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Abstract: The distribution and population differences of endophytic fungi in Amomum villosum Lour. from Xishuangbanna and
Maguan in Yunnan were studied,as well as their antioxidant and antibacterial potentials,in order to provide resources for the
acquisition of new naturally active metabolites. Here ,we isolated and purified endophytic fungi using plant tissue surface steri-
lization and identified them through ITS sequence analysis. Meanwhile , the activities of fermented endophytes culture extracts
against five strains of bacteria were determined using filtering paper method, and antioxidant activity was evaluated by assess-
ing the total reducing power, including scavenging activites based on DPPH radical and hydroxyl radical. As a result, a total of
77 strains of endophytic fungi were identified from A. villosum distributed in Xishuangbanna and Maguan, including 39 stains
isolated from Xishuangbanna A. villosum ,and 38 stains isolated from Maguan A. villosum. The dominant genera in Xishuang-
banna A. villosum were Penicillium , Colletotrichum , Xylaria , Daldinia ,and Diaporthe ,while the dominant genera in Maguan A.
villosum were Penicillium , Phanerochaete , Pyrenochaetopsts , Neopestalotiopsis, and Cladosporium. Additionally ,the Shannon di-
versity index,Simpson diversity index, and evenness of endophytic fungi in Maguan A. villosum were higher than those in
Xishuangbanna A. villosum ,and the Jaccard similarity coefficient between them was 0. 222 2. Strains BSR 18,BSR 32,BSR
34 ,and MSR 15 showed higher antibacterial activity ,while strains BSR 10 and BSR 18 had strong antioxidant activity. Our re-

search preliminary discussed the diversity of endophytic fungi form Xaishuangbanna and Maguan, and furthermore screened
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the activty of endophytic fungi from A. villosum. There were significant differences and affluent diversity among endophytic

fungi from A. villosum distributed in Xishuangbanna and Maguan. Therefore , strains with good antibacterial and antioxidant ac-

tivities could be used as sources of natural active compounds for further study.

Key words : Amomum villosum Lour. ;endophytic fungi;isolation and identification ; diversity analysis;biological activity

W ihE TR MR ), RPE U KR 2
2" H B R ER G R S A Y A B A. vil-
losum BT I BG5S, AT ARIBIT IR LR YS B
Rahamoshae o BRI ST 2 WD A 9 4R AT 1 A
Gy F B R PE R AT E RS B A, B UIE AR RS
PUE B UL PR BUR S BIE MDY AR
W2 mERET R P A,
v 75 1 LR R B D A o X

DA A R R B T BR A A S R 2 SR Y ok
A R R RN AR 32 1 R FR S
(VANGROS 78 LKA P NS R A T P o 4
HEARTR R SR 25 A P AR AR B8 T SCAN A I B N A LR
RS R S 7 e B 22 50 ol g An
TR 3 AR H R AR L B R R E 2R
SERREAT R R 25 R L N A BB R S AW AT
FERZMIAE SR, SN A K &K E AR
W= B WA E YRR . 2D A
B GG22 W] B (g ik b AR R S B AR AL S )
BRI BLR  PE 2 N B U104 RERE 5 1H S
ARLRS s AB L BLE Chaetomium sp. 5 15 T 48
WASHERAEMILE G R A TR E RS AS
FERPASREN SR . NAEEREERKBK
L FEHIE L T & AR R G, SR S5
PRS2 RE R =, a4 5 R
USSR R 4 it . b 5% 25 48 B9 N AR LR Nemania
sp. ] PR 5 1 AR A A () 26 D G B R
B N AL LB Albifimbria viridis YA A4 h
BT Xk LB A L EL A S B A FH %) 3 PN
Akt o L AT RI X e A S R
FLRA R ER R UEA T4 oA 2 3, [ A 25
R w43 B8 R 3 EL A 308 1 %) PRI AR A T A R AR B
SR TP T A P AR AR U

FHAAD () AU IR 0 i SRR A2 25 M T 31 22
H RGN R I RTEOE R P, 2 FE v SR A
K= BB RE A — o 22 50, el sE —
H 22 S R R K BR A0 1 AR ) 5 N AR TR ]
BIVE AL o ASBIFFE 43 51 LA VG XU 4 A1 5 56 AR AR
TRYBHERVE R A FE A4 RE, X HLAR (25 b3 2

FLRHEAT 43 B S, A3 A R LB T T b PR AR N 2R
FLI I Z R, ik — 2D R332 i B A A0 o 5T 110
2, [R50 A AN IT A7 N AR LT 8 R B 1
ZHEMAE
1 w57 Z®
1.1 s

PIAEA: BHARRD T 2021 4F 12 A 435k A = Fg
XURR 29 il it - i I B R 2 g S 5 O BN B,
Hiu SR BE B i T s 3 PH AR AR R 121 O B AR ART A
L, 28 B 2Bl B 24 P AR I AE 52 BT 2= 1 43 e ik
TNEE T 9 Bt X8 N HHF /Y Amomum villosum Lour.
BH AP AE Mk bR A< ( YI-SRO8 Fil YJ-SRO9 ) 1 {77 76
] = 2 2 Bt 24 HTAB ) IE 5 i 2 Pl 4 il i 24 o s B
T
1.2 #htEk

AT - 4 T 03 2 BRI (Staphylococcus aureus ,
ATCC6538 ). K M M W ( Escherichia coli,
ATCC25922) . Hf B 2F 7@ #1 ( Bacillus subtilis ,
ATCC6633) . 7= S 1% ¥F B ( Enterobacter aerogenes ,
ATCC13048) 1 ZE V0 1] R & ( Salmonella typhi, CM-
CC(B)50071) ¥t A 7™ 7R F AU A= Y RHBCA BR A
Ao
1.3 R

s (4L %5 : 20221005, 73 Br 4l ) L &R £ (1t
5:20211028 , 73 M2k (AR B (Hit45: P2079439 ,
ATal) BRER AR (Hi5: 20210807, 43 #r4l) L KA%
R (415 : P1372875,99% ) \30% i FAL 4 H B
IR AR A A s R (Y
P1926944 ,720 1U/mg) .2 , 2-FF 42 3ol 3L h 35 (31t
. Z6B8N-S0,97% ) . 11 5 1M 2 ( HE = P1552401
9% ) ERFEALH (Ht+5: P1586039,99% ) , =5 L1
(4t 7. P2067948, 99% ). = & fb Bk (4t T
P1599135,99% ) | W 2 &l — 4N . W W2 — &L 4M . 3 i
Wy EERESE Y | BB SE PR 20 DNA sl 42 3R]
¥ A i g AR A IR AT
1.4 LIH*
L4l AAERLEE Y E LA

