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Study on genetic diversity of bacterium Ralstonia solanacearum in peanut
in Yangtze River Valley and southern China
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(Key Laboratory of Biology and Genetics Improvement of Oil Crops, Ministry of Agriculture; Oil Crop Research
Institute, Chinese Academy of Agricultural Sciences, Wuhan 430062, Hubei Province, China)

Abstract: To illuminate the genetic diversity and pathogenic variation of different Ralstonia sola-
nacearum strains in peanut Arachis hypogaea, the new hierarchical classification scheme of the R. sola-
nacearum species complex comprising of species, phylotypes, and sequevars was applied to analysis of
genetic diversity of 95 strains of R. solanacearum from nine peanut growing areas in Yangtze River Val-
ley and southern China. The results showed that all strains belonged to phylotype I (Asia type). The phy-
logenetic tree based on the nucleotide sequences of eg/ from R. solanacearum peanut strains and refer-
ence strains was generated to divide them into sequevars. R. solanacearum strains isolated from eight of
nine areas belonged to sequevar 14, only the strains obtained from Hezhou, Guangxi belonged to seque-
var 48. The results indicated that the level of genetic diversity of R. solanacearum strains from peanut
was low in Yangtze River Valley and southern China. Fourteen days after infection, the disease index of
GZ-1, HZ-2 and YC strains were 43.8, 75.0 and 87.5, respectively. The disease index of represent
strains from the other six peanut growing areas were all 100.0. The results of pathogenic tests of R. so-
lanacearum strains demonstrated that the pathogenicity of GZ-1 and HZ-2 strains were weak, while the

other represent strains isolated from seven areas showed more virulent.

LT H  EEIMACRA (FEA) P2k F AR R R (CARS-14) , R BF2# BEATH T 72 (CAAS-ASTIP-2013-OCRI)
* W {5VEH (Authors for correspondence) , E-mail: yanliying2002@126.com, Iboshou@hotmail.com
Wik HY1: 2017-12-01



292 N7/ I Tl O 14 464

Key words: peanut; Ralstonia solanacearum; phylotype; sequevar; pathogenic

A6 Arachis hypogaea L. J&=1H 5L I 2 A9 R
YEW)  AEmAR A h B n i, S H e g
BHEYIA L, 16248 BAA EPRTE 4 70 S8 1K
e TR E IR AR (T
2013) o SR g T ™ RPN A A6 2R 7l 1 £ B
& Horb ) iR 2R IR Ralstonia solanacearum
5 R A8 A T AR TE AR e AN AR DI i 35 ™ o, 2 A
Az b B A TR P T GRTFERABHA A, 19905
Yabuuchi et al., 1995) .

PEA TR H IR A YO Lz, A TR
A7 AGHT IR AT X (Liu et al., 2009) . 1905 4,
A6 T M B BE JE VG B i CHGE |, B 7R ok
[ERIAN ST S S e N N A PN
W AR S E IR K GRFRMBAFF,1990)
20 22 304X, FRIE IR AEAE A bk B Rl , B
JE AR VLI N e O 1 DX 3 8™ A 5, U HJE AR
ATV VLY WAL S DO L AR T AR
(BAA#55,1999) . T E LA 2 5 hlii 16 PR Ja
TH 5B AL, s T AR 2 o 8 AR A o i FR Y 10% LU
T R P A SRR, A (B
TAFF545E,1999) o DRI, WHBA AN 3] 75 4 BT ) st 1% 22 1
P, 73 BT AN (6] 1 B 5 ) 75 Rl T 0T 2 AR R O 20
J128 5 AR R R B 1 B 2R

