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(Mg K2 PO A B, W 51 570228 HE)

T OE. MR EREMIE L EZRE, CE RN . T E R R 2R TR K R
(Verticillium dahliae) . A6 EEZSR BT 1A RIXE, 27 PROsERG 093 F R0 5 B T%0m YR s W . U Anph
R EAEEE Y, Wit NCBI BLAST #E47 541 L, 1 I e A% A o HLAT 5 B2 b ] 4 S5 ek A oA R 5T
PR AR R S, RIS FFN BT 6 X5 4y, 0 ik AR SRR L SR AURE v AT T A R T e A TR A SR I
PCR 5|, iR Ay 34 &0k, ik 2] T P4 S K PCR 54943 FlJ& VD-2 F1 VD-5, ¥ 4 44 . 95 <C
5 min; 95 °C 30 s; 58 °C 30 s; 72 °C 1 min, 35 MEF; 72 °C 10 min, 55445 K/N30R 512 F1 375 bp, %7k AT
F 2 R B DNA FFRA 1x107° ng-uL™!, Fo##I PCR REGEHLE T 3 MU, i AR AN
1S FPERXT S | R S R T T 30 0IE, RrVE AT K I S DA T8 T IO AR & I 7 3k R T B2 A A vl

ik 10 T

KRR MAF; MRAE S ZEN; RENFERR; S PCR; 70Tl

FESES. S432.44 XERARERD: A

STEHS: 1674 - 7054(2025)03 — 0415 — 08

IR, XURHAE, % EF5, 5. RAnFeR @ 45 K PCR R 72k (4 2 32 B AEARFT LR T[] el A= 2431,
2025, 16(3): 415-422. doi: 10.15886/j.cnki.rdswxb.20240022

KN R F (Verticillium dahliae) 2% EI0F ),
Al e 660 A, Hr LRI 200 FREHN .
EHE, R mEsE W TEFEA SR
(Solanum tuberosum) . HH#( Capsicum annuum) . JK
2(Cucurbitaceae) . Tohi( Lycopersicon esculentum)
525 (Fabaceae) . i ¥ (Solanum melongena)®., K
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FRRIET, TS AR AL P s A BT, T
FRAE B E e R R I A, HLHE R AN [R] Y
IEE A BB, A B A I A B R AR

WfsHHE: 2024 -02-05
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HARPL H5C PCR AE AR LAMP AljHe AR
K RPA-CRISPR/Cas12a 5 AR U7 & | £+ % K Wi %
KW et EZM o FRils ARk, B
PCR®™, LAMP F AR fii X405 PCR FI 5L B
E i PCR!', L & RAPD-PCR! $ AR %%, {H % 8k
FOAR R 250 A= 58 S A 4857 T A A TR D A%
ARG . S I PCR FARTER [ b A 0 77 T 1) 1 FH
Stk )z, HE N AMILA S PCR il
RN He R TR AR B, (H X B R HOE T 4 5
TR, HAN B X 43 K TR e A TR A 3 A e e,
S XA AF AT R G A B G PCR AR R WIF %
235 Vi 328 1) — Bt KN 6 A4S T A [) T R v v B R
S PR A B IS 25 S5 R R R 41 (CPO10981.1), 4K
FEH A —/NBOR IR B R R A W P8, Bt T 2
XF5 19, il i e, B T —dirE e RAEUE
S G, I B ST T AR AR AT 2 5 3 K e kL
A ELIG PCR AH A

