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Isolation and identification of the pathogen causing leaf
spot on cherry in Qinghai province
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Abstract In order to confirm the pathogen of cherry leaf spot in Qinghai province, the typical diseased cherry
leaves were collected from Chengbei district of Xining city, Ledu district and Guide county of Haidong city. The
pathogen was isolated by tissue separation method and identified by morphological observation and sequence analy-
sis of IDNA-ITS, EF-1a and Alt a 1 genes. The pathogenicity of the strains were tested by Koch’s postulates.
The results showed that 279 strains were obtained, belonging to Alternaria alternata, A. tenuissima and Colleto-
trichum spp. , with the isolation frequencies of 84.95%, 5.02% and 10.03% , respectively. Koch’s postulates test
demonstrated that 100% incidence was found on the inoculated leaves, indicating that the pathogens causing cher-
ry leaf spot disease in Qinghai province are A. alternata, A. tenuissima and Colletotrichum spp. , and A. alterna-
ria is the main pathogen. The results provide a theoretical basis for the comprehensive prevention and control of
cherry leaf spot in Qinghai province.

Key words cherry; leaf spot; Alternaria spp.; Colletotrichum spp.; Alta 1 gene; phylogeny

Bk Prunus avium CAMPER B AR A EAE BB AR B A BBk, 2 A AE
FRIEHIASRM . RS EPEEE EFRTE R IR B IS b TR A TN E
BT MRZ AN S A AR — B AR R, TR E & A OB R R
— RN R P e g BRI AU E AR HATC R A A B
R BN AT EF BRI 58 A8 [ AR SRR R B ARk R I AR A AN T R e AR TE AR B L A L 2

WimBHE: 2019-10-22 f&iTHHE: 2019-11-22

EEWB: AFE 487T1 H (2015-Z71) s T4 BHUTRHLAAF L BU(2017-HZ-815) s [ 54 Ry iR AR i i F (GS20190144001)
* W EEH  E-mail: B7K7R mayonggiang 163@163. com, 7 = guogingyungh@163. com




46 B3 2 W

XA 25 « 7 T2 AR I X i D T ) 20 8 5 <49 .

SNy |G EN b 2R = I TR SR P A2 2 a4
9 3 A AR B R AR R
IRFEIR AR A B A L Rk B
o A2 TH SRS T PN A6 T PR 7 o 1 L T o 3 TR K
56 [ G R HE AR HL T 25 M R ARG L T BOR &
P, BT TR L R R R B
1 Bk v B 1Y 9 5L TR A Blumeriella jaa-
piit' | Calonectria ilicicola™™ . Pseudocercospora
pruni-persicicola™™ | Cylindrosporium padi™ F
Phoma herbarum , #t4h, Thomidis Fl Tsipouri-
dist F 2006 4FHHE 1 A5 M5B B0 1Y SR T A
HERS 08 EL P /N T R BE RS A Alternaria al-
ternata . IREEFHBGEAEE T 2013 78 KALBE
RS B EEAS A IR UESE TR R A N A
Ptz gemt o ABAE BAR AT T t s 1R 2
T AT 2500 e T 5 R AR I TR A T 5 1 L A
KR ILHRIE

ARWFFEAE 2017 4F — 2019 4 X0 7 132 PE AR
AT F8 G0 VR A I R I R Y R O A
Ao TERIGHCN TN 7.8 H 0, 7\ bk % & ik
100% . KRR TE B BT 50 15 T 14 48 0,58 46 41
CRTHE, R/NAGE i ™ H I 8 BEAH B3 4, 3
Ji& RS, S BOLSAE ™ 2B R s
S ARSI RRRAR. BT T R PR A Y
o i AT s ASBIFE SR HT A R0 B AR X D T 6 A7 0
B TRR R AT BOR M E 45 B IR 82 R 0 F
AWy T BO e IR HEAT M 0E L LU R 7 A Ak
I SXE g  J BT PR 22 12 R 3 ) 25 B T e Ak 2
IS HERLFIHOAR S o

