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Detection of Four Bacterial Diseases of Potato by DNA Barcoding
WEI Qi*, MIN Fanxiang, ZHANG Shu, GAO Yunfei, DONG Xuezhi, WANG Wenzhong, YANG Shuai

( Virus-free Seedling Research Institute, Heilongjiang Academy of Agricultural Sciences, Harbin, Heilongjiang 150086, China )

Abstract: Potato is vulnerable to infection by a variety of bacterial diseases, especially quarantine diseases and
soil-borne diseases, and to advance a comprehensive detection of bacterial diseases for seed potato bacterial disease is
imperative. In this research, four bacterial diseases of potato, including potato ring rot, bacterial wilt, potato common scab,
and black leg, were detected using DNA barcoding technique to investigate the application feasibility of the technology for
potato bacterial disease testing. Known strains were used to assess the detection results. The DNA barcoding technique was
good for potato ring rot and potato scab detection. Bacterial wilt was determined to genus level. Black leg could also be
detected by combination of DNA barcode technology and specific gene. The DNA barcoding technique includes a standard
method of operating procedures, and sequencing technology, which could achieve high accuracy of testing, reduce the
workload of large-scale work in potato bacterial diseases testing, and improve the detection efficiency.
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BEC: St opsie <ok Al R ¢ VAT S

DNA B 5 AR R 2003 4F H I R ah W) 5
Hebert 551 4 1, 1) FH 2k R 41 vh — BE s LB 22 A
(. FHXTRCHE ) DNA Fr BORZES T P4 7€ 1912
PR GHARRES TR B At AR
FHEAYEROR, 23 T PR R RBESCHE, Al
IR SRS TE IR SR o SR, i
AR Z R B HAE S Y= AR R S T
T, TS T AR A RS, [ S A SCHR A A X

WF 555 M 57 B R A F AR WY DNA
Barcoding B4k 2 K FAE T 1) 45 7 A 0 A 1oL P A
RS AT 1 SO R (DR IR . H
T« HES R R ) B R, PRI Y
AIATE, e P Y S AR AR E A B KPR
HEE,

1 #RE %
1.1 # #

B, ENSCERRAZER 3, ARG, AR PETE R S SR A R IR K 1
F1 KR
Table 1 Source of sample
FEbR FERRES Y A P33
No. of sample Form of sample Type of disease Source of sample
HF1 [Eafi BRLE ST A7
YA-3 PR (i FIRTTAR L
YA-4 YL (1) e PSRN S
YA-5 PEEEE) R LCSTRAR S
YA-6 P CRIEES) Tk YRR SS
QK1 [E:Ri1 DR i TRAF
QK3 FE IR ST 1A e 5% JAREM
HJ1 PR Rk BJpiryoil
HJ2 [ifi SRR TN A7
FL-1 bR CEEE) Tk JTARHHL
ZN-1 N EN 7)) (i JAR T
28-2 (LS R T TRA7
1-1 Pk (Jprks) Rk P A
12/ ik PR A . RIS A, TR X 4 Mo

1.2.1 DNA#REL, PCR ¥ ¥ % 5

AR RARAE AR (A6 A B2 7l 98 7
il 5 IR 40 42 BGR ) £ (DP320) 2 B A R b 1)
DNA. 3 FAYFRG0 58 Takara 28 7™ i

PR RMF51 . Y IR R Y S HRR
W N K EE A FE A= W1 19 DNA Barcoding K5 12 X i
(www.q-bank.eu) N 2 7] %5 2 Ui B2 oh B 472 9 O
Be, IEEATLERIRAE . BTG B g
(B AGARA TG, HIPFE2 /K3,

