps cicadae (LT220792)
Cordyceps cateniannulata XB4 (ON804520)
Cordyceps cateniannulata XB10 (ON804521)
39 —— Cordyceps cateniannulata BG1 (ON804522)
Cordyceps cateniannulata (MF140850)
Cordyceps cateniannulata XS2 (ON804523)
Cordyceps cocoonihabita XW4 (ON804526)
—l: Cordyceps cocoonihabita (MN576950)
Cordyceps cocoonihabita XW2 (ON804525)
K Cordyceps cocoonihabita XW1 (ON804524)
100 Cordyceps cf. pruinosa (EF468762)
— Cordyceps parvistroma (MT017857)
L Cordyceps pruinosa (MT025053)
65 Samsoniella cristata (MN576961)
79 —: Samsoniella cristata XY3 (ON804516)
Samsoniella cristata XY4 (ON804527)
Samsoniella inthanonensis (MF140848)

100 Samsoniella kunmingensis (MNS76972)
60 Samsoniella aurantia (MF140844)
100 ——— Beauveria pseudobassiana XB3 (ON814505)
L Beauveria pseudobassiana (MN576998)
97 Beauveria asiatica XB6 (ON814507)
—: Beauveria asiatica (MN401467)
Beauveria brongniartii (MN576995)

98 _76: Beauveria varroae XB7 (ON814504)
Beauveria varroae (KJ536063)

Beauveria bassiana XB9 (ON814509)
W(: Beauveria bassiana (KY593254)

100 Purpureocillium lilacinum XS14-5 (ON8145048)
—: Purpureocillium lilacinum (KJ443202)
Purpureocillium lavendulum (1.T220808)
Purpureocillium takamizusanense (MT583722)

100 Tolypocladium tropicale (KF747090)
92 Tolypocladium amazonense (KF747094)

68 _: Tolypocladium sp. XY3-1 (ON814509)
76 Tolypocladium RG-2013a (KF747110)

100

64

99

85

100

80

90

B2 ET EFl-0 EEFIHENBREERRGZLEN fHTNF S HIZEH GenBank Hx5; N
TR BT N SRR, TR AR SRR . R
Figure 2 Phylogenetic tree of entomogenous fungi based on EF1-a gene sequence. The serial number in

bracket is the GenBank accession number of the strain; The number of internal nodes is support value, which
represents the reliability of the branch structure. The same below.
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Table 2 Entomogenous fungi isolated and identified from Xishan Forest Park, Kunming City

Species Genus Family Richness S value Ecological dominance
Samsoniella cristata Samsoniella Cordycipitaceae 1 0.000 000
Samsoniella sp. 1 0.000 000
Cordyceps cocoonihabita Cordyceps 3 0.006 897
Cordyceps cateniannulata 15 0.241 380
Cordyceps lepidopterorum 1 0.000 000
Cordyceps tenuipes 3 0.006 897
Beauveria pseudobassiana Beauveria 1 0.000 000
Beauveria bassiana 1 0.000 000
Beauveria varroae 1 0.000 000
Beauveria asiatica 1 0.000 000
Purpureocillium lilacinum Purpureocillium Ophiocordycipitaceae 1 0.000 000
Tolypocladium sp. Tolypocladium 1 0.000 000
AR A TR R R

The richness value of each species is equal to the number of each species.

9% 9%
9% Samsoniella
m Cordyceps
m Beauveria
Purpureocillium
Tolypocladium

B

w
s 2 7%

Samsoniella
m Cordyceps
W Beauveria

Purpureocillium

Tolypocladium

3 AUZRMKLEBREEEAFRRNIMHHQMERBB)SLE

Figure 3 The proportion of species (A) and specimens (B) in different genera of entomogenous fungi in

Xishan Forest Park.
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B DO R 3k . A R AR 3 001 7 %) H B g

ZRAERANSY, LRI T 41 S REY,

19 3RJET 3 BF 8 JmE s, ,\EIWE%J%ﬁ
B Jm AL d s, A HRN e R R
(Ophiocordyceps highlandensis) . &k H E
(Ophiocordyceps nutans) . 4 JJA HUR R HUR
AT 5T kB WY WG L R bR 2 el ) A A TR SR
T 285w 12 %, R FRES R e, ks
H TR R AR R T R O 74% . Rtk
— B R R E O R A B YRR K
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JEy 0.241 380, KHIA[A] 1 X H R B 4 23 A
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LR —E 22 5 . REE IR R R MR A S R
SRR B, HIENET L R RE S
SR, B THR, MTEE S TG HieR]
T A BAE . FEAREAE S, HEHN

