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R AT Malassezia furfur ¥ CEERTE Candida albicans A MG VERI AR )15 S 808 96. 67%. 100. 00% .
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Species diversity of endophytic fungi from Anemarrhena asphodeloides
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Abstract: The study investigated the diversity of endophytic fungi in the roots, stems and leaves of the
medicinal plant Anemarrhena asphodeloides and the antimicrobial activity of their secondary metabo-

lites provide references for discovering new potent antimycotics against opportunistic pathogenic yeasts
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and dermatophytes. Samples of roots, stems and leaves of 5 healthy wild 4. asphodeloides plants were
collected from the Taihang Mountain in Hebei Province. The endophytic fungi of A. asphodeloides
were isolated by tissue block isolation method , and were identified by morphological and molecular
biological methods. The antimicrobial activity of opportunistic pathogenic yeasts and dermatophytes of
endophytic fungi were studied by the agar diffusion and mycelial growth inhibition methods, respec-
tively. A total of 438 isolates of endophytic fungi were isolated from A. asphodeloides tissues, these
isolates belong to 23 genera. The colonization rate of the endophytic fungi in the roots, stems and
leaves were 99.33%, 74.00% and 47.33% respectively. Fusarium (60.29%) and Setophoma
(33.97% ) were the dominant genera in the roots, Fusarium(91. 50%)and Clonostachys(7. 19%)were
the dominant genera in the stems, and Fusarium(35. 53%)and Alternaria (14. 47%)were the dominant
genera in the leaves. The Shannon diversity index shows that the species diversity in leaves is the highest,
followed by roots and stems. The antibacterial results of 30 representative strains by performing
fermentation broth showed that: 96. 77% , 100. 00% , 100. 00% , 3.33% and 3. 33% of the isolated
endophytic fungi had inhibitory activity against Microsporum canis, Trichophyton rubrum, Trichospo-
ron mucoides , Malassezia furfur and Candida albicans, respectively. Among them, the strain ZMR35
has a strong inhibitory activity against four kinds of superficial fungi. The inhibition rates of the
fermentation broth of strain ZML33 against Microsporum canis, Trichophyton rubrum, Trichosporon
mucoides were all higher than 70%. The results indicated that the species diversity of A. asphodeloides
endophytic fungi was rich and the colonization of these species showed tissue specificity. Two of the
strains ZMR35 and ZML33 exhibited significant inhibitory effects on a variety of superficial pathogenic
fungi in vitro. Our results indicate that the secondary metabolites produced by the endophytic fungi of
A. asphodeloides can be used as natural drug candidates for the treatment of superficial mycosis.
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Te M AE LR T R mE . B oSS S 8 TR
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TRUR Y, R 25 AR IR B R SRR A
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AT REE N AR LR Y 22 RE R, O R H A IR R 2T
OEEE R . R/ T Microsporum canis . BilEE
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canis ., ZLOTFEWEE Trichophyton rubrum . FiEE
F W Trichosporon mucoides . ¥t 57 (4 1 Malas-
sezia furfur. O ERE Candida albicans, Wk
H AR R o I AR o 5 s e S
113 &0 5[4 (ITS1 M 1TS4) . DNA-
Marker, £ TAEY) T (L) B A RA R ; PCR
TR 2xProTaq Master Mix (dye plus) , 75 3L F)
it W) TARA FRZA W 5 LA DNA /N B0 &
HiPure Fungal DNA Mini Kit, Magen/A#]; 8%
H A E R (PDA) AR (PDB) 5573 . AL Hhdir
OREIERE, ARAINAEYEARARRAF,

1.2 REHE
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HTEBA L, 7R B TR, RyE R4
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et FH U TR R 2H DNA $2 B0 5 52 HORE [T 41 DNA
(gDNA), ZHLIKKGIAH5 1 PCR =9k K4 TR
WITRE (L) KA RAED . FH BLAST
(https: //blast. ncbi. nlm. nih. gov/Blast. cgi) £
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BT 200 BRI R
PDA R #3E, i, W, R ERIRE, 8%
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I Eb iy A5 TR B VR JE PR 25 1. 010 CFU/mL.
FEM M W BB 2 100 pL 2 2R3 4 b, &
MEERA A, TR T )5 FHFLAR 6 mm 4T AL
IR BRI AT 4411, REFLIN 20 pL sl
R IEFREEER, 3 LS IA 50 pL & B, 14
FUAn A= BEER K AR B M X IR, 4 °CARIR Y HL 2 h,
30 °CH5 7% 36~48 h i WA I 1 s AL ] & 161 1 4100 72 Pl
KA, B REMPATINGE 31K
1.3 #ESH