RT3, A IO
2, AR Gy 54 Bl 450 42 A 9 (Hayward, 1991;
Wicker et al.,2007) . >k [ AN 7] 3 3 09 7 A 78 43 29
WA AR B 25 75 BB A SO TR TR
A ALFRE (Horita & Tsuchiya,2009) . FHIF5TAR
3 7 20 LR 7 b R R 200 5 A B/ R (Budden-
hagen & Kelman, 1964;He et al., 1983;Denny,2006),
FEARAE XT3 FXUREFN 3 Rt (14 1) FH B AR 1% DL
FAGE 73R 6 AL A (Hayward , 19945 Xue et
al.,2011; Genin & Denny,2012) . iX 2 Fli 4325 5 ik
U T Rl 118 2 = 0 TR RO P 14 53 A BE
I i S W7 A TR 1Y 5t AL 4k G R . Fegan & Prior
(2005) 15 YRS T Al B A BE R L T 1T A B 9328
HEZE 205 B M 5 57 22 B PCR 5 K35 A v )
O3 AN T AR, T AR I P 5 SROME T [
(endoglucanase gene, egl) 7 SIAR IR — 204 H:
RN PP AN AR, AN TE B o3 S HE SR BE B e
A b 8 3 A TR ) b RS I L R e i AR S R N Y
19t % £ #£ P (Prior & Fegan, 2005 ; Remenant et al.,
2010) . H A FE T A7 AR T A 2 o ZRAE 2R A

Tr R B S AR Y T M DA st A Z R A T
T8 (Li et al.,2016; £ ,2016; Liu et al., 2017),
XS AEAE T AR TR B AR AT R R A 7Y
GrREGE. [EIE, T R AR — M A R
A6 Ak B IR 2555 8612 (http://www.chinapesti-
cide.gov.cn) , K IR IR 5 Al RS A% AR PR LA T
P AL AR S AT R 2 T 1220 3 1 Bk AR (B8R
F7, 19865 2 557 ,2006) o ARG o X R = KT
T e m 7 M X 9 AN AR A 77 Xy B A B A A A T A
AT ISR Z AR5 B B30 il e, Wt HE 1k
RUFF AN, PPN Hast % 200 DO AE A 5 4k
Joa T B 47 B HE BRI AR -
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HETATR PR < A0 T 35 FH 9 95 BRAE A= 75 At 1T A
PRI R AL 56 3 R AR 73 25 L 9 /A6 2B A X (i L
BRRIER 80 EETT 80 LI 52000 ATILEA 84
WIF A AT 6 0y AR A SN T 1040 TLPEE B
o6y PUIA TR 114 ) PG FIE X BN T
1843 AL AR b o BRRR SR S HERFEHLIX 24
SRR S IRE ST, G AR AR I X R AR B 25458
BN AELE AN A W R S5 53 91 DW . DW-1 . DW-2
s HHIBAE S 1% 2,3, 5- 40 = 78 5Ly & me
(triphenyltetrazolium chloride, TZC) [ £ 4% 2 1) %5
BB AR (potato dextrose agar, PDA ) 15 77 5& [ Rl 2k 1%
I, PRIBUIAL TR TR Al {35 5, -80 CORTFAT

PR bR e 1245, i E AL Bl
Bt EHEIBE R T A A B B RIS T -

B 5L PDA REFR 5L EHEY 5200 g A 20 g,
ZRIBACEZEZ 1 000 mL, 433 J5 0 1.5% BEAg 8y 5 5
B AN (potato dextrose , PD) MiAA R F73k : PDA
RN AN InBAg

T S A4S . 2x Tag PCR Mix, db 5t 2449
A PR w5 PCR 4412071 £ (10 % Tug Buffer .MgCls
dNTP. Taq fif} ) .pMDI18-T Z /& | T,-DNA % £} , 52
A AR R ) A BR A A 5 Hegaln 34 ok [ 40 Hr
4li . C1000 Thermal Cycler PCR 1% . Gel Doc XR+#¢
JiE 1% 2 45, 5% [ Bio-Rad /A 7] ; DYCP-31DN %l Hi
WAL, AL HEAR—AXES T s LRH-250A A AL 15 5540 L &0
T2 2% R YT 4 A FRZA R 5 HZQ-F160 41k 377 45 7%
A8, ACUARBRIG ZR AN i 35 A6 PR 23 7] 5 Epoch i il i
LR BT, 56 [ Bio Tek 237 o
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1.2 FHik
121 BEXLA AR GRAALERZ

