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ZE=THMRBRENEREASHERAR
HEE, R, mER, TR, RET

(1. mERb R R S5 YR ARG, B 6502015 2. = B & Mol Al BB 4B
THE M E 5T AR E S8 E, BRI 650201 )

B E. TR S SR E (Solanum tuberosum) WA B ZHEVE  Z UK A - E A EE TS KREEW
AN Y RT3 A DX B 44 AR AR A AT B SR FHZH 2R o3 B vk AR T 22 PR IR X ED 48 A 25 Je =X
Y N AR LT R T A B A, O R TR 252 M 5 D7 RN ITS J8 91 43 B vk X 4 B A5 B A N A LR HEA T 28
XN AR B I E A o B R R SRR R B AT T A T . SRR . (1) IO A5 B N A R 98 Bk, H
rh DL £ T A A R 3R AT 40 Bk AR B P RE i vh 3R A5 27 Bk, DI V8 SUIE R R al b 3875 31 Bk, (2)
ZUE AR SR N AEEEILES 10 H 108 13 )8, RZAFRET TR FET, AW k]
B & ( Fusarium ) F1 7 5% J& ( Penicillium ) , #8 4% #f 4 5T ( Emericella rugulosa ) | $% & A %k J1 W ( Fusarium
sambucinum ) \%WE( Stereum hirsutum) | Psathyrella sulcatotuberculosa P Epicoccum catenisporum 5 M EEY
FE RN BB AR T o AR 3, (3) Eh RS PR N AR TR 1Y o TR R AR e, AR N A LR B R R I AR
LT Y 53 B9 3 DL S A AR Ry i e, T 25 3 e A1 5 S [ 20 2 b )9 AR LT 1 22 R PR 46 BB 3418 D i > B 2>
2K, NEEERE , o B R AR R A AR L R A R B 2 R O[] M DX DB SR P N A LR
BB AN, SR AR LA i A PN A R R R R e e 1 0 B R R RS A AT AR LB O B MR
A5 A A 5 IR ST 8 T8 N A RO i B A RS O I B 1 Bl o SH 0 B N AR R 2 RE MR Y
AT SEBHE

KGR WAERE, ITS FPHIHT, EHIR, /R, /rBiioR, FREZEERE
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Abstract: Plant endophytic fungus is an important biological resource and has shown significant applications in
medicine and in the biological control of agricultural pests and diseases. In order to study the diversity of endophytic
fungi of potato ( Solanum tuberosum) , samples from three regions of Yunnan Province, namely, Dehong Mangshi,
Dali Xizhou, and Lincang Shuangjiang. The endophytic fungi in potato roots, stems and tubers were isolated and
cultured using the method of tissue block isolation. Well-grown colonies were purified using the method of tip mycelium
selection. The endophytic fungi were identified by morphological methods and ITS sequence analysis. Then, the
colonization rate, isolation rate and diversity index of the endophytic fungi were calculated and analyzed. The results
were as follows: (1) A total of 98 endophytic fungi were isolated, including 40 strains samples from Dehong Mangshi,
27 strains from Dali Xizhou and 31 strains from Lincang Shuangjiang. (2) The endophytic fungi isolated from potato
were identified to include 10 orders, 10 families and 13 genera, mostly of the Ascomycota and Basidiomycota, with
Fusarium and Penicillium as the dominant fungi. Five species of fungi, Emericella rugulosa, Fusarium sambucinum,
Stereum hirsutum, Psathyrella sulcatotuberculosa and Epicoccum catenisporum were first reported to be isolated from
potato plants. (3) Potato tuber had the highest colonization rate of endophytic fungi and root had the lowest; while the
isolation rate of endophytic fungi was highest in potato root and lowest in stem; trend of diversity index of endophytic
>H > H

fungi in different tissues were H', ruber em - In conclusion, the endophytic fungi in Yunnan potato plants are

highly diverse, with different endophytic fungal dominants in potato samples among the three localities, potato root has
the richest endophytic fungal populations and the highest isolation rate, and are therefore the most suitable material for
endophytic fungal isolation. The above results provide a reference for later investigation of the antagonistic effect of
endophytic fungi on pathogens in potato.