1 #R5FE

L1 ERE
BB T 2017 45— 2019 4ER (1144 09 7
AEALES 5 6 1 SR AR DRI BL. 0 BERS A JER
.90 FEEH L HEA U T RCAL K 3 4 WA R A
X 76 F BHEEL 11 F s EBER B ISR 44 ot
SCEAR R A0 L 4 L RIS
ARV T BEEBLA I AR FE 48P B o 5
Ko E.
L2 BEENSESSL
TSN AR T 508 ) PDA
SRIEHIT 35 IR AL A P FATAL B AT

NG YIBUEAE R 5 mm B PHERE PDA SEAR I,
WA TEfE A e 5 . 2lifk 2~3 WG K P AR D
TERAERHAT PDA J5773% | 8T 4CLAF .
1.3 FEENESFERE

FHKFETFLASTE VRN SV EAR N 5 mm Y
HIDHERE PDA Fil PCA 153k 1y b g, 45 KW 8
FEIC B TE TR SR/ B L B TR 22 11 A KR L
SIEARRAE, N T I B 1 0L 505 i B 1 T S
fiE .78 PCA Bt b RHd O w3 R Fr d ik 2B K
7 d )5 B PCA B3R iehimid i, 8 FHEB R L.
TR 7K S B B B s T e T WS T SR
N N2 s e =X i L3 12 2 X (0 R 0 2 /N
/NGB B A T DA R TE R AR R, O 2 Bk
R w4t A% 4 )8 B R FP IR S Rl A B Sut-
ton'™ Xof il 2560 Ja 1) 3 2 1k s R R SR B I R K
1.4 FEENS FEUFERE

K CTAB 35 S B0 JF 1 1Y & DNA, 4351
DL 519 1TSL Fil 1TS4% | EF1-728F #1 EF1-
986 R | Alt-for Fll Alt-revi® 347 PCR §°3%4, Ff
S 1. 513 A TAEY TR CREE B4
B E] A . PCR O A& Z 38 25 pll: 10 X PCR
buffer 2. 5 pL(F Mg®" ), Bz DNA 0. 5 pL, dNTPs
L0 pL, 31454 0.5 pl.(10 pmol/L),5 U/pl. Taq
0.2 pL, 1 ddH,O #h5F, 94°C FiAEPE4 min; 94°C
APE 45 5,55°CiB k45 s, 72°CHEAH 1 min, 30 MG
s 72°CHEM 10 min, 4°C . PRS- 7E 1%
R HEE S i 150 V 100 mARL KA 5 pl
Y1774 20 min. F SanPrep # DNA J #E52 [FIAGR,
F 6 (SK8131, | iffA: T [mlii PCR ¥ 34 7= 4y, I 1%
2 A AT R I E . I 245 5 5 GenBank
Bl P vh i A R E 9 4T BLAST ] P57 T4 o
Mro I ClustalX 1. 8 Fl MEGA 5. 1 #4751 [a]
I ELXT 438 5 B 3 Z& LR 3 4 4 B rDNA-ITS, EF-
la AL a 1 7 AT 23K 7508 G, DLAR 4
HEND R RS LB I A L (boot-
strap method) A 7H %, B 1 000 K, /3 HTiX A 5
[Fi) J B AR (B SR O R
L5 ®mERNBRENE

K BRI e a7 7 It B %) B0 1 )
Ao AR S )9 R T T AR 5 A ZE PDA AR |
25°CHeE BB B 6 d. FKEITILAE W%
NGATH EARA 5 mm B RYE, PRk A



