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Screening and pathogenicity analysis of pathogenic fungi causing diseases
on Polygonatum cyrtonema

MA Jing-hua, LIU Fang, REN Qi-fei, FAN Zhi-wei, OU Ming-zhu, CHEN Yun-fei, XIONG Peng-fei, SHEN Xi-long
( Guizhou Botanical Garden, Guiyang 550004, China)

Abstract: Various diseases such as root rot, anthracnose, and leaf spot can cause a decrease in yield and quality of
Polygonaium. In this study, 37 fungal strains were isolated from the rhizosphere and tubers of Polygonatum cyrtonema.
Pathogenic identification was carried out using sterile tissue culture seedlings, and 12 fungal strains were selected. Based on
the pathogenic characteristics and colony morphology of the strains, seven fungal strains were selected from 12 fungal strains
for further observation. By sequencing rDNA-ITS, TEF-1 a gene, these seven pathogenic fungi were identified as two strains
of Fusarium oxysporum, two trains of Fusarium solani, one strain of Fusarium redolens, one strain of Gongronella butleri
and one strains of Schizophyllum commune. Among them, the pathogenicity of Fusarium oxysporum (QB-ed-1 on the leaves
was the strongest, followed by Fusarium oxysporum E-rz-7. The pathogenicity of Fusarium oxysporum QB-ed-1 in tubers was
the strongest, followed by Fusarium redolens E-ed-2. The strain QB-ed-1 had strong pathogenicity to the leaves and tubers of
Polygonatum. This study provides a method for actively screening pathogenic fungi of Polygonatum cyrtonema, which can

pre-screen potential pathogenic fungi before the occurrence of the disease,providing an effective detection method for Polyg-

onatum disease detection and prevention.
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natum sibiricum) JE 75 4 ( Polygonatum kingianum )
FUAC R E 2 gy Sy v A Y 2 1 [ DA A
BE & H 28 5% U (8 0 I S R, BORS R R T ARAS W
S, ZETE A | BIE R A 2 Bl E L
KA VAR U EARR S H RN R
FERHBIRHCARZUR, FEAWAIER
[, He—t %0 g T 0 A R AT 4 21 00 B LA O e o it
P, G DL SRS AR B - 9 B2 R A O X G A0 5
HAEWERERER . ATE TR R T R &6 H
KA ) g R e AR A% R B B
He2E DL R REAS R AR B AR IR , AT B 0 3 3 5 3 %)
N7 S50 B I R AT TR A RN S0 M B A I A B, =R
i g 5 | VL ORG240 €5 5 B e 4¢3 SR ok 25
TG B ™ 5 AT 70% HRE AR &, AT HORS 25
R4 B BOR L EORS I A L RS R £
FEBORG I A2 B0 AR ZETR I MM ZE S N2
AEERE AR TR 0 18 0 BO T A 05k 7] T FIE 1 Hie 71
PR AR T A R K R R B J5 i
GAR w0 I BRI R N AE SR T
o3 BORS R TR T TR AR AR A I T T A
o (05 RET A A 800, T 22 UKL, 28 25T Rl A, Ak
KIRFIE 20% LA B, BURHE N Colletotrichum circi-
nans (Berk.) Voglwo 1 B A R BT, A R
(GRS NI R iy oS A7 AN~ o (R 5 @ 7 s
RO MG AE, BUR B N AR R 2 B, R E
SR FH V- Al 5 0 B 5% T0RS N A= BORR B 20 1 AT 9
A B RN E B Gt R0 o A, BRI AL
ARATH R Y RE v IR BE . 70 B T kg 2 A
WL 193] 37 BRI IR HOE A0 21 BRI V)T R
P12 AR AR RO A L TR IR AR
SRR ALk Ay B 32 Bk AT R R B, b )
BB b E R, RO AS F= 9 BB ( Sterile mycelia)
VG % 16 )8 BB (Alternaria sp.) ), #ERE (Fh) R
RN AR ELE RV B0 H L AR IR Setophoma | A
JETR H B AR %08 8 B aRoc | e AR I Cutane-
otrichosporon %5 BT , H bR Al Py A= SE A5 1% L B4 AH Xt
F R RN Setophoma AR JE P HEH H
AR S E Jm BT AR 7 Jm A A TR R S8 E R | i
JI RS FLIA 5 22 A0 RS AR B T IV Th R
R AT IR 2 — , H AR s 1Y 9 Ak AR B o
(AR X = B e A A AR AR B R TR BF 5T ol
AT-BE s BORE A 6] 09 a7 A4E B S, i 2