1 MREIE

T R TI H85 TRT TR R E T R Ml B e ) v 1 ) A
7% DR VR RIIE ST 5% B VT8 Al B4 B AE )
PRAP T BT RS B9 DA , A 1T A9 & FH AT
FH A7 0] K AT A R B G . SR 2 TR
(Rhizoctonia solani) B H FE AV Bl BEAR AW ST T
B BB A DL K IR 58 R (Verticillium
longisporum ) B H i A 4 BB ALY -3 wF 58 ot
fu] 9357 RIS S, IR T8 SRR (Verticillium
nonalfalfae) . "B E (Verticillium albo-atrum)
AR FRESAT T (Verticillium nigrescens ) P EALO RN
Wt o5 e g BT 5 D1 15T, 8 45 SR AT (Verticillium
alfalfae) . = WREC KL W (Verticillium nubilum) i 74
b A ARBE B R 7 /NP 282 15, e R oK
(Trichoderma harzianum) . 7K 454 J) W (Fusarium
graminearum) . 3R # & B (Phytophthora capsici) .
T A€ FA B 5 PR B (Xanthmonas citri subsp.
malvacearum) . K53PERE( Phytophthora sojae) | Jf)
B Trichoderma asperellum) . JAEHI T Fusarium
oxysporum f. sp. cubense) . % J& & (Magnaporthe

1.1 SHLERE TR X I ERAR  oryzae) MBI R EHYI R AT (R 1) .
x1 HilE#k
Tab. 1 Pathogens under test
iEA oy ERE He Ktk RS
Species Separation materials Source Number/strain Medium
KONF A H (Verticillium dahliae) WiAE(Gossypium hirsutum) ijﬁi 16 PDA
KA (Verticillium longisporum) % | (Raphanus sativus ) Hi 1 PDA
AEETE AL (Verticillium nonalfalfae) — _ 1 PDA
AR B TR (Verticillium nigrescens) — — 1 PDA
AR 5 (Verticillium albo-atrum) — _ 1 PDA
BT 5AE (Verticillium alfalfae) — _ | PDA
AREERE T (Verticillium nubilum) — — 1 PDA
LA 2% 1 (Rhizoctonia solani) — O 1 PDA
W& ok KB (Trichoderma harzianum) +3% Soil — 1 PDA
R ITHE (Fusarium graminearum) INGE (Triticum aestivum) — 1 PDA
BHURE RS (Phytophthora capsici) B Capsicum annuum) — 1 V8
FRAL A BEIR 25 BN I (Xanthmonas citri subsp. malvacearum) K346 (Gossypium hirsutum) — 1 NA
K G585 (Phytophthora sojae) KF.(Glycine max) — 1 V8
PRAIA B (Trichoderma asperellum) + 4 Soil — 1 PDA
55 T1 0 (Fusarium oxysporum f. sp. cubense) F+ & (Musa nana) — 1 PDA
TR 18 (Magnaporthe oryzae) JKFG(Oryza sativa) — 1 PDA

T Rrp "R B MR EOR PR R

Note: In the table “—" indicates that the separation material or source is unknown.
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1.2 DNA R AL E M7 PDA Bt
e HE SR 15~ 20 d J5 S UL B 22, Sk A Fungal
DNA Kit(OMEGA BIOTEK 7\ & ) Bt & DNA.
KT PERE MR B 2 VS MR ES I 3L 4 e 45 57
JEARAS AR, F CTAB 4R EUEN 4] DNA. #i4E
S BT £ B R ) NA VR AR SE 35 4 55 5 945
B &, F TIANamp Bacteria DNA Kit(TIANGEN
ONEDFEBSEFZH DNAL TR FEHIAEF TR Fungal
DNA Kit(OMEGA BIOTEK /A #)) #2H(H DNA.,

1.3 #FRE HZ PDA B IR0 KN B 1
B AR KR IR B, 25 °C, 180 r'min' £ %

3~5d, T UEARAH TR VR . AE AR T A Il
BRITBOMCR Vi B2 43 3 6 B A 101, 10°, 10° 1 10
AL 3 4 ANBREE, RS WR AR 23 4 O 100 pL
TN BT FIRRAF BB IR ZE 1), H LA AT
IR BIRRAFAE R BN R, 2= AT 0.5~ 1.0 hy 1.

