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Fungal community structure, diversity and biological activity of culturable
endophytic fungi from Actinidia eriantha

HUANG Qinger, WU Ting, ZHANG Kejie, HE Wenye, CAO Jiaqi, XU Jingyi, QIN Luping, ZHU Bo
College of Pharmaceutical Sciences, Zhejiang Chinese Medical University, Hangzhou 311402 China

Abstract: Objective To investigate the fungal community structure, diversity, distribution and biological activity of culturable
endophytic fungi of Actinidia eriantha, and to provide the basis for the utilization of endophytic fungi resources. Methods
The endophytic fungi were isolated, purified, and identified from three parts of A. eriantha (roots, stems, and leaves), and their
fungal community structure, diversity, and distribution were analyzed; the endophytic fungi were screened for growth promotion
and antagonistic activities via 4. thaliana co-cultured and plate standoff trials. Results A total of 2 446 strains of endophytic
fungi were isolated and categorized into 156 morphotypes, which were molecularly identified to 49 taxonomic units using ITS
amplification tools, belonging to three phyla, five classes, 10 orders, 14 families, and 18 genera of fungi, among which the
Ascomycota accounted for 94.89%. The 30 species of fungi were common belonging to roots, stems and leaves, Trichoderma
spirale was exclusive in roots; Bionectria ochroleuca was exclusive in stems. Stem had the highest Shannon-Wiener (H')
diversity index while leaf had the highest Simpson's (D) diversity index. AE16 (identified as Clonostachys sp.) was found that
it could significantly promote growth of A. thaliana, with a fresh weight growth rate of (37.13 + 10.35)%. A total of eleven
strains (10 strains of Trichoderma and 1 strain of Beauveria) were screened for significant bacterial inhibitory activity, among
which AE175 (identified as Trichoderma sp.) had the best inhibitory effect with a relative inhibition rate of (87.59 + 9.36)%.
Conclusion A. eriantha had rich endophytic fungal resources, the active strains obtained by screening provided the basis for
the development and utilization of endophytic fungi resources in 4. eriantha.
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BACTIEN Actinidia eriantha Benth. 2537 bk
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fEE R R AR, 2RV H B 24 K2 0 25 S e D
T Bk B 2 48 A R A A W) B AL TR EBR Actinidia
eriantha Bentham. fLFGIFFIF (245 Col-0) HHT
YLK &5 76 49 18 o A0S . 2 R 1 I i 605 oA
Bipolaris sorokiniana Shoemaker , f¥ i & JH
Colletotrichum gloeosporioides Penz., |3t 7 JH B
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Table 1 Endophytic fungi isolated from A. eriantha

5 e B (FAI) AR v — i

AE03  Trichoderma sp.1 Trichoderma guizhouense (MT448971.1) 10000 2 26 26 77
T lixii (MT434003.1) 100.00

AE67 WHEIRAKE Trichoderma pseudoasiaticum T. pseudoasiaticum (MN977792.1) 99.82 2 11 9 44

AE137 Trichoderma sp.2 T. effusum (MN644616.1) 100.00 1 7 10 35
T atrobrunneum (MH459162.1) 100.00

AE169 IREEKFE Trichoderma atroviride T. atroviride (MT520552.1) 100.00 2 13 20 56

AE23  WRRAE Trichoderma harzianum T harzianum (KY750420.1) 9.14 1 18 12 44

AE44  M2IERE Trichoderma spirale T. spirale (MK387951.1) 10000 1 0 0 16

AE11 ETARE Trichoderma koningiopsis T. koningiopsis (KX496883.1) 98.00 2 8 0 36

AE151  Trichoderma sp.3 T anisohamatum (MH262586.1) 9232 3 0 0 32
T. asperellum (MT529860.1) 92.27
T. pubescens (MT529314.1) 92.27

AE175 Trichoderma sp.4 T ovalisporum (KX911713.1) 100.00 3 21 15 73
T caribbaeum ( OP163640.1) 100.00