2 PPk BB A OICTERL, X RS2k i Ay
RARE T - HERREZ R ETRESEER
L DA SR A, AT R R B B AR
MR PREEIRCR . AR R SRR AR

Mucor sp. XW1-5 Aspergillus sp. XB9-4

Nectria sp. XW4-2 Psathyrella sp. XY1-6

Diaporthe sp. XB11-7 Coprinopsis sp. XS4-4

54 HERNLEEREMS BERE R SHHE

Fusarium sp. XS7-1 Periconia sp. XY1-3

Figure 4 The conidiogenous structures of endophytic fungi.
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99 Trichoderma sp. XB11-1 (ON514196)
100 Trichoderma spirale (MK674165)
Trichoderma sp. XB1-2 (ON514197)
100 98 Trichoderma harzianum (MH341588)
Trichoderma koningiopsis (MZ708761)
—— Trichoderma atroviride (MN634486)
Trichoderma sp. BG2-4 (ON514198)
Trichoderma sp. XB5-5 (ON514199)
Clonostachys sp. XS810-13 (ON514205)
Clonostachys rhizophaga (KJ499910)
Clonostachys sp. XW1-9 (ON514206)
Clonostachys rosea (MT945172)
Nectria pseudotrichia (KY860664)
Nectria sp. XW4-2 (ON514192)
Nectria balansae (MG231957)
Fusarium sp. X§7-1 (ON514215)
Fusarium acuminatum (MN872501)
100 Tusarium sp. XW3-1 (ON514217
Fusarium solani (MZ854208)
Fusarium sp. XB9-3 (ON514216)
100 Fusarium sp. X§2-2 (ON514214)
51 Fusarium oxysporum (KU321551)
Diaporthe bohemiae (MN946402)
T00 Diaporthe sp. XB11-7 (ON514200)
99 Diaporthe ganjae (LC041037)
Arthrinium sp. XW2-2 (ON514193)

100 Arthrinium arundinis (MK 182939)
52 Arthrinium phacospermum (EU821332)

96 Penicillium manginii (MHE58641)
@E Penicillium atrosanguineum {(MH857072)
Penicillium sp. X84-9 (ON514203)

Penicillium sp. BG1-5 (ON514204)
100 [: Penicillium ochrochloron (MZ544416)

100 Aspergillus tabacinus (LN898739)
100 Aspergillus sp. BG2-7 (ON514195)
L— Aspergillus lanosus (FJ491471)
96 Aspergillus tubingensis (MN818620)
m’_E Aspergillus sp. XB9-4 (ON514194)
52 Aspergillus niger (KF881765)

Dopicnamia suhmeaersa {NR 158940
PEFICORIG SUbmersa {INR 135642}

100 Periconia sp. XY1-3 (ON514213)
99 Periconia echinochloae (MT138587)
Peziza phyllogena (MT373973)

100 Peziza sp. XB1-8 (ON514212)
100 Peziza ostracoderma (FI537076)
71 Psathyrella candolleana (MK214404)
100 Psathyrella bivelata (MF325962)
Psathyrella sp. XY1-6 (ON514191)

100 Coprinelfus sp. XS4-4 (ON514210)
E’—‘t Coprinelfus sp. XB11-3 (ON514211)
100 — Coprinellus radians (HM045514)
TooL—

100 Coprinellus xanthothrix (MH815140)

100 Mortierella sp. XB12-10 (ON514201)
100 Mortierella chienii (JX976013)
Mortierella sp. XB14-1 (ON514202)
100 Mortierella elongata (GQ922554)

96 100 Micor sp. XS§12-9 (ON514209)
Mucor fragilis (MN429249)

100 99 Mucor sp. XW1-5 (ON514207)
Mucor nidicola (KX421455)

99 Mucor sp. XS14-1 (ON514208)
100 Mucor hiemalis (KT583196)

E5 ETITS FIWENRENLERRGL K
Figure 5 Phylogenetic tree of endophytic fungi based on ITS sequence.
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Table 3 Species diversity of endophytic fungi in
Xishan Forest Park, Kunming City

