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Isolation and identification of the pathogen causing cherry black spot in

Gansu province
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("College of Plant Protection, Gansu Agricultural University/Biocontrol Engineering Laboratory of Crop Diseases and Pests of Gansu
Province, Lanzhou 730070, Gansu, China, *Shaanxi Shanggezhilu Biological Science Co., Ltd., Xi’ an 710400, Shaanxi, China)

Abstract: [Objective]Cherry black spot disease caused by Alternaria spp., induces rot and shrinkage
fruit and perforated leaves. It tends to be serious over the years and affects the economic benefits of
the cherry industry. Alternaria spp. are common pathogens, and they have cultural diversity, strong
adaptability and broad hosts. It is important to clarify the pathogen species causing cherry spot for the
diagnosis and comprehensive control of the disease. [Methods]Based on the tissue isolation method,
the cherry leaves with black spot collected from Qinzhou district, Tianshui city, Gansu province. The
pieces of the leaves (5 mmx5 mm) were disinfected with 10% sodium hypochlorite and cultured on
PDA plate. After 3 days, the edge of colony were picked to purify and then stored at 4 ‘C. In order to
determine the pathogenicity of the isolates with the postulates of Koch’s, the isolates cultured for 7
days were diluted to suspensions (10° spore per mL), and then were sprayed on the healthy cherry

leaves with wound stabbed with insect needle, respectively. The cherry leaves inoculated with sterile
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water were used as a control. All treatments were moisturized with sterile cotton wool and placed in
incubator at 25 ‘C. The assay was repeated three times. The pathogens were identified through micro-
scopic observation of the morphological characteristics of hyphae, conidia and sporulation. To further
identify the pathogens, the DNAs of the them were extracted with the OMEGA fungal extraction kit
(D3195-01), and the sequence of them were amplified with the Alternaria major allergen gene (Altal),
calmodulin gene (CAL) and plasma membrane adenosine triphosphatase gene (ATPase), respectively,
and the products detected by 1% agarose gel electrophoresis were sequenced by Xi'an TSINGKE Zexi
Biotechnology Co., Ltd. The phylogenetic tree was constructed by the Blast comparison and the neigh-
boring method (NJ) by MEGA 7.0 to identify the taxonomic status of the pathogens on cherry black
spot. [Results]9 isolates, named TYY1-9, were isolated from the collected leaves of cherry infected
by the black spot disease. After 5 days of inoculation, the cherry leaves inoculated with the isolates
TTY2, TYY6 and TYY9 exhibited infected symptoms. Among them, the isolate TYY2 produced dark
brown irregular lesions on the leaves and gray black mold layer on the back of the leaves. The isolate
TTY6 induced browned leaves and black mold layer on the lesions. In addition, the leaves inoculated
with isolate TYY9 showed brown spots and inconspicuous concentric stripes. The symptoms appeared
on the inoculated leaves were similar to that collected from field, however the control was asymptom-
atic. The diseased leaves were isolated again and the isolates TTY2, TYY6 and TYY9 were obtained.
According to Koch's postulates, it was concluded that all three isolates were pathogens causing cherry
black spot. After culturing on PDA plate for 7 days at 25 ‘C, the colony of TTY2 was concentric with
white and dark green, and aerial hyphae was hyaline, and the size of conidia was 7.68-32.31 umx3.50-
8.32 um. The strain TYY6 was dark green with irregular edges. Conidia were single or skewered,
mostly stick-shaped, a few were oval or round, light brown or brown, with 1-4 septa, 0-5 longitudinal
membranes, and spore size was 51.51-7.44 pum x 3.85-8.65 um. The strain TYY9 was gray to dark
gray round colony on the PDA plate, and the back of the colony was black. The conidia size was 7.46-
34.85 umx3.58-10.67 um, with 1-6 septa and 0-4 mediastinum. To further classify the taxonomic sta-
tus of the pathogens, the specific primers of Alternaria major allergen gene (Altal), calmodulin gene
(CAL) and plasma membrane adenosine triphosphatase gene (ATPase) were used to amplify the ge-
nomic DNA of the 3 isolates. The results indicated that the TYY2 were 99.15% (accession number:
MG199093), 98.75% (accession number: MG925123) and 99.23% (accession number: MH492681)
identical to the three sequences of A. alternate, respectively. The identities of three genes for the strain
TYY6 were 99.73% (accession number: KY561842), 99.72% (accession number: MG925159) and
99.92% (accession number: MF073265) in comparison to the sequence of 4. tenuissima. In addition,
the identities of genes for the strain TYY9 were 100.00% (accession number: MG199093), 100.00%
(accession number: KJ920975) and 99.49% (accession number: MG736305) in comparison to the se-
quence of 4. alternate.[Conclusion]9 isolates were isolated from the cherry leaves with black spot,
and the isolates TTY2, TYY6 and TYY9 were confirmed as pathogens causing cherry black spot in
Tianshui city. Combined with morphological characteristics and phylogenetic analysis, strain TYY6
was identified as A. tenuissima, which was firstly reported on cherry in China, and the strains TYY2
and TYY9 were identified as A. alternate. Therefore, the quantity and species of pathogens causing
cherry black spot disease should be comprehensively considered in the diagnosis and the control of the
disease.