Key words: endophytic fungi, analysis of ITS sequence, colonization rate, isolation rate, isolation frequency,

43 %

Shannon-Wiener index

TN A LR R TR TEAR ) I B Al — 2R K
W Be N, 7E4d B A ) 20 Rl A BN A e HLEAT
B, RIS 23 51 R A7 E A & A B R e R Y
EL# ( Porras & Bayman, 2011) ., MR ERF Z 47
TETHEY) 5 A7 R W Ak o AR I ST T
b E RIS AE YOG R (PN R, 2018 5 1, 2020)
B B 45 (2021) BT 50 6 B, L 400 P A4 L TR 3 o
HYGA FRE , 38 S AE Y XS F2 0 R Il JF
REFt o AL A TE 300 85 2% 11 R BT 38 e ) DA K A
TPV R AR K R Rl N A L TR A (W)
i FAEY) b AR IRV F A A2 i AR AR )
BORAIA]

UTAFSR , AR W) N A LR TP oy B8 S A 2
AW B SR AR AR, B S A W B R | TR
ESIE7N NN RS RN f A7/ B v i ke o T
LRI BT DT o 7 55 2 MR YT 1 (L
et al., 2007 ; By HE4E 2009 1K 4555 2017 ; 8% £ 5%
2020 4= E RS, 2022) , AW AR LT B HAC
A 1R 2 U AN A Y g TR AR W B TR T T
s E RN A E, RS I AF (2022) MER
(Atractylodes macrocephala) 4355 H 1 BRI ZE 5 5

J& ( Phomopsis sp. ) P AE FLTA, XoF A R 9 5 Ji 7T
( Fusarium oxysporum . F. solani . F. incarnatum) 4
BERAEPUAE I 5 Bili 05 #% 55 (2022 ) MAPE £ 4L ( Crocus
sativus) TR E 8 AR N AR BB, KR A Bk T B
( Fusarium oxysporum ) A ‘2. 3 W5 i /E A, Hd 4
1) R o e ) TR PR 28 M A A T L T A (A T
( Trametes wversicolor ) ; 75 1% %5 (2019) M H JE 3¢
( Chelidonium majus ) H 43 & H Jl & 18 )&
( Colletotrichum ) AN JI H & ( Fusarium) PN A= EH ,
B AR W 7= W XF SE IR R JH B ( Colletotrichum
gloeosporioides) . K25 ( Curvularia lunata) JKFG
féﬁ—l%( Pyricularia oryza) R E R R ( Alternaria
alternate) F1 A S B BE T (A. brassicae) ¥ 76 B H $1T
B 5 Cao 45 (2021) BT K 8L, A8 W0 A A O
SR ZNC ] T B 25 W 5 o HL A v A A G
PR =S T R PORIE T, AT U AR N A
FLR DU ) L RR AR IR 2 BRI, AR
1M, BTSN AR B W R 2 R E 25
RN AR B b T TR AEY N A= 5 A iF
FAE D,

LA B ( Solanum tuberosum ) J& 4k £ K K FH |
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INAEZ G SR T RO B AR (55 48,2014 ; SR AT
R,2015) B FRME & R, I H 58 %
TR 28 B ), 2 R B2 a0 E R R
ZHE AT ETI R X E BN DR i, D4
Pl LR 2 T A DR XA R A B i B S
FEF=AD (ST N %, 2018)  EhAS B KR R A7
LR R AR K, H AT 32 2 A s A 25X
B EIEATB G, B TR SN A LNE
it B 5 AR K, R e A W B 9 R AR
PR F P s, AR AN, 58 %
DAL AR TR X L T A (DR AB i 0 T L ST A 22 AR
RAWRTIVE R IR AT ) 240 B A (A o 5
B DA | PE LR B ) RPN A B 2 e SR AT A I A
(Sessitsch et al., 2004; £ &I 2012, 3 4t 35 55
2017; 4598 ,2019 ; 5K ik, 2022)

AT = E 3 X T AR 25 B
ZErp AR B UE AT A B Al Ak a0 88 H fOW e
AT ITS J3 51 %6 08 B, I A6 L IERT Xy
A LA 2 B AR O 22 M 4R BGHE AT 43 B A LG
BEAUARTT: (1) S8 55 P9 A TR R R (0 2 A
(2) ShE AN [ 20 U A7 P A EL TR 1Y) 4 25 38 R
B 5 (3) AN [ Hb DX PN A BT 19 P 34 B s SO )38
MNAERWE MRS, AR EAEFE 58
BN AR, A — L TR AW X 2 N A
TR SR kT A4 B LT A A 4 4R
Yy LA

1 #MHEF*

1.1 ##4

1.1.1 Bk sy DB RRAE PR T 2020 45 5 A
K H g A rE T KBS R v ST, 7E
BEACI R AR SE A PR, G045 M b AR 43 S kb T &R 43
VEHUHE [ 43 E 22 G JZ LA T 10 em MR i+
JZAME 110 em) Ko T AR (A0IRAR ) Rl zk
FHREKL 40 cm, 22K 80~ 100 cm, HZE K/ K 8
em X 5 em, SREETEE, 5L RV SR = AT IR
LR E N R 5

1.1.2 KB 3 A 6% 3500 4 0 Bl il 1% %
(PDA) : Ui B FR 4k, MY B3R 2k 21 o BEREAE 2F
BH R, 15 ¢ Blg, iz K 2 1 000 mL, 121 °C
T K 20 min,