HIEENAE R A EJE R (CR) . - B % (IF) |
AHXF 73 B3 (RF) . ZHEPETRE(HY) . 5] R4
B (E) AL AR RUME 8 5 (Cs) 2 2% SCiik [ 26 ] #4731
B, ANEEA Y R H Duncan £ 8 LR, &
T FE 7K -E R P<0. 05,
2 GRS
2.1 NMBNEERMNSBERSEHEE

FEE TG MK WA K, X R
53 B R HROR VR T AR AR N R, B TN R
o 4388k ()R T 2348 ) Ak BT M HIHE
R, 2R Mo s, HAR 2090k 25 1538k, 176
HROFR 1) o AR PN A FLTA Y 49 39 5 5 8 Bl 8 i ey
(43 9} 139.33% 1 99.33%) , H &k N X #
(102. 00%.74. 00% ) , HHF AL (50. 67%.47.33%) o

F 1 WAETTRAEREE R 5 2 R RE TR Y
Table 1 The isolation rate and colonization rate of

fungal endophytes of 4. asphodeloides

Hikk 8l K MR ISR ERR/
A Bl B HREK % %
B 150 149 209 139.33*  99.33"
%150 111 153 102.00°  74.00"
m 150 71 76 50.67¢  47.33°
Bit o 450 331 438 97.33  73.56
D) FFIARVNESSCFRFORR L 25 2 B

25 (P<0.05),

2.2 HBRNEEERREEN

Xif 438 Bk AIEE N A BB 2T A A R E SN 4
FEEREN 2348, HA I W8 Fusarium Fl
5T )R Setophoma g FEEZRE 4 55 B A
66. 89% 1 16. 21% (F2) . FIEEA [FH A7 P9 A4 B
WSS AAAE 22 5 . SR AER A 9N g, Hirp
B TTT Jm (60. 29% ) FUER e A6 )& (33. 97% ) AL
W, THEE Sarocladium . #5cf)E . DNERIE R

J& Leptosphaeria . EW1f)& Periconia F Dictyochei-
rospora {X A TEMR S ; 2B LAIR T & (91. 50%)
UK 7 85 J& Clonostachys (7. 19%) NALHISHE, K
w R R 2R A 168, LSk
P (35. 53%) FHEA% 16 J& Alternaria (14.47%)
TR, HEMRIE . RILEE Colletotrichum |
AL & Cercospora . WA )& Cladosporium FI4)
BAE Arthopyrenia 55 RAEM 43 B 3
2.3 MBAEBMELANEEENSEEMNHEMUE

S

3T 1, BRI N A B 2 TS
o (H) M 1,33, ARIEIERAL ) 22 AP 6 B & I
St (2.14) L #R(0.96) , 25(0.33); By
SIEEFREC(E) 5 (0.77) , HR M AR (0. 44) g
(0.30) o 3t A A ER A7 2Z M8 By AR AL 22 4507 LA
e MRFIZE (Cspen=0. 50) 22 [A] FR) BEE 95 21 B K
SERIBL, ZEHNT (CSyaer=0. 12) « HRFAI (C8popsear
=0. 32) Z [a] B FF % ZH 1 20 0] AR AN A AL AT rh S5
L (£3).
2.4 MENEEENRERAE