BIRZEL
14 HKPCRERENEL
1.41 314k G F 5 H B i

51 (CP010981.1)#] i NCBI (National Center of
Biotechnology Information, https://www.ncbi.nlm.
nih.gov/) I Primer 5 2:[F3 3 6 X559 (5% 2) .

F2 HiK PCRHIA5I MR
Tab.2 Nested PCR primer

EIE R JF51(5%-3") PCR™ Y K /bp| | 51 4 4 7% J¥51(5'-3") PCR™ K & /bp
Primer Sequence(5'-3') Length/bp Primer Sequence(5'-3") Length/bp

VD-1F  ATGAAACGTAAGGTAGGTAGC 601 VD-4F GCCAATCGTGACTGCCTCTT 465

VD-IR CCAGAGCAGCGCCTCATTCGG VD-4R GCGCAAACTTGACCAACAGC

VD-2F GCGGAAGGGGCACTAGTAAT 512 VD-5F CTCGGCCAAGTCGGAACTTT 375

VD-2R CGCGCAAACTTGACCAACAG VD-5R  CGCGCAAACTTGACCAACA

VD-3F GTAGGGACGCAACAATGAGC 410 VD-6F CGCCTATGGTCGTGGTCTTT 170

VD-3R) TGACCAACAGCAGCCAGATC

VD-6R GTCGGTGAGCTATGCCAGAA

1.4.2 % 1# PCR I HRMEBIFA ML PCR
R F (20 uL): L FIFET4 (10 pmol' L) 4% 0.2 pL,
2xTaq Plus Master Mix II (Dye Plus)10 puL, DNA
1.0 uL, ddH,0 M2 % 20 L.

PCR F£/F: 95 °C 5 min; 95 °C 30 55 58 °C 30 s;
72 °C 1 min, 35 MG ; 72 °C 10 min, /=4 i@ i
2% FAEE I FEL KA o
143 EXPCRIMRHBERKFMFL K
% L5 PCR G ™= W i B 1 000 1%, #6874
EREE 24 850 PCR Y M . #50 PCR 26
28K R (20 uL): H3U PCREE 25 L 514
(10 pmol-L™")#% 0.2 uL, 2xTaq Plus Master Mix
II (Dye Plus) 10 uL, % 1 2/ B 5 1) PCR ¥4 7=
¥ 2 uL, ddH,0 % £ & 20 uL., PCR £ [H] 1.4.2,
PCR 7=453d 12 2% PR8I L S ARG
1.4.4 R 7AHA6EX PCRAR 53Rk
7 ke A D\ I (B 9 A FF H BE AL 3 E
2 4y, B0 400 JARFE, — 03 (8 FH g7 19 828 PCR
J7HAGI, 57— NP-10 35 32 5L 55, Mikrs
RUAE 75% ) CEETIHEE 1 min, 285 FHJC K

VE 3 WK, IR 30 s, KB DR LRI 1A AT 2R 1HI 1Y)
KAy, B JE TEREA NP-10 553538 s 5 WAk,
28 °C 1557 7~ 10 d, 5 BHMH: X X LEMEIE A, A
T ff i 7 R 05 1 ) R A5 A ) R R 4K
e Ja RPN 5 R AR R R 0T LS. NP-10
R PR o . 2B — 45 PGA(P-3889)
5 g, 0.025 mol' L' iy A E AL BN, B WK ER &
500 mL, 121 °C F & EKE 15 min, 2 —#K45: 3L
fg 15 g, iHMRE 1 g, SALH 1 g, LAKE TR EE
0.5 g, THEMH R A LMk (NP-10)0.5 mL, Z&1B/KE
5% 500 mL, 121 °C F R EKHE 15 min, B H =
50 °C Bf, A 50 mg L (AT R MRS X
BMRETR. HFE O WAREE 50 C B, K
WA

