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Rapid detection and quantification of Verticillium dahliae microsclerotia in soil
WEI Feng, YU Zhen-zhen, SHANG Wen-jing, YANG Jia-rong, XU Xiang-ming, HU Xiao-ping (College
of Plant Protection, Northwest A & F University and State Key Laboratory of Crop Stress Biology for Arid Areas, Yangling
712100, China)

Abstract. Microsclerotia are the main survival structure of Verticllium dahliae and primary causal inoculum a-
gent of cotton in soil. The quantification of V. dahliae microsclerotia is the base for monitoring and prediction of
Verticillium wilt. The standard curve of SYBR Green I real-time PCR (RT-PCR) detection assay for quantifica-
tion of V. dahliae was successfully established using recombinant plasmid by the specific primer pair P1/P2 from
Internal Transcribed Spacer (ITS). The quantification system of microsclerotia was developed using SYBR
Green I RT-PCR based on wet-sieving extraction of microsclerotia. The model of microsclerotium number per
gram soil and incidence of cotton Verticillium wilt was estimated using this system. The results showed that a
linear relationship was observed between the log copies of recombinant plasmids DNA and cycle threshold (Ct)
values of RT-PCR over a range of 5.54 x10” to 5.54 x 10" copies. The detecting sensitivity for the SYBR Green
I RT-PCR detection assay was 10-fold higher than that of the conventional PCR. The detection limit was 1 mi-
crosclerotium per gram soil. The relationship between Ct values and the number of microsclerotia was n =
e"? 7% " The results of artificial inoculation in greenhouse indicated that there was a significantly positive cor-
relation between the microsclerotium number of V. dahliae and the incidence of disease, y =2.710n +0. 251.
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1.3.1 MEHEBRBOKE KRINH R AZ RS
F RIWES % Bai &2 AN T,

1.3.2 3 X m4EH A M HA % DNA 3B 7 A1E
A R PR A A T A SR AR B K B g rp il
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1.4 E# PCR kK RZFNTHIRAERBE

HH PCR WK FR K 25. 0 pL: Ak DNA
1.0 pwL,5% P1(10 wmol/L)1.0 uL,5[4) P2(10
pmol/L)1.0 uL,dNTP(2.5 mmol/L)2.0uL, Tag
(5 U/wL)0.2 uL,10 x Buffer 2. 5 pL, MgCl,
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1424 :94°C HAEPE 10 min ;94 C 721 30 5,58 CiE k
30 s,72CHEH 30 5,30 MEH;72°C ZEfH 10 min,
PCR /=¥ 2 2% 35 R5 W5 B e v UK 4G 0 A0 [m] 0
( AxyPrep DNA #E M7 &, AxyGen Biosci-
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(bp) x (650 daltons/bp)
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1.8 TS

ISR F SAS (statistical analysis system )
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Fig. 1 Specificity of the primer pair P1/P2 in
conventional PCR amplification using
genomic DNA extracted from Verticil-
lium dahliae and five other patho-
gens and wheat field soil

M. DNA ladder, TaKaRa DL 2 000; Lane 1-7; Gel electro-
phoretic analysis of conventional PCR amplification products
obtained with the templates from Verticillium dahliae JY, G.
nigrescens , V. albo-atrum, Rhizoctonia solani, Fusarium ox-
ysporum f. sp. vasinfectum, Pythium aphanidermatum and

wheat field soil, respectively.

HUEL DNA I 25 5 W | S S Tl o ik 125 445 119
DNA B B Z LT HE 3 # ik (p<0.01) A
TP ES VL3R4S () DNA MR B 55 (47. 18 ng/pL) ,{H 4
Fh 7 92 3545 DNA ) OD260/0D280 7E 1. 36 ~
1. 61 Z[a],0D260/0D230 7£ 0. 87 ~1. 11 Z[i], &
JEARE, FEMIRAMIES S, B FastDNA® Spin Kit

for Soil # 17 DNA 2 H(, 815 DNA ¥k & Fil 21 JiF
(0D260/0D280 =1. 83,0D260,/0D230 =1.91) 1}
(R 1) . KT RAF R 4% 9 DNA $2 U
(B3t 2.78 ng) & & T REMH PR L AR5 TR
1) DNA $2Hs (B5e 1 1.92 pg) (p<0.05),
PRIt - 58 v R 5 A3 R TR A% DNAL Y s A $2 X
FikN 10 g #E, 28 38 wm i FLAK G, U5 4R i )
LREREYI (2R 0.5 g) , AW 5 K FH FastD-
NA®  Spin Kit for Soil #f17 DNA $2H,