« 50 . 5 4Ly 2020

xR1 AHRETASY
Table 1 Primers used in this study

I JFH(5'-3")
Universal primer Sequence
ITS1 TCCGTAGGTGAACCTGCGG
1TS4 TCCTCCGCTTATTGATATGC
EF1-728F CATCGAGAAGTTCGAGAAGG
EF1-986R TACTTGAAGGAACCCTTACC
Alt-for ATGCAGTTCACCACCATCGC
Alt-rev ACGAGGGTGAYGTAGGCGTC
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AR BRI JUHR e BEAL PR A L ISR
(D, w38 B &t FE sRDE 808 B 19 25
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1 EHEBEE A BiEZRER
Fig. 1 Symptoms of leaf spot A of cherry in the field

B2 #HkHBERS B HiERXRER
Fig. 2 Symptoms of leaf spot B of cherry in the field

2.2 RREMNSBESEL

Xt BRI BRES 1 o D o A 00 v A a4, SRR
13 279 #k 70 B o A BERT A B M 0 5 1
153 k. AHG VYT 3 BK, MR 135 Bk, D278 15 #k. il
IR SR 25 0B 23 0K YT 3 bk r KA 4

CBX001; i % 135 #4254y & - HS002 (11 #) .
1.D002(3 #) .GM001 (5 #) ,JX001(5 ##) . L.JH001 (22
Ko W LIJH002(2 ¥k, YR001 (2 ¥k) . TGW001 (78 #) .
TGWO003(7 ¥f); 5518 15 k4325 fy 44y GDX001
(4 ) .GDX003 (2 ¥£) . GDD001 (5 #£) F1 GDH001



46 B3 2 W

RUAF S5 7 A AR P R I B 11 2 85 15 M « 51 -

AR . MHBEE B B it L4015 126 i 5 i
PR AR ZR 113 Bk, 43l ar 44 2 TGT001(82 #)
TGT002(28 #) 1 TGT003(3 #k) 5 57t 13 £k, ¥y
%% GDY001,
2.3 REEMESEELETE

JsJE B Bk CBX001 ., HS002., 1.D002, GM001, JX001
LJHO001,YR001, TGW001,GDX001,GDD001, GDHOO1
TGT001 F1 GDY001 7 PDA AR I 18 7% M AT, &
IR AT AR (GR35 L T T RS S o R
o, BRI 2 RIRAE R O B, SR A
FIKE AR ARG, ZEMAZH RS ER. TE
W 22 ik 8O R RGIGE, 7 dJF TS AR S 9 om

(K3 afi b) o ERAHEE T o I A 1 22 e (0, 58
3~5.5 pm, AREAR, I3RS OB 0 5
A TR 22 AR s T B SR RS A R R
INA (42, 3~96. 5) pm X (3, 2~4. D pm, AT H#
OB O, KA ERDE  SE MREREERUE A 1~
5 MR, 0~ 3 SR BURHRR IR, 23 B Ak R 2 HAT 4i
GG R/ A (9. 6~35. 5) um X (6, 5~15. 5) ym,
U2 b U < e Sl s e o (0w v DR R TS 62 VN
K.k B 2~6 M. AR FEERA K
TSGR ERRIR . AT 2RO 5 R
AR DR BRI 574 10 B B AT 3B . RNy
(3.2~21.3)pmX (3. 4~5. D pm([& 3 ¢ fl d),

afilb: WARHSO02/EPDAPAR_EHITEASHRAE; c: /3 AT 4E; d: 43 A=A (FF LT s ef: BARHSZ002/EPD AR _L T 2545

fiE; g 43 AR AT he 43 AR AR (FF Sk BT )

a and b: Morphological characteristics of strain HS002 on PDA plate; ¢: Chain of conidia; d: Conidia (arrow points to beak); e and f:
Morphological characteristics of strain HSZ002 on PDA plate; g: Chain of conidia; h: Conidia (arrow points to beak)