1.2 HEEEHN S B4L

THEE R DR AR 2 Rk M A R
KR E WP 3 ~4 WG, HITCH K sk 34, Wi+ K
a7 o BERORL R JC TR T VIRV B, BT 50 mL JE
BB RIKE 75% L1 JCHE KR 10 mL fid
U1 5% H,0,%2 3 3 min, MR AW =7, HEHE
KPR 3 W, MR EE A LUE T RWHIEL L,
W3R 2 RK AT JE R AR 2K R ZE YT 5 mm x5
mm /NSRRI R R AR R E 2 4
XL (1) MR 100 L e J — IR PR U8
PE7K 288 0T PDA 3557 10 L FHJC TR i A 248 08
AREYEY 5 (2) e 32, 8 T8 55 09 2 S el &2
i TC P PDA Sl b, RS N4 R, CE 20 min 5
LY AP E 3 AT, B2 AR
7] 7 3 b R B o) BB T 26 C RG340 h kAT 15 9%
WA O 75K, DL 2 4L B i 5 2 IS

Gy B AlAL B UE £ U 1R /N A 2 HCR 2] 4L B
Bk (BHOMESE 2016) S B ES A Z T H
HHE(50 mg + mL") MIRHEZE (10 mg - mL') #Y
MY 55200 AR5 % M & 8 ~ 10 N4 418k
TR R A ARl 5 (80 & T 26 CAELRT 3246
SR B IR T d A2 WO G AR L SUF Ty
oA A BV B AR R B AR KIS B
RN ] 45 >R 2w T 22 Pk Bk (2= /N 4%
2009) , S B BN TR V5 04 BT i PR 22 Bk B 1 B
30 mm PDA i3RI HE F 26 CAMKE =M
BFEE . B 2 W IR VARG TR 8 — B0
BV, R Oh gl A i 04 o8 AR BT TR AR R RS
23] 60 mm FEFR ML bRic 24 08 S8 A icE:
TE 26 CHIFEM T FR 3~10 d, FARB A T5 e, F5
K FR LG T 4 CUKFRAT
1.3 NEEREHETE
1.3.1 BAFER RO ESHEMELAET
Y LN FLRR B A 2 e O, R 2 G
[ B FH 42 P T A 22 P 4 P IS D — I 2292 55
A AR B RO e Sk B T
KPR 22 B SRR . IR G R MIE R 2 K
Tk, A5 A (RS E T M) (L5, 1979) A &
BB 4 2) (B0, 1987 ) 55 % kX N
A FE R BRI TR AP S
132 5 TAmFEE FHMREN CTAB EXT 548
BN A B B MR PEFT DNA 4R BRI HEZE,2009) .
27 5 RINGE (2019) 1975 16, R P9 A B E 5 |
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¥y ITS1 (5'-TCCGTAGGTGAACCTGCGG-3") Hl 1TS4
(5'-TCCTCCGCTTATTGATATGC-3") Xf B B [ ITS
FEANBEATY S . PCR RUWAK R K 30 plL, B 45 R
DNA 2 uL 5% 1x2 pL.2xTaq PCR MasterMix 15
pl.ddH,0 11 pl, PCR W4 BEFRFF .99 °C fidE
£ 5 min, 94 °C7Z8PE 30 5,52 °CiB k30 s,72 °C ZEff 1
min,ﬁj\: 35 4\3}5%,72 °C #iE{#H 7 min,

F BENEWE kRS I & 4 S5 1 H B - ik &2k
WA T AE Y TR A IR /) 3EA7 I %, % 5k NCBI
(http ://www.ncbi.nlm.nih.gov/) , ¥ ITS MFas R -
1% 2 NCBI A% W2 F7 51 K8 e 55 & 0P 51 2R 47 L X,
VEREAR L = P S #4740 8. A MEGA 7.0 %%
1, SR &R (neighbor joining ) #4) 8 R Gr it (LA
1.4 REERYRS
1.4.1 % 74 % ( colonization rate, CR) JEFHF = 1F
Br R oy B B N A LT A 2B i A
Hkrx100% ( Katia et al., 2016) . N4 B 1 1Y &
FE AR T i A AN [R) 2 LR vh 32 N AR LR
fRY AR EE
1.4.2 5 & & (isolation rate, IR) /B XR = BF
By 2 09 N AR TR R AR B R B 2H U e R x
100% (FEPG ,2017) o AR FLTE Y 73 B 38 S ik 1 1
FAEYIAS [R) H R N A LR AR TR R
1.4.3 % & # % (isolation frequency, IF) #§ % —
T 58 SR BT Y R R BCRE o5 o B R R N AR B
PRI PR B 1 433, T LA ) T e 34 B A (
LA ,2016) .

