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A BIE A R0 3 b DX R AT R A R R AR AR A L ORI
BEG 1 A 2 B b A N RG4S
NY/T1248. 11-2016 T K 470 g 1 M % 2 H AR #1
055 11 F 4 KBERR T L A b SR
7T 46 A EAE HORERES 60
1.2 ksl

PEUHE F5 i - K BUNR 35 37 B (WA 18070 o0 3
E 15 g 7K 1 L %% 2 45 0l i i 35 72 55 (PDA)
BT R BB 8 200 g # i 20 g Bl 15 g UK
1 Ly K 453 itk 12 45 Bh i 15 97 B (MLPCA) 18073 4
Tk 15 g.CaCO; 3 g F5ilE 15 gk 1 L7,

W) B AL %% : 2 X Power Tag PCR Master
Mix.DL2000 DNA Marker ¥ B it 5 25 1 R
HAMRAF; TBE WA R REERHEARL
A BT L 4] DNA Mgl 42 1407 & (B518229-
0100) W H [ A: T A9 TR R A RS Fl s PCR
Sl A T AR TR B A PR 7 A A .
1.3 REEMD B4

e RNy SR U i s W ok s
B 5 mm X5 mm Z£ A7 H U, JC R K kR
Il 75 RS IR TR 30 s, TR TR K IE TR 3 1K,
H4 A BRGT (it B o RRAE S A W R AR WA T,
25 CHEFRE 5~10 d. FAEKME L5 =
PDA 3%, Hdaifb % H oy dhast™ w oy g 0F

LAt K B AE PDA L 25 °CfE 5 2 8
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mL 9 ICTE K 5 il B T BRI AR &
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2 T ) )8 17 2 B R s W TR 22 K o3 AR A TR T
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JE A0 DA P 1 R S A B A O DR R, A I S
fitlh | SR X 2 16 I8 A R A B A Z 28 PR 4 Y 5
Y CZM2F/CZM2R #t— 2% 5] C. zeae-maxydis .
C.zeina 1 C. sorghi var. maydis (R EME
KA GIWFH W E 1. B H B 1
PCR WK & :DNA it 2.0 pL, ETFH5I1Y%
1.0 pL,Mix 12.5 pL.ddH,O # /2 25 pL, PCR
SR - 94 °C WA P 5 min, 94 C 45 5,55 C
308,72 °C 60 s, 35 MAF I, 72 °C I £ AT
10 min, B 5.0 pL PCR P=#I7E 1.0 %0 A B i A
BE RS 1 R4 R VROR I L A 5 B DR g 45 2R

¥ PCR =ik & Bilg £ T AW TRBRMGA
BRZA R #E AT H3 48 [ Oy, DU ) 45 R A
NCBI M3 [ i# 47 HXf, If AN GenBank 48 2 T
R R M R Y H3 4l A 3 R F A, R A
MEGAT7. 0 8k AR IR A R R KB W
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Table 1 Species-specific primers for identification of maize gray leaf spot pathogen

519 4 B 1955 (5'—>3") P KN/ bp
Primer Primer sequence Product size
CYIH3F AGGTCCACTGGTGGCAAG 389
CYIH3R AGCTGGATGTCCTTGGACTG 389
CzeaeHIST TCGACTCGTCTTTCACTTG 284
CzeinaHIST TCGAGTGGCCCTCACCGT 284
CmaizeHIST TCGAGTCATTCGACTTCC 284
CZM2F GCGACCCTGCCGTTT 310
CZM2R CTCAGCCGGAGACTTCG 760/310/1 020

1.6 ISSR =fE SN

S AN KRS X S P R B SR S B
M ZAMEFEEM 16 45 ISSR 519 (£ 2), % 28
PR H R TR R JEAT ISSR ¥ 34 L HF E£E 13 BBV 1R
MRAE NS IR (3£ 3), ISSR W& & [F“1. 5745,
J I AR Y 2 2% 8% 7 ¥ ISSR-PCR 47 3 i FH 72 )%

BU5.0 pL PCR P=¥I7E 1.0 Y6 1% 350 M e fse 1 0
A R Uk AR T, B RS AR &R SE 40 BRIF ) Excel
2019 Geit 455 B (Rl — 0 B A id o 1, okl
e H 0), FIH Popgen 32 B4 H NTSYS-pe2. 10
version FAFHEAT 04T .

