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Abstract: In order to ascertain the occurrence of cotton Verticillium wilt, and the cultural characters, de-
foliating pathotype strains distribution, genetic variation of Verticillium dahliae in Xinjiang, the occur-
rence of cotton Verticillium wilt in 26 main cotton grow areas of Xinjiang was investigated in 2015, the
cultural characters of V. dahliae which is the pathogen of cotton Verticillium wilt was observed, specific
primers D1/D2, INTD2F/INTD2R and ND1/ND2, INTNDF/INTNDR were used to identify the defoliat-
ing and nondefoliating pathotypes of V. dahliae in Xinjiang, and also the genetic diversity of V. dahliae
was analyzed by ISSR. The results showed that, the disease field of cotton Verticillium wilt accounted
for 54.0% in 2015, among them, the cotton field which disease index above 10.0 were flat from 2013,

the serious disease cotton field which disease index above 20.0 accounted for 10.8%, 3.8 percentage
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point higher than that of in 2013. In terms of cultural characters, sclerotia strains account for 70.1%, fila-

mentous and intermediate strains account for 13.4% and 16.5% respectively. The defoliating pathotypes

of V. dahliae account for 53.2% were detected from all the sample collection regions. At the genetic sim-

ilarity coefficient of 0.66, defoliating and nondefoliating pathotypes of V. dahliae in Xinjiang could be

completely divided into two lineages with no obvious genetic correlation in terms of geographical ori-

gin and cultural characteristics of V. dahliae.
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PR, A B alifb s 4°CIRAF A

B3R Ak . Hh % B4 49 B (potato dextrose agar,
PDA)RFFR%E . T 2200 g FHAIHE 15 ¢ Bileky 12 ¢,
EETFIKERZETL,

IR S A 2% : Solarbio D2300 H. 4 5& K 41 DNA
ik & . Glenview DL2000 DNA Marker . Biomed 2 x
Tag PCR Master Mix, Jb 5% &[5 B 5% A4 ) AR A R
DT/ T . S810R B 5 VA VR 500 HL , 7% [ Eppen-
dorf /> 7] ; DYCP-31DN HL 3K AL , b 5t /s — LA
TC-412 %I PCR Y , % [¥ Techne 2 7] ; SYSTEM Gel-
Doc XRHEEME NG A5t , 92 [F Bio-Rad A Fl
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4) %100, A A HH LU A= Jo i EE 450 B/ 2 AT 4K
T x100% , V-9 15 5 £8= X P B 15 18 £l
i AR
1.2.2 K WAHH 6935 Fo R UL

H kit 226 BRI A bR R LI 127 1k,
P H AR F) PDA ARG AL, EAE 6 mm AT L A%
FIRCK I AC AL A R D , 2280 2] PDA B3R drpoe | &
T 25°C HHRHE BE 60% M9 BEB: 250 N5 57 25 d,
FEVE KPR WSS T GE T TN 48 A o T PR 11
KRR
1.2.3 K W4AH 6 5T #n)

R A T 1 A S A < 4 S HRE B 226 B AR
T2 R R R T Y B R 4 DNA L )R R 4 A T
5519 DB19(5-CGGTGACATAATACTGAGAG-
3') 5 DB22 (5'-GACGATGCGGATTGAACGAA-3')
AT, 5 [y A s BB A R . 25 pl
PCR JZ WK % : 2x Tag PCR Green Mix 12.5 uL , Tem-
plate DNA 1.0 uL.10 pmol/L Primer F 0.5 pLL.10 umol/L
Primer R 0.5 pL .ddH,O 10.5 uL, 4" H4FEF . 94°C T
AR 5 min; 94°CAE P 45 s, 55°CIE k45 s, 72°C 4E{i
1 min, 30 MEFF ; 72°CHEfH 10 min, PCR™HIZ: 1%
TR R HE HEL RSN , R S A5 A S R

R RS TR 7 T TRT 2R R S M A < 43 i) 4
BRI 226 FR B R 3L K 2 A DNA, FIF 2 41 K48
KB 75 A B R RE S 51 ) D1 (57 - CATGTT-
GCTCTGTTGACTGG -3')/D2 (5'- GACACGGTAT -
CTTTGCTGAA-3') f1 INTD2-F (5'-ACTGGGTATG-
GATGGCTTTCAGGACT-3")/INTD2R (5'-TCTCGA-
CTATTGGAAAATCCAGCGAC-3") AT , 3
2 2k 75 i R TR R RS 51 ND1(5'-CAGGGG-