2 #RERW

21 {&i& DNA FE#HRMESH HurEHNIMN
TR T 8 A TR PR A I () B A 51 3 R TTS,

IGS. Gpd FEH N ef-1o FEH 751, 280 % LL
Fr ¥ 3 7E NCBI 2045 #5177 BLAST Fbxf, K 85


https://www.ncbi.nlm.nih.gov/
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5 43 TR TN R ASE AT 11 2 R AT o FEE AR AL, U X
L P 3] 4 R S S L DX 0 K T 8 S T A DB o
2 it KR e & B T — B 916 bp AYFEF, F)
Ffl BIO EDIT 5 NCBI £tdli EH B ALY 43 R
N 6 A AT TR o 4 i DR AL S 2R A T EE X, R B

FIAE TN FEAS TR AN W] T R 8] 11 B2 ORSF, i F NCBI
BLAST #4740 07, & BLZ P8 b i B e 5, HH
o1 178 bp(CP010981.1: 12 621 ~ 12 798) ¥ 41 K
A AR A AT (BT 1) 6

TR L L L LR R I AL R LR R LRI R L EL R R R R R L L LRI R R R LR AR EL R CA RN R LRI RL A ]
200 210 220
000150675. A

230 240 250 260 270 280

TCGGCCAAGTCG-GAACTTIGGCGCCG-TGCGCC- - TATGGTCGIGGICTTIG

TCGGCCAAGTCG-GAACTTTGGCGCCG-TGCGCC- - TATGGTCGIGGICTTIG

GCA 000600"15.

000952015

002370995.
IGCA 002892985.

002892995.

IGCA 00289302S.
00285303S.

TCGGCCA;G‘KCG GunLAAAhuLuLLb TGCGCC- - TATGGTCGIGGICTIIG
TCGGCCARGICG - GAACTTIGGCGCCG - TGCGCC - - TATGGTCGTGGTCTTIG!
TCGGCCREGTCG GLECTTTGGCCCCG TGCGCC- - TATGGTCGIGGICTTIG

a

GRACTTTGGCGCCG-TGCGCC - - TATGGTCGTGGICTITIG
CG GARCTTTGGCGCCG-TGCGCC--TATGGTCGTGGICTITIG
'CG-GRRCTTTGGCGCCG-TGCGCC -~ TATGGTCGIGGICTIIG!

004109745.
00479888S.

CG-GARCTTTGGCGCCG-TGCGCC- - TATGETCGIGGICTIIG

CG Gm-l.um‘al.ul.l.b TGCGCC Anmu CGIGGICTTIG
C CG-GARCTTTGGCGCCG-TGCGCC GTCGTGGICTIIG
AGTCG- GRACTTTGRCGCCG - TGCGEC LJGG:CGTGGXCT'HG\

004798895. A
IGCA 009€6388S. GIAGG

00975710! 5. GTAGG

011032845. GIAGG G;.CG
GCA 011032"55. [GTAGG - -GACG

GCA
GCA
IGCA
IGCA
IGCA 00289304S.
IGCA 00332003S.
GCA
GCA
IGCA
GCA
GCA

TCGGCCAAGTCG-GAACTTTGGCGCCG-TGCGCC- - TATGGTICGTIGGICTTIG
TCGGCCAAGTCG-GAACTTTGGCGCCG - TGCGCC - - TATGGTCGTGGICTTIIG
TCGGC 'CG-GARCTTTGGCGCCG-TGCGCC - - TATGGTCGTGGICTIIG
CG-GAACTTTGGCGCCG-TGCGCC- - TATGGTCGTGGICTIIG
CG Gm-CTTTGGCCCCG TGCGCC T«TGGTCGTGGTCTTIG\

IGCA 01103290S. [GTAGG - - GACGCA
IGCA 01103294S. [GTAGG - -GACG

IGCA 011032955. GTAGG Gics
IGCA 01103296S. GTAGG
IGCA
GCA

01103298S. GIAGG G«CGCA;CAATG'-GCTGTTTG.CGGCTT
A GNGCIGIIIGACGGCIITNCCHCAGTCITC TCGGCCAAGTCG-GAACTTTGGCGCCG IGCGCC L-'KGG'[CG'IGG'[CTT'[GI
1CGGC CG-GA

01103300S.