Key words: Cherry black spot; Pathogen; Identification; Alternaria tenuissima
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sa) 51 SRRk A B 2F LIRS, ARk e AR B A
BE, A0 48 4 10 TR LI 5 AR e o R AR e L AT B
(Agrobacterium tumefaciens) 5| #2 1] — P 240 B8 £ 9%
FECL IR (Monilia fructigena) 51 ECPEMEAE 5 5
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T PR PR 422 R AR E

Hekg 1 (Alternaria) J& 3£ Ascomycota JH£ 5
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R E R 2018 FEAEH A KK RMIX 10
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PRk PEREREAR T 2018 4 8 H 22 HETH
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TCH KB R i o R, R 2 d 5 B8 0
BRIIE O FFE Fr RI 5 o9 i B 24T IR 4y
B W S AR SRR R R EAT VR TR
B e Hot B BURME
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Table 1 Primer information
H bk CIE/ER S Gkl
Target gene Primer name Primer sequence
ITS 74 ITS1 5'- TCC GTA GGT GAA CCT GCG G-3'
ITS sequence ITS4 5'-TCC TCC GCT TAT TGA TAT GC-3'
A HUR Altal /7251 Alt-R 5'-ACG AGG GTG AYG TAG GCG TC-3'
Allergen Altal sequence Alt-F 5'-ATG CAG TTC ACC ACC ATC GC-3'
51 & 3 CALFF41 CALDRI 5'-CTT CTG CAT CAT CAY CTG GAC G-3'
Calcium barine CAL sequence CALDF1 5'-AGC AAG TCT CCG AGT TCA AGG-3'
JRBEARFE = TEIL ATPase /751 ATPDF1 5'-ATC GTC TCC ATG ACC GAG TTC G-3'
Plasma membrane adenosine triphosphate ATPDRI1 5'-TCC GAT GGA GTT CAT GAT AGC C-3'

ATPase sequence

ITS fE 20 pL B4k & A 58 oy 3, B 46 10
uL Mix, 1 uL DNA, ITS1 Al TTS4 %% 0.5 pL, 8 uL
ddH.O. F HEFEFF:95 CHiA M 5 min, 95 ‘CAE %
305,54 ‘CiE-k 30,72 ‘CZEfH 1 min,30 MG, 5
J& 72 ‘CHE{H 7 min.

Altal 7£ 25 uL R BAE R 58 iy 3, B4 12
uL Mix, 1 uL DNA, Alt-R fil Alt-F % 1 uL, 10 puL
ddH,O. F HEFLFF:94 CTiAZ M 4 min, 94 ‘CAS P
455,57 ‘CiB K 455,72 ‘CIEMH 45 5,30 MG, i
J& 72 ‘CHEH 5 min.

