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Abstract; In this study, endophytic fungal diversity of the host plant Sinopodophyllum hexandrum ( Royle) Ying was
investigated at five locations in Qinghai, Gansu, and Sichuan Provinces. The endophytic fungi on the stems and leaves of
the host plants were isolated on two culture media, potato dextrose agar (PDA) and Sabouraud dextrose agar (SDA) , and
the strains were identified using morphological and molecular analyses. A total of 141 endophytic fungi were isolated from
720 tissue samples. These fungi were divided into 52 endophytic taxa on the basis of their morphology in the culture media.
Phylogenetic analysis based on the internal transcribed spacer region indicated 19 genera, 18 of which belonged to
Ascomycetes and 1 to Basidiomycetes. The number of genera varied among the five locations: 10 were detected in Ruoergai
County, 6 in Datong County, 6 in Ledu County, 5 in Huangzhong County, and 5 in Xiahe County. With respect to tissue
type, 16 genera were isolated from the stems, 6 from the leaves, and only 3 were found in both tissues. Further analysis

showed that Paecilomyces was the most dominant genus, with an isolation frequency of 26.34% , followed by Leptosphaeria,
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with an isolation frequency of 14.89%. The community structure clearly differed among the locations. At the sites in Xiahe
County, Datong County, and Ledu County, the dominant genus was Paecilomyces and the isolation frequencies were 42.
31%, 56.52% , and 33.33%, respectively. The dominant genus was Leptosphaeria in Ruoergai County and Sepioria in
Huangzhong County, with isolation frequencies of 26.83% and 38.10%, respectively. Shannon’ s diversity index ranged
from 0.71 to 1.41 and was the highest in Ruoergai County and the lowest in Huangzhong County. Sorenson similarity index
ranged from 0.13 to 0.50; it was the highest between Datong County and Ledu County and the lowest between Ruoergai
County and Huangzhong County. The colonization rate of the endophytic fungi at the five locations ranged from 14.58% to
28.47% ; the mean colonization rate was 19.58% , and the highest colonization rate was observed in Ruoergai County and
the lowest colonization rate in Huangzhong County. In addition, the colonization rate was higher in SDA (21.67%) than in
PDA (17.50%) and higher in the stem (29.72%) than in the leaf (9.44% ). These findings revealed that the species
diversity of the endophytic fungi in the stem and leaf tissues of S. hexandrum was low, but the community structure of S.
hexandrum differed substantially among the sampling sites. Endophytic fungi that colonize stem and leaf tissues are targets
for the production of podophyllotoxin and other natural compounds and, accordingly, have potential practical applications.

This study offers a novel strategy for identifying valuable microbial strains from S. hexandrum.

Key Words: Sinopodophyllum hexandrum ( Royle ) Ying; endophytic fungi; diversity; colonization rate; community

structure
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5 R S A2 A AR AR R ™ L B, A DGRk L LA P4 A LT R I 5 2 40 op AR P A LT
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BT, AHIFERBEIL-L 2R LU AN AR LR AR T IT . SRR T JEUZR b ) L b A K il B
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P VTSR] sk ) L-E 25 P A R 2 A 22 57, LU SR Ak L -E 25 2 U A L BT RUIR B , D Jm S ot
FEA AR E G L-E 1B M R A e BN s [, 20 B DR AT RS O P AL R bR, Dt — 25 KA i
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1 #MR57EE

1.1 PR RS

T 2014 4F 9 A4, FEMMHIR F F A CHRA MU & B0 a9 5 ABLE AR5, ik, &4 3
ASRFER, HIR AN & — RIS (R 1) o RARIEHEAS SRR 55 S (e BRAB R 3 Bk, AR BEALIRURE
JEU), BORE A RRIEAE 30—50 m Z[0), A BE AL 3E 15 Bk, REACRAE G2 T R4S B A 5 IR A
Y FRicJE I SE e A, SCI S N I R S A AL B [N A 48 h

