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RAHKERV ;NN EREARE RERRAEEMX LR, EEFRAAK, BREARREM
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Abstract: In order to quantify the pathogen of konjac soft rot in field soils, a TagMan fluorescent probe
PCR detection system was established. The specific primers PCC1/PCC2/PCC3 were designed based on
FyuA gene sequence of Pectobacterium carotovorum subsp. carotovorum. The results showed that the
dominant pathogen of konjac soft rot P. carotovorum subsp. carotovorum could be detected specifically
and sensitively, with a threshold as low as 1.88 CFU/g. The detection rate of the pathogen of soft rot in
the rhizosphere soil of konjac was 100.00% by real-time fluorescence quantitative PCR, and the DNA
concentration of the pathogen was up to 7.52x10” ng/uL. Moreover, the pathogen was found in the rhi-
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zosphere soil of healthy konjac, with a detection rate of 40.00%. The number of soft rot pathogen was

lower when konjac was planted under the trees. There were positive correlations between the continu-

ous cropping time and the disease index as well as the number of pathogen. Longer cropping period

caused more pathogenic bacteria accumulated and higher incidence rate. Furthermore, the pathogen

DNA concentration was as high as 4.03x10* ng/uL in the soil where konjac had been continuously

cropped for four years. The pathogen of soft rot in konjac soils was monitored in the whole year, show-

ing that the pathogen gradually increased from January, reached the peak (543.20 ng/uL) from August

to October, and then decreased after October. The number of pathogen was consistent with the disease

index, but the incidence of the disease was relatively delayed in the field. It indicated that this method

was suitable for monitoring and preventing the konjac soft rot in the field.
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AR A B F] ;DY Y-6C ARG H Rt HL kAN, Jb 5t
AN—EYIRHE A BRA A s He-1 S A L Pk Al , 1A
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Z1.2.1 SO AR R SRR T A T TS 4 208 9 o DL 1
() S B 2 S A £ PCR A

AN [) AR A B A JBE 4 - 8 o T B (A -
2017 4 10 A BEFWGRTTHA , 76 & Rt gl B0 58
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IR, 38 A S 5 R i PCRASHIN HY XS 75 )5 DNA
We Sy 8.17 ng/uL (18] 3) , W% J5 12 RABUEAR#

2.11 4
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0.51 1
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5, BEAS 8 rbolig S 5 e A A AR

== 7.8.9,10,11

-0.03 -IF

_029 T T T T
1 3 5

DA 2 0 5 e (B 1 B Rt SR
Base 2 logarithm of absolute increase of fluorescence
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G HL Cycle

Bl1 SEREEHER PCRIGSI A RIE
Fig. 1 Primer-specific detection by real-time quantitative PCR
1~6: 435 588 O R A 2 N AN M20 M1 . M15.M26 . M13 MI13 Btk 7: 1% MR R S Al 8 1
BN RIE R 92 SRS ; 102 BEF FAMEE; 11 RE AT 12: HEEREME; 13: TR/, 1-

6: Pectobacterium carotovorum subsp. carotovorum strains M20, M1, M15, M26, M13, M13; 7: P. carotovorum subsp. odor-

iferum; 8: P. carotovorum subsp. atrosepticum; 9: Pectobacterium chrysanthemi; 10: Athelia rolfsii; 11: Ralstonia sola-

nacearum; 12 : Xanthomonas campestris; 13 sterile water (CK).
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B R S ——
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PA2A R R4 % SO GAE I BT B R
Base 2 logarithm of absolute increase of fluorescence

T T T T T T T T T T T T T T T | T T T T 1
35 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45
&I %L Cycle

B2 BEFHRE R IR IR 10 545 B #% BRI DNA #9 TagMan $8$t PCR #7738 i £&
Fig. 2 TagMan probe PCR amplification curve of 10x gradient dilution of konjac soft rot pathogen plasmid DNA
I~ TV JFORLHe FE 2391 4 5.00x107,5.00%10°,5.00x10°,5.00x 10* copies/mL. I-IV: The plasmid concentrations were 5.00x107,

5.00x10°%, 5.00x10°, 5.00x10* copies/mL.
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75 i B DINA VR S R 285 5% B /s BRSSP - 48
LA AR SR AT, A HE 3R 40.00% , 58 995 5 I B
DNA ¥ J& 43 %Il  2.21x10>, 2.28x10%, 3.38x10°,
12.82 ng/uL (£ 1) o [HAEMR PR A3 ks 95 R B 1
TRERR BE A I 0% &0 , T BB IR PR AR B A 38 g i