1.4.4 &R % F Pk 35 4 (Shannon-Wiener index, H')
RWET BN AE B PR YA R, K
ZFEMEFR BT H LA A SGHE, B

]—I'Z—iilPinnPiO

e b 8 3R RE ) B2 2 b g AR LT AR
(B P, R A W) 20 2L 4 B i ke | S — T
A= ELTAE BRS843R BR AR B A 4 B
(Zhao et al., 2020) ,

2 HEREaAT

21 BRENEHEENSE

211 RAMR LAZNELR > BEL A
LGUARAL IA] Eh 5% 28 N A L Y 23 B RO AT — 5 22
S M PGy Bk A AR i e 22 R OE , N =

BB RS 7R ST 3 A1l X 544
BEIHARE N P B 98 RRIZEELIE (£ 1), H
o MOk A T T Y T A SRR b 4 B 40
RO B KBRS U ) A R A R A 27
BEOAR B I 7 ST () 84 R A R A B 31
PR, a0 0 R o B Bk By 40. 82% . 27.55% |
31.63%.,

®1 DRENLEEENSBERR

Table 1  Isolation of endophytic fungi from
Solanum tuberosum
v AV AREL
VA g o
ﬂé/ﬁ g_ﬁ{ﬁ I}’lﬁJHv;& Total IJ_‘TH:
. Number of Percentage
Source Tissue . number o
stramns of strains (%)
PR Uil 17 40 40.82
Dehong Mangshi Root
ey 8
Stem
Pk 15
Tuber
P LE=R Uil 14 27 27.55
Dali Xizhou Root
ey 2
Stem
Pz 11
Tuber
I V8 LT Ui 13 31 31.63
Lincang Shuangjiang Root
e 4
Stem
Hezk 14
Tuber

212 AL AR R FERSBE S EEEIM 98
PRINAE LR A 44 BRok AARTE 14 bRk B 259
40 ROk I ERZE (K 2), iR 2 Al AR 22X P2k
TR AR LT ARG SE B R 4 il R 68.33% . 65.00% .
76.67% , R A N AE B EE R R, S8
SRR 2R R P 2K P A LT Y 40 B R 4 S Ry
73.33% .23.33% .66.67% , 3 W M &5 /3 85 R i
L A 2 N A L TR S B 3R LR A3 B R 4 i)
k5 70.00% Fl 54.44% ,

22 5RENEERHNETE

221 RAARAY > FAHFEE Pk IF
BLIIR) 14 BRAS R BIA P9AE L Y 1TS 350 b A% &
NCBI %4 b 174412 )7 51) BLAST FL X, R A
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*2 DHEFAFHALBENEER
OB RNEEE
Table 2 Isolation rate and colonization rate of

endophytic fungi in different tissue parts

of Solanum tuberosum

i/ it =% ez BiF
Item Root Stem Tuber Total
HA AL 60 60 60 180

Number of tissue block

NGRS 41 39 46 126
Number of growing
endophytic fungi

P LB A 44 14 40 98
Number of endophytic fungi

S FH % 68.33  65.00 76.67 70.00

Colonization rate (%)

ER 73.33  23.33  66.67 54.44
Isolation rate (% )

W7 P 910 AH OGP T A8 e W P 90 gk AT 4 i, 46 3 45
SREHIX 14 PN AR BB ORI E T 2 T
PFEIT, M 10 A~ H 13 A48, IF B ITS P51 Al
GenBank A I PE¥I7E 99% UL b, FEF WA HFH
ITS rDNA 5 FF A5 /Y 14 K B 0K 19 5 98 2510 B
Bl 1R

222 AARARWBEFELZ WP EEWE
(TR 7% WL BRI S B T T 22 AR 56 ) (18T 2) By
AR (ITS) %55E 98 MRINAE TR 2 0 F 4T
FIFHTET] 5 13 )8 14 R (3R 4) , 7050 1
Bl % (Aspergillus nidulans, M1) | #8 4% #£ {0 57¢
( Emericella rugulosa, M2) . Ja) BR % B ( Penicillium
restrictum , M3 ) KA &5 4% 1 ( Alternaria longissima,
M4) R J] & ( Fusarium oxysporum ,M5) 3§
Ak J) E ( Fusarium sambucinum, M6) | W& % K 8
( Trichoderma harzianum, M7 ) . Pseudopyrenochaeta
terrestris (M8) Plectosphaerella plurivora (M9) (B2
B ( Stereum  hirsutum , M10) . Colletotrichum boninense
(M11) \Psathyrella sulcatotuberculosa( M12) | Epicoccum
catenisporum ( M13) Fll Cercospora musigena (M14) |43
AR M1-M14,

223 NARBER I EBRLIBEFWE(H
T LG HN 0 U T T 22 RS ) Ky T AR
ARITS) 5,98 #R S E N A HFEAE 13 /8 14
FirCE 3) 4300 R ith 5 J& (Aspergillus) #9058 &