&2 il ISSR 514
Table 2 Tested ISSR primers

ElR/EX) 1% 50 (5'—>3") BKIRE/C| SRR 1P 5 (5 >3 BRI/ C
Primer Primer sequence Optimal Tm Prime Primer sequence Optimal Tm
UBC808 AGAGAGAGAGAGAGAGC 52.3 UBC836 AGAGAGAGAGAGAGAGYA 48. 4
UBC809 AGAGAGAGAGAGAGAGG 48.0 UBC840 GAGAGAGAGAGAGAGACTT 47.0
UBC810 GAGAGAGAGAGAGAGAT 44,9 UBC841 GAGAGAGAGAGAGAGACTC 48.5
UBC816 CACACACACACACACAT 49. 6 UBC864 ATGATGATGATGATG 36.2
UBC823 TCTCTCTCTCTCTCTCC 48.0 UBC884 HBHAGAGAGAGAGAGAG 45.7
UBC825 ACACACACACACACACT 50. 8 UBCS889 DBDACACACACACACAC 49.7
UBC834 AGAGAGAGAGAGAGAGYT 48.7 UBC890 VHVGTGTGTGTGTGTGT 52.0
UBC835 AGAGAGAGAGAGAGAGYT 48.7 UBC891 HVHTGTGTGTGTGTGTG 50.0

2 HR5H

2.1 ERRBEFRD i

2021—2022 4 X H R 44 B R L Bl 2R L b i
X A1t 46 A~ S BT SE IR A, & B R KR BER
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Hh BB A MR | B A AR AR S )1 S 43
BERG AR 3k B 100260, g 3~5 P BB R K
B R 10020 8 1~3 9 BUE 20115 il
UPEEI AR 3K B 10026, J 9 5~7 9 W 2 B ok
B AT 2 R R 43 1 100 26 R 50 %0, i 23
R 1~3 9 RIME R, RAKTHEMNX ZEEZ
S R A e i A AL B 7 AL K B ST 3
bRR N 8. 2% ~16. 7% . @ Kk E., Pl
AT S5 B A B sl X5 BRBH T 9 &K

B R R P X B R T A sSER RS B
SR BER B bR N T 5% B R kA, |
JRE R 22 N T A L R T T BRI VR
DAz EF R . R E A UL 1,
2.2 EERELETEHER

WA AE PDA RE 35 5 1A K218, T T 0%
B JE 140 25 58 1 SO BUIR L B 9 G T K 2R
PR ISR A WA HFIRIFR L 1 ~2 FE
T i 2 THT Y & 1 (0 SRR 22, B R 20 d VR
R T7~14 mm, EKHEERH 0.5~0.65 mm/d,
67 WA T LR L 20 B T AR 1 g0 AR AR SRR
WS A B AR A 1 ~5 DRRBE, — M 3~14 R
A, H AR i s o3 A i B A SR aE IR
Shy BB R IR B 2 BT, v RE L G TH O B L A
1~10 A P& B, K /N 7E (42. 4 ~ 100, 5) pm X
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ST AN R 4 A HRGE R 2 S R AE —