Bt SRRV AE R DR, TS TAE & P ] 50%



1542 KIRF=YIBE R 5T K

Vol. 35

I UE R AN R 1 min, U PR, 1] 75% 1Y
SR, 2 min, B PR, T 25 0 R H 2R B Y
Koy L, R T THA, R ILE RS 3 ~
15 d, B KRG H LU GA TR VR I, B 1 TR s
FRlLH EAL 4 ~5 W, aifb B BDE S S0 58 42—
BT . BT — U UERE il B T TR KAV A
WEEHTCATAT B I A= 4, LAORAIE 53 2545 21 (19 B bk hy
WARRHITY W, Caifb kT PDA R E
A7
1.4.2 AAARMHET

P22 TR B 20k AR, 2 L DNA |, H] 1TS1
(5'-TCCGTAGGTGAACCTGCGG-3") #1 ITS4 (5'-TC-
CTCCGCTTATTGATATGC-3") #47 PCR §"##5 ., HE
AR A )RR BRZA W)X 47 3 25 3R R A0y,
J¥ Bt BLAST 402, iz | MEGA 7.0 i 48425k
( neighbor-joining methods, NJ ) | 3% F Kimura 2-pa-
rameter i 2544 F TR AR R G5 K B, JF LU A R
(bootstrap ) FEATREI , I FEUE A 1 000 ¥,
1.4.3 %t oW F ik
1.4.3.1  PNAEFEFZr B4R (isolation frequency,
IF) « AR A it B A b vh A () b 8 L T D3
HRHAXNIF = N /N x100% , N, Ky [F]—F 55
FLR I BREL, NV N B B HRE TF > 10% AL Fh
(Jg) ;1% <IF<10% Jy 5 WLAP (J&) 5 IF < 1% JH
AR CE)
1.4.3.2  FA-E 9 £ #1458 20 ( Shannon-Wiener
index, H') : FHUABFSE N A= LT AR 2 e G T
AR Y Z R IR ) Ay 1

=- ZPilnPi ,P,= N/N,P, FRRE ARG SR
iz

ML N, R B — MR E R MR, R, B
AR ZREIE G

1.4.3.3 %R ZHAESEL(Simpson, D) : HI T
TN EEFEZ AR T IR — RS R
ZRERAL TR ARX KD = 1- ) P HEE
IS O ~ 1, D B AHRLAE IS N AE B 2R .
1.4.3.4  FpZs 5] (species evenness,E) : Fn N
A LR RIS SRR A AN E = H'/InS,
S RIRFhMFH

1.4.3.5 AU R %L (Jaccard, C)) : HF LA A
7 PR PR ) 18] DA A= TR R S 2H R AR R AR B 3
BAAAN:Cp = j/(a+by),j o2 - HFDIL
A WA B EFECEUR R o P8BS AR A

A R AR R L, b B OC 7 PR AL Y A L T
I EER
1.4.4 W@ E®RMNZ
L4410 r il e

PRRRAZERR T ROK 3% 7 B vp 3 TR B 1 57 30 d
TR GRS A BUR R ZE T RS . B
BB HIBCAL 5. 0 mg/mL 1 FRF IV R, A X BR %
B R AP UAR R R BV s o AR T L IS 2
Pl T LB WA IR 38,37 CREGHEE 16 ~ 17 h K 3%
FRHBEEE NN 1 x10° ~1 x10° CFU/mL,
RPAS A R
1.4.4.2  J84C R MBI LR

B 200 WL % BRI 3 LB [EARRE 524 T, H
RIS IR IR 2l 25 B 20 L R DU M A 25
RIEWE e 542 6 mm W BIEIEACH L, fFria 5l
T S & TS TR [R A A R AR
FBE R AR R AR B X R, F 37 “C R R4
Hr 3% 24 b, bR RO 0GR B K, BT e 3
FE =R,
1.4.5 FAALELFN
1.4.5.1 DPPH H i 5Ei5BRAE J7 &

ZEFICK CEERCAL 0. 5 mg/mL A T4 H
B 1 mL RAFES WA 3 mL 0. 1 mmol/mL () DPPH %
WET 10 mL B0 4% E 30 min,5 000 r/min &
L>5 min, 7F 517 nm FISEWE GBS R A, . ¥ DPPH
WA TG K CBE S AR DN e WO B A, B
Ve WA HE 2 /K FE A AR I RO Ay o KT BR
BN AZ R v BE X E A T AR Lt R 4805 B o it 26
T ICs, f. BHMEXT BH Ve, Al —iXHEE R 3
W TR RIS RER

FhhE = [1-(4,-4,)/4,] x 100%
1.4.5.2 35 [ WA bRie e

EEMIK R 0.5 mg/mL WA H o
Bl mL R T 10 mL B0 P RO 1
mL 9 mmol/L [FJHE R LW AN 1 mL 9 mmol/L 1Y
KGR - C BRI, ¥ 5) a6 min, FEAIA 1 mL
HEAEE W #2495 2 500 r/min Z.0> 20 min, 7E
510 nm NUGEMCEE R A, o LK &S A
SN E WA A, TG /K 2B RE 1 W
WOCRE R Ay o W4T B 280 32 380 Wk B o B A7 AR
ARG M th Z 58 IC (6. VL Ve fE A
PEXTIR [ — iR A 3 L RIS AR S
DPPH [t 25 BR AR