(Emericella ) . & % J& ( Penicillium ) | 5% ¥ 7 J&
(Alternaria ) . 9 J] W J& ( Fusarium ) | K % J&
( Trichoderma) 70 5¢ 1 J& ( Pseudopyrenochaeta ) . 7]N
AN # BR 5t J& ( Plectosphaerella ) . ¥ & H &
( Stereum)  fi| 3% 1 J& ( Colletotrichum ) |, If5 ¥4 4% J&
( Psathyrella) B B3R & J& ( Epicoccum ) F1 & 79 B J&
(Cercospora) . Hrb V) B LA 5 15.3% 75 %
JE 5 13.3% #hEE 5 12.2%

23 AEMRAEEEREMBEDT

AAS[] 1l DX A [) 2H ZER A7 v 0 B A 3 1 I
AR AEF B FAE B X (K 4), 18
TS B B B AR b, N AR FLTE AR T
JE AR 7 BN 30.00% F1 25.00% , 435
TR N A LR S IR TF 2935.29%
I3RS T 2EAR B N AR EUR A B O 7T R T A EEAK £
J& IF B2 37.50% ; 73 85 T YL 2L 19 4 2 BT I 3
B NERE,IF 5 33.30% (K 4:A),

RPE YA S8 RS, WAE LA R
AR e JE AR B AR o3 B Rl 29.63% Al
18.52% , 43 B T AR N A4 LA A0 3 )&y #i i 7
J& IF R 35.71% 5 53 85 T 255 19 N A= LR L 35 )
S BFERTEJE L IF 2 100.00% 5 43 B F B 25 i g A B
R348 Ry i A0 TF N 45.45% (1 4:B) .

Ik Y WYL B L5 4% AR b, N AR B A R
IR, 43 BOR R 29.03%, 43 B T AR Y
WA B E R JE A P SRR, IF O 46.15% ;73 1
TEWNAE BRI JE AW EREE, IF
75.00% ;73 B T P25 0 9 Az FL G A3 JE D /A
ko )@ IF S 28.57% (1K 4.C)

e Ah W5 I e S0 AV 4 J PN A L T A RE DA
HRER o3 245 3], TEAR TR 7 B AN 6.81%

2.4 RAEIFRMI N EHE R S HE SRR

LB R 20 LR rh (4 N 2E LR 2 A T AR
BOH)SAHAHEZER G —EMHEERS)., H
5 AT TR ST R EA A SR N AR
WERETEIE BRI H ((1.42)> H' . (1.26) >
H' .(0.78) ; R I L4 B AS AL, WA
HEZHEEIRBORANRIN ' (1.51) >H'
(1.28) >H'..(0.28) ; lIfa ¥y BT h 85 RE i v, 45 4
LNERWZHEMERBRNEI R H ((1.29) >
H e (112) 5 H' 5 (0.49) , (LT L, 25 45 95 4R
AR LT 1 AR B TR R
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100

M4

T

MI12

97

M14

Psathyrella sulcatotuberculosa (MK304138.1)

81 100

100 BN HH Stereum hirsutum (LC430906.1)

72 99

KM Bitg 48 Alternaria longissima (MK592738.1)
M8

Pseudopyrenochaeta terrestris (NR160575.1)

85

100 Epicoccum catenisporum (NR_158229.1)

RBEE Cercospora sp. (MK210506.1)

100

96

M9

Plectosphaerella plurivora (MT801143.1)

99

100 Colletotrichum boninense (MZ312521.1)

]OOI—M7

96

| WX EE Trichoderma harzianum (KU696482.1)

MS5
R TI 1 Fusarium oxysporum (MK641485.1)

99

I—M6

100 L S ARBETIE £ sambucinum (KP292801.1)
— M3

100 | JRIBR 55 Penicillium restrictum (AY373928.1)
M1

—
MR Aspergillus sp. (GQ169451.1)

100

—
55 Y755 )8 Emericellasp. (AB249018.1)

Bootstrap=1 000, 7 A 87 f0# Bootstrap SCHF{H 5 bar fUFR I EHI RS, M1-M14 S5 A WF 58 B 20 8 B Wi bk, HAR P 5139k A

GenBank (%

Numbers at the branches indicate the percentages of trees from 1 000 Bootstrap replication in which the branch occurs; M1-M14 are the fungi

isolated in this experiment, the other sequences are all from Genbank database.