AE194  Trichoderma lentiforme T. lentiforme (MK714910.1) 9331 1 12 18 49

AE20 #PRAKRE Trichoderma hamatum T. hamatum (0Q701345.1) 9983 1 25 22 60

AE80  Trichoderma sp.5 T tawa (KC847178.1) 728 3 16 9 28
T harzianum (KU904475.1) 72.93

AEI81 IR¥§AKEE Trichoderma atrobrunneum T. atrobrunneum (MH459162.1) 10000 3 9 16 28

AE120 Clonostachys sp.1 Clonostachys pseudochroleuca (MN046880.1) 99.80 1 11 16 40
C. rosea (MT215574.1) 99.80

AE156 Clonostachys sp.2 C. byssicola (MN597463.2) 99.80 1 26 22 62
C. rosea (MN696682.1) 99.80

AE16  Clonostachys sp.3 C. farinose (0Q910594.1) 99.58 1 24 27 67
C. byssicola (MN597463.2) 99.58

AE174 R FRFEH Bionectria ochroleuca Bionectria ochroleuca (KC285891.1) 961 0 32 0 32

AES6  WAIZTER A% Clonostachys rosea C. rosea (KR183785.1) 8844 7 12 6 25

AES7  Clonostachys rhizophaga C. rhizophaga (OK560685.1) 9589 1 15 3 30

AE04  Clonostachys sp.4 C. capitata (MH862394.1) 8450 0 16 O 16
C. leptoderma (OP205474.1) 84.04

AE179 Clonostachys aranearum C. aranearum (NR_164542.1) 99.80 9 15 18 42

AE51  Fusarium sp. Fusarium proliferatum (MT541890.1) 100.00 2 30 23 74
F. mangiferae (MT358788.1) 100.00
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#e e SRR PRV i
AES1 Fusarium sp. F. concentricum (MT358778.1) 100.00
F oxysporum (MN856435.1) 100.00
F. solani (MN486565.1) 100.00
AE63 JREKERME Purpureocillium lilacinum Purpureocillium lilacinum (OR225858.1) 10000 7 16 35 58
AE05 ¥Rkl A{BE Beauveria bassiana Beauveria bassiana (MH165267.1) 89.64 10 30 15 55
AE118Simplicillium sp. Simplicillium cylindrosporum (MK367728.1) 99.81 6 18 14 38
S. lanosoniveum (KT878334.1) 99.81
AEQ06 Neurospora sp. Neurospora cerealis (AY681187.1) 9944 15 34 26 75
N.dictyophora (MH862539.1) 99.44
AE11 WERAEIRE Talaromyces pinophilus Talaromyces pinophilus (MT152340.1) 100.00 13 28 10 51
AB19VEIEARE Talaromyces verruculosus T. verruculosus (MT267807.1) 100.00 15 17 9 41
AE193Talaromyces amestolkiae T amestolkiae (MT441607.1) 99.80 28 20 19 67
AE30 Talaromyces oumae-annae T oumae-annae (MT530138.1) 100.00 17 15 14 46
AE199Talaromyces purpureogenus T. purpureogenus (MT609898.1) 100.00 14 33 17 64
AE17 Wi 2 Aspergillus aculeatus Aspergillus aculeatus (MT007537.1) 100.00 12 28 11 51
AE22 Penicillium glaucoroseum Penicillium glaucoroseum (MT529148.1) 100.00 28 29 20 77
AE32 TR EE Penicillium janthinellum P, janthinellum (MN452472.1) 100.00 22 36 18 76
AET7 Penicillium sumatraense P, sumatraense (MT529248.1) 10000 9 22 11 42
AE1314spergillus sp. A. assiutensis (MT640286.1) 100.00 13 22 17 52
A. japonicus (MT602615.1) 100.00
AE192Penicillium guanacastense P. guanacastense (KF991208.1) 100.00 30 22 13 65
AE18 #5R 1% Aspergillus brunneoviolaceus A. brunneoviolaceus (MT102843.1) 10000 12 18 9 39
AE1325& 45 % Penicillium mallochii P. mallochii (MZ423014.1) 10000 3 9 10 22
AE29 Penicillium cluniae P, cluniage (MK450684.1) 10000 23 16 19 58
AES87 Penicillium cremeogriseum P. cremeogriseum (KT826681.1) 99.64 23 25 26 74
AES3 /NHFERALE Neofusicoccum parvum Neofusicoccum parvum (MK131330.1) 100.00 17 28 12 57
AE110Botryosphaeria sp. Botryosphaeria sp. (HQ130715.1) 9850 13 23 15 51
AE02 i 2EEAHE Aureobasidium pullulans Aureobasidium pullulans (MN165500.1) 10000 22 22 27 71
AE27 R HEE Cladosporium cladosporioidesCladosporium cladosporioides (KC329631.1) 99.80 18 22 12 52
AE34 Epicoccum sp. Epicoccum sorghinum (MT604999.1) 99.78 19 23 31 73
E. latusicollum (MN871865.1) 99.78
AES2 YR Irpex laceratus Irpex lacerates (MN644789.1) 99.77 15 21 7 43
AER5 EARH Auricularia polytricha Auricularia polytricha (MH151030.1) 100.00 23 14 17 54
AE10  Rhizopus. sp Rhizopus arrhizus (MT540020.1) 10000 13 8 7 28
R.oryzae (LC514329.1) 100.00