Vol. 35 AT TR S [ 7 R0 P9 A LR A AT SR PRI 5 1543

1.4.5.3 ks g

REHIK CEEELE 0. 5 mg/mL (R4 H o
2.5 mL RS T 15 mL 208 AR A
2.5 mL 0.2 mol/mL pH = 6.6 {8 IREE 28 A i
2.5 mL 1% EZEALAER . IR EE T 50 C
KPR 20 min G EU  ERH . FNA 2.5 mL
10% ) =5 LR WL IR 2IJ5 2 000 r/min B.0> 10
min, B2 2.5 mL, KKINA 2.5 mL #4lik
0.5 mL 0. 1% () = FAALRIE W, ¥ 5] )5 /e 10
min, 7E 700 nm LI EW SR (A) , LA Ve 1B R FH
XAl — i FE R =R # Ve FIJE/K & BERL AR
W BE R R 0.005,0.01.,0. 02 .0. 04 .0.05.0. 1 mg/
mL [ RFIA R, 3 R D OB (A) L DL Ve Bk

FEE AR AR AR, AT ) T 1B (A) R D0 A A 222 1l
PRUERLE
2 RS54
2.1 PAEMHNEERLEEREEAK
2.1.1 HIRAMEASAEAGTLER

MAVE XURR 44 PH AP AR | 25 Fnnt g gs afi 4k
39 BRAA: FLEE, JLrP RS 18 Bk 25K 12 #k S 9
PR,EE N 13 H 23 BHOE 4 ARFFH 27 J& (&3
MARHE) o WK 707 B2 AT 85 R A
(WFE D), NAERERG LTI H ULE 1R
BSR 19 36-37 [H ITS ZRAIHL ST 97% , ASGeE
i b e 3 H TS AR ) .

R BVNMHAREVAERERSBEERBEX S EHRE

Table 1  Isolation, identification, and relative frequency of endophytic fungi from Xishuangbanna A. villosum
Btk Il N B & o3 B
Strain number Phyla Class Order Family Genus IF
THH] TR PAJRE T H MAR7eRE 1
BSR1-2 . . . 5.13
Ascomycota Sordariomycetes Hypocreales Nectriaceae Fusarium
. U
BSR 3 i ARER 2.56
Hypocreaceae Trichoderma
IS A oS i
BSR 4 -5 ﬁﬁﬂﬂ'f\/ﬂiﬂf )&D\%@E 513
incertae sedis Acremonium
BSR 6 2.56
HABH ZIL LU A
BSR 7 Xylariales Hypoxylaceae Annulohypoxylon 2.56
BSR 8 -9 RERTHR 5.13
Daldinia
BSR 10 ﬁfﬁlﬁﬂ Biscogniauxia 2.56
Xylariaceae
BSR 11 2.56
BSR 12 -13 ﬁﬁﬁ@ﬁ 5.13
Xylaria
REiS o i e A= N
BSR 1415 WALER B S TR S 13
Sporocadaceae Neopestalotiopsis
BSR 16 MﬁZ—{ZﬂE 2.56
Pestalotiopsis
BSR 17 — 18 IF] 5% o H R e I e e I 513
Diaporthales Diaporthaceae Diaporthe
KAl EEFE H ELRE5ERE RIE7e
BSR 19 . 2.56
Magnaporthales Magnaporthaceae ~ Gaeumannomyces
FUIE,
BSR 20 Pyriculariaceae Aﬁ/@‘}% 2.56
Pyricularia
MR INAGERE ROV
BSR 21 -24 Glomerellales Glomerellaceae Colletotrichum 10.26
BSR 25 RES Malaysiasca 2.56

Hifsi K78 incertae sedis
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Bk = | «N H B & GY B
Strain number Phyla Class Order Family Genus IF
. T J3E BE TR 4 I R M TR H LigeEe s LA
BSR 26 . . . . 2.56
Ascomycota Dothideomycetes Botryosphaeriales Phyllostictaceae Phyllosticta
BSR 27 e st H . ﬁmg@{&ﬁﬂ’ Montagnula 2.56
Pleosporales Didymosphaeriaceae
S T 7 T e [
BSR 28 AR DRI 8 8 2.56
Leptosphaeriaceae Leptosphaeria
BSR 29 2.56
=3 = 4 b s
b 30 AR % S ) s6
Didymellaceae Phoma
BSR 31 Cladosporiales Cladosporiaceae Cladosporium 2.56
;s e o UG
BSR 32 - 35 R REHE sl kadele 10.26
Eurotiomycetes Eurotiales Aspergillaceae Penicillium
HJE R H MEETER SMEE R
BSR 36 Chaetothyriales Herpotrichiellaceae Exophiala 2.56
T T 2 FNEH ISR PNy (SEEFA )
BSR 37 . . . 2.56
Leotiomycetes Helotiales Rutstroemiaceae Lambertella
. TEE] BEEN BHEH BEER TEHER
BSR 38 2.56
Mucoromycota Mucoromycetes Mucorales Mucoraceae Mucor
HFHI] AT LI%5H e fELAR 2 TR R NN
BSR 39 L . - . 2.56
Basidiomycota Agaricomycetes Russulales Peniophoraceae Peniophora