1
Fig. 1

3 Wit54#®

U R I PRBS A B, — 6 ELUE 1 75
ZSHRAE 4 HTABL, SR FTAG Be T 46 25 43 207 1 %4 1A
e FLRIEAT 5 5 A0 AP TEAR A | R % 5
FATHIYG B 2, TR, VL8 20 19 2 K R
B S H B 9 T 22T 75 L R B R s
SEA TR M2 R MSE A 07 v B

===

=A
o

ETHNEEH ITS rDNA FIINGEERERPSBEHE 14 RERN REH LR

Phylogenetic tree of the 14 fungi isolated from Solanum tuberosum deduced from the ITS rDNA sequences

AT S S T B, AR N m 3 b X (1%
ZEPETH R BRE I I 78 BUTT ) Y Lh 4% AR | 25 il
LR BRI A B 98 B, 1 FHAL 58 0 2 oG
G TS JE AN i 5 ol FLU9°h 13 )8 14 Fh, 258
FHEE T T3 1, PR S i ) o m M &
J& , FoA TR 430 ok it 8 RS RS 1R
KREJE WFetl)E NN EERFE R )R E R
fi)m Wetwias JE B EREE R MR R s, LS
(2017) M EES N A R b 0 B B REAS f 8 | B
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£3 14HEREXEHD ITS F7 BLAST b &R

Table 3 Comparison result of 14 representative endophytic fungi associated with Solanum tuberosum

53 B W bR R LA R GenBank % 55 AR
Isolated strain Largest similar strain Genbank access No. Similarity ( %)
Ml Hh 25 J® Aspergillus sp. GQ169451.1 100
M2 WALFEJH Emericella sp. AB249018.1 99.13
M3 JRI BT B Penicillium restrictum AY373928.1 99.47
M4 KA EEAK L Alternaria longissima MK592738.1 100
M5 R TIHE Fusarium oxysporum MK641485.1 100
M6 A RGRIIE F. sambucinum KP292801.1 99.81
M7 Wy KA B Trichoderma harzianum KU696482.1 99.84
M8 Pseudopyrenochaeta terrestris NR_160575.1 99.29
M9 Plectosphaerella plurivora MT801143.1 99.11
M10 BHIHTA Stereum hirsutum LC430906.1 99.84
MI11 Colletotrichum boninense MZ312521.1 99.66
MI12 Psathyrella sulcatotuberculosa MK304138.1 100
MI13 Epicoccum catenisporum NR_158229.1 100
M14 FRIEE)E Cercospora sp. MK210506.1 99.43
*4 DRENEEFRREESEHILE
Table 4 Morphological characteristics of Solanum tuberosum endophytic fungal colonies
Sy Bk EREEUASHE Nt iy iR
Isolated strain Main morphological characteristics of colony Species

characteristics of mycelium

M1
H th 75
Aspergillus nidulans

M2

Emericella rugulosa

M3
JRBR T B
Penicillium restrictum

M4
852 L E

Alternaria longissima

VR BT, A K R, B B, sk
[T RN FeA LN S PN
HEP T 2 h B 6

Round colonies, fast growth, hard texture, light
green, colony surface is downy, mycelium more
developed,  showing  yellow-brown  when
producing a large number of closed shell

WY, BA AR TR 2, T 22 1R 4
BR NGRS R R4 E | Bl X% C
SNE WA

Round colonies, with radial grooves, mycelium
dense, colony edge is neat and dark grass green,
dense texture without exuding liquid

HVEZ BDE B8 A6, A KIS 35
URENEAI N S RN IR 31 T
3 TR A A /N EGR

More colonies are round, white at first,
greenish gray at the later stage of growth,
mycelium is more developed, velvety, the
edge is partly neat, sometimes there are small
white protrusions on the colony

TIVE AT 150 08 | 77 22 % 3k, AR QU R, T
L ELINRUE 3i E A ¥ 2NN WA B
(GBS AR AR )

Irregular round colonies, mycelium developed,
growing rapidly, the colony is cotton wool, the
edge of the mycelium fiber filamentous , the color
is white, the medium is reddish brown

[ | RS S o e A o R S
AR

Mycelium is slender, with branches,
the head of conidia is short columnar

TREEIE W22 M, 433, F
P BN B, A AT A
B

Oocyst is subglobose, mycelium
slender, with branches, ascospores
biconvex mirror, conidia inconspicuous

WL % A, A DR R, 5
A A BT
Mycelium  has
septate,
protrusions, conidial peduncle erect

many  branches,
with a small number of

WRNTE, KEK

Mycelium is denser and flocculent

TR, O AN, O
F, g i)
Ascomycota, Eurotiomycetes,
Eurotiales, Aspergillaceae,
Aspergillus

TR, WA N, R
H, i85 #t, e s
Ascomycota, Eurotiomycetes,
Eurotiales, Aspergillaceae,
Emericella

TFHEG ], WO WA, B
H, i wt, % %8
Ascomycota, Eurotiomycetes,
Eurotiales, Aspergillaceae,
Penicillium