A TE NG 2 BB N AR L PRI 30 BRRER
PR (R 4) T THOR R R I PR Tk . SR
SHTLAEH, RR/AMETE . LLOBEE . FEE
617 . B D € TR R O R T B AT R
P T R 2 0 R B 96.67% . 100. 00%
100. 00%., 3. 33% Fl13. 33%; i) Fir A7 o A FL 1A
HR AR 1 R R IR B B HIER s WX
3T RRE A (CR/NMEFTE . 21600 b ARG A
BRTH) HEERHE KL 6. 67%. Tk
ZML33 Fl ZMR35 M i8R e I I, TPk ZML33
1Y R TR T RN F I . 2L BRI . BB
T 3 R R LR A I R AR R T 70%, HorpxER
/N TR A 35 1 = A 89. 65% . TR R ZMR35 11
RIEWER T XR/AMET I (55.12%) . £L65BJF
W (57.49%) . BB TR (49.52%) X 3Fh
JR EL A B IS AL, I RE A B B o T
AR, BUIRY B 5 W M e 5 KT
18 mm(# 5), 7F GenBank "* BLAST X 4 B 1A #k
ZML33 #y ITS J¥ 4 &5
(KF496078. 1) Yy —Z 1 &35 99. 65%, TERGK
BT 5 249 Aspergillus niger 7% ¥ 5\ W —1~
SCHFRE N 100% 1932 (P 1), R R % 5
Aspergillus niger; B ZMR35 19 ITS 751 5 M 4]
ftl J& P 1Y) Periconia macrospinosa (MT446142.1)

Aspergillus  niger
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Table 2 The taxa of endophytic fungi in A. asphodeloides %

. VAL A LT 1)L 3 i A

i it % o it
Bk JI & Fusarium 60. 29 91. 50 35.53 66. 89
5EAU)E Setophoma 33.97 0. 00 0. 00 16. 21
INERIEBE )@ Leptosphaeria 1.44 0.00 0. 00 0. 69
Dictyocheirospora 1. 44 0. 00 0.00 0. 69
A )R Periconia 0.96 0. 00 0. 00 0. 46
558 Aspergillus 0. 96 0. 00 1.32 0. 69
TR )® Sarocladium 0. 48 0. 00 0. 00 0.23
KEEJE Trichoderma 0. 48 1.31 0. 00 0. 69
BILH B Myrothecium 0.48 0. 00 1.32 0. 46
i %)®m Clonostachys 0. 00 7.19 0. 00 2.51
HENS TR Alternaria 0. 00 0. 00 14. 47 2.51
WAL E Colletotrichum 0. 00 0. 00 11. 84 2.06
AR )R Cercospora 0. 00 0. 00 9.21 1. 60
KA )& Cladosporium 0. 00 0.00 6.58 1. 14
LR A B Arthopyrenia 0. 00 0. 00 2.63 0. 46
L)E Curvularia 0. 00 0. 00 2.63 0. 46
BB Collariella 0. 00 0. 00 1.32 0.23
Latorua 0. 00 0. 00 1.32 0.23
EHWE Mucor 0. 00 0. 00 1.32 0.23
Vefti®)m Corynespora 0. 00 0. 00 1.32 0.23
NIE# 8 Setophoma 0. 00 0. 00 1.32 0.23
HWIAEEIE Stemphylium 0. 00 0. 00 5.26 0.91
2 7R Phoma 0. 00 0. 00 2.63 0. 46
Bt 100. 00 100. 00 100. 00 100. 00

3R ZE A H R R AR

Table 3 The diversity of endophytic fungi in roots, stems and leaves of 4. asphodeloides

‘ ML 5
HObRI L FR P SRR IR - b m
Uis! 209 9 0.96° 0. 44° 1 0.50
S 153 3 0.33¢ 0.30° 1 0.12
i 76 16 2.14° 0.77* 0.32 1
Bt 438 23 1.33 0.43

1) RISV AN TR /ING B R AN R A 4 Z2 R SR ORI 2] BERR RORAT B 22 5 (P<<0.05).

M —ZPERI599.81%, FERGERAEMPSE24 3 45 i
Periconia macrospinosa S 2% PN RIS — 1 LR
B 91% 194352 (F12), BITKH % 5E H Perico- ASTIFE ML O3 RAT L BF AR AR

nia macrospinosa. g F oy T 23 JE 438 BRIN A L, R

e
2
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Table 4 The molecular identification of endophytic fungi from 4. asphodeloides
BRI > *EHS AR T — 3/ J&
i %

ZMRS M. Leptosphaeria sp. strain daef42 (MH550512. 1) 99.26  /NEREEHEJE Leptosphaeria