BUREIF IR ICA R R, BT ERE, BT
I, FRATTLA 2 46 20K D Rk 35 30 B 10 FLAR P Je Y
AU WFFE BRI T, TR R AR R B AT fE
IO R, 9 BT S e IS

1R i

1.1 RIE##

HEREAR 1. ZAET0R Z IR AR, SR A SN
HELy e RS T [ PR PN REOHRG 5 LR 1 B A AR 22
FAEHAL (E) (STHEESY (QB) (B KIR(QS) (5t
MEZ(QT) (SN SL(QZ) , BUHUR Yo 25 AR HEAT
HL AL,

PER MR 2. ZAC RS TR AL 3510, eh A BAAE 5
NG RS L SN

PERRE AR 3.2 4 ZAE TR P R B R Ak, A
PR, 2R B K S e T 1 X T 0 B0 BT
HEAT I 0 T

BEIRAAR R 4.2 A4 Z A0 RS AT A M AR A
PRAGEE , K 3AHE ST | FH X6 i 05 L 1R 7R T B2 5
s J1IE

B Ak PDA BR3R B T H R IG5 MS #5575
TIRENE 25 o BilERY 6 o, ANESILE , FH TR OR
HIEHREFR .

1.2 EhRo B4l

121 REAFASH REFEEOEMHE, BHEHR
TR R B TR A AR R £ dR I 1 g
I 10 ml KB LA I E R K TR bR, SR T
160 v/mindE 7% 2 h, # & 10 min 55 1% % H TG H
IKFRRELX10° ~ I 105 , BEFPHRR W53 5 HL 20wl TR
1T PDA VM, 75 TG HRAE & F T 1A BY T8 %
KM RV ERZE AL BT W 405 DTS AT FHIbE 2 s,
TCHKPPE 3 UK, BT )5 -5 T PDA 53R 3300
FEFPALEE 3 RER BT 28 CHHIERFE .,

122 RERNEAHSH WA EKE iR
1 FRIK R WPk 10 min, Z J5 76 O IRAE & N R,
PIHL 3 Bed 2 B 2 em , MR 75% 3231, 5
min , JCE KW 3 IR, 5% K AFRANIZ L 5 min, ToTH
KSR S WK, BT KA, HFRIIE X%
B AR YI R A BT PDA Ri g3k km, il 2%
(2% KR DD ZE PR AT R Rbe 2 s, [l a — IR Ak
WK —AE R X) IR SRl sl R /i T PDA B5 353, LU
WIEH R R SR, AL 3 KELR ,ET 28 C
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1.3 HBREREE

PRIETE A 22 8K W bR % 2 2B 5 PDA 85
FRHIEFE 3 d, W IE NGV E AR 0.5 em TEE,
HRhF 2B IO 413G 1 22560, BT 25 CB T
URSERT IR, WS TR MR BRI AR AR KB B, 30 d SR Gt
FEMR &I T L, 10 53 T 5 30 22 46 8RS &0 1) ok %
KRR, T e BOR H A
14 BFHEBEESEE

MR TR S [ A MR i B TRV T2, PR E B0
RESTR A MR AT IR RS . TR AR GOV IUE AR
0.5 em WBEIEBEYE, % ABTEE PDA 55573 ,28 CHEE:
F% 7 d, PR L 22 KRR R, 76 JE Bl ECLIPSE
Ni-E 1E# G058 NS 22 SA-F ST,
1.5 BREESTFEUFEE

Tor 65 2 B0 A IR YR B R 4 A PR
AR TR DNA I B AHSCIE T 51, 047 EL B 43
TR, X HE HIEE rDNA-ITS I
P 0045 R R B Z TR A 9k T T, BT rDIVA-
ITS X5 70 o & b 6] S5 5 RE Jy e >, ik — % &
W H PSR TEF-1oc T 519750003 1 iR,