2.1.2 LEAMANRNAELBLYR
M FHBERMAR LR rh e gl fb H 38 kR

J&) o ARUER PR T AW e AT A R E (LR
2) ,WAE R R Gk H s WAL 2 (R MSR
AL, RS 18 Bk ZEFE 9 R (HEE 11 Bk, U9 9 MSR 14 \MSR 23 [ ITS RIAMBEMR T 97% , A
JEA 1S H 24 BHCE 3 ARMB30 JECH 2 ARA REMERRHE LLXT R HATE M) o

x2 DXHEFEVANEEFSBLEEREXSBEME

Table 2 Isolation, identification , and relative frequency of endophytic fungi from Maguan A. villosum
kS Il XN H F J& Y B
Strain number Phyla Class Order Family Genus IF
SR 1 2 TAEHI ] TAHH s BALEH AES TR s 2
Ascomycota Sordariomycetes Xylariales Sporocadaceae Neopestalotiopsis ’
MSR 3 Microdochiaceae 1;%@-’_‘}@@ 2.63
Microdochium
MSR 4 Hypoxylaceae TR 2.63
Hypoxylon
I\ N e oy
VSR 5 SRAIRIE Hansfordia 2.63
incertae sedis
F 2 [ =R F 2h) [ 2
VS 6 MR RURR ) e
Apiosporaceae Apiospora
VISR 7 Sl IR 2.63
Xylariaceae
MSR 8 Ji 2.63

Xylaria
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2:5% 2 ( Continued Tab. 2)

Bk = Il «N H B & GY B
Strain number Phyla Class Order Family Genus IF
THHI] TR HAAB H [ FL7ER} BERTR
MSR 9 . . . 2.63
Ascomycota Sordariomycetes Xylariales Sporocadaceae Nemania
MSR 10 ~ 11 WEEETH MAFER R R 5.26
Hypocreales Nectriaceae Fusarium
MSR 12 Gliocladiopsis 2.63
VSR 13 P EF AR 2.63
Hypocreaceae Trichoderma
e
VSR 14 ARG B 2.63
incertae sedis Acremonium
IAFEH INAFER} PUEER{0Y]
MSR 15 16 Glomerellales Glomerellaceae Colletotrichum 5.26
[ A2 72 T H lia] JAE 7 I J4E 7 )
VSR 17 Diaporthales Diaporthaceae Diaporthe 2.63
I 7= EAR
MSR 18 KA H Pyriculariaceae *ﬁ/@ﬁ 2.63
Magnaporthales : Pyricularia
JEFE TR 2N o GEIES &
VISR 19 -20 Dothideomycetes Cladosporiales Cladosporiaceae Cladosporium 5.26
MSR 21 i f i H Periconiaceae ™ }@ﬁ}ﬁ 2.63
Pleosporales Periconia
VSR 22 3 T BB s 2
Pleosporineae Pyrenochaetopsis
MSR 24 EAER 2.63
Phoma
S 25 IR SRR P ) o
Mycosphaerellales  Mycosphaerellaceae Zasmidium
VSR 26 FHIER 2.63
Cercospora
i R M TR H R iR
VISR 27 Botryosphaeriales Phyllostictaceae Phyllosticta 2.63
MSR 28 REREH IERFEHLAL Bamettozyma 2.63
Saccharomycetes Phaffomycetaceae
ey s Ty =
MSR 29 - 31 M4 Ladaly MR ke 7.89
Eurotiomycetes Eurotiales Aspergillaceae Penicillium
Vi 32 BT r LiLHH AR T -
Basidiomycota Agaricomycetes Polyporales Phanerochaetaceae Bjerkandera T
MSR 33 -34 P 5.26
Phanerochaete
MSR 35 2.63
G B R 26 G
MSR 36 #@E R ﬂm#ﬁ 2. 63
Agaricales Entolomataceae Clitopilus
. ZrasH Fea FR AR R RN
MSR 37 - . 2.63
Russulales Peniophoraceae Peniophora
. BEAEA R A EANZ NN
MSR 38 2.63
Hymenochaetales ~ Hymenochaetaceae Pyrrhoderma
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12 Colletotrichum siamense MT434640
Coll ichum q landi MK298316
Colletotrichum sp. BSR22
Colletotrichum fructicola MT470539
Colletotrichum sp. BSR21
Colletotrichum sp. BSR24
Colletotrichum sp. BSR23
Colletotrichum brevisporum MH883805
Malaysiasca sp. BSR25
99 Malaysiasca sp. ON000542
100 Trichoderma sp. BSR3
—E Trichoderma spirale MN227543
61 Acremonium sp. BSR4
Acremonium furcatum LR026713
99 Acremonium sp. BSRS
98 Acremonium antarcticumKT315398
72 Fusarium sp. BSR1
Fusarium oxysporum ON950392
Fusarium sp. BSR2
73 Fusarium sp. KX496875
100 Biscogniauxia sp. BSR10
E Biscogniauxiapetrensis MK944283
73 Daldinia sp. BSR8
99 Daldinia eschscholtziiMT507840
Daldinia sp. BSR9
73 Daldinia eschscholtzii ON677885
29 Xylaria sp. ON072551
68 Xylaria sp. BSR12
Xylaria gr ica MK247808
Xylaria sp. BSR13
Pestalotiopsis sp. BSR16
Pestalotiopsis sp. MT211378
Neopestalotiopsis sp. BSR14
Neopestalotiopsis sp.MT322103
Neopestalotiopsis sp. BSR15
25 Neopestalotiopsis sp.MT322112
90 Diaporthe sp. BSR17
99 Diaporthe sp.MT278343
1 Diaporthe sp. BSR18
89 Diaporthe shennongjiaensis KY400797
29 99 Gaeumannomyces sp. BSR19
G wees australiensis NR155133
Pyricularia sp. BSR20
Pyricularia costina AY265328
Lambertella sp. BSR37
Lambertella sp. AY348595
Cladosporium sp. BSR31
Cladosporium austroafricanum MT378416
Phyliostictasp. BSR26
Phyllosti pitalensisMK247351
Penicillium sp. BSR32
Penicillium sp.MK267915
Penicillium sp. BSR33
Penicillium sp. MT273947
Penicillium sp. BSR34
Penicillium sp. MT606199
Penicillium sp. BSR35
Penicillium adametzioides MG696883
Exophiala sp. BSR36
Exophiala cancerae MH063062
Montagnula sp. BSR27
11 Montagnula scabiosae MW081285
100 Leptosphaeria sp. BSR28
9 Leptosphaeria sp. HM042314
93 Cucurbitariaceae sp. BSR29
Cucurbitariaceae sp. MW528557
88 Phoma sp. BSR30
100 Phoma sp. KY555023
— Hypocreales sp. BSR6
99 — Hypocreales sp.HQ596921
100 Mucor sp. BSR38
Mucorvariicolumellatus MT124621
86 Peniophora sp. BSR39
99 Peniophora incarnata K1668499
100 Annulohypoxylon sp. BSR7
Annulohypoxylon nitens KC968927
100 Xylariaceae sp. BSR11
97 Xylariaceae sp. KP747707