AFRHL TN AR fFEE SR . fEH
K, ML 22 N AR RS B AR R H
(Hypocreales, RF=47.01%. 43.44%. 47.12%) 5
HU# W H (Eurotiales, RF=33.29%. 35.94%.
31.28%); {BAEJRAKCTAAAEZ S, ARAH LS &y
AEJE (Trichoderma, RF=32.40%. 22.02%). %
&8 (Clonostachys, RF=9.022%. 12.90%). &
KRB (Talaromyces, RF=11.05%- 9.68%)- 75 &%
J& (Penicillium, RE=17.53%- 16.41%), ZEHI3
JENAB)E (Trichoderma, RF=26.96%). {5
J& ( Clonostachys , RF = 15.96% ) . & IR
(Talaromyces, RF=11.94%) . 15 & b J& ( Penicillium
RF=16.81%). M#&EJE (4Aspergillus, RF=7.19%)

(B 1-A). TEMKF, Trichoderma spirale AR F4F

 F, Bionectria ochroleuca = Z£ W15 A Fh,
Trichoderma koningiopsis AR5 ZEW A, Hp
30 MBI, 2. HEIEAE M (B 1-B).
KH Cs R BATBERRA R H LA N A
H YA AR AR RS . 205, ARHLERAL
(1) Cs £ 0.957~0.967. ZiREY], 3 FiARIALE
KL N AE BB YR R A AR B 2 e, W0 oy
ATAEXS — 3. Horp S5 5 2R YRR R
e B — 3, RS ZRWMAE DR B R AIK,
W 2.
32 EWFBEMAEERE S
BACHERRASRIZH SN, A A B S A A A 22
5o WARR 150N 3.6902~3.778 1, LIZEHIZHE
PEFERURS, M AEEREEURIR. D {4 0.996 5~
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A-dominant order and dominant genus of endophytic fungi; B-venn diagram of endophytic fungal distribution.
1 ERFBERARIHESABAAE EREEREN

Fig. 1 Endophytic fungal community structure of different tissues in A. eriantha

R2 TNEEARN TERBGEHREEEERFRLE
Table 2 Similarity of endophytic fungal flora of different

tissues in A. eriantha

NFEH LA Eam T .
FiR 1.000
Tz 0.957 1.000
Ll 0.967 0.967 1.000

0.997 8, PAMHIZ MRS, ERZ AR A
Bf%. EfH 0.9710~0.9813, ZEMH5IER S,
MBS BRI . 4RRM], A —MEYE AR
WAL 7 B S B N AE R 2 AR
N JE AT W AE FL B TE PR FUAR M 1 R B A BT
I, WK 3.