%1 rDNA-ITS 71 TEF-1a E[E PCR #1835 41531
Table 1 The primers used for PCR amplification of rDNA-ITS and

TEF-la
FAREEN 512K FIIFEI(5'—3")
rDNA-ITS ITS1 TCCGTAGGTGAACCTGCGG
IS4 TCCTCCGCTTATTGATATGC
TEF-1o TEF-1H ATGGGTAAGGAGGACAAGAC
TEF-2T GGAAGTACCAGTGATCATGTT

PCR 4" # ;2 Wi A& 2 (50. 0 pl) : P ZH DNA (20
ng/ml) 1.0 wl, 10xBuffer (7% 2.5 mmol/L Mg>)5.0
wl,Tag B4 8 (5 U/pl) 1.0 pl, 10 mmol/L dNTP
1.O wl, 319 1 (10 wmol/L) 1.5 wul, 514 2 (10
pmol/L) 1.5 pl,ddH,0 39.0 wl, PCR ¥ 3% 2 b 2
JF:95 C AT 5 min; 95 °C A8 30 ,58 Cik k 30
s,72 CHEMH 1 min, JEHF 35 YK ;72 CLE{H 7 min, J2

W SE R, B3 wl PCR = HIHEAT 19% BriE Bl BE I
VKR, BTN PCR 9734 B, AxyPrep DNA BEJi
IR & [T PCR =9, IATAL )5 1) PCR 4]
o FHI A ABI3730-XL A7)

I NCBI Blast B HEDF SR 019 SC 45 NC-
BIAZ MR 78 v 1) B8k 6 47 W) 9608 510 Lok, 4 ]
MEGA11.0 ?ﬁﬁ:,%ﬁﬁﬁ%jﬁ{uﬁ?%( Maximum Likeli-
hood Estimate ) ¥4 22 4t & B W, bootstrap {H 1% ' A
1 000,
1.6 BmEEHRNDUE

VPR R AE K1Y 2R 22 A6 B, SR T B 45 42
2 B TRAR S I e b 28 22 A0 TORG U R B =R
Fo I 75% W AR X i A T A e 25 A Ay
FFRMIATE, 2 min J5 HTETE T AR J1 230 45 ik
L ICELAR 0.5 em MYREDF, TR 22 181 W T 43 11 35
i, W BRASE AR TR /N PDA B, 4080 3 1k
A HETIRESSR,2 d RRCF W PF el 7R %, 15 d
JE I SE R HEI AN
1.7 BIESH

FIH Microsoft Excel 2010 %% i 5 if % 45 I 4F
KB SPSS 17.0 GE 44 #4775 22 73 #r, Dun-
can’ s VAT I SRR

2 HERE

21 REEESNEEERREES

AT ] PN 1 22 46 BEORG Rl R v 3 o0 2 31 37 R
T TS PR EC TR 24 Bk, BREE AR ELTA 13 fR, HE
TG IR B 04 B 22 A6 BEORS R PR 40 2 B LR
20 bR, L AEAR PR ECR 12 Bk, NAE TR 8 Bk NS F
H 5N Se s i 0y Z A6 S H bR b 3 B B 7 B,
AR PRELTE 4 MR, VAR EC 3 Bk NS IR I St
AN B KT K 38X 22 46 BORS A PR a3 i 3 2
PR, Y AR BR ECTR 5 A5 AD 1 5t 28 4 T 19 22 4k
BORGAR AR o3 25 2 3 fR, ¥ AR bR B 5 ; B FF A
SN AE T TR 2 A8 BORS AR AR Th A B B 5 RR, B
FEAR PR ELRA 3 MR, INAE BB 2 MR, SRR TR IE S
ik 2 prik

JIT 4 5 %) L T R R TR TR T AR 2 O DR | TR 22
SR EM AR W E W AR AR,
TERG R RO M (s - B B DR
DA R R B (0 2R 30 5 /D B30 TR DA PR TRV T AR AS I
MR A0 20 HE W R 73 TR TR AR Ay Sl T T i