x®3

H, EEFE R EREKI N ERER
(C.zeina), WIEMMFIEEWAE 2,

iR E R IR

Table 3 Source of isolates used in this experiment

bk G5

Strain number

KA

Location

ARG

Strain number

RA

Location

GS-LN-CHC

GS-LN-CPS

GS-LN-CDC-1

GS-LN-CDC-2

GS-LN-CCG-1

GS-LN-CCG-2

GS-LN-CCG-3

GS-LN-CXC

GS-LN-KCB

GS-LN-KCG

GS-LN-KDB

GS-LN-KNB

GS-LN-XHXY

GS-LN-XHSL-1

GS-LN-XHSL-2

GS-LN-HF]J-1

GS-LN-HFS-2

GS-LN-HFS-3

GS-LN-HFS-4

GS-LN-LQS

GS-TS-QZHQ

A Bl R T A 201

Hongchuan Town, Chengxian County, LLongnan,
Gansu Province

k2 Bl e TR v A

Paosha Town,Chengxian County,Longnan,Gan-
su Province

b2 B T B A A

Diancun Town, Chengxian County, Longnan,
Gansu Province

A B L A

Diancun Town, Chengxian County, Longnan,
Gansu Province

B AL R ES

Chengguan Town, Chengxian County, LLongnan,
Gansu Province

A Bz rE T L DG 4

Chengguan town, Chengxian County, Longna,
Gansu Province

A B r L e

Chengguan Town, Chengxian County, Longnan,
Gansu Province

A B rE BN 1

Xiaochuan Town, Chengxian County, Longnan,
Gansu Province

A Bl R TR A

Changba Town, Kangxian County, Longnan,
Gansu Province

A B e i R B O R

Chengguan Town, Kangxian County, Longnan,
Gansu Province

A Bl e iR B 0
Douba Town,Kangxian County, LLongnan, Gansu
Province

A8 B r T L R

Nianba Town, Kangxian County, Longnan, Gan-
su Province

A B rE P P U

Xiyu Town,Xihe County, Longnan, Gansu Prov-
ince

A Bl e P B B

Shili Town, Xihe County, Longnan, Gansu Prov-
ince

A Bl e P B B

Shili Town, Xihe County, Longnan, Gansu Prov-
ince

Holr A e e i R AR R

Fujia Town, Huixian County, Longnan, Gansu
Province

H 2 B r AL S

Lichuan Town, Huixian County,Longnan,Gansu
Province

R A Bl e R TR 4
Lichuan Town, Huixian County,Longnan,Gansu
Province

i 4 Bl e R SR
Lichuan Town, Huixian County,Longnan,Gansu
Province

F 7 48 Bl m i AL B i 1 3

Qishan Town, Lixian County, Longnan, Gansu
Province

F A KK T 28 M XA U

Huaqi Town, Qinzhou District, Tianshui, Gansu
Province

GS-PL-JCLB-1

GS-PL-JCLB-2

GS-PL-KTBS

GS-PL-LTSZ-1

GS-PL-LTSZ-2

GS-QY-Z2YSX

GS-QY-QC

SX-BJLY-1

SX-BJCC-1

SX-BJQS-1

SX-QYNZ-1

SX-QYNZ-2

SX-XYYP-1

SX-XYYP-2

SX-XYYP-3

SX-TC-1

SX-TC-2

SX-TC-3

SX-YL-1

SX-YL-2

A i B 7 R

Libao Town,Jingchuan County, Pingliang . Gansu
Province

AL P 1] B 7 0

Libao Town, Jingchuan County,Pingliang, Gansu
Province

LR A YEp N

Baishui Town, Kongtong District, Pingliang,
Gansu Province

HN ATl R G BT

Shizi Town, Lingtai County, Pingliang, Gansu
Province

ATl R G BAT

Shizi Town, Lingtai County, Pingliang, Gansu
Province

F A28 R B T B

Zhenyuan County, Qingyang,Gansu Province

F o 288 R B TT PR 9k 2

Qingcheng County, Qingyang, Gansu Province

B VY 4 5 XY T I

Lingyou County, Baoji, Shaanxi Province

BV 44 539 117 Bk X

Chencang District,Baoji, Shaanxi Province