*3 TREABLTERBERAEERZHMEELR

Table 3 Endophytic fungal diversity index of different

tissue parts in A. eriantha

AR L AL H D E
FAR 3.738 4 0.997 4 0.9710
F=X 3.778 1 0.996 5 0.9813
Iy 3.690 2 0.997 8 0.9752

33 ERFBEHAEERENTIAREITREE M
WA ST LRI 14d )5, 65.31%HIM
ERERLSEEIRTT, G T
22.45% M FU B AR ZE d U IT, AHA R I R B,
MAREED: 12.24% MBI, WEFKHIE
OB 2-A) o XU FE T IO T 2 6 T B K R
TG0, S5 RRW, 91.84% 1 H B X Ul B I+
ERKEIEIER: MHNAEE AEIS6. AEL6.
AE174. AE132 4B )5, IErifmsm, Gk

FKIH 18.48%. 37.13%- 30.99%5 17.02%. J7
Z T EIR AE16 (Clonostachys sp.) 5725 X0 L 2H
(CK) HFEREMEZER (P<0.05), PN
(0.152£0.0141) g, N CK 41 1.37 fi5 (K 2-B).
Y 07 328 HE (A (2 2B AR AR K R AP UL RS I S5 B
P AR W2 B 9EL R T AT R 5 i P SR O
%, WK 3. HEIL, 5 AEB16 LA MM TR E
BORRES, WRAERZ, MR ERARL; 1M
AE06 AL R T AR, AR EE WARE, I F 4546
Mk, T4 B HA W 295,
3.4 EHBHERNE ERXNHEERNIETUEME

7E 49 FREFH, 87.76%MI LN 5 Frbl LK
R B A IEIER, HAPf 34 PRE X 8 Fik
JRBE A IEIER . 34 BREFERE 17 MAFRRIE,
BiEAEE. RUEE. REUEEHE. AEE
& WEERS, Wk 4. Kb, SR
HREMEERMBEKRAE 11K (Q0KRETAE
&, 1 R TAERE). K&EJE AE175 X arkh
A% WA WE IR K% 8 AE137. AE175
K EAEEJE AE05 X4 1818k 7 1H A7 . 25 101 2%
. K%FJ® AE03. AE20. AE23. AE67. AES0.
AE137. AE151. AE169. AE175. AE194 %} 7% %j
e s TR 3 R I ROR s Horb, AE175 X SZ A
ZER% B . SRTRLER D TR L A R B 3 R JE B
B AE 5, TR MK IR 95.93%..88.57% 92.69%,
L 4.
4 W1ig

AW T IR 2 BAETERR 2 AR B N AE B
B 2446 t& IR 787 ¥k, £ 946 ¥k, I 713 #%), i#
IR SRS 70 1 % 8 A E N 49 A0 2K
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B2 WEFTHER 4dEKRKRR A) SHREEKE B)
Fig. 2 Growth promotion (A) and fresh weight growth rate (B) of A. thaliana co-cultured for 14 d