PRI AT, L BE 2R R A, NS5 B . K
3 O = AR o 1 S R e o i R R 1 38R 100.00%
975 Ji R DNA VR B2 fe i a8 31 1 7.52x107 ng/uL, A Bff
FE 10 DMEEAS A 7 AN FEAR 11995 )5 B DNA IR 15 51
T 10° ng/uL L E, 435124 5.62x10*,7.52x107,1.61
10*,9.25x10%.1.20x10°,1.30x10°, 1.99x10° ng/uL , 2
H DNA FeflR i B35 5] 51.60 ng/ul , 2 B 5L T vk
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Fig. 3 Detection of konjac soft rot pathogen in simulated soils at different concentrations
A-G: 1.88x10°, 1.88x10', 1.88x10%, 1.88x10°, 1.88x10%, 1.88x10°, 1.88x10° CFU/g.

R 1 NESRIEEFRER T 5 R 7R E DNA R BRI R

Table 1 Detection of DNA concentration of soft rot pathogens in healthy and diseased konjac rhizosphere soils

. - 95 U DNA e JiE N o 9 JEU I DNA e
S;(*)éu{r/}i:e éﬁj Ct DNA concentration Sﬁfe éﬁj Ct DNA concentration
of pathogen (ng/pL) of pathogen (ng/uL)
TR JG1  36.85+2.14AB  2.21x10%+11.32B KERESE BGI 2825+1.51C  5.62x10*87.33 D
HRBR 1458 JG2 - FAME Negative MWPrEHE  BG2  17.06£1.47D  7.52x107£547.34 A
Healthy JG3  36.65£t1.45AB  2.28x10%9.68 B Diseased BG3  30.19+2.68C  1.61x10+319.80 E
konjac JG4  41.09+2.78 A 12.82+1.36 C konjac BG4  2747+1.95C  9.25x10°+140.48 C
rhizosphere  jG5 - FH 1 Negative rhizosphere  BG5  34.224247B  1.20x10°+53.21 F
soil JG6  32.49+2.82C 3.38x10%:54.72 A soil BG6  34.10£1.95B  1.30x10+42.67F
IG7 - FATE Negative BG7  2628+3.67C  1.99x10°+321.79 B
JG8 - B Negative BGS  39.11+2.46 A 51.60+5.74 H
IG9 - BI+E Negative BG9 34.82+2.71B  8.18x10+24.35G
IG10 - B Negative BG10 36.07+1.38 AB  3.33x10+12.45 B

TR NI B bR 22 o IR 5 AN IR 7 RER R 28 Duncan FCHT R 25 1K 30 7F P<0.01 KV 22 53 3% . Data are

mean+SD. Different letters in the same column indicate significant difference at P<0.01 level by Duncan’s new multiple range test.

2.5 FEA B IERER LR AR R

AN [R5 2R BEE AR AR P e P AR

T I

Hh RS AR

4.03x10* ng/uL , i

9375 JL A DNA ¥ B9 1)k 31 1.14%10%
EHEIA 68.21 F167.06(F3) .,

T DNA Y RGN 45 50 s, KT Bl B8 AR B 1
S BE IR R TR A, A AU T TR B AR
T BEEAE MR R - 4 ARG L /e SR, DNA Ve B
41 2.26 ng/uL, FATHRT E A HEAR B 4 8 5 R K
WE] 555 5 DNA(£2) . FRERD  KMIFALRE A
JEAR B 39 v 4 REAG H e B B DNA, 2 BT e M1 4H
A AL JEE 2 A AR P A 4 5 i AT DN VA B e 1
i£3.52x10% ng/uL. B REMFEFAEMR bR LR
K % S DNA
2.6 EMEERITESF TR EHR R E R

N ] 2 A AT B JBE =4 4 19 v A5 95 973 i 5 DNA
Ve RGN S8 S b | FE AR A T 50 T R S e 9
BOAETE TEAR 56 28, JE AR I )8R, 5 L 7 AR S
Z JRTETR R R . AR 44 R 2 AN Rl b 4 8