I VG 45 5 9 T 08 1y £

Qishan Town, Baoji,Shaanxi Province

BV 45 509 T T BH £

Qianyang County, Baoji, Shaanxi Province

B 7Y A XS T T £

Qianyang County, Baoji, Shaanxi Province

[ IR A eI i s e -
Yongping Town, Yongshou
Shaanxi Province

W 75 48 Jall B i ik 5 LK P 4
Yongping Town, Yongshou
Shaanxi Province

W 74 4 Jall B i ik 3 B K P 4
Yongping Town, Yongshou
Shaanxi Province

W PG 48 4 11 R X
Guanzhuang Town, Yaozhou
chuan, Shaanxi Province

W 75 4 4 1| XCE A
Guanzhuang Town, Yaozhou
chuan, Shaanxi Province

W PG 48 4 11 R X
Guanzhuang Town, Yaozhou
chuan, Shaanxi Province

I VY 4 A B T A 1 DX R A

County, Xianyang,

County, Xianyang,

County, Xianyang,

District, Tong-

District, Tong-

District, Tong-

Rougu Town, Yangling District, Xianyang,
Shaanxi Province

W PG 48 Jal B i A e X A

Rougu Town, Yangling District, Xianyang,

Shaanxi Province
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Fig. 1 Distribution and location of maize gray spot in Gansu

AL TH & IETH ; B T % (5 3% 30 O C A 75D A E T R AR TG E. B & PR ERTF A7
A. Front side of colony;B. Back side of colony(cultivate for 30 days) ; C. Conidia; D. Conidia and conidiophores; E. Developing conidia;
F. Conidiophores
2 RIEHEBEME PDA FHWEERDEBRFES

Fig. 2 Morphological characters of colonies,and conidia of isolate on PDA medium
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2.3 STFENFEEEGR

A H3 418 (i 519 CylH3F i Cy-
TH3R 1y & 161 J& EC T FH 2 Xof BEOX 1t 0 1k i A7
PCR #4978 th H B9 - BeR /N 389 bp (14
3) AT A0 i R T R 2 R Cercospora . R H
4 X SSES I Y3t T PCR ¥ 34 ,{X C. zeina W
S A CzeinaHIST fil CyIH3R #7388 i 284 bp
B B bR A B . C. zeae-maydis FIARFAFN Cercospo-
ra sp. IR S SI YA G IR RY W &AE. U
CZM2F Ml CZM2R H) 5| ¥ 4 & 97 48 L3R A5 310
bp B C. zeina FAERA (B 4) , R 8 AR C.
zeae-maydis (760 bp) Fl C. sorghi var. maydis
(1020 bp) I 54

K PCR ™9y I 7 45 R E % 3 NCBI & [N
HEAT L, &5 SR e 1 . 28 Bk A R ) E oK B (C.
zeina) JE AN R IEM e . FIH MEGAT7. 0 #4 L
KR BE™ B 15 /8 7 (Exserohilum turcicum) K

M 1 2 3 4 56 7 8

2000 bp

1000 bp
750 bp
500 bp
250 bp
100 bp

9 10 11 12 1314 15 16 17 18 19

SN, B % R B (Cercospora zeae-maydis)
NN BEH & RS & B M (Bootstrap=1 000) , 4%
R BRI 28 HREHRBBES AR (C. zei-
na) FN— 3 (Bl 5) . 38 1 X5 P b 38 o 25 R kA7
M HEBOA N o TR E S5 R SR A e A R
—HLHR BB 28 REKI N EKE R
(C. zeina) ,
2.4 ISSR EfEZHM ST

Xt 41 Bk BB I CHOM 28 #k . Bk
PO 13 BROFEAT ISSR ¥4 , 45 R R W] 9719 5 1Y
A F IR IEECH 100~2 000 bp (&l 6).16 4% ISSR
GIE7/ B R B A S5 3 R S R S 7/ KR
4,63 Z, b ZMER WO 73 &, 23
PE 2%l L9 2 98. 6506 AN ) 51 47 38 Hh 1Y 35t 1%
P 22 S B K 8] — 51 0 R AN [m] B Ak 19 2% 5 AH 4B
{HR5E 4 — 50, X 2 W FOR K BERG M BF A A F 5
M A ZREPE . B #ESriY 0.1 JE R, FIH Popgen