AL | 2 AR ORS00 L UL S B0 ) e 1475
®2 SEERRREEARNERFEERS
Table 2 Colony morphology of fungi isolated from rhizosphere and tubers of Polygonatum cyrtonema
e 45 51 b 53 B HAL RIS
1 Eerz-l WL () R (rz) E%EE,%%EE%%,%M,%&%%%%E,iﬁ%%ﬁé%iﬁﬁ#i%ﬁ%@@%,5‘5%%;
H o
2 E-rz2 WALE (E) MBR(rz)  IERBIE, B 2210 650K 408 15 1 1 6,
3 E-z3 WL (E) PR (rz)  IEERTE, W22 G 50R; 75 H 6,
4 E-r-4 WL (£) PR (rz) BT RTE, 2219 @ 20K, B4, REaHR 0 1 6,
5  E-z5 WL (B) WP (rz)  IETEETE , 22 0 20K R, SR SDIR i B DALt DU SR 6
6  E-rz-6 WAL (E) MBR(rz)  IERASELNBEDE 522 @ 500k b 7 i L6,
7 E-z7 WL (E) PR (rz) BT, 22 19 @ 50K, R, R O R 6 WA,
8  E-rz-8 WL () PR (rz)  IETERTE , 22 G0, 0, AT 1w rh0 s o R
9  E-z9 WAL (E) PR (rz)  IEERIE, W22 A @ER, e, B IPIRG  F A e,
10 Ez10  HHEE(E) PR (rz) BRI, 22 1 @ 50K, B, R SDIR0  8 E H# 6,
11 E-z-11 LA (E) PR (rz)  IETRIE, W22 @I, SR, 4% BRI W m e e,
12 Ez-12 WHLA(E) HRBR(rz) BRI, 22 @R 6, 2000, 408, ARG BT A 6,
13 QBaz-l  BUNEETY(QB) MBr(rz) IEERTE, M2 A GEER ER 2GR T HR SRS 6,
14 QB2 BUNEET(QB) MBr(m) IEMPE, MZHGERRFHHE,
15 QBrz-3 BNV (QB) MRBR(rz) IEWEDE, E2Z AR ER, WHEA,
16 QBarz-4  BNEET(QB) MRBr(rz) IEERIE, M2 A GEMR, 4% BGOSR E DA 6 FE T O%6 %A 6,
17 QSwz-1  BEMIUKIR(QS) MRPr(rz) TERAHN, L @A ARSI 5 A€,
18 QS-rz-2  BUNAIR(QS) MBr(r) IEWIEIE , BIKEBAN TR E,
19 QTrz-1  BNE(QT) MRBr(rz) IEWEREDE, 2 A G €, 0K, 4%, 2RISR I L3 E,
20 QT2 BYNHIZ(QT) MBR(rz) TRRAHN, SR EBAR,; HFHRS O,
21 QT-rz-3  SEMARI(QT) #RFR(r) EREE, HLAOER, 4%, A6,
22 QZurz-l  BONBE(QZ) MPR(rz) EMEEE, HLAOZR HE; IR,
23 QZrz2  BMEX(QZ) ARFR(xz) ERBE, W22 AR, A8 RAPIR G T
24 QZrz-3 SOMBEX(QZ) ARBR(rz) IEEBUE, W42 AR RS, PR A0 T O SR LL (6, DU R SR LT (L B (A T
25 FE-ed-1 WL (E) WA (ed) TETBRIE, 22 A GLAR RS 5+ 56,
26 E-ed2 WA (E) WE(ed) IERABMIEIEG , H22 1 @EOR,ER, B O OFR, 23R 5 HEB 0,
27 E-ed3 WA (E) PIZE (ed) IETEETE , B 22 11 6200 S0 R ADIRA i BiYE 5 T huD R AR
28 E-ed-4 LA (E) WA (ed) IEMIBIE, 22 6 E0R, E=MR TR 6,
29 E-ed-5 WHEA (E) WA (ed) TETRTE, 22 A OZR, 4% A 6,
30 E-ed-6  HIILE(E) PIZE (ed) IETERTE B 22 10200, S m, B 7% o0 5 00 W TR 1 6
31 E-ed7  MLH(E) PM2E(ed)  IETAKLNEDE 22 @ EOR, ER, WE D080 FmEa,
32 E-ed-8 Wb (E) P (ed) IEMFE, 22 EGE0R, EM A6,
33 QB-ed-1  FMEE(QB) PE(ed) IR, W22 G E0R, 4% % 080 WAL G,
34 QB-ed2  FRMEEW(OQB) ME(ed) IEMFIE, B2 GE0R, R, RIDIRO  YE T 086 WA 6,
35 QB-ed-3  FMEET(QB) WA(ed) JRARASHLN, P22 Bag @ik,
36 QZ-ed-1  HEHEX(QZ) WIE(ed) IEMRATE, 2L A QER, 4% WA 0, 15100 H @,
37 QZ-ed2 BN (QZ) WAE(ed) IEMIRIE, HZAGER, 4% B, TimE G,