2.3 FRAEHZRIEL

519 PL/P2 1) s AR KR E R 58.1C, 7
Bio-Rad iQ5 7¢)G5E it PCR Y |-, Bt 7 Tk v By
5.54 x10% ~5. 54 x 107 copies/ L A7 i i i 28 | 1
Bl (x) A IR AEAREE LB YR, A (y) o CofH
(El2), PRl fh .y = -3.563x +37.837,
FHCZREHN 0. 999, 3G N 90. 8% , L1 [l
Alik 6 MRS,

2.4 EKTEE PCRERFRMETEN

VI KINAE A B | Gibellulopsis nigrescens . 2 %58
FCB ST A 22 % TR A AR A 22 T IR Y R
DNA AR TSI 28O e 5 PCR Al 25598 5%
B, 5% PL/P2 X} KEH5E K A DNA A H & i 44
{55, X HERE S DNA K BT B e 155
(3) . 5149 PL/P2 4 A5 B Y 7 Wy it U B2 A
80.0 20.5C , 5% RIS N 81.5C (1514) ,

Table 1 The results of microsclerotia in soil DNA extraction by 5 methods
Method* 0D260/0D280 0D260/0D230 DNA concentration(ng + pL™")°
1 1.36 0.98 10.54 B
2 1.39 .11 47.18 A
3 1.41 0.87 43.49 A
4 1.61 0.96 39.57 A
5 1.83 1.91 32.55 A

*1-4. After repetitive freeze-thawing, liquid nitrogen grinding, electric hand drilling grinding, tissue lyser, extract DNA

from soil using CTAB method respectively; 5. After liquid nitrogen grinding, extract DNA from soil using FastDNA"

Spin Kit for Soil.

® The means within same column followed by different letters are statistically significant difference at 0. 01 level.
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Threshold cycle

Fig. 2 Standard curve of Verticillium dahliae plasmid DNA dilution series with cycle
threshold ( Ct) value plotted against the log of DNA concentration
Correlation coefficient: 0.999; Slope: —3.563; y= —3.563 +37.837; PCR efficiency: 90.8% .

Fig. 3 The specific detection of the primer pair P1/P2 by real-time PCR
1-8: Real-time PCR amplification products obtained with the templates from Verticillium dahliae JY , G. nigrescens,

V. albo-atrum, Rhizoctonia solani, Fusarium oxysporum f. sp. vasinfectum, Pythium

Fig. 4 Melting curve of real-time PCR products obtained with the primer pair P1/P2
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I 7 AN BERR R 1) SRR M i AT SC A A2 i PCR
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10 copies/ L (&l 5) , & #L PCR il A 5k b
il 5. 54 x 10° copies/pL 3 T 3055 09 FHE S =,
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PELRE T PCR J7 ik B R AR HR L PCR 5 ik i
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Fig. 5 Sensitivity of real-time PCR

Quantitative amplification curve obtained with the recombi-
nant plasmid DNA as templates,1-7: 5. 54 x 107 copies, 5. 54
x10° copies, 5.54 x 10° copies, 5.54 x 10" copies, 5.54 x
10° copies, 5.54 x10° copies and dd H,O, respectively.

M 1 2 3 4 5 6

bp
2 000

1 000
750

500

250 <+—324 bp

100

Fig. 6 Sensitivity of conventional PCR

M. DNA ladder, TaKaRa DL 2 000; Gel electrophoretic a-
nalysis of conventional PCR amplification products obtained
with the recombinant plasmid DNA as templates,1-6: 5. 54 x
10 copies, 5.54 x10” copies, 5.54 x 10" copies, 5.54 x10°
copies, 5.54 x 10° copies and 5. 54 x 10" copies, respective-

ly.