3 fRIEBEH HS002 F1 HSZ002 BT ASHH1E
Fig. 3 Morphological characteristics of the strain HS002 and HSZ002
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afllb: W HRGDX003/EPDA AR _EHYTEASHFAE; c: 4) A1 5E; d: ﬁétf@.?(“"f%ﬁﬁ?ﬁ%ﬁ%) e*ﬂf WBRGDX003-HIT/EPDAFAR
TEZHHIEs g 43 ARAF-4E; he 73 A8 (8 L T4 A %)
a and b: Morphological characteristics of strain GDX003 on PDA plate; c¢: Chain of conidia; d: Conidia (arrow points to beak); e and f:
Morphological characteristics of strain GDX003-HJT on PDA plate; g: Chain of conidia; h: Conidia (arrow points to beak)

® 4 FEER GDX003 F1 GDX003-HJT BT 7 4H1E

Fig. 4 Morphologlcal characteristics of the strain GDX003 and GDX003-HJT

afiib: WK TGTO027EPDAFAR_EBTBARAFAL; c: 43 A4 FAE; d: 43 AR A eflf: BiARTGTO02-HZAEPDAFAR_EBYIBAHHAE; g: 432
FFAE; h: S AT

aand b: Morphological characteristics of strain TGT002 on PDA plate; c: Conidiophore; d: Conidia; e and f: Morphological characteristics
of strain TGT002-HZ on PDA plate; g: Conidiophore; h: Conidia

5 FEBE % TGT002 F1 TGT002-HZ BT 73S 4HE
Fig. 5 Morphological characteristics of the strain TGT002 and TGT002-HZ
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T5. A0 2. A0 22, 200 AR RN SR TSR AR M
HI R T EEAR A LR 82 Bk BUAE 13 Bk
M 3 AR A0 B+ #0F0 28 £f Colletotrichum spp. ¥4
MR ZRAEME R - Loy B A 3

96

Alternaria alternata MF038148.1 / KY062988.1 / KY923227.1
Alternaria alternata KY026589.1 / KY231162.1 / KT315515.1
Alternaria alternata MH938075.1 / MH248151.1 / MG199093.1
GDHO001 rDNA-ITS/ EF-1/ Alta 1

GDDO001 rDNA-ITS/ EF-1/ Alta 1

GDX001 rDNA-ITS/ EF-1/ Alta 1

TGWO001 rDNA-ITS/ EF-1/Alta 1

YRO001 rDNA-ITS/EF-1/ Alta 1

LJHO001 rDNA-ITS/ EF-1/Alta 1

JX001 rDNA-ITS/EF-1/ Alta 1

GMO001 rDNA-ITS/ EF-1/Alta 1

LD002 rDNA-ITS/EF-1/ Alta 1

91| | HS002 rDNA-ITS/EF-1/Alta1

CBX001 rDNA-ITS/EF-1/ Alta 1

[ ] HSZ002 rDNA-ITS/ EF-1/ Alta 1

GDY001 rDNA-ITS/ EF-1/ Alta 1

TGTO001 rDNA-ITS/EF-1/ Alta 1

100]

100 _| Alternaria gaisen KP124427.1 / LC275055.1 / KP123975.1

100" Alternaria gaisen KP124428.1 / LC275056.1 / KP123974.1

TGTO003 rDNA-ITS/ EF-1/ Alta 1

®  GDXO003-HJT rDNA-ITS/EF-1/ Alta 1

LJHO002 rDNA-ITS/EF-1/ Alta 1

TGWO003 rDNA-ITS/ EF-1/ Alta 1

GDXO003 rDNA-ITS/ EF-1/ Alta 1

Alternaria tenuissima LC134323.1 / LC136864.1 / 1Q282235.1

Alternaria tenuissima MG012286.1 / LC136861.1 / KP341692.1

| Alternaria brassicae KT803065.1 / MH754527.1 / MK026432.1

100

100 Alternaria brassicae KT192352.1 / MH754530.1 / MH754526.1
100[ Alternaria solani KC584217.1 / KC584688.1 / MH754544.1
Alternaria solani KJ718240.1 / KX090397.1 / MH754539.1