1476 Lo Al # R

2023 4F 45 39 & 7 M

22 FFREEBHEREHFRIRE

BEH 16 PR IECTR P ARAZ Bl T J0 TR 15 97 1 20 25
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Table 3 Growing status of strains and plants after fungi inoculation

GEEEME R DROA BRI E RS R R I AR, A2
BEMHA AR . M RR AR KRS A BOR R IE 42
K, SRR R B AR SR AS | 32 22
IRAHIR R R 2R GAR 25 | SR BUKRAR Wk 2
YR AL AL s 2L

e W5 HERRES R RORES
1 Bzl R e 222G KRR L0 (0 bR LI SE T
2 Ez3 W 22 TR R SR L gl e zE Nt PR IE B A
3 Eerz5 W 22 TR SR L g2kt W22 ARG R4 R MR T LIE AT
4 E-r6 [EAR: e b E B R LG B B 22 B R Ay Rk T
5 Eaz7 [EARE P b E N B LY R e, KRR AR LA SE T
6  QB-rz3 i 22 Y Be R LSRR K ELIR e ik
7 QB4 [EARpe = e E WL YRR 25 R L sE T
8  QS-rz-1 WAl g se 2kt W22 R YR SR 2k REARTE T
9  (QS-rz-2 EipEa: T FERRIE# 4K
10 QT-rz-2 SRR ipe i HIMRIEH 2B K
11 QZuz-3 [EER S e 22 (R RAR L0 (0 Rk LI SE T
12 FE-ed-1 [CEAS: e = e EXIRS =W/ SF2/NE L7 Y A
13 E-ed2 RS bt e E LG G, T 22 Y A KRR AL, R IRLTAB (4,
14 F-ed-6 LR IRIE LSRN P Uk G BRoR N BURL B2 BT KA AR LT SE T
15 E-ed-7 W 22 TR R SRk gl e =Ent ER W/ S-2 /N5 EAR R L IR T A
16 QB-ed-1 W 22 TR SR L g2kt T 22 AR YLK AR ZE P ISTIT AR J LIS BE T

AT AN TR o 22 48 o A= K s e AN [e] | 3 43
TR 22 A6 BORS TCEUR GRS , A SE T bk ) 2 S 3
AEBERERYRIET . G 1 PR A AN EERD R R, i
Jfi g FARBESR , K R AF L B M AR E-ed-1,
[EASEIEEE SR ik S EN S e 5N
= FEMREEIRFE T C MR QT-r2-2, TR 22 5l 1l
FRFRAE (BRI R i, KRG, MR A AR A I
AR B FLB B R 0 B0 TE AR BOR I, e
E-rz-3 QS-rz-2 QT-rz-2 AHFR IEH A K E-rz-6 1244 HE
JIH AEMRFEATE H A K, 5 4 BRI R e SO AR
BT, HAR 12 PR AR | & BN

BR A T E-rz-1 .QZ-1z-3  E-ed-2 E-ed-7 R IE
PRI R R 35 ) BRI AR, 77 AR 2040 68, e 43t
T2, E-rz-5 E-ed-6 ZURAERAH ] PRS2 18 22 1R G4
IR AT, E-12-7 QB-12-3 ,QB-12-4 E-ed-1