ZMR9 MR Setophoma terrestris. isolate ACR0O9 (KX823407.1) 99.80  H5EAUJE Setophoma
ZMR10 MR Setophoma terrestris. isolate TVD ( KF494172.1) 99.80 M5 f)E Setophoma
ZMR12 B Setophoma terrestris. isolate NRRL ( JN615482. 1) 99.80  JSTIL)E Setophoma
ZMR13 M Dictyocheirospora rotunda. isolate KUMCC ( MT627718.1) 93.60  Dictyocheirospora
ZMR25 MR Myrothecium sp. isolate P6367 ( MH063659. 1) 99.38  BHFEJE Myrothecium
ZMR35 M Periconia macrospinosa. strain ZMXR37 (MT446142. 1) 99.81  HM[A)E Periconia
ZMR36 M Fusarium solani. genes (MT446142.1) 99.03  #RJIJE Fusarium
ZMR40 M Trichoderma sp. isolate SDAS203184 ( MT446142. 1) 99.81  K%EJE Trichoderma
ZMR48 M Periconia macrospinosa. isolate DEPMDA-7 ( KU901558. 1) 96.63  RHIIE Periconia

ZMS4 % Fusarium falciforme. isolate ITCC-6846 (KU901558.1) 100. 00  #fJIH)E Fusarium
ZMS16 Z  Clonostachys rosea. strain S3 (MK361146. 1) 99.81 M%&) Clonostachys
ZMS17 2£ Fusarium solani. isolate 25# ( MH730448. 1) 99.81  #fJIHEIE Fusarium
ZMS26 ZX  Fusarium oxysporum. isolate Fol (MN995067. 1) 100.00 I H @ Fusarium
ZMS36 2£  Clonostachys rosea. isolate R2-5 (KT876553.1) 100.00  HKim %)@ Clonostachys
ZMS37 =% Trichoderma sp. isolate SDAS203184 (MK870442.1) 100. 00  A%J& Trichoderma

ZML2 m Colletotrichum spaethianum. strain CSSX3 (GQ485584. 1) 100. 00  HIHT & Colletotrichum

ZMLS it Cercospora beticola. strain 3-31 (MW581361.1) 99.80 JEfUEJE Cercospora
ZML12 s Collariella bostrychodes. isolate MN4 ( MH931826. 1) 100.00 E5EHJE Collariella
ZML16 s Latorua caligans voucher. UFMGCB9618 (KX788212.1) 99. 54 Latorua

ZML17 M Mucor circinelloides. strain CMRC558 ( MT603942. 1) 100.00  EFEHJE Mucor
ZML28 M Cladosporium sp. strain J3 ( MT729888.1) 100.00 AU EJE Cladosporium
ZML29 M Arthopyrenia sp. strain CKG57 ( MW064166. 1) 100. 00  #EAKJE Arthopyrenia
ZML30 W Alternaria tenuissima. isolate VGAT14-1 (MF688911. 1) 100.00  HEA% )R Alternaria
ZML31 M Albifimbria verrucaria. strain M144 (MK497782. 1) 100.00  REERJE Albifimbria
ZML33 M Aspergillus niger. strain FCBP416 ( KF496078. 1) 99.65  M#EHIE Aspergillus
ZML36 - Curvularia geniculata. strain FB  (KX022495. 1) 99. 81 R Curvularia
ZML41 M Setophoma terrestris. isolate TVD (KF494169. 1) 100.00  MWIEHJE Setophoma
ZML42 W Stemphylium sp. 112 ( KU195824. 1) 100.00  HIHNEE)E Stemphylium
ZML44 i Phomasp. FL-2018¢c (MT796105.1) 100. 00 X558 Phoma

YA AEEERBR . MENAER AR EREERA B R mE R, iy A b

TR Y 5 B RSN 23 B 5803 R 73, 56% F197. 33%,
BRI ZREERR RO 1,33, H5AMeIFRk 2 iRiE A R
A6 Jr X 15 L 18 Fhiy WL 25 FTAE Y 9 AR LR ) 24
PEGRAARL . 5 Park 55 % (URFFE S5 SRR 2,
HVEEAR FB N AR TR Y 53 B R AE R e . HE)
REBR IS £, P mEwIEY £ 8
HA G @ s I DR YA Y, X AT RE R AR N