TR T, 2T 2N, A A
H AR SRR FEAs )R
Ascomycota, Dothideomycetes,
Pleosporales, Pleosporaceae,
Alternaria
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Isolated strain Main morphological characteristics of colony Tphooglc Species

characteristics of mycelium

M5
AR TI T

Fusarium oxysporum

M6
EAGIIE

F. sambucinum

M7
MR AR
Trichoderma harzianum

M8

Pseudopyrenochaeta terrestris

M9
Plectosphaerella
plurivora

M10
TR

Stereum hirsutum

MI11

Colletotrichum boninense

MI2
Psathyrella
sulcatotuberculosa

MI13

Epicoccum catenisporum

M14

Cercospora musigena

WTEIRDE T8 22y 11 6 22000, T b 35 S %%
AR T, R AT T 6 R IR AL R al H
-t

Round colonies, white flocculent mycelium,
dense texture, fast growth, overall colony
color is light red or purple

W BT | TR 22 2E 1K TV 3160 R TR 4 21
& RERZAEEER

Round colonies, the mycelium grows rapidly,
the color is light pink, the aerial mycelium
tufts show curly hair

BV IBRDE , W 22910 16, 5 IR IR
I 3% 55 0L PO J& 4 80 A, o 7 A K TR TR
VRSO HVE N GA A5

Round colonies, the mycelium is white at the
beginning, gray at the later stage, spread and
grow around the petri dish, the colony
becomes green after the spores grow, there are
white stripes at the edge of the colony

BEVE AR R JE | o B 8, LA SNB W,
W22, TR T L% 6, T 22K 3R
Irregularly round colonies, compact texture,
no extravasation, dark gray hyphae, white
colony edges, tapetum-like mycelium

HTETIIG , A REl, 2T 6, T
AR, HiFR LA SNB I, B AR 00T i
Round colonies, growing slowly, mycelium
creamy white, felted, extravasation on the
medium, medium without soluble pigment

BRI, 22 19 6 2R A, A R,
WL AT, Bt gif

Round colonies, mycelium white to yellowish,
fast growth, aerial mycelium fluffy, lax texture

B VR 10 JE | T 22 G0 RS el 2R IR T VR A KA
18, BUbE , TANB I, W 6

Round  colonies,  mycelium felted or
flocculent, colony growth 1is slow,
texture, no exudate, colony white

BIVE L AR R B B 22 SN 5, A
RE A, TINB, BUBEE | W22 TR
Colony round, slow growth, short and dense
mycelium, with light yellow, no exudate,
dense texture, mycelium fluffy

dense

VST, 22 S8R, T 22 R KRR, T 22
B A JE A R A B A BRI
BIEAE S JCANE W 3

Colony round, velvet mat, mycelium growth is
vigorous, the mycelium is the
beginning, later become light red to yellow,
the color of the medium becomes yellow, no
exudate appears

WKEDE B 50K, A K18, A%, .
SNBI 22 A R A

Colonies round, with cracks, slow growth,
dense texture, no exudate, mycelium is
white, the medium is colorless

white at

w2253 3 2 HAK /ey o3 A L1
SEIONRIE

Mycelium has many branches,
slender, mall conidia are ovoid

WHA 3, TR E

A GG B
Mycelium has branching, the conidia
have various shapes, such as

fusiform, lanceolate, etc.

BLZAR AR EMT, 2
75k

Mycelium is slender, with a large
number of conidia, conidia solitary

W HABRZ I WLk LA
Mycelium has more branches, with
obvious warts on mycelium

[CEA R S e U A S
i

Mycelium has branches, with many
conidia, clustered or solitary

B2, 7 % 1T
HIE

Mycelium is slender, has more
branches, the stamens are cylindrical

WL 2 ke, AT RS
B, T

Mycelium  has many branches,
septated, and the conidia are loosely
arranged and colorless

W20y 2%, Al , TE W 2 B4
ARy RN ]

Mycelium  has many  branches,
septated, with obvious projections on
the mycelium and bluntly rounded
tips of mycelium

W REIY A, ez b A
AR

Mycelium is linear, septate, with
cushion-like sporangia on mycelium

WS AW, BT REIE
Mycelium dense, septated,
conidia cylindrical

TR, FE5T N, AT
HASRTERE, ST
Ascomycota,  Sordariomycetes,
Hypocreales, Nectriaceae,
Fusarium

TR, FEST RN, AR
F, AR5ERE, 7T e
Ascomycota,  Sordariomycetes,
Hypocreales, Nectriaceae,
Fusarium

THRW T, FEC N, A JE
WH, WERER, A%GE
Ascomycota, Sordariomycetes,
Hypocreales, Hypocreaceae,
Trichoderma

TR, P A RN, A I
B AR, Sirc s
Ascomycota, Dothideomycetes,
Plesporales, Pleosporineae,
Pseudopyrenochaeta

TR, 25T, DT
H ANAREEERFERE, DA ER
7t

Ascomycota, Sordariomycetes,
Glomerellales, Plectosphaerellaceae,
Plectosphaerella