F1 BRILEREMS
Table 1 Sampling site of S.hexandrum

SR 1/ m 4iEE/N ZJE/E SRAEH 14/ m 4ifE/N G JE/E
Site Elevation Longitude Latitude Site Elevation Longitude Latitude
T - B 2702 36 °16’ 102 °41’ HoR - B E 2717 35°13’ 102 °44'
i - RERE 2835 36 °42' 102 °24' P - AR 3347 33 °36' 103 °11"
Hifg - Kiah 2634 37 °17' 101 °33'

1.2 Eaife Nl =

SFERESLR B, Ped ik L-E2EnFRm e+, AR K EE 30 min , B R S BT TG BEAR R TG R K TR
3BT IRWEAEG T TCRERAIE A AR R K AR B L T D RERZ A 70% 985 1 min,
FHEA 5% AN 5 min , i J5 TCRUK G 3 K, 1RGSR TAE & o TSR BOK GUURER T 210K 0 5, 4%
MRBIYIRZ 1 emx1 em /NE A, B T EHAEN 90 mm 1Y 45 24 M5 B i 55 37 3% (PDA ) AN FC #8503
B3R (SDA) BE M (ZE R4k 720 ML) | T 25C G M h R i35 4 B, B — R AR IR 5t
WA TTERE 258 BRI BRI E 0 PDA Brgesirh  alifb Pk, B 2R 5% . W IRIE
HME R K I B 20 =R B AU TR /K A | mL PARIR A FE PDA 355558 b | HAh B TR 0E T8
JE HIAME SR R AE PDA 15323 1 20 min JGHUH , PEALTCE N BBZEM R A RS 32 408 R RE3%, 1555 4 AR G 5%
FENTCEFEK G, BETABH ME AR R K IR
1.3 NAEHERETE

Ay I BT P8 B TR I AR YRR A S B A T DA E

Oy AR R B E A BT R B 2R B0 1.5 mL B0 GRS, RIS I
LRI BARR B 2214 >R F OMEGA 28 R A= 7 1) 1 B 2 B ) & B HCEC P ) B L P 4 DNA . FH B H 519
ITS1(5'-TCCGTAGGTGAACCTGCGG-3") 1 ITS4 (5'-TCCTCCGCTTATTGATATGC-3") ¥ H 1Y 1TS [F51,
PCR WK ZR N 25 wl, B &40 F :95°C Fi 28V 3 min, 95°C 28 30 s,56°C 1B & 30 s,72°C ZE{# 45 s, 4k 35
APEIR,72°C HEMH 7 min, B PCR SOV AR P~ 9048 1% B BEWHEE S FEL PRGN 5, 4738 G 1S 3k A4 T
A TRE (L) A BRAA RIEA TN Y, DR J5 KA 7 91, 48 DR IE IS, R Blast 2 /%78 NCBI 4 2 it
FTRVEHEXS L, Clustal X 1.83 #4047 2178 He#g, SRJ5 H MEGA 5.0 #1444 % Neighbor-Joining R4t &
B R A B E R R

T2 B8 ARYE TR VE IO 7E PDA 3535356 FORTRIBY B A= 4 (W TR VR TR 2 B0 | P 1R S fifr B A R 1 46
AL, A B SEE T0E) 2 A rb I BCRR ) Y T4 B 43 e 2 S 2 R B i o LT R
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g T VU i R AR Gk L 2 SN LA N A LR A A R b N AR LR 1 R e R A
Bz ZERY RN, 0 GeTt N A FLR A X 4 BE0R (IF) FUE SR, TR 30 3R .