IGCA 01106646S..

ACTTTGGCGCCG-TGCGCC GGICGTGGICTTIG
CG GERCTTTGGCGCCG TGCGCC 'K.JGGACG'IGG'[CTT[G«
GAACTTTIGGCGCCG-TGCGCC - - TATGGICGIGGICTIIG
CACAG’ TCGGCCAAGTCG-GAACTTTGGCGCCG- TGCGCC- - TATGGTCGTIGGICTTIG
CnCnGACTTC TCGGCCAAGTCG-GAACTTTGGCGCCG-TGCGCC- - TATGGTCGTGGICTTIG

an
2600

GCGCC- - TAT! ICITIG
GRACTTTGGCGCC TGCGCC TAT! lkA ICTIT

IGCA 01106648S.
01317094S.

IGCA 01°uo=zs.

OIB‘NOCDS.
018440625.

GCTGTTTGACGGCTT

1
GARCTTTGGCGCCG-TGCGCC - TAT! TGGICTTIG
Gm-un CGCCG-TGCGCC- - TAT! 1\. L ICITIG

CGCCG-TGC TAT! ICITIG
GAACTTTGGCGCCG TGCGCC T-‘-TGGTCGTGGTCTTTG
G-GAACTTTGGCGCCG- TGCGCC T;JGGYCGTGGTCT'HG\

A TGAGCTG: G
018440635, GIAGG GnCGC;‘G-CF-ATG'-GCTGTTTG:-CGGCTI
GACGCARCAATGAGCTGTTTGA CCGCTK

018440645,
018440658S.
01844070S.

GAGCTGTTTGACGGCTTITACCAC
T{“(‘CTGXIXG,.CCG:]’IT CCACAGIC

C
GARCTTTGGCGCCG-TGCGCC - - TATGGTCGTIGGICTTIIG
G GARCTTTGGCGCCG-TGCGCC LJGGXCGTGG'[CTT[G«
C G-GARCTTTGGCGCCG-TGCGCC- - TATGGICGIGGICITIG
nCTCG GARCTTTGGCGCCG-TGCGCC - TATGGTCGTIGGICTTIG

01898276S.

TCGGCCM-GTCG GRRCTTTGGCGCCG-TGCGCC - - TATGGTCGTGGICTITG

018982865.
024085535.
02693770S.
02960780S.
029607815.
029607825.

TCGGCCAAGTCG-GAACTTTGGCGCCG-TGCGCC- - TATGGTCGTGGICTTIG
CG-GARCTTTGGCGCCG-TGCGCC - - TATGGTCGIGGICTIIG
GARCTTTGGCGCCG-TGCGCC - - TATGGTCGTGGICTTIG
CG-GARCTTTGGCGCCG-TGCGCC - - TATGGTCGTGGICTTIG
GAACTTTGGCGCCG-TGCGCC -~ TATGGTCGTGGICTTIIG
CG-GARCTTTGGCGCCG-TGCGCC - - TATGGTCGIGGICTIIG

GCA 029:07555.

TCGGCCAAGTCG-GAACTTTGGCGCCG - TGCGCC- - TATGGTCGTIGGICTTIG

ARCAT - -GGCTTICCTICATT CIGCNCNGCANNGI
IVerticillium alb r7~r~r<~rrwrrrrrrrrr-rrrr7r

erticillium nubilum
[Verticillium tricorpus
Verticillium alfalfae

GA GCGnnGGCCGCTGTC»TGCCGGC G
GcIGGIGGGcGGXGIGGCInITGGGGAGnIGCGIGC A
ARCGC - -GACTAAATCATTCCCCCACCCACTGTCCGCAGACARCARTCG CCCACC:JGGCGTGGTCCIJ-GTCG.&S CGCATCAGCATTATGCTGGCTATCG!