389 bp

B3 HAZERERERSIMNBIERRBFRERNEESER

Fig.3 Ildentification of H3 gene in some strains of Cercospora from maize

M12345¢67328910

ov"—----.-———--

(3]
W
(=]
o
o
1

2 345678 910
2000 bp

1000 bp

750 bp
500 bp

250 bp
100 bp

T e S - — —— 310bp

tt1i1sss@°

A, 5 5 PE B CzeinaHIST/CylH3R; B, 45 5+ 5] 4
CZM2F/CZM2R
A. PCR amplification with primer CzeinaHIST/CYIH3R;
B. PCR amplification with primer CZM2F/CZM2R
B4 ERRHFRFRESIMNBIERNEESER
Fig. 4 Identification of some Cercospora

strains with species-specific primers

GS-PL-KTBS

2
GS-TS-QZHQ

96
KMO087663.1 Cercospora zeina

81

KMO087655.1 Cercospora zeina

KMO087669.1 Cercospora zeae-maydis

KMO087668.1 Cercospora zeae-maydis

MG727619.1 Exserohilum turcicum
0;_1,0 100 MG727608.1 Exserohilum turcicum
B5 ETHIHAZEHA rDNA FIIHEBERHEX

EUFFREEELMHNRELZEN

Fig.5 Phylogenetic tree of Cercospora strains

from maize based on H3 histone rDNA sequences
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Ao B 25 3 R (R 4) . Nei”s 3N ZREETR
UM Shannon {5 B 38 50 LIBE 7 b X R B &, 40
B0, 311 5 F1 0. 464 9, 3% H X B bk 09 L F &
JE R s BEVE A IR Z 43 R 0,294 3 Fil 0. 448 0,
BfF Z 1 IX 43930 A 0. 265 3 A1 0.397 033 NHLIX AY
RGN I EAE 1. 452 1~1. 541 5, F¥H L
Al BB Ch 1,493 65 AN T A R
74.32~91. 89, F- ¥ 85. 58; Z AL AT EAE 55~
68, ¥ 63. 33, B B Hb DX A %045 o 55 R 4.
Nei’s % H £ # ¥ 45 40 Shannon 5 B8 5. 2 &
M AV A BRORN 22 35 60 a5 43 R a2 T B e L IX

B 6 3[4 UBC889 XF A [E & HJ ISSR-PCR 1

Fig. 6

Cercospora zeina isolates using primer UBC889

ISSR-PCR amplification of different

x4 TRAMRERRHFFRAEELTRSH

Table 4 Genetic variation parameters of maize leaf spot pathogen in different regions

y P, - R Nei’s HH £ Shannon Z 5k A
i : X Y e e i
St ERR A A A TR B S B FEME TR B 5 BI85 o7 BB [ER )
Geographical Number ' SR "
Effective number Nei’s gene Shannon’s Number of Percentage of
groups of alleles . > . L . . > .
of alleles diversity information index polymorphic loci  polymorphic loci
bf 75 3 X South Gansu 1.918 9 1.541 5 0.311 5 0.464 9 68 91. 89
B A4 Hi X East Gansu 1.743 2 1.452 1 0.265 3 0.397 0 55 74. 32
P74 Shaanxi 1.905 4 1.487 2 0.294 3 0.448 0 67 90. 54
F-#I{H Average 1.855 8 1.493 6 0.290 4 0.436 6 63.33 85.58

W 5 FrR . Hf 2 A i X H Bz e b X 5 Bk
PG 2 1 3844 B B e /N g 0. 021 4) 5 33 AL AR L B
1 CH 0,978 9) 5 Bl AR M X 5 096 75 48 1Y) 3t 4% 1 8 e
L 0.048 7) gt A& AR BE B IR (R 0. 952 4) 5 1M
Bl 7 b, DX 55 Bl 1 L DX 04 382 4% B R 0. 037 3, 35t %
AL R 0. 963 3./ T & Z 10 £ IX 3 4 b
DX V)7 D5 BT 119 3 A2 A G4 A w8 LA () o DX o 7 )
(35t % AL R B A 22 S5, H O Bl e b X 55 B G 4
KR B o D 2 ) 3 A BB/ R ORI,