CAL fE 25 pL R JBiAA & b 58 ey 1, 46 12
uL Mix, I uL DNA, CALDR1 #1 CALDF1 % 1 uL,
10 pL ddH,O. ¥ HF2/7 : 94 CFiAE 14 4 min, 94 C
AP 45 5,58.5 ‘CiB K 455,72 ‘CHEAH 45 5,30 AME
W, )5 72 ‘CEE{H 5 min.

ATPase 1t 25 pL [ NAK & b 58 ey 3, L 45
12.5 uL Mix, 1 uL DNA, ATPDF1 #1 ATPDR1 % 1
uL,9.5 pL ddH,O. ¥ 27 : 94 °C Fi A PE 3 min,
94 ‘CA M 305,59 CiB -k 305,72 ‘CHEfH 1 min, 35
MG, 15 72 CZE{#H 5 min.

HY 3 uL PCR 7248 1% 35 i 0 i J el 9k A U
JEIEAT VG 2 SRRV A VIR BR A w T

K H A MEGA7.0 LLAB#:E (ND) M & R 4
REW .

2 R 55
FH R R TTZM X, TR RE

FRHII, 5 - R ORI R, R I
Je& 3 R T AN R v SRR 1 8, 300 5 S A €
P I AR A S 5 7™ IR BRSO R
FEAG s A I 2 3G B R 5 AL R, AR R
(K Do

1 B R & R REIR
Fig. 1 Symptoms of cherry leaf disease
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LR BEAL A B R)E (] 2-C). TYYY 4359
R0 = A A 58 BT, 95 BE P AN B ] O AR S0HR
(K 2-D). 3 ¥Ror B3h a2 Jemt i, SR H B 2
(1 5 o AR 5 T 6T B A R (PR 2-A) o 5% R0
PR B, T 0T 43 B TR PR S R I PR AT BV A
A& B, ¥ A FRIR 4 N SRR R S )
TYY2.TYY6 Fl TYYO, #i5& 3 5 25 40 35 NP Bk
PEBETA 978 R A

A l ‘C I D |
4

ARG B. BRR TYY2 BERMIER C. ik TYY6 #AER ;D
Bk TYY9 HeFtAER .
A. CK; B. Symptoms of TYY2 strain; C. Symptoms of TYY6 strain;

D. Symptoms of TYY? strain.
B2 REERRENE
Fig. 2 Pathogenicity test
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(3.50~8.32) um. 73 A il A G B W, 5% OR [ B
RS KB 2.32~13.04 um, R # £4, A F7 (0~3 A BTG
B% , A TE 20 A= A7 00 T 2E M = 1 45 0 RO AR
50, KN 2.12~9.95 pm. P2 18 BYERIR 2> 52,
AL PR TRy (B 3-A4), — R EE 1~7 A

TYY6 W& M EATES . EIE TYY6 7 PDA
Regrdt b 25 CH 3% 7d, TR RSB 4 (0 1R TF 1 V%
TR V& 10 23 AN BT B0, A1 L B V& 3R TH A R R ) 3
B 22 (K 3-BD, B 2B A (K 3-BD). WLZE