A T
GINGG GACGCARCARTGAGCTGTTTGACGGCTTTACCACAGTCTTIC - TCGGCCAAGTCG GArLAlAhULQLLb TGCGCC TATGGTCGIGGICTIIG

ACGCT - -TA’ TGGTCCTGGTCTCIG\
GTGC’ TTCGGC-JGGCTTGAG-GAJGCEGGTAGTGA-GCC CACGATGT!
CGTCTTCITGG«TCCC;-'ICTT”‘ TCA A’""“‘«"fTTGCCGCGTl
IGGCCGCCGTC - -ACRARTITICCT CGTC A GG
GIGICA-TTTIGGGACCGTTTAGGG!

E1 KXWt EIEIE DNA F5 X (VB REBS)
Fig. 1 Candidate DNA sequence alignment of Verticillium dahliae (only show part)

o3 LA FUB SR AN TR A 16 BR K 0 Fe A TR
PR PRIE N 20 DNA FE R, (i it 49514 VD-
1 HEATY 1, PCR 7 Wi ok 2% 19 3 Jie H kA
S5 16 PR IN 5B BRI Al LY i
MY A8 2 (18] 2), SERZ AR B e R e
B LA PR A

M1234567891011121314151617

M: DL2000 DNA marker; 1 ~ 16: A~ [ KRR K 3 1 bk
Y DNA; 17: ddH,0,
M: DL2000 DNA marker; lanes 1-16: DNA of different
V. dahliae strains; lane 17: ddH,O.
2 PCR il 16 R K IWEEHH
Fig.2 PCR detection of 16 strains of Verticillium dahliae

22 HEKPCRE 1#® PCRIIMRBENSH ¥
A4 AL LG B VR R 1 ng-pl ! B FE 4]
DNA # BERG B 5 1 A, TG 4 X556 1 48
PCR 5% (VD-1., VD-2, VD-3, VD-4)# 174" 14,

LR B 4 X5 VD=2 51 ¥t 5 R
M1 ng-ul YRR AL 1R JE F 24 DNA FE iR

BF, B A T I, AR B R 13107 ng-ul ™! B,
HEy e, £ 15 PCR 519%F VD-2 Y
K W0 R R 1x107° ng-pl ™ B4 K TN 6 A B
K121 DNAC(E 3), Har g Pt REERAL, Hrpg]
Prx VD-1 7 DNA ¥ FE K 1 ng-pL " I ok ks
ME]; 519 VD-3 5 VD-4 H K6 7 80 1 1x
10" ng-ul™s
bp M 1 2 3 4 5 6 7 8 9
2 000-
1 000-
750~

300-
200-

100-

M: DL2000; 1: 1 ng-uL s 2: 1x107" ng-ul™; 3: 1x107
ng-pul"; 4: 1x107° ng-ul™'; 5: 1x10™* ng-ul™’; 6: 1x107°
ng-uL™"; 7: 110 ng-puL™"; 8: 1x107 ng-pL™'; 9: ddH,0,

M: DL2000; lane 1: 1 ng-uL™'; lane 2: 1x107" ng-uL™";
lane 3: 1x107 ng-uL'; lane 4: 1x107° ng-uL'; lane 5: 1x10™*
ng-uL™"; lane 6: 1x107° ng-pL™"; lane 7: 1x107° ng-uL™'; lane
8: 1x107 ng-uL™; lane 9: ddH,0.