PATY 1G4 R e 5L (i) B ) AR S
AR R SE IR e A BR 2 w4 I o
122 JmELN R

AT P 2 BRI ) EH S AR B R R

R IR 4 3 Sk B Clavibacter J& . Ralstonia J&
Pectobacterium J& F1 Streptomyces J& o W57 H % FH KX
BN K E A A= W11 DNA Barcoding K04 28 X i
(www.q-bank.eu) 77 1) 9 35 R I i A2 DL 1L 1. o
Jo, R 16S rDNA By J Blast LXTEEAR, 4140
TR A A i P D TR R R o TR XA 25 SR Y il
b o3 P A R TR, AT R A 2D
Eo H, Clavibacter & Streptomyces J& % FH DNA
FE e B AN FE K (GyrB) 5 Ralstonia J& K il DNA
AEEAE S FL ] (mutS) ,  Pectobacterium J& % JH 3&
ZHIFEA
123 A5 et A R R 5T

F TSR AR ARG it A 25 g Dt 2 [ 2
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Table 2 Three kinds of primers used for PCR - sequencing bacteria

% Method EIL/EA S1Fs(5-3") PCRY 14514 IR gEEY
etho
Primer name Primer sequence (5'-3") Primer for PCR Primer for sequencing
\ ) pA AGAGTTTGATCCTGGCTCAG Y
P11 500 bp £ 168 rRNA FE81, 4351 2 4451
pH AAGGAGGTGATCCAGCCGCA Vv

L7/D0 RV b e s Ry L

Reverse 358-339 ACTGCTGCCTCCCGTAGGAG Vv
340~350 bp A B
Reverse 536-519  GTATTACCGCGGCTGCTG Vv
PCR 438 KN 5E GyrBIE A - (1)550 bp HJF41]
\ GyrB2F ACCGTCGAGTTCGACTACGA vV vV
PUMESE Clavibacter michiganensis ssp. B FIRER ;
GyrB4R CCTCGGTGTTGCCSARCTT Vv Vv
(2)370 bp P HN I RE Streptomyce J& BBk o
PCR ¥ $8 J2 5 767 bp 19 mautS 38 LSS MutS-RsF ACAGCGCCTTGAGCCGGTACA Vv Vv
Ralstonia J& M b - MutS-RsR GCTGATCACCGGCCCGAACAT % vV
e BRSPS A R AN AP DNA Barcoding £ 122 3 (www.q—bank.eu)
Note: Primers are taken from DNA Barcoding data of "Q-bank" (www.q—bank.eu).
%3  Pectobacterium BHE Y 1G5 M K NEFS|H
Table 3 Primers used for PCR - sequencing Pectobacterium
SR 174 (5-3") BB (bp) H AL E =B
Primer name Primer sequence (5'-3") Length Target gene Reference
ECALf CGGCATCATAAAAACACG Pectobacterium atrosepticum
690
ECA2r GCACACTTCATCCAGCGA FEZH (03]
EXPCCF GAACTTCGCACCGCCGACCTTCTA
550 P. carotovorum FEF 2
EXPCCR GCCGTAATTGCCTACCTGCTTAAG

DNA $£H

16S 'DNA % EF|E

Clavibacter and Streptomyces Ralstonia Pectobacterium
GyrB MERIF mutS  YSEPIR SLRAUSEMILN BEFIR
Streptomyces scabies (370 bp) R. solanacearum P. atroseptica
P. carotovora
C. michiganensis subsp. sepedonicus (500 bp) ‘%%Q%#Héﬁik@ﬁ‘

E1 DREAERZEUGTR

Figure 1 Detection scheme for potato bacterial diseases

AT DL LA R T % S R 2R 20 0N &5 WA N 52 4 A5 1
UL, DI TE DNA $2 0. PCR &7 8% F0 0 e 1) 3
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XA RAERIRE A A T IR, AR AT AR

JE B HE R P81 B A AR HEA 520 H

>R 1T Chromas B F X AR5 OB R 2 51 104 708 {EL
PIRRS A, 8 e 4 A 4 S OB &R Bk
JE, R E A RN P45 RS GenBank HP Y BUA 2L
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PEPEHEAT Blast FEXTFIR 252 FUER, PR REIIEE dh
s IR Y JE o I MEGAG 514311 1 41 [ 14 A
UL, FFAEERGER AR