FWIBE A E AR R A i 2 B R G
e AT 2 M HRALAEAE /D5l J TR, B K H (b
e 1.2) T b - 438 b SRR 50 [ P DNA VR B2 43
)2 7.68..2.68 .9.83 ng/ulL, 1 B B 5 S5 R 7E -
BT AT
2.7 SFEFIEHR B R R TR B A M
2.7.1  ARTARHLARARRS L3 P B 28 A 0m R H
R A A AR I 1 18 b B = 2 P o s o E
s 257 A RGIEE SRR B, 8 H FFLA G o J5 A
DNA ¥ 4 51.40 ng/uL, 9 H ik FIE(E 279.40 ng/ul,
Z BT R, ELE 12 7 20 FAS 25 5k B
(1 4) o AR PR BE 2 I R 38 s e 8 H AR IF 46
KA ABSRIE T B AR TR AR o 10 A R B
PR BT, KA i A B 28.24% , B e
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Table 2 Detection of DNA concentration of pathogen of soft rot in non-rhizosphere soils of konjac under different planting patterns

Tl 5 =X i Wi J5 I DNA W
Planting pattern Location Ct DNA concentration of
pathogen (ng/uL)
AT FhdE JKAEL Langao County - FAPE Negative
Forest planting T I R IX. Shangzhou District, Shangluo City - B Negative
P 5 B Ninggiang County, Hanzhong City 43.76+3.20 A 2.26+0.14 D
JA ARG G A A - Bt Negative

Zhouzhi Farmhouse Fruit and Vegetable Cooperative

Tk R 5L Langao County 37.14+1.49 BC 1.66x10+15.97 C

Corn intercropping 9% TR M X Shangzhou District, Shangluo City 42.53+4.19 A 5.02+0.45 D
ZZJ3T1H 744 Hengkou Town, Ankang City 36.3542.67 BC 3.05x10%:31.22 B

37.57+1.65 B 1.39x10%17.43 C

WP T 5 B Ninggiang County, Hanzhong City 37.40+3.31 B 1.40%10%£26.69 C

B JAl B BARGIRR G AR - [ Negative

Vegetable interplanting ~ Zhouzhi Farmhouse Fruit and Vegetable Cooperative

PN LU ZFETE 148 Hengkou Town, Ankang City 33.25+1.58 BC 3.38x10%:17.10 AB

Greenhouse planting 32.40+£2.17 C 3.52x10°+34.23 A

ZEBE B bR AE 2 L [RIOVBORE G SR F R 7R 28 Duncan G 2 M 2K 56 78 P<0.01 /K F-22 5 2% . Data are

mean+SD. Different letters in the same column indicate significant difference at P<0.01 level by Duncan’s new multiple range test.

K3 AEEEFEREF R T EPRERHRFEEDNAKRESZHFIHFRL

Table 3 DNA concentrations of pathogen and incidences of soft rot in konjac planting areas in different continuous cropping years

AR Tt IR B DNA ol R
Continuous cropping year Sampling site ct DNA concentration of Disease index
pathogen (ng/uL)
VAR 448 1 30.6242.56 EF 1.14x10*+74.85 B 68.2142.84 A
Konjac continuous cropping for four years 2 28.67+1.78 F 4.03x10*49.29 A 67.06+3.65 A
JEAF AR 34F 1 37.39+3.69 BCD 1.41x10%+36.53 F 58.41+7.80 B
Konjac continuous cropping for three years 2 34.96+2.31 CDE 6.82x10°+9.86 D 66.59+2.67 A
3 33.47+2.84 DE 1.79%10°£57.80 C 51.43+5.54 C
JEAEEAE 2 4R 1 33.50+1.77 DE 1.76x10°+41.62 C 46.25+2.32 CD
Konjac continuous cropping for two years 2 35.32+3.32 CDE 5.42x10%423.62 E 58.52+5.78 B
3 37.53+1.45 BCD 1.29%10447.94 F 49.45+1.97 CD
JEEEAE 4R 1 39.07+2.55 ABC 47.4943.77 GH 44.8343.64 D
Konjac continuous cropping for one year 2 37.25+3.27 BCD 1.55%x10+1.89 F 3471199 E
3 38.66+2.89 BC 62.04+5.84 G -
FEKHb Corn field 1 41.88+4.11 AB 7.68+0.34 GH -
2 43.50+3.28 A 2.68+0.22 1 -
TRV Wetland 41.50+2.81 AB 9.83+0.78 GH -

T BRI B AR AEZ . [ A B J5 AR T 7R 4 Duncan [CH & M 22 K 0 7E P<0.01 7KF- 22 5% 4 % . Data are

mean+SD. Different letters in the same column indicate significant difference at P<0.01 level by Duncan’s new multiple range test.