ATACTGGTACGAGACG-3')/ND-2(5'-ATGAGATT-
GCCGATAAGAACA -3') Al INTN -DF (5'- CCAC -
CCCAAGCGACAAGAC-3')/INTNDR (5'-TAAAA -
CTCCTTGGGGCCAGC-3") # 17 H 4MGHIE, PCR
Iy AR 2R 1) DK T 8 T ) AR S A, 5 14 ¥y el A e
SE BRI A E G K. YRR - 94°C AR 1
5 min; 94°CZ5 4 (D1/D2 .ND1/ND2 28 £ 1 min; IN-
TD2F/INTD2R . INTNDF/INTNDR 72544 45 s) , 18 'k
(D1/D2 56°CiE & 1 min;ND1/ND2 58°CiE /K 1 min;IN-
TD2F/INTD2R 55°C & ‘k 45 s; INTNDF/INTNDR
65°CiR k45 's),72°CHEfH(D1/D2 ND1/ND2 #E{H 3 min;
INTNDF/INTNDR , INTD2F/INTD2R #Ef#i 1 min) ,
30 MEFS ; 72°CHEff 10 min, PCR =14 1% Billg
WHEE RS FEL TR ARSI, A AR R

R N AR A P s B B 2R 1 40 A 45
Xt e [ T 9N [ T B 1Y 26 S KRR #A% T 74 I T
RN XA G AT g, B s B0 1 K4
T 7 I B B R AR 0 o A 1B D
1.2.4 KA H 9ISSRH 1

FIF 14 £ ISSR 514 (& 1) % 100 ¥R Hr s K i Fe
KA MEIEAT PCR &1, I AR &R A 1.2.3, 5911
bt b B AE S w A L O AR 94°C i
AR 4 min; 94°CAE P 30 s, 55°CHR K 45 s, 72°C 4Ef
1 min, 30 MEFF; 72°CHEfH 10 min, PCR™HIZE 1%
SRR PR e R VAN, 58 S L AR ASHA I, 1SR ISSR
FLUK A5 1 T 8 2 B HL UK SRy B A G
ZWEANREE S, Ok I ASUE M 2 AR 15 |
Y. HREE A —07 ® I DNA S A Tk 14883,
AR 1, T B9E R 0, A 0/1 R . SR
NYSTS 2.10 F A AR -2 TR 2007 -

F1 ANRWEFHTE 14 % ISSRE| 155

Tablel Sequences of 14 primers for the experiment

5|42 FR Primer 5|95 % Primer sequence (5'-3")

5424 FR Primer 5|95 % Primer sequence (5'-3")

4 ACACACACACACACACAG 825 ACACACACACACACACT
24 ACACACACACACACACTC 834 AGAGAGAGAGAGAGAGYT
25 ACACACACACACACACCA 836 AGAGAGAGAGAGAGAGYA
47 ACACACACACACACACGT 842 GAGAGAGAGAGAGAGAYG
60 AGAGAGAGAGAGAGAGGG 885 GAGGAGAGAGAGAGAGA
815 CTCTCTCTCTCTCTCTG 888 CACCACACACACACACA
818 CACACACACACACACAG 889 DBDACACACACACACAC
) EREL HLJy 54.0%. Forft, B8 B— S B IX

2.1 FEFTEEBRBLEZRILEER
2.1.1 ARREAFREARIFZ Z R ATER
TEVEAT 1) 400 B HH Hb &2 R 216 B, i

WU H R AR HRT O E 4 ) R 37.5%
21.7% M118.8%, K m#elt . How B IX & H He i1y
AL 51.9% , HA By 5e g5y A il - - I g i B0
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R2 2015 FFBEETEEMX R HR A LG5 EHREEHR