FEXS A3 B (%) = (FEAS b 43 3 B S P A BT I TR AR ER 4 381 1Y) S TRTAR R < 100%
FEFAR = (A WA RS LR S 21
ATl itk P A BB RETR (0 22 REE S0 BT AR 35 Shannon-Wiener 3580 (H') it5, HAARX N,
H ==Y (P,)(InP))
Horpr AU Y PRy o3 B B0 SR oA A TR B R R 0 B B I AR N AR LR R R BN B B, R T R
ANTR]RAE b 22 18] PN A LB RE 9 2H S A AR S, R JH Sorenson ( Cs ) AHME REGHAT i, HHRARN .
C,=2j/(a+h)

Horr A2 § A SRAE LRI AT 1 N 2R BT RNEE, a FOR S — AR T 23 B B ) A LR AR

B, b RIR N TR A B B N AR LR R AL

2 SR

2.1 BRJL-EZEM G0N AR R AL

MNH LR AR G = A 0 B 5 A RRE R AR RO BE L -E 250 720 DA 3L B3] 141 BRI A= FLA
IR 0 52 AR HT0, B T Y24 SIS R ERA TR 19 & (R 2,8 1), 51%
FERUPBRA R 5 SRR RN B 10 DR E B Z A, HAR 4 A SRAE RUE] 7 B Y N A BT R BB Fa . LA
NI 6 J& ARHR 6 Jm 5P S RN 5 R, a5 AR EERRE ML 2R AN A A RS
FRDLFA LT 40 5 T A/ BRI B, RO 20 B 23501 26.24% 1 14.89% (K 2) .

R2 BILEEMHNEREENRHEARRSBHRE

Table 2 Community composition and isolation frequencies (IF) of endophytic fungi from the stem and leaf of S. hexandrum

7] Phylum W Class H Order Bl Family J& Genus 1F/ %
THHI] R T 2 AL H AR} TR 26.24
Ascomycota Eurotiomycetes Moniliales Moniliceae Paecilomyces ’
M55 & Aspergillus 4.96
T REE Penicillium 4.96
AR Hypocrea 2.84
WA T)E Botrytis 3.55
I R A AR 071
Dematiaceae Alternaria ’
JEE E TR 44 A H /NERBERL ANER I TR 1480
Dothideomycetes Pleosporales Leptosphaeriaceae Leptosphaeria ’
JEHE T H JarE R} KRR )R 4.96
Dothideales Aureobasidiaceae Aureobasidium ’
JESE R} HRER L1
Dothideaceae Rhizosphaera ’
A
71
Dothidea 0
KR H BRYETHFY HRYEH )R 071
Capnodiales Dothideomycetidae Mycosphaerella ’
ﬁﬁ‘f@@ 9.2
Septoria
EN/ S Bt
. . . 2.84
incertae sedis Cladosporium
e H Rk W )m
. . . 3.55
Sphaeropsidales Sphaeropsidaceae Plenodomus
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["] Phylum 2K Class H Order At Family J& Genus 1F/ %
3.55
Phoma
FSTH N P TR HFR 47 6.38
Sordariomycetes H Hypocreales Cordycipitaceae Engyodontium ’
K A H TR BT 4.96
Pyrenomycetes Xylariales Coiochamaceiie Coniochaeta ’
T T 44 BB H Rk W RER 0.71
Leotiomycetes Helotiales incertae sedis Cadophora ’
HTHI] TN A H RAH /N4 584
Basidiomycota Agaricomycetes Agaricales Psathyrellaceae Coprinellus ’

P2

C-1
Paecilomyces farinosus (AB083033.1)

C-10

99
91 Paecilomyces hepiali (EF555097.3)
85

76

991 Engyodontium album (DQ649066.1)

C-11

100t Hypocrea pachybasioides (GU934589.1)

C-12

36 99 | Coniochaeta ligniaria (KF285992.1)

100

- 88

99

99
00
96

100
97,C-4

100} C-1

99C-3

100 C-21
_| Cladosporium herbarum (KU182498.1)
99 C-18
Mycosphaerella fragariae (GU214691.1)

C-20
Sphaerulina berberidis (EU167603.1)

99 C-15
4[ Helotiales sp. (KT269738.1)
99C-9
Penicillium rugulosum (GU566230.1)
100, -6

Aspergillus versicolor (GU232767.1)
C-7

Aspergillus fumigatus (KX349502.1)
C-8

Penicillium oxalicum (KR233 455.1)