Family Genus Number of Percentage
isolates (%)
Mucoraceae Mucor 7 10
Mucedinaceae Trichoderma 19 28
Trichocomaceae Penicillium 2 3
Tuberculariaceae Fusarium 13 19
Pezizaceae Peziza 1 2
Aspergillaceae  Aspergillus 6 9
Psathyrellaceae  Coprinellus 8 12
Psathyrella 1 2
Diaporthaceae  Diaporthe 1 2
Mortierellaceae Mortierella 4 6
Bionectriaceae  Clonostachysachys 2 3
Periconiaceae  Periconia 1 2
Apiosporaceae  Arthrinium 1 1
Nectriaceae Nectria 1 1
Total 67 100

FBRAEL L E -5 A B B R R b 22 R A
78 o O 7 1L ARAR A el (g R A U — B, i e
M B C. lepidopterorum . B. asiatica. B.
varroae . IR 5 S 2 FhEERLF A A AW
HWRAEI, #E—LFF 108 X R ER B
IR AR 1%
32 HEHEEXAFRNEEEMZHEMNR
MAED

HRFE S, WAREHFFEZ2H, HZ
FEVEIRIUAE T 2 FE0E . MR AR i 2
BEPERY, o R — Rk R BE, 7R
Az R D A LR Dy O B A L 2R
FEA, i e R & U P e
2 d R e R R R HA AR B rh R A
N A R R . AW T AR 3R 0 B
T B 74 11 ARAR 2 el e Ry b N AR LT AT
BYERF] 67 BRI T 13 B 14 8 10 R B AR K
W, Hh EE LUK R (28%) . kT E (19%)
MERE(10%) NILHENERRE, S5KKA

SFEOR A — 3. X RN B AU B
TERFR A B T A, AT wRF 2 e, H
rh K25 B AN T TR R TE S R AR N )Tz 4y
i, XA Pi 5iEEAe G A ST
R EEME- . F5R B R4 e 25 =it
H (Tetrastigma hemsleyanum)#i 77 AR H AR Y
i 0 R & AR AT LA AR ZE 0253 th-exp FEH
IR0 A3 A F AL AT v i Bl D T TR 5 AL A
T PR 53 A8 JIR T R 2 W Y S St I IR 5 B 2 0
SEERPT R F A e R E AR A B
AE D 35 OB MR PR 38 A, T LR R
V%, B gAY ECY Zhai PSR B
UK EE (Trichoderma asperellum)il i I 87 &
RV A B EERE & T eEs M
R AN, B BRSPS AR BR AT
R TN AR R BEE (Mucor circinelloides), 1.
%5 (Aspergillus terreus) Fl 1% 4% ¥ %% (Penicillium
steckii) % C W SL AR HE 7 indole acetic acid
(IAA), FEXFTBRFFSIR A0 A A B e ot
ROR e i U0 sk {25 AR H S5 25
TP A ARSI AN AT 23 i N AR LR AE A
W5 =258 AR ) B REAS v i
WA TR RETE 5 18 R P R 2R Ak # vp o]
REXT M AR LA A SRR e Bl AR K R E RIS A
FEIE LAE DT T AT RE R R AR, mAD
A ST R IE R O AT T R A W TR
WA 4N Stenotrophomonas maltophilia 551 H,
B LA IR R S A0 R 22 i AR R R
A Y 4B B K SR Wi AR LR (Cordyceps
cicadae) " 1) N A 20 TR R AR L BT R RS SR R L
AR T WAL R R R AR S R
e B AR PR AR AN, BN R
L — R R AR R S R, X EE
Al B2 B 1 AR KR E MTE A P 0 3 i
PR B RER  ASBIES G ) Al AR A B T
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B AN [R] HUFRAEAS AR AT IR 2 & 1 N A LR
R, R JE BT e e R G A W e v R N AR
LR Py A U A K AN PR A S
IRt T 2B Wbk

4 EZi

ABEFEE S AR SR BT, WoR A R B
TP LRl 9 AR HU R b Fp A 21 30 BROy
J&F 285 )8 12 MR E R, LK 67 By
J&T 13 Bt 14 WA A FLR, BETEERIESE P
AR BEl o Al A 2 & A B SRR A, i EL
A [ B4y M A S T Rl 26 g 9 A TR A5
fo MR RN AR ELR A — 28 X i B A )
GEUR, R PR ) AR B R IR B A A PR B A
Ul A T 1 AU ) 3 E 2 R0 AT e
P, SRAZHETEUE AL G YR T R IR .
Xt HUR B X R B R G SEADCE M T it — 2
P2 U B A A A SRR, T L AT LS e R
RN ST, I AT IE LA R AR
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