A ARBE RO 0 I B BN B E-ed-1; C A AR BUR
QT-rz-2,

E1 BFRESERFENSEEBREREKNZNE

Fig.1 Effects of pathogenic and non-pathogenic fungi on Polyg-

onatum cyrtonema growing status

HORAERANNR  TRR R a2k, S UK BRI A5
T2, QS-rz-1 {HAE MR SZ AR YL TR I R 4, AR AN ™ A2 7K
FORMEZR R BARIRIET ., QB-ed-1 fEFEMRSZ IR G
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AT AR I B P, IR F B RRIE T, A BUR
HIR YL GO A 8 2 DL E-ed-1 MR T
TR AR R

A TRPRAERGFRAE 1R B L9 S8R ; C . I 2242 UMbk, 76K
SRR T 95K D E AR WA 2 25 R B F A RRSET
B2 BRESRRASEEBERNTRE

Fig.2

Infection process of Polygonatum cyrtonema by patho-

genic fungi

23 HREHRSERE
LA WIREURFFIE ML RS 2568 Bore-5

E-rz-5 E-rz-7

A:PDA SRR 7 d JREUR TR TATEIEAS B . C. PDA 3R S 3R 7 d JREURTH R 22 A TR 25

ed-2,QB-ed-1 A 50 1 1) s H I Ak
3 BURHERES

QZ-1z-3

E-rz-7.QS-rz-1, QZ-rz-3 | E-ed-1,E-ed-2, QB-ed-1 it 7
PRECR TR R T HE— 2D LSS 2 IR R 5 T2 AR
BE ST I | T 2234 0 @, 380 bR 1S R Bk
R AFEE (R 5 | T T 1 1 508 18 2 AN W] A9 3
o, H Erz-5 QZ-rz-3 TEASHILL, EIERE , 2 A
@, RSP AR ZAME T — H RS R, E-
1z-5 AP QZ-rz-3 HFELL(A, E-rz-7,QB-ed-1 IE
AR, I RDE , T8 22 F 6, TE TR E TR 0Lk 560,
AR Z AT A8 T 1, E-rz-7 IR AR [R
,0B-ed-1 I AFRLOBFIR, QS-rz-1 HRIEARTE
IR AHAS KN, TR 22 11 €0 10 20 %%, DAV 8 TR
., E-ed-1 W % FJE, W 22 H 6, W5 10 L,
E-ed-2 BVETEARBEE BRI (RN T 22 1 e 200K
DA IE T AT T AR 2 B0 RL O RIER (B 3A) o A
fBe g 3, 1 T G R 4 b, Erz-5 Eorz-7
Q0Z-12-3 E-ed-2 QB-ed-1 5 Bk E 1 B A B 2426 A A
FREEA W EAT Sy A A, 7 A KO INAN [] B 8 [
SR RA T, BRI AAE . QS-rz-1 E-ed-1 2
PRELTR BRI R 22 AN 5315 , Horh QSrz-1 73008, 5
W22 M i, ToliF B 1T, E-ed-1 T (& 3B,
3C),

E-ed-1

E-rz-5 E-rz-7 ,QS-1z-1,QZ-rz-3  E-ed-1 | E-

Fig.3 Morphology of pathogenic fungi

24 BREESFEWFETE
) FH B8 S 10 TTST 1TS4 % 4% 30 7 5L A

AT A Y, 70 A ARAF XS R R A B, 57
FUERAZZ NCBI X, A5 2155 15 00 40 by 510 A0 811
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IR E R TR 25 R 4R 52 2 W U Rl
Hlarb (NMDC) o a3 4 iR, X4 BOR & rD-
NA-ITS LR FEA T HEFTI T, A Tk P R AR A5 K
J& 500 bp VA F 19 F BL, 7355 Fusarium , Gongronel-
la Schizophyllum 3 A~J& 5 A~Ff ()[Rl W54 5, AH 8L B2
ik 98.70% VA |,