B3 E#H PCRENXMEEENREE
Fig. 3 Sensitivity of conventional PCR for detection of
Verticillium dahliae

23 FIRPCRIIMFRUESH LUK E
I S LA ZH DNA AR BT R, 00 DL A I 7 48
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T2 TR TE PR 6 B KT B TR 3 2% b 55 R 4 DNA
DART AR A% L PR RARTE . RSS9 A
Y 5 L K 2 DNA LUK ddH,O 15 AR, F)H
BEITAYEC PCRZE 1 4851 Wb A7 9 38, 560E 26
LA 51 ke S, O 2 1 R 2R 805 d5c =5 19 VD-
251909 . S5 A DRI R R e SE R 4
DNA WA B RE S TE 512 bp o7 B4 19 H 81— 4%
i, UTZ G PCR & 1 55 (VD-2) B B A
R E(E 4.5),

M: DL2000; 1: KHFEH M 2L H 241 DNA; 2: K A5 A
RHE 2] DNA; 3: AEF i e BOR BE N 41 DNA; 4: R RAER
ALK 4 DNA; 5: B AR AER 2H DNA; 6: 15 5B
FEKZH DNA; 7: RFEAAHE K 2] DNA; 8: ddH,0.

M: DL2000; lane 1: Genomic DNA of V. dahliae; lane 2:
Genomic DNA of V. longisporum; lane 3: Genomic DNA of
V. nonalfalfae; lane 4: Genomic DNA of V. nigrescens; lane
5: Genomic DNA of V. albo-atrum; lane 6: Genomic DNA of
V. alfalfae; lane 7: Genomic DNA of V. nubilum; lane 8:
ddH,0.

B4 E#HPCRUEMNAMERENFERME
Fig. 4 The specificity of conventional PCR for detection
of Verticillium dahliae

M 1 2 3 4 5 6 7 8 9

10 11

24 HEXPCREIYMAHRESIT IR LIHEE
()R TN A8 T e HeAt 15 AR B (9 3 N 41 DNA
MG PCR 5 1 569 MW B 1000 f5 /5 17E
B, R I 2 XK PCR 5 2 42514 (VD-
5. VD-6) AT 38, S0 ES 1 Al e S . R B
A 51X vD-6 I, Bk HA BT IR H 4
W, AW T R Z 4, A 51 Y% vD-5 B,
2R, ORI Fe R B 2L R 41 DNA 7£ 375 bp {if
B R4 (B 6. 7), WEBTZ H [T PCR
HIPIEEY 14 IS, A3 ELAT = R S, T LAY 2 R

M 1 2 3 4 5 6 7 8

M: DL2000; 1: K AR5 K HE A 4 DNA; 2: K A5
AL 2 DNA; 3: JE A TS SRR SR 41 DNA; 4: 28 RARAL
FIEIN AL DNA; 5: JR VR ECA LR 2] DNA; 6: H 78 fe B
FEF DNA; 7: = REEATAZEE 41 DNA; 8: ddH,0.

M: DL2000; lane 1: Genomic DNA of V. dahliae; lane 2:
Genomic DNA of V. longisporum; lane 3: Genomic DNA of
V. nonalfalfae; lane 4: Genomic DNA of V. nigrescens; lane
5: Genomic DNA of V. albo-atrum; lane 6: Genomic DNA of
V. alfalfae; lane 7: Genomic DNA of V. nubilum; lane
8.ddH,0.

E6 Hi PCRENAWEKRENFRE
Fig. 6 The specificity of nested PCR for detection of
Verticillium dahliae

M 1 2 3 4 5 6 7 8 9 10 11

M: DL2000; 1: AN FE 4% B HE ] 2 DNA; 2: 37 Ak 22 4%
FRHE 2 DNA; 3: W5 R SE K 41 DNA; 4: R4S T T 5k
K4 DNA; 5: BB R 5L R 41 DNA; 6: A 4E Ff B B ik
41 DNA; 7: K 52 % 5k [F 41 DNA; 8: 460 A 55 5t (8 41
DNA; 9: I T (FOC) 3£ K41 DNA; 10: ik B HE A 20
DNA; 11: ddH,0.