87

99

1 ETFITS FANANRAREDNEERRELBHELI T
Fig. 1 Phyogenetic analysis of rDNA-ITS sequences of endophytic fungi separated from Xishuangbanna A. villosum
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74

Xylaria sp. MSR8

Xylaria xanthinovelutina MH425284
Nemania sp. MSR9

Nemania serpens MN844431
Hansfordia sp. MSRS

Hansfordia pulvinata MK442586
Hypoxylon sp. MSR4

Hypoxylon monticulosum KC968939
Xylariaceae sp. MSR7

Xvlariaceae sp. KX869938
Microdochium sp. MSR3
Microdochium fisheri MH371473
Apiospora sp. MSR6

Apiospora arundinis MN592958

Ne I is sp. MSR1

P P

N lotiopsis sp. MT322103

Neopestalotiopsis sp. MSR2
gioni ooy

N A Il
1

KM199363

Colletotrichum sp. MSR16

Fusarium sp. MSR11

Fusarium graminearum ON054308
Fusarium sp. MSR10

Fusarium concentricum MN341307
Gliocladiopsis sp. MSR12
Gliocladiopsis sp. MK304327
Trichoderma sp. MSR13
Trichoderma harzianum MT341774
Acremonium sp. MSR 14
Acremonium sp. MH860486
Diaporthe sp. MSR17

Diaporthe sp. MK942683

94

91

99

100

Pyricularia sp. MSR18
Pyricularia costina AY265327
Cladosporium sp. MSR20
Cladosporium austroafri
Cladosporium
Cladosporium sp. MSR19
100 Zasmidium sp. MSR25
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100
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Periconia byssoides MK304080
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99

Fig. 2

100

100 —— Barnettozyma vustinii KY 101736
1

00 Peniophora sp. MSR37
Peniophora incarnata KJ668499
00 Clitopilus sp. MSR36

Clitopilus hobsonii MN523234
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Phyogenetic analysis of rDNA-ITS sequences of endophytic fungi separated from Maguan A. villosum
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2.1.3  mdlakay i A A E AR

LRI 1 RNER 2 AL, MR A = R PE RURR
AN D I DX BH AR AR 2R 2 g
PAFTT BRNA . T BBRORT , 1Y RN 5
LR PR N AR L L R e —E 22 57, 7Y
KRR FHARAD v 53 A0 58 B v IR TR O Penicillium
H1 Colletotrichum , /5 M FHBEECH) 10. 26% , Hk =2 5
B MRS 5. 13% 1) Xylaria . Daldinia . Diaporthe %5 ;
M L5 5 B 25 i o0 15 000 238 B 5 B 2 Penicillium, Y
S HREC) 7. 89% , HR g2 5 R TE MR AL S. 26% 11
Phanerochaete . Pyrenochaetopsis . Neopestalotiopsis Fll
Cladosporium , i I VG XURUEN F1 5L 5 BB RS N A B
AL A —E 22 51

SR FORF,TT bR AR B O3 A e TR )
( Ascomycota) . 1 T # | ] ( Basidiomycota ) 1 5% [#
I'T( Mucoromycota ) , v FFE R [T PLHETTIE,
AN 88.31% (68/77) o Horh T HE R 4 L H 4,
43 B, 73BN 55. 84% A dE R M B A EETE
H NAGE ] JEEFe T H A5 5 JRE 4 T 493k 16 Bk, 73

BN 20, 78% AL KRR S H AL R H A A
VW T E A TR TR A A 8 Bk, 4 BN 10.39%
ARG H ARG 52 B BEHEHN 1R, 7 B R
Mk, R 1.30% , Rk W H . @M
BN 10.39% (8/77) ,8 BRI - 4N, L4545 5
LE B ZHLWH 2k HMw H; BEE 155
BRI, 1.30% (1/77) , N BERENH, WFE
KV L&, A R WA E .
2.2 EEVHNEERSHN

X PR AR AR ZE R = SN 4
Iy AR N A BRI Z R T B, S5 R L3R 3,
ST B SEE I TT SRR AR 36 4>, 25 21 4>, 120
Ao PHERPHLER ZEFRA 50 H' 435124 3.029 9
2.682 0 F12.595 4, AN AR ZEH AN IR Y D
43514 0.9429 .0.949 0 F10.876 5, 45 F3W] 41 .
SRR = AN B N A B AR — E 22
HAEF A AR, A AR N A LT A 2
Bz il SAHENABFEE H R D 435
73.485 1 $10.965 6,

®3 MHEUARALABLNEEESHE

Table 3  Diversity of endophytic fungi from different tissues of A. villosum

e 5 5 " Nobes of
Taxon Root Stem Leaf cpame ohants
B IR Fusarium 4 _ _ 4
W 2B R Phyllosticta 1 _ . 5
AW & Trichoderma 2 - - 2
Montagnula 1 _ _ 1
Biscogniausia 1 _ _ |
[E] FE 7 )& Diaporthe 2 1 - 3
2B Daldinia 1 1 _ 2
HHEWE Penicillium 4 2 1 7
SERFETLE Zasmidium - 1 _ 1
K JE Acremonium 2 1 _ 3
FURZ BB Neopestalotiopsis 3 1 _ 4
PR 22 AR 8L TR Lambertella 1 _ _ 1
YNHFER Exophiala 1 _ _ 1
RIIHEFE B Gaeumannomyces 1 _ _ 1
Hypocreales _ | _ |
Pleosporales — 1 _ 1
LIS AT Annulohypoxylon - 1 _ 1
INERIVE BB Leptosphaeria - 1 _ |
Wil 1)E Colletotrichum 2 _ 4 6
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%23 3 ( Continued Tab. 3)
o
SR i % ) ;Jj\ﬁb%ﬁf
Taxon Root Stem Leaf ’

separated plants

UL Z EHUR Pestalotiopsis
Malaysiasca

ZUVHIR Pyricularia
TEHLE Microdochium
Gliocladiopsis
HUSEALJE Pyrenochaetopsis
B & Hypoxylon
Hansfordia