Aureobasidium pullulans (KU141396.1)

6

Dothidea hippophaeos (KF147923.1)
C-19
93 L Rhizosphaera kalkhoffii (AY183366.1)

58 Leptosphaeria sp. (1X401979.1)
C-5
99 L Plenodomus hendersoniae (JF740226.1)

90 99

C-13
Phoma sp. (JX160059.1)
C-14

42
99 [ Nodulosphaeria digitalis (KU058710.1)

99,C-2

Botrytis cinerea (KR094468.1)
100 C-17

991 Coprinellus radians (HQ380760.1)

B1 #JL-EZEMR4EER 18S rDNA FI R4 B HHIRE
Fig.1 Phylogenetic tree of 18S rDNA ITS sequences of the endophytic fungi isolated from S. hexandrum
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FENACE L PR T S AXMES A 18 NME AR ], 1 AR A FETT, MENN AR
ISR A3 M PERE T AR T A, 45 b7 9 DB A 6 @ 16 B 432K L R348 B o A 1 B
Moniliales(31.58% ) ; ZERFAY /K |, AN FE R} Moniliaceae (26.32% ) NAL K EF ; & /K ELAILE E 8
Paecilomyces FI/NERIE TR B Leptosphaeria SHARHJ& N A BT, 4351 o 3] 70 25 N AE L TALEER Y 26.24%F114.89% .,
STEAE AR WoR A R AERE L -E 2R H SN A R AN R Y ZE R AU R N AE A 3 8 43
FE TR NKIE R AR e s )R e PR 8 W TR T LA i R G A
J@ % 13 A8 HA RAAE T2RA LU,

2.2 N[RISRAE ML A A TR B R Y LA

I 25 AT A Bk L 2Rt 4 4P A BB A B R A A ( 19.58% ) 5 AR AR A5 TH] P A TR Y A B
RAFAE 22 5 P DU A8 5 R o EL R AE AU A Tl R o K (28.47% ) , 5 148 I v BL B P9 19 8 9 38 e/ )N 14.58%
(B 2a) , EHRAEZEML LRI K50 25 (29.72% ) > (9.44% ) | AN R R 55 18] 25 1 2 T R F 3N - DU 11
IR 35 (48.61% ) > 6 R ( 38.89% ) > 1 il (31.94% ) > IR 1 (18.06% ) > H il H i (11.11%) , M) E
B AR Ny HH BT (25.00% ) > TS F (11.11%) > VU IR 35 (8.33% ) > T 1 AR R (2.78% ) > 75 1§ K il
(0) o MORFESEIRE bR H i 2 Z Ah  HA TS RAE 10 25 41 20N A BT 9 8 7 3 s T2 80 T 5 1
TR sSSP S S BN A B (B 2b) , BFR4S R B , AN [R) 9 15 37 JE A0 1 N AR L e A R
MISEIRANTR] SR, SDA K ge bt BN AE BRI E S (21.67% ) B im T PDA Hi375£(17.50% ) , {H 2 A ]
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Fig.2 Colonization rates of endophytic fungi
(&) F7R N [ SRAF 5] A A BT A 7 B 5 (b)) 3R Bk Lt b b7 43 25 R P9 A LR DR 255 5 (o) 3R AR [RISRAE s Rl A AR L
TE B AN R A 15 3R RIS 5 (a) Colonization rates of endophytic fungi in different sites; (b) Colonization rates of endophytic fungi among

different tissues of stem and leaf; (c) Colonization rates of endophytic fungi in different culture mediums
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FRSR A RO AN ] (8 B R BT AP AR 2 T BN 3 SREE SR 4F T PDA 5973 Wi A T H
5 AR 48 85 Y B RAE ) B0 4T SDA B R 38 (] 2¢)
2.3 N[A)SRAE M N AR ECTE A 22 RV FIAR L