2 HEREH

2.1 16S rDNA #illZE R K 53 1

AL S ETT 16S TDNA JEHIT 1S, YA-6 1
PCR 74y, HAMAE b 2 B0 W 56 1 v UK A I PCR
FEYIESL (I 2) o BEAFER I PCR P29 43 il 425 2
BTN R, o A MESFS, HixE
AP HNHAT Blast FUXF, FUXFES IR ILE 4, Hip, £
i 1-1. HJ1. QK3. YA-4. ZN-1 545 BoARE
PATEMMESTH, HILARREIETT 16S rDNA 1
HEX 53 HT o

2 000 bp

1000 bp
750 bp

500 bp
250 bp
100 bp

1 500 bp

M : Marker DL2 000; 1: 7K %} 18 ;2: HF1;3~5: YA-3~5;6: QK1;7:
QK3;8:HJ1;9:HJ2;10: FL-1;11:ZN-1;12:28-2;13:1-1,

M: Marker DL2 000; 1: blank control; 2: HF1; 3-5: YA-3 to 5; 6:
QK1; 7: QK3; 8: HJ1; 9: HJ2; 10: FL-1; 11: ZN-1; 12: 28-2 and 13:
1-1.

B2 #HX#& 16S rDNA-PCR4 R
Figure 2 16S rDNA-PCR results

22 REEEYERENF
ML HE 25 4 H BT 78 B9 16S tDNA £ 41 FE X 45 3
AT I 3 BRAGIN 4347
2.2.1  Clavibacter J%F= Streptomyce %% GyrB IR 43§
FEGh HFL, YA-3. YA-5. 28-2. YA-4 47
550 bp #Y GyrB SEH Y3, HLIKEE R ILIEI3, MIEI3
AT, Streptomyce J& 1 28-2 345 T ¥ 147y,
251 KN /T 500 bps  Clavibacter JERTHFEL
YA-3, YA-5 & YA-435345 T 550 bp ZEA 7).
YA-4116S tDNARIRIGEEIFH], Hik, [T

GyrBIER PCRY 4, KRIF . FdhHFL, YA-3,
YA-5LU 2823647 GyrBREFFAIIIE .
F4 TAMHMK16S rDNA FEFI L3451
Table 4 Blast comparison with 16S rDNA sequences of

seven samples

MU A 554(%)

R R UNETEAE S

No. of Matching (%) Query %%ﬁ;ﬂ%
sample result Ident cover ceession
HF1 C. michiganensis 100 100 NR_074600.1
YA-3 Streptomyces 99 100 KJ573803.1
YA-4  RERGEAFS
YA-5  Uncultured bacterium 100 100 1Q966224.1
QK1 Ralstonia 100 100 KP189379.1
QK3 LK EAIT
HIl R ES T
HJ2 P. atrosepticum 100 100 CP009125.1
IN-1  RHERGEFTY
FL-1 P. carotovorum 99 100 FJ593027.1
28-2 Streptomyces 100 100 KJ573803.1

-1 TGRSR EAFH

500 bp

M: Marker DL2 000; 1: /K XJ #f;2~7: HF1, YA-3, YA-5, YA-4,
YA-6F128-2,

M: Marker DL2 000; 1: blank control; 2-7: HF1, YA-3, YA-5, YA-4,
YA-6 and 28-2, respectively.

B3 Clavibacter B0 Streptomyce B K GyrB B E ¥ 18
Figure 3 GyrB-PCR results of Clavibacter and Streptomyce

2.2.2  Ralstonia % &1 mutS & B 3%

FEAR QKT QK3 & 1-1 47767 bp i mutS FE[H
o, IKEE R ILE 4, AE4FRAE, -1 K
A B A, T QKT A QK3 ¥ 3815 1 5 TR AR
B H A4, P QK1 1Y mueS LR 4 88 7 1y ik
AP 54 o
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750 bp

M : Marker DL2 000; 1: KX} 8 ;2~4:QK3,1-1,QK1,
M: Marker DL2 000; 1: blank control; 2-4: QK3, 1-1 and QKI,

respectively.