B HFRJE Periconia
FLH 5T Apiospora
Barnettozyma

FEAEE Cercospora
Xylariaceae

R JE Nemania
Fif )& Cladosporium
LB Phoma
RS Xylaria
FE{EAR YR Peniophora
FHaAJE Clitopilus
JRE B )R Bjerkandera

21 % LW s Pyrrhoderma
Polyporales

T & Phanerochaete

R W R Mucor
FLA A B 2 BEBL Total isolated fungus
group number

S
H
D

3.029 9

0.942 9

- - 1 1
- - 1 1
- - 2 2

1 - - 1

1 - - 1
36 21 20 71
24 18 13 43
2.6820

2.595 4 3.4851

0.949 0 0.876 5 0.965 6

T —" FORAE B AR A LU T R 7 B A5 2% N AR FLA

Note: “—" indicates that the endophytic fungus is not isolated from corresponding tissues of A. villosum.

M 4 Al SO AR N AR B H O
3.271 8,D 3 0.963 2 ¥ TP XU FHEBS N 2R
L, H 3111 5,D 24 0.953 1,28 5% =X
FHAF D PN AR ECRR 2 22 R PR PG XU 7™ X R
MBI X BB S R, B R E 9 0.899 4,
LR TR . Bedh, B S HPY XN P10 A
AHER C; 4 0.222 2, J8 THROAF IR, Ui M
M B0 A A LR AT A B 3 22 Sk
2.3 BREVNEEELEDEENE

P32 S Al A, LR A oA A 29 RREHFRRD N AR

PRR I 22 B B0 RV R G v o = e A 1 (] e L
A PR R P9 A BB 2 B, AR BSR 18 Hla 16 14
AR 5 X T AR 20 R [ B R R A 1L B, bR
BSR 32 1l 76 P e 5 o — Ak 41 TR 2 BT w4 FH 19
16 B o X R 0 il 7 FH e i B A BSR 34,
XoF Aty R ZEARLFT TR A0 AR FH 5 1) TR BR 4 BSR 32 A
MSR 15, %5 75 FE V0 171 TG B 30 1) 4 HH B 5 19 B ko
BSR 10 1 BSR 32, i FF 47 BA Pk & e %oF 4 o €60 7
2R DR RN 7 ST DR A 3 P AN
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Table 4  Diversity index of endophytic fungi in A. villosum from different sampling sites

SURTA B R SEA RS
Index of diversity E

RAEH

< . . Total number of
Sampling site

fungal isolated groups

H' D
] 4
.V_LIXXH&/W 39 3.1115 0.953 1 0.849 3
Xishuangbanna
RN 38 3.2718 0.963 2 0.899 4
Maguan

RS NEERREBESYRNEEE
Table 5 Bacteriostatic activity of endophytic fermentation products

A A% (AR 1) T (BATEXT IR )

Witkdms SR OMEEEKE  KBTR REFRATE  ERTIIRE R

Strain number S. aureus E. coli B. subtilis S. typhi E. aerogenes (pizrizz)rzzztill) (negﬁf\t':a:o(ﬁtrol)
BSR 2 - - - - + + 4+ + -
BSR 10 - + - + + + - + + + -
BSR 11 + - - - - + 4+ + -
BSR 18 + + + + + + - - + 4+ + -
BSR 22 + - - - - + 4+ + -
BSR 23 - - - - + + 4+ + -
BSR 26 + - + - - F o4+ _
BSR 29 + - - - - + 4+ + -
BSR 30 + + + + - - + + + -
BSR 32 - - + 4+ + ++ + - + o+ + -
BSR 33 - - + + - + + + + -
BSR 34 - + 4+ + - + - + 4+ + -
BSR 37 - + - - - ++ + -
MSR 3 - - - + + + ++ + -
MSR 4 + - - - - + + + -
MSR 6 - - - + - + o+ o+ _
MSR 8 + + - - - - + + + -
MSR 10 - - - - + + + + -
MSR 11 - + - + + - + + + -
MSR 13 + - - - + ++ + -
MSR 15 - - + 4+ + - - + 4+ + -
MSR 20 - - + - + + o+ o+ -
MSR 24 - + - - - + 4+ + -
MSR 25 - + - - - + 4+ + -
MSR 30 + - - - - + 4+ + -
MSR 31 - + + + - - + 4+ + —
MSR 32 - + - - - + 4+ + -
MSR 34 - - - - + + 4+ + -
MSR 35 + + - - - + + 4+ + -

F—"RRMEE ER6 mm,“ + " FmMEE EHR6 ~8 mm,“ + + " TARMFEBEEALS ~10 mm,“ + + + " FmnMEE EAZ >10 mm,
Note: “—" indicates that the diameter of bacteriostatic zone is 6 mm,“ + " indicates that the diameter of bacteriostatic zone is 6 ~8 mm,“ + +” indi-

cates that the diameter of bacteriostatic zone is 8 ~10 mm,and “ + + +” indicates that the diameter of bacteriostatic zone is > 10 mm.
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2.4 NEEREXBYHIENLEE
2.4.1 DPPH B &k #Frkse

H 6 FIH, BR 43 H B OCBH &R MSR 5 Al
MSR 22 &), HoAth 77 Bk A= B & B 4% DPPH
F BRI — R B S R 4, Hid BSR 10 Al
BSR 18 #5515 F %4 1 Sk 84. 87% F1 81. 34% ,
ICs fHA 5 R 71. 17 F184.12 pg/mL, 43 )& T Biscog-
niauxia A1 Diaporthe J& , B f BSR 10 I TR %8,
BSR 18 SR iE 25355,
2.4.2 HAadikF

I 6 AT, 77 BRI AE LT A EYD N 58 R
BRI — R R BR A M, P R R i
80% MR MEA 7 B, 4354 BSR 2 . BSR 11 MSR 11,
MSR 16 \MSR 19 .MSR 21 ,MSR 28, i [§ 4K vk Ny
84.95% . 90. 68% . 87. 56% ., 86. 69% . 83. 05% .
87.03% .88.98% ,1C., & 4% % H 88. 66 .57. 23 82.