100 Alternaria dauci KJ718160.1 / KJ718508.1 / KI732978.1
100[

Alternaria dauci KJ718162.1 / KJ718509.1 / KJ732979.1

Alternaria panax JF417557.1 / KC584675.1 / 1X213298.1

—
0.02

Embellisia astragali 1Q308339.1 / KP718636.1 / KM457062.1

6 ETF rDNA-ITS,EF-1a 1 Alt a 1 EEFFIHEH NI EHEBR
Fig. 6 NJ phylogenetic tree constructed based on rDNA-ITS, EF-1¢ and Alt a 1 gene sequences

JQ948446.1 Colletotrichum phormii
JQ948447.1 Colletotrichum phormii
KU963516.1 Colletotrichum pyricola
MH865011.1 Colletotrichum pyricola
JQ948444.1 Colletotrichum johnstonii
JQ948443.1 Colletotrichum johnstonii
KY576235.1 Colletotrichum salicis
771 KY576234.1 Colletotrichum salicis
TGTO002
MH864143.1 Colletotrichum godetiae
MHB864135.1 Colletotrichum godetiae
9987 IN121132.1 Colletotrichum clavatum
IN121136.1 Colletotrichum clavatum
08 IN121207.1 Colletotrichum simmondsii
KT153561.1 Colletotrichum nymphaeae
79 IN121195.1 Colletotrichum simmondsii
52| KT153562.1 Colletotrichum fioriniae
79 MHZ865009.1 Colletotrichum fioriniae
MH865689.1 Colletotrichum fioriniae

72

r GU935871.1 Colletotrichum higginsianum
92' GU935872.1 Colletotrichum higginsianum

JQ936240.1 Colletotrichum gloeosporioides
95'JQ936314.1 Colletotrichum gloeosporioides

JQ422625.1 Penicillium chrysogenum

———
0.02

B 7 ET rDNA-ITS EEFFIMEN N RELFH

Fig. 7 NJ phylogenetic tree constructed based on rDNA-ITS gene sequence
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W0 Jo R SRR B S0 [ A8 (5 o 3Kt
Ak HBRIR] G 8 20 45 T TE) 5 48 A s A AR A ) 5 B8 PR

X
b e

TGTO02 AP R BER A €8, KNG, Ji5 9 BE
IR R O IRIE 2148 €05 284 (4 5, g AL T4 HL
IR, R BB R R K (B 8) . MATA Bk
HS002.GDX003 1 TGT002 £:# % s it B b -1k
HEAT 5 TR 43 1, 0 00K e T A 44 O HHSZ002,
GDX003-HJT #1 TGT002-HZ, 4485 LB &
(9 3e~h. [ de~h I S5e~h) 5 FERHREFRIE
A3, H HSZ002 #1 GDX003-H] T 7£ 2 %t kAL b
SRR — (B 6),

| © CK
| i

a: WARHS00245 145 8#1; b: IARHS002TE {4881 c: EﬁﬁkGDXO%ﬁ{’ﬁ%ﬂ'; d: FHRGDXO003 51542 F; e: WK TGTO02 A 4545FM; f: Hitk

TGTO02Tp 745 CK: XFRR(ZE: A%, £i: Tolitkh)

a: The inoculation with injury of strain HS002; b: The inoculation without injury of strain HS002; c: The inoculation with injury of strain
GDXO003; d: The inoculation without injury of strain GDXO003; e: The inoculation with injury of strain TGT002; f: The inoculation without
injury of strain TGT002; CK: Control (inoculation with injury on the left, inoculation without injury on the right)

8 BBk BEHAEE HS002,GDX003 F1 TGT002 & ##h & fw iE 4K
Fig. 8 Symptoms of cherry leaf spot inoculated with mycelium pellets of HS002, GDX003 and TGT002 isolates
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