Xt HE CK AE16 AE06

E3 WMETRERMFEHNE
Fig. 3 Microscopic characters of root hairs and leaf blades of A. thaliana
Mg, HETHEHEA3 TSN 10 H 14 8 18 8. i, Bionectria ochroleuca #& 25 PR Fl o
ERFALERR, 5, 525 AU R FACHRMERE 2k 2L 1 DL e, D f LADT
H—8, WRE5ZMMERIK. MUERREEAKT B, HSEIREU =R . 2R £ 5 EER
RBLAN R BB N AR B R R S e i re 22 BCRIIBAEREB A A A R IR & . 3 44
S BABVERE . 25, HHS A EE A SO RN BB AAREE Trichoderma. R
L 30 i, P Trichoderma spirale JEMRIEAT )& Clonostachy. WKW Talaromyces. 75 % # &
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x4 ERERHEAEEEXRREEAA
Table 4  Antagonistic effect of endophytic fungi from A. eriantha on pathogen
I By \ .M%ﬁ% ,
R THEA R BRREE  MERRER MR REWRIE  RAME  EEEEE R
PR A B Th ++ e e+ HH+ e+ - +H O
AEE AE03 + +H+ +H+ H+ - - +HH H
AE67 +H HH +HH HH +HH H HHH Ho
AE137 +H+ — +H+ A - - +HH H
AE111 — — — — — — — — —
AE169 +H+ - +H+ A - H - H
AE23 +H+ +H+ +H+ H+ - H - H
AE20 +H HH +H HH +HH +HH HHH H
AE44 — — — — — — — — —
AE151 +H — +H HH +HH +HH HHH H
AE175 +H HHH +H H H H HHH A
AE19%4 +H HHH +H H — +HH HHH H
AES0 +H HHH +HH H +HH +HH HHH H
AE181 — HH +H HH +H H + + +
FHEE AE120 + +H + +H +H + + +H
AE156 + — + +H+ ++ ++ + +
AE158 + ++ + + ++ + + +
AE174 + ++ + + ++ + +
AES56 + + + +H+ ++ + + +
AEST + + + +H+ ++ + + + +
AE04 — — — — — — — — —
AE179 + +Ht + + +H +H + + +
HHER AES1 + +Ht + et — +H + + +
WEE M AE63 + e+ + et +H Ht + + +
HKMAER AE05 + +HH +H+ +H+ H+ H++ + o
NEER AE18 + + + + +H Ht + + +
RN AEll +Ht + 4 +H — + + +H
AE19] +H +Ht +H +Ht +H +H + + +H
AE193 + +Ht +H +Ht +H +H + Ho
AE30 — — — — — — — — —
AE199 + HH +H +Ht +H +H +H + +H
%z AEl7 + HAH + HAH H+ H++ + + +
AE131 HH +H +Ht +H HH +H Ho
HEHE AER HH+ + +H + +++ + +
AE3 HHH + +H +H +H + +
AET7 + +H + +H +H +H +
AE192 + HHH + +H +H +H + +
AEI8 — — — — — — — -
AE132 +H HHH — HHH +HH HH + o
AE29 — — — — — — — -
AES7 + +H + +H +H
GBS | AES2 + +HH+ +H H++ +
NIRRT AES3 + + + + HH - +H O
HEMBHEE  AELL0 + e+ +H et +H H+ +HH + +H
WA AE02 + +HH+ +H +H+ + +H + +
FRRHE AR +HH+ +H +H+ + + + +
Rhizopus AE10 + HHH — - +HH HH — — —
Epicoccum AE34 +H HHH + +H +HH HH + + +
Neurospora AE06 + HHH + - +H HH + + +H
EAH AES$5 + +HH+ + + +H+ +H+ + + +

— TN R T 60%; ++9 60%~T70%; +++ 70%~80%; ++++H 80%~90%; +++++490%LL I,

—No antibacterial effect; + Less than 60%; ++ 60%—70%; +++ 70%—80%; ++++ 80%—90%; +++++ For over 90%.
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Bd X Fol xf Rs X1 Ce X g

Bd vs Th Fol vs Th

Cg T8

Fo2 XfH

Ss Xif &

Bs X Fs X8

Ss vs Th Bs vs Th Fs vs Th Fo2 vs Th

Bd-#i & EIE R Fol. Fo2-RIBHEITIH; Rs-3LRGLILTE; Co-RUFLMBIHT; ColRMURIAIN; Ss-IAHEIA: Bs-Z ML F i i i

Fs-J% Kk TI1 o

Bd-Botryosphaeria dothidea; Fol, Fo2-Fusarium oxysporum sensu; Rs-Rhizoctonia solani; Cc-Colletotrichum camelliae; Cg-Colletotrichum

gloeosporioides; Ss-Sclerotinia sclerotiorum; Bs-Bipolaris sorokiniana; Fs-Fusarium solani.

4 AE175 SRR E R HIHIAR
Fig. 4 Inhibitory effect of AE175 against various pathogens
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