£ 4 BT rDNA-ITS MERE T BE R R EIRES

Table 4 Amplification and homology analysis of pathogenic fungi
based on rDNA-ITS

wik TVSE e BIBE woc 25
E-rz-5 538  Fusarium solani 98.70 NMDCNOOO11GA
E-rz-7 512 Fusarium oxysporum 99.80 NMDCNO00011GB
QS-rz-1 631 Gongronella butlert 99.84 NMDCNO00011GD
QZ-rz-3 531 Fusarium solani 99.62 NMDCNO0011GE
E-ed-1 598 Schizophyllum commune 99.50 NMDCNO00011G8
E-ed-2 524 Fusarium redolens 100.00 NMDCNO00011G9
QB-ed-1 505  Fusarium oxysporum 100.00  NMDCN00O11GC

XF £ B R TEF-Tor 55 R SEATH 38 T T , o3
SBAG XS LR R B H F 81 4 58 2 NCBI Hex, 15
B 5 RHN DR SN SR B RIS S . Ik 5
JF7R, QS-rz-1 E-ed-1 A A 2414 77 51) | HoAth 7 Ak
BIRARKE 670 bp DL 1Y R B, [l 4 25— 3,
Y& T Fusarium, 5 A% (0 [5) P8 M &, A0 BLEE 2434
98.59% L) L,
x5 ET TEF-la WBUREY EEEREIRES

Table 5 Amplification and homology analysis of pathogenic fungi
based on TEF-la

itk ¥ fﬂff)’f Kb i
E-1z-5 707 Fusarium solani 98.59
E-rz-7 675 Fusarium oxysporum 99.55
QS-rz-1 - - -
QZ-rz-3 706 Fusarium solani 99.57
E-ed-1 - - -
E-ed-2 691 Fusarium redolens 99.57
QB-ed-1 674 Fusarium oxysporum 99.85

T AR Bk rDNA-ITS S 3 B8 F 5] ) L% 45
AR KB S SR DNA TP 51, >k i K
LSRR R 45 B bR S AR P 9 A i R 5 & B W,

302 BRI HEALAE R A 4 iR, 7 BRI R 53
JE&T 3 NES AR, 43518 Fusarium oxysporum (E-
rz-7 . .QB-ed-1) | Fusarium redolens ( E-ed-2) | Fusari-
um solani (E-1z-5,QZ-rz-3) | Schizophyllum commune
(E-ed-1) . Gongronella butleri( QS-rz-1) , 438 Y
s e w Bootstrap K 06 1) 52 FE A 43 R, 45 b
Bootstrap 645 () 3 £ R A TE 60% LA I, 5 2%
LIRS

& I BUR W RR E-rz-5 E-12-7 LQS-1z-1,QZ-1z-3 |
E-ed-1 E-ed-2, QB-ed-1 # ¥k % 2 2y Ji Bz Bk JJ o
( Fusarium solani ) . 43 f14j 71 W ( Fusarium oxyspo-
rum) WIEABRFCEE ( Gongronella butleri) | J& 52 9k 7]
W ( Fusarium solani) . 23 %8 W& ( Schizophyllum com-
mune) 25755k J1 W ( Fusarium redolens ) F193 5k 7]
W ( Fusarium oxysporum)

2.5 BURERZURNMNE

R R He R s e R 22 AL BOR I e 433 H Ao
ANFIEORE 15 d J5 , B ARRAL L B I/INAS [R] B4 35t
(BI5A) o ARIERNECH X IR, 7 R E A B
HEHRBE, #2Fh QS-12-1 E-ed-1,E-ed-2 i )y 7E
SR A B T TR T 5 B A T A B, 4%
i E-rz-5 E-rz-7 ,QZ-rz-3 ,QB-ed-1 W F 78 KR &b
ABIIRBE, C R AL o X s BER
INGETE, I 53 BEAR HE K L, E-rz-5  E-rz-7 , QB-ed-1
RIARAYEOR S35 (3£ 6) o

TEHZEEMEBORE 15 d J5, B £ 3 A
[7i) 2 B2 A AE (&1 5B) o R0 B0 18 X B JT R
B 4n/h HE T4 3580 QZ-rz-3 E-ed-1 Ay 25 %)
JRAL s , B R UK IR IR, HE R Borz-5  E-rz-7
QS-rz-1 E-ed-2 ,QB-ed-1 [ HZE RIJR AL AR 4 | 52 81
AKER B R Mk, X EE NG, IF S
YTHEAH B, 5 R E W | E-rz-5  E-12-7 . QS-rz-1, E-ed-
2.QB-ed-1 HWHERIER H19R (K 6) .