B AENERG RO AT RN 3 J7R |5 A SRAE RN AR LB 2 R PE 1R BORLAIR, A 7 0.71—1.41 Z ],
2RV R o B R S A AR S, T2 R AR 8 D STRT AN [ SR AR ] ) AR AL 98 B0 A 78 0.13—0.50 2
[, AR 7 T4 358 A8 SR AR DA 1SR 1 8] B AR P B, O 0,50, 171 7 R4 358 A A FP -5 DU T 48 58 9 19
AR FAMUNE R, 0 0.13 BARIE , A R SRAF 22 T8I0k JL-E 25 A A BB AR DU AR, U W AS ) SR A
Al AL R A BRI 2257

£3 RESERNERREOBELERSENE

Table 3 The similarity coefficients and diversity index of endophytic fungi in aboveground tissue of S. hexandrum among different sites

B Site SR p ] B FiR ] H'
SRAR 1.00 0.93
gl 0.50 1.00 0.74
i 0.18 0.36 1.00 0.71

Eamiie 0.38 0.25 0.13 1.000 1.41
i 0.36 0.18 0.40 0.27 1.000 0.84

2.4 AN]SR PN A LR B

X AN [ SR A i 4 85 M %) PN 2 TR R R EA T mT A5, BIAT R R A AU 7 B A A8 T R 4y
I 42.31% ,56.52% 1 33.33% , 47 /K 3 LA/NER I T @ R e 38, o i 9 A TR AV B 26.83% , T H (9 £
PE WA FEET LR, % P A LR B 38.10% (£ 4) .

R4 TRRFEHSENNERRERE
Table 4 Numbers of endophytic fungi isolated from different sites
KAEHE Sample

o L
P Number A Genos s Kl e P P
1 U BJR Paecilomyces 10 13 3 0 11
2 Hh 25 )& Aspergillus 0 0 0 4 3
3 FEE)E Penicillium 0 2 2 3 0
4 KFJ®R Hypocrea 0 0 0 4 0
5 Hi%i )& Botrytis 0 0 0 5 0
6 AHEILE Alternaria 0 1 0 0 0
7 INERIE TR B Leptosphaeria 10 0 0 11 0
8 JiAEEE IR Aureobasidium 4 2 0 1 0
9 HRER AR Rhizosphaera 0 0 0 2 0
10 JEFETE Dothidea 0 1 0 0 0
11 BRPET B Mycosphaerella 1 0 0 0 0
12 SeEH )R Septoria 0 0 8 0 5
13 T Cladosporium 0 0 0 0 4
14 % e & Plenodomus 0 0 0 5 0
15 255 F R Phoma 1 4 0 0 0
16 M558 Engyodontium 4 0 0 2 3
17 HEE52)E Coniochaeta 0 0 7 0 0
18 HZEREIR Cadophora 0 0 1 0 0
19 INGBAR Coprinellus 0 0 0 4 0
At Total 30 23 21 41 26

141
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WA AT S BEAT e U — S N AR FCTR REAS (R H 3AE 5 SRR S0, 20 B3R d e 1) 9 A TR DL
BB AAFAE T BRI /R S R kU Z AN A 4 DR (3R 4) o FESERIEAY N AE BB AP AE T — R
FEm, W R S L-E 2R A U R AR AL R /NS ARER L S AR A A R PR A
AP HHEB R M BRI SRAE AP Y 25 s e S MRS S B | SR AR AR AT PP O BRI BT | B TR A
HRIBTRIE . X RN A RS S50 5 0 EAYIBEL-E T AL R ARBTG5 AN 2R R BRE T — BB A /Y
HEIHERE T,