K FH CTAB 12 (Pastrik & Maiss, 2000 ) 43 5145 5
P B Bk ) R 2 DNA, 7% Fegan & Prior(2005)
J5 ¥ A BT A B AL TR S 2 E PCR 54 (3
1) RHZHH PCR XK A 4 E 9 M EAFIE X
195 BRE A AT PCRY 1S . 10 pL [ IR R - 2%
Tag Mix 5 uL .7 519145 0.5 pL (5149 Nmult-21:1F

Nmult21:2F . Nmult22:RR #9 ¥ & ¥4 & 7 umol/L,
5] ¥ Nmult22: InF . AU759f . AU760r f4) ik £ 34 K
10 umol/L, 514 Nmult23: AF f{) ¥ & 4 18 pmol/L) |
25 ng/uL DNABIHR 1.5 pLo P HIRET N : 96 C AR
P£ 5 min; 94°C 251 15 s, 59°C B 4 30 s, 72°C ZE il
30 s, 30 MEF ; 5% 5 72°C ZEf# 10 min, PCR =4
FIHH 2% S5 B BE IS 1464 T FEL UK AL, DNA Marker 2
DS2000.,

F1 AR P ENESREZEPCREERSIHF 5 (Fegan & Prior,2005)
Table 1 Primers used for phylotype specific multiplex PCR in this study (Fegan & Prior,2005)

519 JFH(5"-3")
Primer Sequence (5'-3")

PR BRI R

Categorization of amplified fragments

FrBER/N (bp)

Fragment size

Nmult21:1F CGTTGATGAGGCGCGCAATTT LA Phylotype I 144
Nmult21:2F AAGTTATGGACGGTGGAAGTC WAL Phylotype II 372
Nmult23:AF ATTACSAGAGCAATCGAAAGATT  J#{LAUII Phylotype III 91
Nmult22:InF ATTGCCAAGACGAGAGAAGTA LRIV Phylotype IV 213
Nmult22:RR TCGCTTGACCCTATAACGAGTA A FRE AL BB 9 S R34 Reversed primer for -
amplification of each fragment of phylotype I-IV

AUT59f GTCGCCGTCAACTCACTTTCC TR AN 580
AUT60r GTCGCCGTCAGCAATGCGGAATCG  Species specificity of R. solanacearum

122 R AFRAGFI TAE T

F] JH Poussier et al. (2000) 42 i 4 5| 4 Endo-F/
Endo-R (5'- ATGCATGCCGCTGGTCGCCGC-3', 5'-
GCGTTGCCCGGCACGAACACC-3") %t H 9 A
[i5] 4l X F4 95 Bk T A 1 1 egl BRI #EAT PCR Y14, I
o A HlL T TR AR Y egd 5 EAT [R5 LU, G
Hr RN A 1009% 119 77 51 R B 1 RR TR AR AR A AR
FHERRE, IR0 21 R CRHE R DW, H BT YC,
L1492 LA HA-1 . HA-2 . HA-3 \HA-4, 7711 2 /) ZHS-1 .
ZHS-2, %Ak i) AH-1 . AH-2 AH-3, B 7 T U NC-1 .
NC-5 .NC-6, M AT QZ, #M i i GZ-1.GZ-2, %
T HZ-2 \HZ-3 \HZ-4 HZ-7). 25 uL ¥ B4R A .
10 Tag Buffer 2.5 pL.MgCl, 2.5 pL.dNTP 2 pL.
100 pmol/L 1EJZ [8]5 945 1 uL | Taq 0.2 uL .1DNA
2 uL,ddH,O #h % 25 pL., PCR Y B AL . 94°C FilAE
P£ 3 min; 94°C A5 M 15 s, 55°CiB K 15 s, 72°C 4L {f
1 min, 3£ 35 MEFF ; 72°C 4E{# 7 min, PCR =¥ 11
2% B AR FHEEC UEA T R PRGN . X4 3845 2 Y H b
BT S R b, BEBUPH P TE B, 48 B PCR %6
FE J5 1 AR I A WA BRA RN o D745 5
H DNASTAR # {4 f) Megalign ¢ J7 5 egl E 1) %)
AT I —BPE L . R Mega 5.05 A LAAT 12
ARG R B R, R R 1 0001K
123 XA FA R 6 SRR T