El4 Ralstonia B mutS B F 318
Figure 4 mutS—-PCR results of Ralstonia

2.2.3  Pectobacterium /&% 5 B 37 ¥
R i HI2 F1 FL=1 43 5 E4 T P. atrosepticum F&
21 P. carotovorum FE K20 B RE S PE S [ W4 18 K il

750 bp
500 bp

M:Marker DL2 000; 1: /K% H#;2~3: FL-1 FIHJ2;4: FHPETEHEGE,
M: Marker DL2 000; 1: blank control; 2-3: FL-1 and HJ2; 4:

positive control.

B 5 P. atrosepticum BEFE A5 18
Figure 5 PCR of P. atrosepticum by special primers

J, VKSR UL S FIE 6, MHLTK IR S Hra] A,
HJ2 934 4 P. atrosepticum F& K 2H 09 5 551 H 19 A
Be, M FL-1 HARRFHENT PCR ™). INIE, HI2EY
P. atrosepticum—PCR P4 il 7o IAHLIK & 6 HA]
H, FEESHIR FIFL-1 3R 38 P, carotovorum it
DA AR S Be o
224 BT oM

BRESL HFL, YA-3. YA-5F128-2 1) GyrB 3
PP I E S5 2R . QK1) maueS PRI P45 SR AT HJ2
B P. atrosepticum & [F 2 PCR 7= ¥ 09 I I 4% SR 7
GenBank #17 Blast i L XT3 87, B 4h SR W3 5,
ML STTEL, FERHFL, YA-3. YA-5 [ 3 25 1
¥R C. michiganensis subsp. sepedonicus; #f i QK1
A R. pickettii; ¥ HJ2 A P. atrosepticum; Ff i
28-2K S. scabiei.

750 bp
500 bp

M: Marker DL2 000; 1:7KXFH8;2~3: BHPRARTHR :4~5: F L~ 1 FTH] 2.
M: Marker DL2 000; 1: blank control; 2-3: positive control; 4-5:
FL-1and HJ2.

B 6 P. carotovorum B R HEEREY 18
Figure 6 PCR of P. carotovorum by special primers

K5 6MHRMEMERFIIENER

Table 5 Blast comparison with other gene sequences of six samples

R A g VERCEE R FrA K (bp) AL (%) EfH R (%) SRR
No. of sample Matching result Length of sequence Ident Evalue  Query cover Accession
HF1 C. michiganensis subsp. sepedonicus 489 100 0.0 100 JX890008.1
AM849034.1
YA-3 C. michiganensis subsp. sepedonicus 496 100 0.0 100 JX890008.1
AM849034.1
YA-5 C. michiganensis subsp. sepedonicus 493 100 0.0 100 JX890008.1
AM849034.1
28-2 S. scabiet 374 99 0.0 100 FN554889.1
QK1 R. pickettii 729 99 0.0 100 CP001644.1
HJ2 P. atrosepticum 631 99 0.0 100 CP009125.1
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39 ik
3.1 DNA FHAEARGNERILE

40 B C AT, HFL, HJ2 F128-2 /Y
16S iDNAJFHI HATAE R | GyrB RE S E 25 R 5 2
2k WA — 2, QK1 FHIFESH RN R. solanacearum, T
AWIFTE Il FH A SR H R S S5 R AN R, pickenii,
TR AR T S Iy A 22 57