3 e

3.1 NAEEMBEE ST 5 ARG

ARHFFENT S R AR % 3 Y, 5 A RSB L-E 22 SN A BT s g, A5 o
PR E P LT B R (H A RAE S R3S AN 58 4 A R), B30T R A AR AR UL T BB D 34 Jm , iiA R
5 A A3 ) A/ INBR I T A Se AT I A O E X F AT A Bk L -E AR 25 4 21 P A BT BIF ST . U2 i e
S 0t 5w ) ELBR LB R 2SN A B T A B, A5 SR N A LR 28 Bk, RTURJE S 5 H L6 B9 R L
PN LT AT 5 SRR AR X P K 1 LBk LB S 25 P A R A TS, 40 S P A LT BB 20 Bk, IE
BT 2 H 38, e N TR T HEED N T RERFEELER 25 s B4 S P A U 22 Bk 18
BRA O bk, F)ET 2 H .3 FF.9 I8, Hrh M s m o e 348 B 0 T N H R 24 B LBk LB R 25
WA EH 20 1%, ¥R B W& 8 | Eucasphaeria  FIEF & AT W g, 7T W, ANFEERAEBEL-E WA E
PR3 FU 0 22 3 5, A B O BT LB AAEAE B R 22 57 . ARG, B AN ] SRAE b L 340 I B0 1R A 5
SAHE AN, A B A BETE AR E R R ARG, TS SRR, PN 2 BT 0 B 465 4 15 1 R R 0 T A 1) A= 35 2%
YIS, R A s S s ik L& P A B R ERIE B B 2R A BRI N S AR ) 9 A LR TR 45 R 1
T HAE T2 R BB A e, DA 33 i EUTE A RAE I 418 D05 IR S5 M A A AR TR Y A B
FEINH DX e AR Bl I BRI AR AR s P A U RS S5 22 R RN R B, 18 BB AR
[Fi) T 2 5 A LA IR N N A TR A VR 454 , 28 Tl A A B R SGAEE IR TR B R 40 L &l IR AT

AN ABESE Hh N A B SR N 14.58%—28.47% , ZREVEFE BN 0.71—1.41, BF58 4535 Rl 4L THH I
45 B B Hb DX AR AR ) P9 AR U 14 28 FE R N AR PR BIO U AR, BT AR R i A AR P b5 e B
RIE 11%—100% 2 18] 40 Huang 255 % e R[] sk 29 R 4825 AL A 9 28 HOE R T IS, 45 R om
PR AR LR YR8 T PRAE 36.7%—100% 22 8], Sun %5 POV X A6 BT RE A Bel P9 1) 6 Fh 2y FAAR Y250 4l 4L AR B AT
WFST , 45 50 o AR EL T B E B R AE 6 M) N 47.9%—63.1% 2 18], B AR ML R R E /Y h e
LAY = 5 R AR BIFGE v P A BT 1) 25 R 0 3R AT T R Ak ) 7 o D AR R e LA A DG, 7 K
o SRR A B b TR A AR R 0 1R S, TR AR SRS A SR 25 TN FE YA SRk — i X 4k R P
A LR B 78 B R A AR 2 B 2 T TR BT A PR BT TR R R N B R AR R S B 8 A AR AR
3.2 BRJL-EZEm A BRI R )

5ASSRAEHL Y 15 ARBE L LA AR 25 i L SUR R B 3R B30 B 19 RN AR B, b, se sk A
& EERE B E M R e A AR AL LR B RN A B, ABFITH, X B
AR R S B, CAIE R I R B (A T AT A AR50 L X W R
FERATIE 0L 45 R R N AE BRI I R, A WF5E50 K B, FE st oy A B PR A kL&
P AE ECPE R ARGE |, AR 3 E B P T E F/NER I TR R A5 13 JE LB, X S8 BT B n] LR SRR Y i e B UR Ol
A HR K T 1 R A T AR R T Iz S AR ]

UEAN DL JE B FL TR AL B SR AR O 48 EC TR /NER IR T R, B AT TAEBE L -E AR AR 1 2k 2l U 3 43 A
X R P A R DL PR AR LB, VR S R R BRI M B A 40 B 4, Lk A AR R i S 24 AN
RS AN, Q=P i6 M B BP0 R T S RE A A OF H, BT A R P 7 R LR e
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