N9 A b DX 75ty B P Y, A DX BE B 1 B
RFNVE R IE T TR AL A R 1 1255 BaEfT

EORHEIE o B T B B R 0 R e U A A
1% TZC ) PDA -l |, 28CEs 352 d i, PRl
(DR ZL A0 T 2% 1680 B R 7 D VF 43 2R T 4 mL
PD A SR 5L BT 28 CHE R T, 220 r/min 555
4 dJ5, JH ddH.O #iBE 2 ODsoonn 4 0.1, FH THERIAE
. SRR A (2010) BT M5 Bob 75 R B T TR
PR T 6 M B AR 12 S 400 L, R oS
6 Fr o e EIF Rt o DL ddH.O Sl %t R4, 432
FlE T 30°C XTI 75% 2440 F 557, % H
VI R AIRE O . IRIE A AR ES I He et al.
(1983) J7 ik : 0 g TCHEMR 51 2 - 1 i ol /N i 28
E 2R 23R REE ;3% 4R LR EE;
A% BERRAET . IR R 2. JETETE =Y Rk
FRBOAC R B /(R BB 5 i POBUR R () %
100,
1.3 HESHT

K F DPS 7.05 #5451 g #h 4 b A7 B R
F50H7, W FH Duncan [CH7 52 W 257 0047 A B TA] ) 22
SR E MR

2 HER55H

2.1 HREESHENRLELEE

X573 FE I 9B IX 8 95 R ALAE 75 il T T2
(78 A1 710 2 i PCRAGIN A5 SR - 95 BREFTRR K ] 7]
4 38 E RN 5 144 bp F1280 bp (19 2 25 H 57
R, oAb 280 bp i B Rl B S R AR
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144 bp F B R AL B T 4 vk 386 24 (| 1)
FE TR T TR 9 Hb IX (1K) 46 4= 35 A o B bR S B 7
AT AL TR, RIS 9N 43 S R R
22 HIXEESHENFITHERE

TEFF AR TR 2 B TC K |, F T egl FEH AR
537 H1 R AR B 0 ok A 3R E A [R) M X 21 Bk
R AR R M A MRAG R G kB HEAA, 21 BRAC R
R AW I 433, B AR R 1433 |, 0 A A

2 3 4 5 6 7 8

2L, A3 A JE T80 A F 14 F148, ORI T
ZRAE I S5 7RG T Bk M2 AR R bR o B R 1 57 A o
48 FRA AL B ok BN T B 4 BRAE A T RS T, Tk
WAL U] 2R A Y 1S AR AL AL TR TR 34

J& T LA PSS166 1F hy bk 1 T Bk 1 17 51 A2 14, 2K H
BN T Y 2 MR ETRE S T LA PSS81 VE Jy b o T8 Ak 4
SIS RN 14, U SRR 14 4 T 48 A 5 A 18 Y
M R, TR R 81.0%

10 11 12 13 14 15 16 17

9

E1 Bl EHEERINELESEPCREESER
Fig. 1 Phylotype specific multiplex PCR product patterns of partial strains of Ralstonia solanacearum
M: DS2000 ladder marker; 1~17: FAiBE E k. M: DS2000 ladder marker; 1-17: different strains of R. solanacearum.