Table 2 Ratio of disease field and the average disease index of the main cotton planting areas in Xinjiang in 2015

e X BARARE LA (%) R IE AL
Investigation region Ratio of disease field Average of disease index
BA] 73 5 117 Akesu City 77.3 12.9
A7) -1 - F 4 7 - [&] BE H. Shihezi City-Manasi County-Hutubi County 74.5 9.6
BT =K B~ #4517 Wusu City-Jinghe County-Bole City 74.4 6.5
B AR4%T 717 Tumushuke City 66.7 6.1
Vo H 5 Al H— )% 4 H Shaya County-Xinhe County-Kuche City 56.5 3.8
PR 8T - AL B %2 5 B Kuerle City-Yuli County-Luntai County 54.2 53
Yyl H—Zs 15 77 Shawan County-Kuitun City 51.9 6.2
L AE B3 35 JE HL Bachu County-Maigaiti County 37.5 1.6
AR BT Wujiaqu City 21.7 1.0
754 B Shache County 18.8 0.8
2.1.2  REAZIAFLEARE b 5 43 155 0.0< 175 75 $<5.0. 5.0<5 175 45 $<10.0 LA

20154F,0.0<0R T TR BU<S5.0 Y &Rt i £ . H
112 B, fr o Fe il ol 28.0%, 5.0< 1% 5 £1<10.0 f &
A HH A 39 e, T 5 LA 9.8% , 10.0<i 1 45 A<
20.0 1 & gt F A 22 e, Jor o Ee B8R 5.5% , st R
>20.0 4 A& AT T A 43 B, B 5 LG R 10.8% (55
3)o 2015 4FJop A FH ELA LG 2013 4R35 T 4.2

10.0< 1/ 16 £0<20.0 (1 & A FE L 45153 B A1 2.0 4>
T3 519 AN E A3 A 3.9 4N 1 40 s e i 48 B
10.0 9 A& Ja it FE 55 2013 AFH230T , I 55 45 2020 1Y
KRGHRIAZ 20 1 34E AN T 3.8 4N 0 ok, R H T &
Jpa i FH S 2 (ka3

K3 201352015 FHBRE AR R FERERBRS T
Table 3 Distribution of cotton field with different disease degrees in Xinjiang in 2013 and 2015

P s [ I 1 8 54715 [l Disease index range
Investigation time 0.0 (0.0, 5.0] (5.0, 10.0]  (10.0, 20.0] >20.0
2013 FHHL%0 Numbers of cotton field 89 64 25 20 15
It 5 L A3l Rate of disease field (%) 41.8 30.0 11.7 9.4 7.0
2015 [ He % Numbers of cotton field 184 112 39 22 43
BT i Fe 9l Rate of disease field (%) 46.0 28.0 9.8 5.5 10.8

22 AR EHEFER

127 B3 s KT 8 A TR 43 A TR A% | TR 22 B
)Y 3 RPN, PR B AR e AR K R A L
PR IR 89 KK, T i LLAF Ky 70.1% 5 v ] 7Y
W RSB 2L/D G517 /D BRI A% %28

e

= Sk

BARAT 21 0, T 7 U9 16.5% 5 T 22 B TR R 3R 1T 7™
A B A TR 22, IR SRS AR O, %2R
WA 17 0k, BT 4 e 13.4% (1) o Ak, 3 5
BTSRRI e R R H R ST AR E LR T
IR R P A S R 22 [ A R

B HEXWMEREEREFER

Fig. 1 Cultural characteristics of Verticillium dahliae on PDA medium in Xinjiang
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22715 C. FAA]#I, A Sclerotia type; B:filamentous type; C: intermediate type.
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23 KMBHEERENS FEE RS DB19/DB22 9714 3| 500 bp 42 44 AU 4R+
231 XWHHERARHROFFRLEL P&, 16 KRR Y 1 BL ] 578 , I 19K 8 93.8%

HEAY 226 FRBTHROK I FE R B P, 212 BRAEFIH (K2),

2 3 4 5 6 7 8 9 10 11 12 13 14 N N

21 22 23 24 25 26 27

39 40 41 42 43 44

52 53 54 55 56 57 58 59 60 61 62 63 64 65

66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81

83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98

bp M 100 101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116

2 000
500 ——— — — — —

bp M 117 118 119 120 121 122 123 124 125 126 127 128 129 130 131 132 133

500

bp M 134 135 136 137 138 139 140 141 142 143 144 145 146 147 148 149 150

| OOO“

151 152 153 154 155 156 157 158 159 160 161 162 163 164 165 166 167

M 168 169 170 171 172 173 174 175 176 177 178 179 180 181 182 183 184

bp M 185 186 187 188 189 190 191 192 193 194 195 196 197 198 199 200 201

M 202 203 204 205 206 207 208 209 210 211 212

2 4559 DB19/DB22 X8 212 Rtk A IS4 B E AR 1B B
Fig. 2 Electrophoresis of PCR products for 212 tested strains of Verticillium dahliae using specific primers DB19/DB22 in Xinjiang