/\Al’.

60 .81.72 .81.46 .,69.55.66.71 wg/mL, 5 Fusar-
ium  Xylariaceae | Colletotrichum , Cladosporium . Perico-
nia .Barnettozyma J& , B AR MSR 28 iR T-255, H
AR 6 BRRIETARER
2.4.3 EBARAN

1 6 W J1,77 BRI AE R R R R B —
FEFEE RS U P iR R C Rt 16 pe/
mL B 9 £, 435124 BSR 10 BSR 18 .BSR 22,
BSR 32 MSR 1 MSR 13 MSR 23 MSR 27 MSR 31,
Y2 C Y RKICA 16. 50 ,16. 82,22, 96 ,20. 42
16.36.16. 86, 17. 04 . 19. 89, 16. 35 ug/mL, fI 45
Biscogniauxia , Diaporthe . Colletotrichum . Penicillium |
Neopestalotiopsis , Trichoderma , Pyrenochaetopsis , Phyl-
losticta J& . TE ¥k BSR 18 Fl1 MSR 23 g i T 2535,
BSR 22 \MSR 27 il MSR 31 S5 F 13, oAy 4 b
HIETHER

®6 NEERABSYHRAENLEGE

Table 6  Antioxidant activity of endophytic fermentation products

A R

N 2 s e

bk [r))IPI;rII {iﬁi " I-%dro[fjl}: Total R 11;1;1;1:1 (:lgéj Hydroxyl radical Tolillre)?uzjing

Strain number scavenging radical scavenging redum'n & Strain scavenging rate seavenging capacity

rate( % ) rate(% ) capacily number (%) rate (pg/mL)
(pg/mL) (%)