B, 22 SLB0A 4y SO B AR R 22 R TG 6, B 55 1 )
(K2 IH R 2228 el L Bl £ . 20 A 1A
Tl A YR B a1 3 B = I
Tl kA B ECE B, IR I K. AT
AR, Z2 R EIR , BN B Y Bl [
PR (E 3-B3), BH 1~4 NFREE, 0~5 4>
AL, B AL A 4, 701 K/ (51.51~7.44) pmx
(3.85~8.65)um. F=AEBR AV (R AR P-4 44D
FER A5 BE B 0~5 AN, W, B KON 2.4~
32.30 pmo AR BIEREIR I 7 A 7 B A (A
3-B4), — M HE 2~6 A, AT AT IR 5y e
TYYO W& ME RIS NTHR7d )5,
V&1 PDA 8537 3% b 52K €0 2 5 K [5 B v, v (Al
W& AR D, AR B 2 R 22 R A (B 3-CD L VR Y
2 EEE 3-C2) . FiEW 2 N AT, ZIHH
AN o AR TR VR M LB €, AR BUR
AL B AIHIRG, BB L AR S SOR R
oy HE AT AR B RE AR BIARAR T L OP R, 48 5K
DRG0, R 1 6 BOA IR M, B B b, 2 B&
Ab T8 B 445 () 3-C3) . fil KN N (7.46~
34.85) umx (3.58~10.67) pm, E 1~6 HEFE , 0~4
INBG. AT A ECE G, B S AT B 28R
WS il 0~5 ANBE L, B6 R B vk, KR 0~
21.83 um. AR ARCR B A (K] 3-C4), 724 1~
6 N .
222 HFAMHFER WEBUREKE TYY2.TYY6
A TYY9 i3 47 DNA $#25, DUIF2HL & DNA AR
B, A 5190 1TS B8 7 41 33E4T PCR 473, 2647 iF
BT JC H s I G, 3R15 K/ K 540,576 1 578 bp I
Bo K BURE M ITS ¥ 184755 Gene Bank H1 ITS
28 BLAST 047, 85 R, = bRk 5 38 BEAS TR
(A. alternata) F14H % 55 4% TR B (A. tenuissima) 1] [7)
PEPEAR I, TR X 4y o [ ok e P 3o 8 s 2 IR
(Altal) A5 8 [ 3 K CCALD A5 iR = il e 5k
[Kl CATPase) FIRE S ME 51 #0328 47 PCR ¢ 1. Altal 5l
YIFRTS KNG 5 471,498 1 482 bp () B, CAL
Sl W3R KN4 53 813,816 F1 795 bp I F B,
ATPase 5| 3R KN 509 1 174.1 193 Fl 1 194
bp I B 4 Altal \CAL Al ATPase 3 Fhy 1 /5 41
PEAZ % NCBI [ FEF AT P HILL X, 8 R4
REW, BB 4 a750, TYY2 HERH 3 F5 Y9 185
W ¥ 5 A8 BE M (A alternate) T8 V8 % 7 7 N
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AL TYY2 WVEIEH A2, TYY2 WVATF I : A3 TYY2 FTEA : A4 TYY2 /il B, B1. TYY6 VA I :B2. TYY6 7% 151l : B3. 17
JEA5:B4. TYY6 %A . C1. TYY9 W& IEM:C2. TYY9 WA &M :C3. TYY9 M TIHA :C4. TYY9 P kA,

Al. Positive side of TYY2 colony; A2. Reverse side of TYY2 colony; A3. Spore morphology of TYY2; A4. Sporulation phenotype of TYY2. BI.
Positive side of TYY6 colony; B2. Reverse side of TYY6 colony; B3. Spore morphology of TYY6; B4. Sporulation phenotype of TYY6. C1. Positive
side of TYYO colony; C2. Reverse side of TYY9 colony; C3. Spore morphology of TY'Y9; C4. Sporulation phenotype of TYY9.

E3 mERERNEERSHSERFRESHE
Fig.3 Colony and conidia morphology of pathogenic fungi
99| TYY9- Altal

48 IMG199093.1:4-485 Alternaria alternata
[ TYY2- ATPase
4 991 MH492681.1:24-1194 Alternaria alternata
KY945055.1:447-1257 Alternaria kareliniae
43 [ TYY2- CAL
1 991 MG925123.1:1-721 Alternaria alternata

g4 TYY2- Altal
99’-{ MG199093.1:20-487 Alternaria alternata

| MF381748.1:12-472 Alternaria alternata

TYY9- ATPase
MG736305.1:12-1185 Alternaria alternata

99
‘ JQ811979.1:24-1197 Alternaria alternata
MH243797.1:3-727 Alternaria protenta
71 | TYY6- Altal
991KY561842.1:1-368 Alternaria tenuissima