272 EREAPEARE L P R AR R IS

F AR AR AR B - 58 v B = 4008 o g T
4—06 H AN EE R I, 7 A A NSS4k R BH
P JL A 1 B ] LEAR R R FORERRARMRPR 1
B BB e R TR AR 7—12 H S REAS I B, £

B4, FLpa i P DNA VR FE 5 5y, I {H A 543.20 ng/ul,
AENE 1 48 Bt i, 7 A o~ 2.00, 8 H 7+ 8.00,
2] 10 H B R 138 2 e = (H 15.00 (B 5) o B 9
J B DNA ¥R BEFE 9—11 A4RZRE T, Bz BL it [a]
WK T O, SARCT Pl AR AR B 8 - = 49 o I
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Fig. 4 Surveillance curve of pathogenic bacteria of soft rot in non-rhizosphere soils of the forest konjac base
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Fig. 5 Surveillance curve of pathogenic bacteria of soft rot in non-rhizosphere soils of the corn-covered konjac base

in Lishu Village, Chengguan Town, Langao County
&I BT T 2851 2% . Data are mean+SD.

3 Tt 2016) 4T3 it . AHEGEAI A S~ F08 A e
FFEEA S N TR A Fyud FER P95 S 19

TERA S N RIFF RS DA PCRAS  PCC1/PCC2/PCC3, B HE 7. 1 I8 2 3¢ Jif oo 1k H
W7 T, A IR ST Pel . pmrd B2 (Wu U TagMan 28G4T PCR AN A . Fyud JEH
et al.,2011; Kettani-Halabi et al., 2013 ; Ranjan et al., FER R ST B R R A AR PR R R e — 6 T g
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, 1] 35 1 2 AN TR 9 75 7 (Schubert et al., 1998) .
A JIT T P4 JBE = T D R A 7 s e S
I R, Y e R IR A 1.88 CFU/g il
RSN, FL 3z e DU A4 22 AT LR F - 498 g Jit
PRSI , -t AT LR B 2 = R AR v 58 o 9
JEC BT PRSI, 4 St e == g D B P RS, T LA SR
s T TR S 4

AR B0 A X JHE 4 (e R R AR e g rh R
o D T ARG, A BIAR P - S D 7 e S
IR & BRI BRI A e R
VD B R B AT RO . ASTRIRiAE 2O A+
BB e S PR A i A B R AR AR A
BB B o D R B e T e B A ko =K
PRI S5 R A AR T BE 2 AR MRS B, b R THR
TP BARAS ) 90 i P B8 E K, R UK T i
A I B B, At . X Al 4E AR (2015) AifF
FEEE— B, IR GT N KT E 2R R o ™ 5 AR
X MR ARSI A3 R A 25 L3 A P Bt
% A EREYEOR /DL AU S RS YA
Koo MOF AL AR 2 1L B PE 2548 2 w4
J7LIRHUS TR R 2 A RS (RS, 2012) o (HASE
BE TR A GR A B A VEA MR BE2E g S
R g v A ARG R R D B, 24
JEE SR EE 0 K R A AT, AT DU R bR R R 08
JCREF R, o] AR A R0k /D B8 0 & A i — Fb

ANTRIEEAEAT RS 2 A 498 v A BT JL TR 114 e
SR FEAERIAE 233G 0 - 5 v BB RS SRR 1
MR BmASEHEWRE L. X 524055 (2007)
)8 e 5 SR — 3, BV 4 A T e — B2 BB i
TR X, R L AR M AR T 35%~
50% , ;=R IK 509%~80% , A Fl) b e EE 28 4, 1%
FHBFT o T A RFPARBE S B A o FE4E 305 It
R RR B2 190 D DR T R B = e A 3t P, B A
YRR I 5 S B AN B B 2, S 8E AR &,
MR B e IR 5 2 R

AR A KoF 4 A e 00 PR B 5 s i
() Bh A W, B4R T - 4 v B 2R BB S A 7
(AR AL AR , ST oo L T £ 2 R N R M A
K, 3K 55 HH ]S B 25 5 7F 7—9 H R
LG ARVI A o S 2E 8 i A R B R AN B
52, H AT v T B W R AT DU T T ds
AHI 5T ST Y TaqMan FREFSEI 98 6 2 i PCR B AR

FEAT ORI 1 P ) JBE 2 8 v s DA o, e A B
N JF B RO AE bR, SER AR 1 30 I sl AR
A&, X5 AT BE B9 T A AR A T BV, SR S 2
ZE A2 o 2RI Ty 2 e AT %08 HH T FH () 1458
Hh S R Sl A W, (HAKIF S i sl A Ml s A3 24,
A2 MR G FREE A AR ), AN [ DX 3 i T A
A BEAAAE 25 57, T ST PT F JR RAASE - 48 i Py A
I, Ay JBE 2R R ) BB By 9 B AR B AR i AN
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