0.5 mg/mL Ve 96.12 + 0.31 98.77 = 0.11 - BSR 39 17.19 + 0.48 37.65 = 0.78 6.18 + 0.28
BSR 1 28.91 + 2.37 54.27 = 1.44 10.50 + 0.12 MSR 1 36.61 + 0.80 27.94 + 2.59 16.36 + 0.65
BSR 2 13.07 + 0.36  84.95 = 1.80 9.47 = 0.26 MSR 2 4.04 £0.20 75.46 =+ 2.50 7.15 £ 0.75
BSR 3 21.02 = 0.67 14.99 = 1.00 7.28 = 0.95 MSR 3 71.82 + 0.35 67.29 = 1.13 12.01 + 0.37
BSR 4 23.63 + 1.27 34.12 £ 0.62 11.07 = 0.31 MSR 4 49.75 £ 1.97 75.18 + 1.95 9.09 + 0.49
BSR 5 10.94 + 0.57 43.62 = 1.50 5.17 = 0.30 MSR 5 0.00 = 0.00 10.25 = 0.98 8.82 + 0.39
BSR 6 12.37 £ 0.33  16.84 + 1.05 6.68 + 0.54 MSR 6 9.76 + 0.27 74.39 + 0.98 14.78 + 0.52
BSR 7 33.81 + 0.36 25.78 + 0.61 9.66 = 0.30 MSR 7 40.53 £ 0.22 62.12 £ 0.79 13.97 + 0.32
BSR 8 23.04 £ 0.78 20.49 +1.62 5.90 +0.18 MSR 8 6.79 = 0.35 43.23 = 1.26 11.81 = 0.91
BSR 9 18.14 + 0.37 18.18 = 1.07 5.74 = 0.04 MSR 9 8.40 = 0.66 67.27 + 1.78 8.03 + 0.40
BSR 10 84.87 +0.90 68.23 +2.88 16.50 + 0.71 MSR 10 2.71 = 0.33 79.19 + 1.13 10.86 + 1.05
BSR 11 13.98 £ 0.57 90.68 +2.02 8.19 + 0.35 MSR 11 8.70 £ 0.58 87.56 + 1.59  10.54 = 0.53
BSR 12 3.20 £ 0.62  20.04 = 0.97 5.22 +0.14 MSR 12 14.72 + 1.24 54.58 = 1.97 9.49 + 0.70
BSR 13 4.63 +0.71 35.95 £+ 4.00 5.55 = 0.06 MSR 13 60.98 + 0.70 71.34 = 1.41 16.86 + 0.79
BSR 14 7.72 + 0.87 19.72 + 1.32 7.67 + 0.73 MSR 14 38.32 + 1.01 60.23 + 0.98 10.18 + 0.40
BSR 15 11.20 = 0.09 32.36 + 1.68 6.06 + 0.14 MSR 15 38.20 = 1.69 73.89 + 1.77 10.18 + 1.10
BSR 16 23.11 + 0.64 41.45 = 1.49 9.63 = 0.37 MSR 16 77.05 + 0.56  86.69 =+ 1.28 10.61 + 0.77
BSR 17 24.25 + 0.67 23.01 = 2.03 7.65 = 0.27 MSR 17 21.36 + 0.78 73.21 = 1.62 9.13 + 0.60
BSR 18 81.34 £ 0.50 32.41 +=1.63 16.82 = 0.17 MSR 18 25.96 = 1.31 37.32 +2.03 13.95 = 0.74
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2% 6( Continued Tab. 6)
oepitigp g SRR o PEIRE g,
B2 DPPH radical Hydroxyl ) , DPPH radical Al Total reducing
Strain number scavenging  radical scavenging " UCin8 Strain scavenging rate o o B8 capacity
ate (% ) ate( % ) capacity number (%) rate (pg/ml)
(pg/mL) (%)
BSR 19 23.11 +0.36 59.31 +0.82 7.75 0.14 MSR 19 34.14 £ 0.92 83.05 + 0.52  12.46 + 0.80
BSR 20 2713 + 018 65.44 +3.23 10.58 + 0.15 MSR 20 9.21 +0.83 25.93 +1.79 13.15 = 1.23
BSR 21 26.32 +0.52 43.11 +2.41 11.03 + 0.08 MSR 21 25.17 +0.92 87.03 + 1.12  11.19 = 0.39
BSR 22 31.53 +2.81 5144 +3.75 22.96 + 0.40 VSR 22 0.00 £ 0.00 16.46 = 1.21  12.35 % 0.82
BSR 23 15.32 £ 0.19  46.32 = 3.25 13.68 = 1.34 MSR 23 34.36 + 0.86  60.24 + 1.54  17.04 + 0.73
BSR 24 6.16 + 0.67 58.38 = 1.58 10.87 = 0.02 MSR 24 7.37 £ 0.81  68.78 = 0.98  8.42 + 0.75
BSR 25 7.39 £0.19  34.64 £0.95 8.08 +0.10 MSR 25 7177 + 0.14  69.44 + 0.98  9.57 + 0.67
BSR 26 33.76 + 1,17 25.26 + 0.82  10.57 + 0.27 MSR 26 2212 +0.88 1532 +2.02  10.62 = 1.11
BSR 27 25.65 + 0.53 30.35 +3.49 7.47 = 0.32 MSR 27 52.89 + 1.40 18.41 + 1.47  19.89 = 0.43
BSR 28 25.22 + 1.53  27.50 + 0.71  5.93 = 0.10 MSR 28 64.38 +0.65 88.98 + 1.47  9.97 = 0.24
BSR 29 10.76 +2.29 23.91 % 1.75 5.94 = 0.29 MSR 29 50.10 + 0.58 64.63 + 1.90  10.68 = 0.89
BSR 30 7.61 +2.55 75.50 £ 1.00 7.32 + 0.3 MSR 30 33.38 £ 0.22 73.71 £ 1.30  12.90 = 1.40
BSR 31 1.82 +0.43 7411 + 1.77  6.84 + 0.27 MSR 31 70.41 +0.36  76.05 + 1.21  16.35 = 0.36
BSR 32 36.02 + 0.65 31.37 + 0.53 20.42 + 0.40 VISR 32 9.52 £0.60 19.41 0.97 12.92 + 0.90
BSR 33 19.32 + 0.39  41.05 = 1.49 12.73 + 0.28 MSR 33 9.32 £ 2.01 21.23 £ 1.02  4.41 = 0.36
BSR 34 27.88 + 1.14  24.84 = 0.75 12.06 + 0.43 MSR 34 14.42 £ 1.79  20.26 + 1.16  7.24 + 0.50
BSR 35 27.91 +0.31  50.72 = 1.21 14.30 + 0.56 MSR 35 31.06 + 1.32 6.45 +0.16  11.41 + 0.80
BSR 36 28.30 + 0.95 27.45 +2.02 10.65 + 0.28 MSR 36 9.79 £ 0.97 28.00 +1.92  8.27 + 1.15
BSR 37 28.91 + 0.59 44.82 + 1.00 11.53 + 0.64 MSR 37 18.31 + 0.51 29.36 = 1.89  11.85 +0.81
BSR 38 22,63 +2.54 7.14 £0.42  15.72 £ 0.72 MSR 38 9.37 + 1.50  23.21 +2.81  7.43 = 0.41

3 e E&R

KT A LB 7 T A5 © A 4 fiE
Xiao 25 M HLBE T 1 2R B 45 T FH R 00 1 5 1 0
KT BHAE D ZE R N AR U Y 25 Sk S5 AR R
HWAERERE L, HAE 25, % AA RIH
AL TR AR , AEL Bt 2 5% AR PR A T 4 G 9 B 5
Cao 25" f5 PN AR FUH R IR B DI BEAE DI A S, L =
FAZLIA] 77 DX BH D S T 6 52, FEAR IR & AT 8
PRy 2k F B BT R R 11 5 Zhang 25617 (00 B A0
WA BRI T TR 00T . ARSLK X =/ P
XA A R S R A i X P AR DR ZE R4 P A
BT T B e, 3L 77 Bk, AR O 18 H 35 B}
(& T AKRAF 44 )8 (S RS ARFE A
A ET RN AL R R A AR D X = ]
LRI AT LA R B, P NUR AN 5 S PR RD N A
FLA RS TR AL SR B I L O R E 22 5 . )
Ab, T3 X BHAE D N A B TR R 2 R 5K P U

WX, FARNSE AR AR 16 A AR
iy 22 SR i — 2 M S H R

WM RIAVE R IF & EAM T AT AR HI 5 1) >k
Wiz —, Cao 2 ™ 341 T A BD - FIAT 2 B4R U
X H ULAR T AR A ] 2 2R R W L R A
o0 < (7 e R TR AT ) ROR B 0, RV L AR
YU Xt A 55 2 LT T A 40 50 0 R B 4 5 Cao 2671 0
R IR it A T AR JBCH T DR A BT P 410 T 55
SRR 3 MK S ) 0 g PR 460G bR < 0, 8 4 2K
AL AT A A 5 Tang 4621 % B3R 40 80 4R
FEW) R B B AR SRS M. 381, Zhang
22 )W~ N A ELT Letendraea helminthicola A696
IR = b KT — A a2 &
Y. BT BRWE, ABEEE R DPPH B il BTE R
R R BRALEGE S5 SR AT T B P
JRAA AN B SC BRAAD vh JRAT Y 77 BN Az LA R L
S PTAAL IR, JF i i AR R P TR
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