99| TYY6- CAL
IMG925159.1:1-723 Alternaria tenuissima

48 KY626560.1:18-505 Alternaria dauci
KJ921019.1:1-345 Alternaria tenuissima
MG740659.1:5-1197 Alternaria tenuissima
16 % | MF073265.1:5-1197 Alternaria tenuissima
| TYY6- ATPase
17 MG736308.1:1-774 Alternaria alternata
9911 TYY9- CAL

Ifi 781KJ920975.1:1-719 Alternaria alternata

El4 ET Altal CALFIATPase U TYY2. TYY6 M TYYI EHRII R G4 B
Fig. 4 Phylogenetic tree of TYY2, TYY6 and TYYY strains based on Altal, CAL and ATPase gene sequences
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99.15% (& 3% 5 : MG199093) . 98.75% ( & 3% 5 -
MG925123) 1 99.23% (& 3 5 : MH492681) , .7
REKREW ERE L, TYY6 HHRK 3 F5I 4
5 BE RS 1 (A, tenuissima) [FIETES 5N 99.73%
(B35 KY561842).99.72% C& 3% 5 : MG925159)
A199.92% (& 55 : MF073265) , HEE R G K B # L
B TYY9 BRRR 3 Fho ¥y 538 5k 0 (4.
alternate) A Y5 P 7 H) N 100.00% ( 5 % 5 -
MG199093) . 100.00% ( & 3% 5 : KJ920975) Al
99.49% (&35 :MG736305), HIE RS K EM 5
fE—#. 454 TYY2.TYY6 Al TYY9 ¥k
FRAE, % TYY2 M TYY9 A2 45 % i (4. alter-
nate) , TYY6 NS (A. tenuissima) o

3o i

ENTIFWIN T W S E R S P ST
I3 PRI SE 4> ) TYY2.TYY6 A TYYO fi ki
Jr 7 A SR ) FRAR (R BE, BT R TYY2.TYY6 Al
TYY9 AR IK P 54 B (493 5 B HL 5 i@z ik ™)
TR I8 AR RS RE R ARABL , #0877 A= A €3 IXE
HA KO Z 7 E B H PR A G, w3t
FOR R ENGA 22 57, X AT REAE 2 N B A 2
Pl G 25 YU PR IR R R A RS E R TR,
A RE A2 K Dy 8] £ RO R IR 2 i 2 AN A R G
(g A, BARJE A fe it — D0t o il TR A 58
HEAT 2 B2 R PP 21 20 B B PR TYY2 AT TYY9 £
NI BRSO (A. alternate) , TYY6 % 58 N AW B ¥
U (A. tenuissima) , 3379 /NME A, 0 E# AL AE
T 5| EEP R B 2 EIRARIE . ABETT R, R
TYY2 B ¥ T8 25 5 R U6 S8 LR 1) 52 B 1 (AL al-
ternate) i FR VIR — 80, Wtk TYY6 B -k 5 d s
G ST R A A COURI A R A PO 4 A B R A (AL
tenuissima) 1 — 0, Bk TYY9 TSRS A b
FLEPIRIE (1) A FEM AL (A, alternate) TX 25—, H
WA TYY2 F1 TYYO 2 [ (55 7R HARAA A 2 57 5
B 6] — PO S o A AR R =R R g R
ON D=2 S o 3 S (O I R I 7 o e oy = 1 i/
R, KN PR SRR 5 IR SR = 152
2 U AR A 3 IR 1R TC VR E 34y SR AP
PG 5 [F] — Ffo JiR 1 LE AS 5] 3 X B0 ) B %=
S T [ o B 0 160 AN [ T o x4 2 (] — 08 7 P
TRPEAT 22 500 REDER T TR AR [8) SO ) A7 AR B

ZRP KR, TYY9 B TYY2 Bk 15
Joa 1o, T E AL F R A A A 38 A% 23 A Y, fHLA
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