T, N, 200 H )
FER, PR

Basidiomycota, Agaricomycetes,
Russulales, Stereaceae, Stereum

FHRE, W, N
H,/ANAFERE, H 35 )
Ascomycota, Sordariomycetes,
Glomerellales, Glomerellaceae,
Colletotrichum

HYENT, W, A, R
Gk, WAk e

Basidiomycota, Agaricomycetes,
Agaricales, Psathyrellaceae,
Psathyrella

THEG ], B T A, R ST
H,ERa AR, MR
Ascomycota, Dothideomycetes,
Plesporales, Didymellaceae,
Epicoccum

TR 1] P A TR AN R T
H BRIERERL R
Ascomycota, Dothideomycetes,
Mycosphaerellales ,
Mycosphaerellaceae, Cercospora
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Fig. 2 Colonies (a) and myceliums (b) of endophytic fungi from Solanum tuberosum

mmm  J27@EJE Cercospora, 4.1%

[t Bk % Epi , 6.1%
B Bpleoccum ’ Hh &8 Aspergillus, 12.2 %

6 12
3 W52 B Emericella, 8.2 %

R AR Colletotrichum, 7.1% 8 /
\ 7

i Wi % J& Psathyrella, 3.1% \\ /

WEW B Stereum, 9.2%
T HEI® Penicillium, 13.3%

5

/ 6
—- 4
INASEEERFEJE Plectosphaerella, 5.1%/ . \

15 MR Alternaria, 6.1%

M8 Pseudopyrenochaeta, 4.1% /

= z o, N
RBIR Trichoderma, 6.1% W TV HE 8 Fusarium, 15.3%

B3 NERENSBHHANEEFTREM A

Fig. 3 Composition of endophytic fungi isolated from Solanum tuberosum
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mE E o E m O RE
Root Stem Tuber Root Stem Tuber Root Stem Tuber
WEED FE ORI
Dehong Mangshi Dali Xizhou Lincang Shuangjiang

4 BRED(A) KEEM(B)FMREII(C) EREFRPEALANERTNSTBHRE
Fig. 4 Isolation frequency of endophytic fungi in various tissues of Solanum tuberosum from
Dehong Mangshi (A), Dali Xizhou (B) and Lincang Shuangjiang (C)
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Table 5 Shannon-Weiner index (H') of endophytic fungi

isolated from different tissues of Solanum tuberosum

P37 i = Bk
Source Root Stem Tuber
xSl 1.42 0.78 1.26
Dehong Mangshi
P LR 1.51 0.28 1.28
Dali Xizhou
I 7 LT 1.29 0.49 1.12

Lincang Shuangjiang

J1 % . B ¥ 4 & | Psathyrella sulcatotuberculosa Fl
Epicoccum catenisporum 5 F A B A EH IR L
PRk R B AR A
ARWFFER A AU B 1 L3 8 1 180 B o
PR A KRIERYH LU 126 He, BUE RN
70% , 5§ T h 4% 55 N AR TR Gl E B 3 R LAY 5
F G | T 2R DI S (2009 ) Xt AR A Hh pg A
RIS 7, R RE T RN 91.94% , 45 21 7 T A
WH5E, X AT BE S AR B R RHE A G, D% 28 i
Bl ALY, AR Sy KR 2 48 2R ARA
Y, T A KRR, AN AR R U E W =
eARAR, 5 BOH E 5 ARG AR B A 2B K A
KON B R G R, NI E B 2 R &
AN TRI LA 73 B BORE R T, B 25 7 Bl A8 dw iy, U
W b8 S e 25 vh 32 N AR LT R G B e, X TT R
55 M #8080 W 3 Bl B3R AT O HK  AR AR O

B, L SR SR S m BN 'R
JB B e, X T RE S S R S s R 2R
ARF, ARHIX ORIR) R AR H L b N A L
AT EOE S B SH' g >H' X 1] fEJE
ZEARR A DA EAR Ay R 2R g D4R
BNy, A A N AR R R R A
AR SRR R, 2R A5 (2018) X AL 4
TR A N AR L 2 HE R B BT 45 2]
H' o >H'  SH' o SAERA B, Bl AS [ 3 DX AN [R]
YyRAE ) v oy A TR Y 2H S PN — A

AW KB, & A o A 1 N AR LR A 2R
ZERVER BT R R S Th IR N E &
B, R EE U B A A P AR A A I A i
WXL S5 B TP AW W sk, —
S WL N A BT (IR AR i T TR ) 7R 22
FIAR TR YA RE 43 2545 2 1T Psathyrella A FE AR B4
B, VR EIEARRIE R PR, N R K%
(2021 ) XF M0 B B BF 5% & BL, W 8 B8
( Phyllosticta) 243 A3 76 0w 1T Fusarium AN HE M
Moy A B BRI A B B AH AU L —
A4S (Huang et al., 2008)
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