30 3 T 0 0 DN A e 0 R XS I R R
KA —E B BURRE T, AR E AT, R
FIRD 9 TXEAEC by T, T R 25 P TR DU 522 BRI, HLAY
AN TRFR B O TR A A2 o, DGE N RE IR T, TR E-
rz-5 E-rz-7 F1 QB-ed-1 TEM - FIERZE I RELE A7 JF 1
Qefili Z i . B SORF, M QB-ed-1 0k
185, Bera-T RZ HZEH QB-ed-1 EU /1 fic ik,
E-ed-2 RZ . ZEGOKRFE , W QB-ed-1 XF EAG I 1
IR ZE 0 ) H A 5R
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Fusarium oxysporum (MK432913.1)
Fusarium oxysporum (MK849925.1)
Fusarium oxysporum (MK463988.1)
Fusarium oxysporum f. sp. Ciceris (MK074845.1)
Fusarium oxysporum (MK249867.1)

100 | Fusarium oxysporum f. sp. Lentis (KU671041.1)

Fusarium oxysporum (MH707084.1)
Fusarium oxysporum f. sp. Ciceris (MK757625.1)
Fusarium oxysporum (MN856231.1)
Fusarium oxysporum (MT420611.1)

ol E-rz-7

QB-ed-1

E-ed-2

Fusarium redolens (MN537039.1)
Fusarium redolens (KC924920.1)

99 |Fusarium redolens (MT563396.1)
Fusarium redolens (MT563394.1)

Fusarium redolens (MT560202.1)
Fusarium solani (KU951245.1)
Fusarium solani (OK323244.1)

— | Fusarium solani (MN625846.1)

o7 Fusarium solani (KX349467.1)

E-rz-5

62
QZ-rz-3

6 Fusarium solani (OL744595.1)
Fusarium solani (MK409996.1)

98 Fusarium solani (MH477738.1)
Fusarium solani (OL744604.1)

Fusarium solani (OL348250.1)

Schizophyllum commune (MF326432.1)
Schizophyllum commune (MF476007.1)

100 Schizophyllum commune (MN856363.1)

Schizophyllum commune (KM458835.1)

63| g ed-1

Schizophyllum commune (MK732118.1)

QS-rz-1

Gongronella butleri (HQ839775.1)
Gongronella butleri (MT529085.1)

100 Gongronella butleri (MK336439.1)
Gongronella butleri (MH855782.1)

Gongronella butleri (GU966508.1)

E 4 BT rDNA-ITS EEFIIMBHBREREREN
Fig.4 Phylogenetic tree of pathogenic fungi based on rDNA-ITS
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Fig.5 Symptoms of Polygonatum cyrtonema leaves and tubers inoculated with pathogenic fungi for 15 days
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Table 6 Lesion size of Polygonatum cyrtonema leaves and tubers inoculated with pathogenic fungi for 15 days

e CK E-rz-5 E-rz-7 QS-1z-1 QZ-rz-3 E-ed-1 E-ed-2 QB-ed-1
R IR EE (em) 0+0c 4.5+2.0b 5.0+2.3ab 2.5+0.5bc 3.2+2.1bc 1.3+1.0bc 3.0x1.8bc 8.2+3.3a
HEZEHEBE (em) 0+0c 1.5+0.3ab 1.7+0.8ab 1.3+0.6b 0.8+0.2bc 0.9+0.3bc 2.5+1.0ab 3.5+0.4a

CK; RILFIBURE X B, E-12-5 E-12-7 ,QS-12-1 ,QZ-12-3 . E-ed-1 E-ed-2 . QB-ed-1 J A 56 i 16 (9 BOW K R bE . [FW—17ARR/NS F 8RR b

[A] 2% 57 8. 3 ( P<0.05)
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