DW, peanut, Dawu, China

YC, peanut, Yichang, China
AH-3, peanut, Anhua, China
HA-4, peanut, Hong’an, China
NC-6, peanut, Nanchong, China
HA-1, peanut, Hong’an, China
NC-1, peanut, Nanchong, China
ZHS -1, peanut, Zhushan, China
AH-1, peanut, Anhua, China
QZ, peanut, Quanzhou, China
HA -2, peanut, Hong’an, China
AH-2, peanut, Anhua, China
ZHS -2, peanut, Zhushan, China
HA -3, peanut, Hong’an, China
L NC-5, peanut, Nanchong, China

52

5

AL Phylotype 1
95

— PSS166, wax apple, Taiwan, CN, sequevar 14

PSS81, tomato, Taiwan, CN, sequevar 14
~|7 GZ.-2, peanut, Ganzhou, China

3 GZ-1, peanut, Ganzhou, China

03, olive tree, Taiwan, CN, sequevar 44
PSS219, tomato, Taiwan, CN, sequevar 34
95| R288, Morus alba, China, sequevar 12
R292, mulberry, China, sequevar 12
JT523, potato, Reunion Island, sequevar 13

GM 1000, tomato, French, sequevar 18

P11, peanut, China, sequevar 17
HZ-7, peanut, Hezhou, China
0.003 HZ-3, peanut, Hezhou, China
— g HZ-4, peanut, Hezhou, China
HZ-2, peanut, Hezhou, China
5 M2, mulberry, China, sequevar 48
ﬁ"?% IVIV _|_PSS358, tomato, Taiwan, CN, sequevar 15
ylotype 79 UWI151, Zingiber officinale, Australia, sequevar 16

LR 11 Phylotype 111

R230, banana, Indonesia, sequevar 10

99 ——— CFBP734, potato, Madagascar, sequevar 19
L NCPPB332, potato, Zimbabwe, sequevar 21

—— MOLK2, banana, Philippines, sequevar 3

WAL T Phylotype TT

| I .
99 UWS551, geranium, Kenya, sequevar 1

B2 ETH5 e ERFIIAENEHE R L B LN

Fig. 2 Phylogenetic analysis of Ralstonia solanacearum based on partial eg/ gene nucleotide sequences
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23 XL B H/EHER S

TEARAE T O AR 1l DX AL 75 Aol oA T
B, Bk BN SO CELE 3T R BR GZ-1
HZ-2 YCAI, 2k A HE 6 A Hu X Y Bk 1 T e 2
4 KRR SR D) 1 ) BARSRAEAR o Ok B M
A BRI AR GZ-1 . B T A PR HZ-2 RS T A R
RYCHFP AL AR 14 d 5 A6 A 993 1 48 500y

FERIAE A e e I FE 5340 100.0. PRI, TRRRHA-1
NC-1.QZ.DW.ZHS-2 AH-1.,YC ( £ % F7 i T8 bk
PSS166 75128 14) B30 718058 3 GZ-1 WAk (=
R UETR PR PSS81 T8 A5 Fl 14) F HZ-2 T Ak ()3 571
AT 48) (0% 145, SIE 7 A M IX AR M T
Pk(HA-1.NC-1.QZ .DW .ZHS-2 AH-1.YC)BYE0s
N7 RE(P<0.05),

A 43.8.75.0 Fl1 87.5, 13K H HE 6 4L IX. 1) B i
K2 BESHEMBREESMBE 12 SHERA

Table 2 Pathogenicity of Ralstonia solanacearum strains on susceptible variety of peanut Zhonghua No. 12

[EZ3 J75 1% HE 4L Disease index

Strain 4 DAI 8 DAI 12 DAI 13 DAI 14 DAI
GZ-1 0.0+0.0 Bb 0.0£0.0 Cc 25.0+0.0 Cd 34.4+4.4 Cc 43.848.8 Cc
HZ-2 0.0+0.0 Bb 18.848.8 BCc 53.1+13.3 BCbc 65.6+4.4 Bb 75.0+£0.0 Bb
YC 0.0+0.0 Bb 15.6+4.4 BCc 46.9+4.4 BCcd 65.6+4.4 Bb 87.5+8.8 ABab
AH-1 12.5+0.0 ABa 37.5+8.8 ABb 78.1+4.4 ABab 93.8+0.0 Aa 100.0+0.0 Aa
ZHS-2 9.4+4.4 ABab 50.0+0.0 Aab 78.1+4.4 ABab 93.8+0.0 Aa 100.0+0.0 Aa
DW 18.8+0.0 Aa 46.9+4.4 Aab 78.1+13.3 ABab 93.8+0.0 Aa 100.0£0.0 Aa
QzZ 15.6+4.4 Aa 50.0+0.0 Aab 87.5+£8.8 Aa 96.9+4.4 Aa 100.0£0.0 Aa
NC-1 18.8+0.0 Aa 56.3+0.0 Aab 90.6+4.4 Aa 100.0+0.0 Aa 100.0£0.0 Aa
HA-1 18.8+8.8 Aa 62.5+0.0 Aa 93.840.0 Aa 100.0+0.0 Aa 100.0£0.0 Aa