WA N BE R L AR RN 4y B AR R A P
A LR AE RN EREAS R A ) 2R BS540 5 2 At B AT
—E M —PEMZE S RIBEAER . ZE A A
AR 2R IIEE, X5FAE G2/
T ¥ 09 DB Fritillaria thnbergi . kg Polygonatum
sibiricum . S\ JE ML Dracaena cochinchinensis 1)
o2 - —2 2 19 B AN A B A EdE
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HS RSN AR B A RO 5 Bl R L R RS A (ks n=3) "
Table 5 Inhibitory activity of endophytic fungi fermentation broth from A. asphodeloides

against five superficial pathogenic fungi(x+s,n=3)

i I /% 0
i JOMATE  TOESE BREATEH  AOCKE BRI

Leptosphaeria sp. ZMRS8 8. 88+0. 04 7.19+0. 03 10. 14+0. 03 — —
Setophoma sp. ZMR9 14. 53+0. 04 38. 06+0. 03 11.21+0.03 — —
Setophoma sp. ZMR10 23.40+0. 01 11. 49+0. 02 29. 10+0. 03 — —
Setophoma sp. ZMR12 -1. 6940. 03 9.70+0. 07 5. 14+0. 01 — —
Dictyocheirospora sp. ZMR13 7.17+0. 03 10. 97+0. 01 12. 54+0. 04 — —
Mpyrothecium sp. ZMR25 11. 16+0. 02 15.23+0. 04 17. 08+0. 04 — —
Periconia sp. ZMR35 55. 12+0. 05 57.49+0. 01 49, 524+0. 02 — + 4+
Fusarium sp. ZMR36 15.49+0. 03 39.96+0. 02 9.30+0. 01 — —
Trichoderma sp. ZMR40 15.49+0. 03 19. 61£0. 03 60. 29+0. 04 - -
Periconia sp. ZMR48 7.17+0. 01 20. 56+0. 03 6. 61+0. 06 — —
Fusarium sp. ZMS4 2.30+0. 06 1. 34+0. 04 11. 46+0. 02 - -
Clonostachys sp. ZMS16 5.31£0. 02 9. 67+0. 10 12. 07+0. 02 — —
Fusarium sp. ZMS17 5.24+0. 05 5. 44+0. 05 7. 69+0. 00 - -
Fusarium sp. ZMS26 1. 73+0. 02 3. 94+0. 06 15.01+0. 01 — —
Clonostachys sp. ZMS36 39.79+0. 14 23.01+0. 03 62.32+0. 03 - -
Trichoderma sp. ZMS37 28.37+0. 07 18. 70+0. 01 60. 58+0. 04 — —
Colletotrichum sp. ZML2 7.23+0. 03 6. 06+0. 44 11. 44+0. 03 - -
Cercospora sp. ZML8 4. 48+0. 02 3. 83%0. 44 8. 36+0. 02 — —
Collariella sp. ZML12 5. 03+0. 03 5. 09+0. 02 2. 84+0. 04 — —
Latorua sp. ZML16 6.45+0. 01 17.36+0. 02 9. 93+0. 04 — —
Mucor sp. ZML17 1.41%0. 02 1. 17+0. 04 1. 00+0. 05 — —
Cladosporium sp. ZML28 12.31+0. 03 21.73+0. 07 36. 58+0. 04 — —
Arthopyrenia sp. ZML29 3. 14+0. 02 12. 85+0. 04 8. 09+0. 03 — —
Alternaria sp. ZML30 12. 44+0. 03 8. 05+0. 03 25.70+0. 04 — —
Albifimbria sp. ZML31 9.19+0. 02 9.57+0. 05 17. 66+0. 03 ++4 -
Aspergillus sp. ZML33 89. 65+0. 00 72.3240. 03 74. 61+0. 02 — —
Curvularia sp. ZML36 11. 20+0. 03 6.71£0. 03 11. 71£0. 03 - -
Setophoma sp. ZML41 4. 73%0. 03 28. 08+0. 05 1. 09+0. 03 — —
Stemphylium sp. ZML42 7. 08+0. 03 3. 86+0. 03 7.12+0. 02 — —
Phoma sp. ZML44 1. 73+0. 02 5.51+0. 03 15. 19+0. 02 — —
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Fig. 1 Phylogenetic tree based on the ITS rDNA gene sequence of endophytic fungus strain ZML33
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Fig. 2 Phylogenetic tree based on the ITS rDNA gene sequence of endophytic fungus strain ZMR35
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