M: DL2000; lane 1: Genomic DNA of V. dahliae ; lane
2: Genomic DNA of R. solani; lane 3: Genomic DNA of T.
harzianum; lane 4: Genomic DNA of F. graminearum; lane 5:
Genomic DNA of P. capsici; lane 6: Genomic DNA of XCM;
lane 7: Genomic DNA of P. sojae; lane 8: Genomic DNA of
T. asperellum; lane 9: Genomic DNA of FOC; lane 10:
Genomic DNA of M. oryzae; lane 11: ddH,0.

B 5 E#H PCR &N XM ENEFRE
Fig.5 Specificity of Verticillium dahliae detected by
conventional PCR

M: DL2000; 1: J N FE 4% B HE ] 24 DNA; 2: 37 Ak 22 4%
FRHE 2 DNA; 3: W5 AR EE ALK 41 DNA; 4: RAT T T8 5k
K4 DNA; 5: BB R SE R 41 DNA; 6: A 4E Ff B B ik
41 DNA; 7: K 52 % 5k [F 41 DNA; 8: 460 A 55 5t [ 41
DNA; 9: Z 4 J] 3 41 DNA; 10: REE R LA 4] DNA;
11: ddH,0.

M: DL2000; lane 1: Genomic DNA of V. dahliae; lane 2:
Genomic DNA of R. solani; lane 3: Genomic DNA of T.
harzianum; lane 4: Genomic DNA of F. graminearum; lane 5:
Genomic DNA of P. capsici; lane 6: Genomic DNA of XCM;
lane 7: Genomic DNA of P. sojae; lane 8: Genomic DNA of
T. asperellum; lane 9: Genomic DNA of FO ; lane 10:
Genomic DNA of M. oryzae: lane 11: ddH,O.

B 7 &£X PCR&ENXWHRKEENEFRYE
Fig. 7 The specificity of nested PCR for detection of
Verticillium dahliae
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Fig. 8 Sensitivity of nested PCR for detection of

Verticillium dahliae
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B9 ERK PCRENENAERFHEHNIFF DNA
Fig. 9 Detection of cotton seed DNA mixed with different
number of spores by nested PCR
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Establishment of nested PCR detection method for Verticillium

dahliae and its application in pathogen detection of cotton seeds

FANG Yuxiao’, LIU Lijuan, ZHANG Yufang, Miao Weiguo, CHEN Daipeng”
(School of Tropical Agriculture and Forestry, Hainan University, Haikou, Hainan 570228, China)

Abstract: Cotton verticillium wilt is a destructive disease that seriously affects the cotton industry. Verticillium
dahliae is the main causing agent of cotton verticillium wilt in Chin. It is difficult to effectively controll this
disease through conventional methods, and it hence is of great significance to establish a rapid and efficient
detection method for early monitoring, diagnosis, and controlling of this disease. A highly conserved DNA
sequence among strains of V. dahliae and a high divergence among different species were discovered by using
NCBI BLAST. Based on this DNA segment, six pairs of PCR primers were designed and one set of primers
that are highly specific and sensitive were eventually selected for detecting V. dahliae through nested PCR.
And the optimal amplification conditions for these primers were determined. A set of nested PCR primers were
identified, namely V.d-2 and V.d-5. The amplification conditions are as follows: 95 °C for 5 minutes, 95 “C for
30 seconds, 58 °C for 30 seconds, 72 “C for 1 minute, performed 35 cycles. The resulting bands are of sizes
512 bp and 375 bp, respectively. Resulting nested PCR can be used to detect the lowest amount of pathogenic
DNA at 1x10° ng-uL™', which is 3 orders of magnitude higher in sensitivity compared to the conventional
PCR. The primer specifity was verified by using 15 species of pathogens such as Verticillium longisporum, etc.
The lowest number of 10 spores each conton seed bearing pathogen of V. dahliae can be detected by using this
method.

Keywords: cotton seed; cotton verticillium wilt; Verticillium dahliae; nested PCR; molecular detection
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