IR AN T B S T 2 A B A
HERIMAE AR, B P 0.5 MR B 9
fFT, Bt L AR, Ce fH D 27. 56,
PRI , 1S 9E it 3 1 PCR A {4 28 o G T R
AP AR,

2.6 LHEESE PCRUAKRESHITH

WHe K 5. 54 x 10% ~ 5. 54 x 107 copies/pL
8 B R it 76 A [R) 2% (48 #E AT S B 22 1 PCR 47
1 AT 3 UK, Ct AH B9 XIME 43514 30.
44 26.85 .23.00 .18. 74 .14.94 F110. 96, 75 5 Z %L
MR I 1.17% 1.03% .0.88% .1.02% 0. 69% il
1.06% (£ 2) . 45RFW], ZEMIAREA BRI
I,

Table 2 Repeatability of real-time PCR assay

Concentration ( copies/pL) Mean Ct S.D (n=3) CVs(%)

5.54 x 107 10.96 0.08 1.06
5.54 x10° 14. 94 0.10 0.69
5.54 x10° 18. 74 0.17 1.02
5.54 x10" 23.00 0.15 0.88
5.54 x10° 26.85 0.25 1.03
5.54 x 107 30. 44 0.38 1.17

2.7 TEHVBREREESHEEERELE

KR S N TR BE S N N5 T A
RS R B, Cel (y) 585 A4
FIXTEE (n) R RIFILME XL R,y = —3.905n +
28.507 , MR E(R*) 4 0.978,, LA H R E
NS CoEE R K n =" Hrfi.n
AL BUEE N 1 ~100;e~2. 718,

FN T AR Pl 00 25 SR e B, 5 b 2
K, CeAEREAIG, 5 5a 1= P (%) SR A% B bk &2, A AE
DIE S TSY Ay S P O R e L R My T
PR % 19. 3 NI 05 3 &% % ik 50. 1% |, 9k
THHEECH 28.9(K 3) XA ZEE SR E
o IR AR AT A DGR S A, A v A TR R A A B
(n) H5EWHE(y) MIPXFRRA y =2.710n +0. 251,
R*=0.987,
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Table 3 Inoculum density of Verticillium dahliae microsclerotia, incidence of disease
(% ) and disease index in greenhouse surveyed during one season
Inoculum density Ct Number of microsclerotia Incidence of disease Disease
(W/W % ) value /g soil (% ) index
0 - - - - 0 0
0.1 31.05 0.5 1.5 0.8
0.2 25.39 2.2 7.1 3.5
0.5 22.75 4.4 10.1 6.7
1.0 18.21 14.0 42.0 24. 4
2.0 16.96 19.3 50. 1 28.9

The numbers of microsclerotia were calculated by the formula: n =eT'3_C'/3'9“5, e~=2.718.

3 itie
2 Fh 1 A 00 - 45 r KT R AR R R R A B 1Y
T A SRR IR A Bk L IRl Rk g
SERRA TP TR SRR IO
Feiew H %07 152 AN [R) R AR [] 4 S ik
IS A TS TRl SO =L Il N 7S
TEIES L HEBR K AR (V. longisporum) Fl =
ISR (V. tricorpus) 55 H & 5= A 150 2 56 A T
S BT 5 Al e Bk R U A I, 75 B
HEAL I A RKIAEE (iR 2, IR ) [ JF H &4
B (REAE i PPAh AR RS 57 ) FR T 2L T 1A%
WEALF AR R & —Fh FLIE 3 X 1 5 B AG  y
5,5 FH 0 S 0 5 5 A 8 B TR AR 0 R
PEAR Y BEHIBC S W BRI A2 % (ELISA) JE A%
F R R 1 = ;564 PCR %13l
11 P92 DNA X 58 v KR A8 A% b iR AT A 6 A 4
SERT A i PCR DLHURR S | R AR & D v
SEOUA, LA 3 i i T Y 4 0 B I RTIR AR
TR S AR 2 B IR RS Y B
PR E 4 Jm ABIUIVED) | AR 55 R
SRR R Br DNA 58 h RIED R B ot
- HERE S TR DNA B9 TR T 5 TR 40 it B 1 24
fife A0 3 P g RS DNA 4325 1) 9 o 46 1 2 ) It
2B, O i ) 2R i I T A A RE 1Y A
W5 (A S i B A2 R i R 75 TR
Wi VBT R (SR T 45 ) 1 AR 2% )5 5 (SDS
RO S R ICAS: ) R e 12 ( M il L V5 T TG
HEANG KA, Toi il fh 24 7 ik # ok Lk +
SErh AR RR A5G L), DN 52 ) 5 22 70 1 184