M: FRiC DL2000; N: BAPEGHIR 1~212. KENFSAEERE, M: DL2000 marker; N: negative control; 1-212: ¥, dahliae strains.
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2 51 Xt 212 BRI TR R A A AL 34 1 200 2%
FESE AT, o 102 2575 R S 450, 98 A% ARTE T
RURR S 2571, BT o8 L A9 43301 A 51.0% F1149.0% 52 41
5|9 F ARG ) 154 Z5 A R S Ay, o g
RURE S 550 82 4%, AR VA M R 53 5%l 72 2%, o Lk

bp M 1 2 3 4 5 6 7

8

515354 53.2% F146.8%. 5|4 D1/D2 MIND1/ND2
PR HE LR P R R AT 98 45 (11 3) , AR T I B
SRR B T3 S (B 4) 0T o Lo Agl 53 51 57.3% il
42.7%; 5|4 INTD2F/INTD2R I INTNDF/INTNDR
B S VR R AT 87 4%, AR T i AR
F B 97 5% T i LB 53 R 47.3% F152.7%

9 10 11 12 13 14 15 16 N

2000
1 000

bp M 17 18

19 20 21

-—‘“ _—— <
68 69 70 71

B3 #2514 DI/D2 XF 358 98 bk K In#e 4 B M R E kR 4 18 E g

22 23 24 25 26 27 28 29 30 3l

T L L S -

51 52 53 54 55 56 57 58 59 60 6l

72 73 74 75 76 77 78 79 80 8l

R et Nt bt Bt et et it S it it it et

32 33

B T L N L R -

34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50

T v G — G S -

62 63 64 65 66 67

— — — — — — — — —

82 83 84

Fig. 3 Electrophoresis of PCR products for 98 defoliating pathotype strains of Verticillium dahliae

using specific primers D1/D2 in Xinjiang
M: HRic DL2000; 1~98: JCHi4e+ & 7% i BU B A% ; N FHPEXT IR, M. DL2000 marker; 1-98: defoliating pathotype strains

of V. dahliae; N: negative control.

bp M1 2 3 4 5 6 7

bp M 17 18 19 20 21

1 000

bp M 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48

1000
bp M 49 50 51

1000
bp

1 000

M 65 66 67 68 69 70 71

8

52 53 54 55 56 57 58 59 60 61

72 73

9 10 11 12 13 14 15 16 N

22 23 24 25 26 27 28 29 30 31 32

62 63 64

B4 $5R1E5149 NDUND2 3 73 #R X X it 2 E A M B E Ak i 1 i
Fig.4 Electrophoresis of PCR products for 73 nondefoliating pathotype strains of Verticillium dahliae using specific primers ND1/ND2
M: FRic DL2000; 1~73: FKARFEAE A 75 i B % ; N: BT AR . M: DL2000 marker; 1-73: nondefoliating pathotype

strains of V. dahliae; N: negative control.
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233 KWHHEAZTAEERZRGO>H
26 AR I Him AT DX 4 500 R I 22 % 1 78 TR Ak (3R
4) , B TR AR TR A AR T R e A A X

RS SN e (R T 8| s (U RC I I R GRS
VLB st e v P AT w4 T SR SRR X
TR ARG R

R4 2015 FHFBEAMB R EZFHEERN S0
Table 4 The distribution of defoliating pathotype of Verticillium dahliae strains in Xinjiang in 2015

Hi s AN NS Hss PRI R
Location Defoliating pathotype Location Defoliating pathotype
E 7Tl Changji City 1 FEJR ¥ Kuerle City 2
F 43 HL. Manasi County 6 55 Luntai County 3
A F17 Shihezi City 8 AL H. Yuli County 3
101 41 101 Regiment 1 JE 4Tl Kuche City 8
143 4] 143 Regiment 5 Bl 5d 5117 Akesu City 4
144 4] 144 Regiment 2 1 4] 1 Regiment 4
123 41 123 Regiment 2 3 41 3 Regiment 1
129 41 129 Regiment 3 6 41 6 Regiment 6
13041 130 Regiment 2 B $7 /K 7 Alaer City 2
755 B Shawan County 4 P AR4%T v i Tumushuke City 13
15,5577 Wusu City 2 FAT L EL Awati County 2
A& M EL Jinghe County 9 54 H Shache County 2
2