FERTETFRLAURE AR S H, YA-3 1 168 rDNA
FP A LEXT A5 35 GyrB BEPR 414 K I Py 435 2R 22 AR
K, YA-5116S rDNA 551 Ho X 45 R0 R M T bk
HZ, YA-3HIYA-5 GyrB EER Y H4 Ha Jk ] ]
R EH —# 5 HFL—30, a7 5 s &3,
—FHWSE R C. michiganensis subsp. sepedonicus, 5
HF1Z5 50—, MH, YA-3. YA-4FYA-5 &35
J& 94 Real-Time PCR J5 38 UELE A C. michiganensis
subsp. sepedonicus™, 5 W F] DNA Z&TE 0545 R (K
MZER—3, i, APFFEN R DNA SIE a4
ARG C. michiganensis subsp. sepedonicus B}, K
16S rDNA [ 51 5 GyrB SE A5 A, Hodh GyrB 3
U TELS R BAF, SRR 20 BT IA Dl epn60 BE
R 22 AE 4 Clavibacter J& PN Fh 2% 5] X 43 %5 %€ F
FER WS B2, FESEPR Y, GyrB HEHED
AL A EL AR R A A 0K . BRI, X
BEDRRT LR 2 A 22 G P PR T 5 R ) E 44 S R
o R DX 23 JT R, AR AT VAR Y Eh 4% S i
R 2554
32 SABRLEMFMRI DNA SRBI AN LR
)

DNA Z5 T H ATE I FH 8 32 7 X8 e A
(1) DNA J5T i OR B, Rl 1E 168 rDNA JF 51 (1
Fexf Rt FEABETE R, SR A RO T 8 B A
il ] BEAFTE Z R AN R 3 2 A R RSO, S
16S rDNA 81 (0 72 )5 Joik A AT 2 8 K i E 45
Fel. DL, 7ER FHZ DNA ZTE RS 5 ARG I 4%
BN H I, TR AR 2 I DNA IS A
RO B — R R 12 Y T PR IE SR U DNA B R 47
TR TE I DRAIE Fp G A i 2 B — o AR YIS, NS
XS R A AR S SR T AR A 2> B R SR, BB — PR IBUR
SRR HEAT 168 xDNA J¥ 51 (947 15 S A6 0 A . (7]

Bf, FEREIN I AR P 45 B S IR, LAJRIE PCR
JL AR TG Y SR
33 DNAZKFEBEAKNSREAREREHA
T

AR SC TR DNA Z& A 47 A S8 AR 38 KK i [X
FRIASE P22 T AN T 5 DNA ST AR R A7 b B2 A i
RIGHEN . FEARS, R AR LR EINE
o A D g oy P8R R, T DA R Sh 4% S B TR s
) — Fh RS A 2R AR 2 bR TAE R R . SR, %
DNA ZTE A5 ARG I T 4% B H A i, o] ARAS
“JETIYSEE AR, RO R S R AR AR AR
FRAR ARSI &5 58, BRE, % 5 i B — 2 X
mutS F PR Sty S 1 L PR R TR IS 0, DA
ARAT BRI S5 2 AR

TE H 8 O s BRI B, A5 T SR R
&5 95 1 A I L AR AIF SR R B O vk RT Ak
S. scabiei ( Ty EESE G ), X T HARF Y
T4 S i TR I K Ak S EA T N AT . AR R
SRR RTI ,  EAR CUHIFE SLTE 16S t1DNA JF
G ARAS T HERG BRI E5 R, (FRAE R A RE i 1
R R R4S AP AR 25 S, BRIk, % DNA 4%
TE A B A A T 2 i o K v o7 P 75 L B A LA
IR IR R R A

R 2 Fh Sh RS R VR 280, AR T
% DNA B H AR R I ], g H e EAG
P2 M 19 99 i 200 D O i s A D IR 0 1R ) A5
T o ASBIFE 0] A5 A0 1 Th 4% S 4 Fh 41 1R 975 5 DNA
ST 7 A A I S 2 (6 75 T % 0 o 20 v G 0
Tl ST A RS RE S 1B 7 T 22 ol 200 BRI 0 3 ARG I 45 L 5
T, PR AR e 4 it 168 rDNA JE 9 202K )5
FREAT FLAR D B R S ) S5 o T ELRR HESRAE RN
I 5 7R 0 R 485 (ol A5 ARG T 5 SR v i P 3, 3 AT
DL 3Bk G A R A i 42 RS () 35 P 28 2 G TR 5
PEPCRY B TAE, RRZEW TAER . ZIEAR
BB AT (5 UE 45 A B v A SR MER M, B KR
PEm AR BN E M RINACE, HIL, IR
LR BN RS 7 v TV T ECR
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