FIH NTSYS-pc version 2. 10 A4 %t L3 1)
AV A EBRIEAT R . 25 R os (B D kil

AR ] A AR L 2R 50h 0. 59~0. 92, AN [a] 14 Bk 1] 4H
IFREA R E XS . AR ECH 0.63 B, 7]
VUK B A R4 4 AR ERE 1 28 NI
PR, HP A S 16 KR BE R b DX R R L5 R B AR M X
R RR AN 7 BRI UG b DX TR R W BE 2 P R

1 /Bl o i X B B 5 S BE 3 A 10 A B RR L A4S
B ML X 4 A B AR MK 1 ASF 5 SRR PG R T
BE AR 2 ATRRE, P AR Ho X TR PE B AR 2 1 4. 4
KT AL 7 ok AN TR) M 3 1% Tk L 45 SR 156
TR N 38 AL 22 FE VR S TR R YR 22 TE) G B A
Ktk

x5 ARMXERKBFERSEEEMUEMZEES

Table 5 Genetic similarity and genetic distance of maize leaf spot pathogen in different regions
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Note:Nei’s genetic identity (above diagonal) and genetic distance (below diagonal).
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Identification and Genetic Diversity Analysis of
Pathogen of Maize Gray Leaf Spot in Gansu

DAI Zicong'?,GAQ Jianhao'’,ZHANG Xiaojie’ , HONG Liu*,
WANG Chunming”,ZHOU Tianwang’ sCHEN Jiexin' and GUO Cheng'*’

(1. College of Plant Protection, Gansu Agricultural University, Lanzhou 730070 China; 2. Institute
of Plant Protection, Gansu Academy of Agricultural Sciences,Lanzhou 730070,China;
3. College of Grassland Science,Gansu Agricultural University,Lanzhou 7300703

4. Pingliang Academy of Agricultural Sciences,Pingliang Gansu 744000 China)

Abstract In order to understand the occurrence and distribution of maize gray leaf spot and its patho-
gen species and genetic diversity in Gansu Province, the distribution range of the disease in Gansu
Province was investigated during 2021 to 2022. The samples of gray leaf spot were isolated and identi-
fied,and the genetic diversity of the pathogen was analyzed by ISSR molecular marker technology.
The results showed that the gray leaf spot occurred in most areas of eastern and southern Gansu,and
extended to central Gansu. The pathogen of gray leaf spot was identified as Cercospora zeina by mor-
phology and molecular biology. A total of 74 bands were amplified by 16 ISSR primers,with 73 poly-
morphic bandssaccounting for 98. 65%. The genetic diversity of Longnan population was the most
abundant,and the minimum genetic distance from Shaanxi Province was 0. 021 4,and the highest ge-
netic similarity was 0. 978 9,followed by LLongdong region. When the genetic similarity coefficient was
0. 63,all strains could be divided into four subgroups. There were 28 strains in subgroup 1,including
16 strains from Longnan,five strains from East Gansu and seven strains from Shaanxi. There was on-
ly one strain from Longnan in subgroup 2. There were 10 strains in subgroup 3,including four strains
from Longnan,one strain from East Gansu and five strain from Shaanxi. There were two strains in
subgroup 4, one strain from Shaanxi, and one strain from Longdong. The four groups contained
strains from different regions. The above results showed that compared with East Gansu area,the ge-
netic similarity of strains from Longnan and Shaanxi was higher,and there was no significant correla-
tion between genetic diversity and geographical origin.

Key words Gansu Province; Gray leaf spot; Distribution; Cercospora zeina ; Genetic diversity

Received 2023-03-11 Returned 2023-04-23

Foundation item  Science and Technology Plan of Jiayuguan City(No. 22-26) ; Science and Technolo-
gy Support Youth Talents Engineering of Gansu Province(No. 2020-18).

First author DAI Zicong, female, master student. Research area: plant pathology. E-mail:
3284551196@qq. com

Corresponding author GUQO Cheng, male, Ph. D, associate professor. Research area: maize diseases

and resistance identification. E-mail:gsguoch@126. com

(BEHIE:ZHME  Responsible editor; GUO Baishou)