#5117 Bole City

48 E Bachu County 3

24 KINEHEERREETRISSRA T

ISSR 511125 .60 .885 . 888 . 889 Xif K Hl /it T4
REGT B = S T I, 2250 A ELE, X 100
NS TR R AR AL 1 37 ScAaE Ak , 2 A ERR
0274, BT 5 He AR 73% , AR A5 5 1y g 5 4%
ZAME R B, K MR TE 250~2 000 bp 3

bp
2000
199
500
bp
500

bp M N 25 N 26 N 27 N

500

543 ISSR 5 | Wt Xk - R0 1 v i 78 B R BB A
P18 ) A [ B 4571 (181 5) , ISSR 25 % 74 - R B 2 fiE
e FRE Y 1S 5 S i 25t AR 35 AU T &R g
UEFE Y HG 3 45U A%l AR LV B R L AR TS
I TR R BRI 1400 bp 1750 bp AN B o

N 29 N 30 N 31 N 32 N

5 ISSR 3|4 25 X Kt B A0 53 & B AR S& It BY E AR B 4 G B
Fig. 5 ISSR primers 25 PCR amplifications for part of defoliating and nondefoliating pathotype of Verticillium dahliae strains
M: HR12 DL2000; 1~16: K &AL B 14 1k ISSR [l 5 17~24, 25~32: V& I RURIAE 4 0 B ok % 5 N BIPEXS IR M
DL2000 marker; 1-16: ISSR electrophoretogram of V. dahliae strains; 17-24, 25-32: amplifications electrophoretogram of defoli-

ating and nondefoliating pathotype strains of V. dahliae; N: negative control.

BAAHTEE SEFE W, 100 K TR 56457 1 T Bk A
IRAEHIL R $L0.66 4b 70 Ry 2 ML IS & 1 &R 1 046
cl.cd.cl5 55 46 tRIFIE , a0 M TE T RU R &R 15 R 2

f145 ¢3.¢5.c6 %5 SA PRI AK , T N AETE T AU R .
2 R AL R E R R A R A AR X A R g
FL B BB, FH 2 B 9 8RN 58 A 8T R B %) ISSR
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1201

i SC T 5 T AR v A I R S T

BRI HEAR IR FSRRRIC I ARSI E (K 6) .

0.66

I I
0.75 0.83

I
0.92

BAEAMLZR B Genetic similarity coefficient
El6 100 BEFTIEANALH B R KRME RS

Fig. 6 Cluster analysis of genetic distances among 100 Verticillium dahliae strains in Xinjiang
cl~c100: KINFEALR FtK. c1-c100: V. dahliae strains.
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3 itit

AL R s ot G XA AL B 25
o i AR o, L R A i FH R B i ka A, e |
TR AL ML B o B T, 2Rl 9245 (2000) AFF 7 45
IR, R AR A P R DA AT 3=, v ) 2
FIER 22 AU B 22 M, S AN T 5 R — 2, T o L 46
(2013 )WIF5E & 3RA T i DX 220 Dt o1 7R 2R LA TR
223 T R 60% ; B 2R 45 (2017) BFST & R
B A DX R B 20 8 I 1T TR 3R AR R T
J& Wi ST 5 AR o 45 3 25 S K, R AN
[FIAR DX I A A R o RAFE I e S 225, 2
FEMEEE

R 6 PV I TR B AR B0 5, fEE AR
A (201152012) WF 5T 45 S R B, B g LK
i DX 9% TR B 2R 43301 5 39.0% i1 33.3%; 3% L I 4
(2013) W 5% & B A I 1 & vk ik AU &R
33.3%; 1M AR BIF 5T 2 03 6 A T 4 A5 1T 9 AU 7 &R
17 53.2%, P& TE 2R L5 B IR S T ka3, L
TE T FEACR A H DX P46 I 2], 2 BH 35 B0 1 1 7%
I FR TR 2R 7 s 3k 43 7 o

TN AL R ) ISSR 8 8L &1 135 5 TR Ak H B0 1
LB B NE  A ESIUP Y D M B S
(1999) Afif 2255 (2012) WA Ry KN 4E 4% 141 1) ISSR #
SR 55 TR R R B0 1A AEAE B AR DG | i
TR ) M R JSJC B AR e . 3= b4 (2013)
WF5E 2 B, A T T K e R B 1Y) 38t 4% b 5 B vk
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