WM 2 I T L Al il 25 00 i ) J2 4% DNA 4l
ey g, H AT £ 2k A A PVPP . i i 45 5%
CTAB W Fff J&§ A M2 J & W 2% W Ik 4l fb
DNA 3 S Rh 41 i R 4y vk Mgl ik 140 4%
BB S A AR A DNA & 8k, A 1 i
A BRI R FAR ASHIF 5T P A R A A i
BEZEHE B RR AR S T3 b K58 B R I % DNA
PRI T MR, ILHTOC T LI A% DNA 2
B R T8 K 22 R FH AL SRR B8 (SR A 7 e e 4 7 1 358
DNA BG4 2 (e e "
VRAT: RIS VL R B A | A 2
SL L A PR Y BB A0 B RE SRR O Tk DL
CTAB %1 DNA #2HURA ) £ 1) DNA $2 B F 4l
JE B E 0 R A% DNA R U 32 0 T A 0T
J& , f#i ] Fast DNA®  Spin Kit for Soil #£17 DNA 2
BRIk, v LA & i Y DNA, B T4
FE S RTIN rfE PRE

LN IR GIRUR iafEes i Ny TR S YA e sE= N1}
B B T A 0 2R A2 i PCR A fE 28, DNA #%
DIERIXTBUE S Ce fHBA R AR DG, A OGP
FE0H 0.999, Kl R FRIEF] 5. 54 x 10° copies/
pL, tb Xiao %1% # 37 S 2 i B PCR K i {4
ZHIRI TR 3.8 x10” copies/pL 1 10 %, /KT
T4 PCR Ml TR (B +&A 5 M
¥) 1V H Bilodeau %51 g 37 S B PCR AU AS:
WITFBR (&A1 ~2 NMUE) BT De-
bode %' 1 100 mL 70% (w/w ) TEWHIA I 55 00
77100 g + 35 #E4T 920 E & PCR A A I T BR
(B L&A 0.5 M%) o B T IME~
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iS5 CoEHMKE R, F 1 DNA RIS HiE
PEAT/IMATR(0.25 ~ 0.5 g) AL S AYER L, Nz
2B PCR #il H 748 2 25 alifb , 25 34 R i 48 A%
PR AZ S BB T3 (B b & 4 DU
PRI ) KT 285 SRR 25 K X ) 4,
[{REh] walll = v N W B P B e O (e
WFSE & 98+ BEK 7 J5 DNA H B 2 b B0 12
77 DNA $2 B0 19 1. 45 1%, 5 Harris 257 198
FEER 5,

FI 92 26 2 1 PCR &0 T 4 ARz A
TR EE A - S R AR A R A T 9 H AR
AEIR A1 0, & B 2 TR) A7 A 0 19 42 M A G
PE o HH TR T - 4 i D TR AR A b 2 Rl
I3 7 AT K A SR P DR 2 K R A B Y
SOt PR R R AR 2 8 G R N 4R,
TR , T Bt — A R 5T A5 3t 8 7 1) - 39 P AR A%
B 5 A E RO RARL R, % |
145 5 DNA H AT BB 26 E T 40 SEAR K Tl 8 A B
TR DNA , SR A2 i PCR 5 3646 T 285 SR 1T i
i At R I R R B R A% R, o] v
A T 3 35 AR R T A A PRI R A A BB i 5
— W5,

%k
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