DAIL: $MA RE Pl b . SRR /NG B2 53678 28 Duncan OB 2 B 22 K 50 7E P<0.01

1. P<0.05 /KF-27 3 . DAI: Days after inoculation. Data are mean=SE. Different uppercase or lowercase letters in the same col-

umn indicate significant difference at P<0.01 or P<0.05 level by Duncan’s new multiple range test, respectively.

3 iTig

AEAE T M A A e T AR A0 TR P S (IR
FAR MBI, 1990 ; Yabuuchi et al., 1995) , k4 1E
AR B AL 2R R BRI F YUR AR
L DO A B Ty ST i e e N ) S K A DO
P YT e 4ok A iy i DX A A TR B s A 2 PRI
Ji 72 5 119 1 A 8 4 2H T R B R AR AR 1 B0 T F
5%, RBOK AT E 9 A6 7= XA A6 A A R It
1 ZFEHACTHAR, X Rl — 16 AR SRR 1 B0 ) 22 5%
B3, 58 H B AL AL JE Ly TR 55 1 P 41
AR A

HRAE AL GE 0 T AR 0 2k, WA ik & AR
M S 9 SR A St B RS R, AN BB A T T R B A
L Z KR (BRIFIRSE,2015) . ABFSE 1 IR AE AL
RUGYHESE TR A6 A 5 R B B R IEA T T 9T
W T 3R R VLU RN R b DX A A T A TR 4 35t 1
ZREPE R A 9O A B XA AR E AR Y E T
WAL R T AEER H 25 (1984) FIAEASER 25 (2007) #F
YRR TR LA T A TR R T A VR 1, AR AL 3

4o TEAHTRTEAGAY TRV R E 2R IE TN, L dh 2k
A3 .4.5, )8 T 5853 2 h i AR B/ 1 (Cook et
al., 1989; Cook & Sequeira, 1994) , it —2EHESE T Fl
FH Al TRE T A 53 S HE SR D5 B 6 R T3 9 44
A F 77 IR AR AE TR TR AT A R R A B
Anuratha & Gnananickam (1990) fiff 5% 45 . 2 B |, &
Wi BA 5 e nist e Z R . TEEIRSAET bt
T DZ-9 . BS2004 Fl DZ-42 X} 75 A 1 A= 16 51 111 ¥4
IR 0 2 A PSR (R AR AR V R R
W AVER, AT UL AS BT IE X BT A AR AL U 75 A TR AT
AIHIVER X 259 35 PG in T AR KA MERE (Il
45,2010) o JEANASFR 328 5 AR B/ INFR 2 3 F b
2 JFAH 5 (Horita & Tsuchiya, 2009) , AR5, 5k
ALz 5 st SR OREE R AT A 2T,
HET M TR A R B T S R
14, (A BT 1S H DX A9 A6 2 75 4G T AR R T
SRR 48 , F K B 9 AN AEAE 3277 X AL A Tl TR
WL Z RS, A B ThU i Mo (62 SR it .
T A A AN [R] iR AT e ] — AL b R R B0 )
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AWEZER BTG RTEE R EOE A,
125 AN [R] b DX ] — AR A= P 8 B 175 AN ] (B
FRAF,1981) . ZESCU FIBLIIE(1987)WF5Y 1 4%
HiAEA TR TR B , 45 SRR BT R e DX R
AR PR i FE b 79 X AR . AR T R 7R TR
AT B B b X ™ B S, AR ST e T
RV e e T HL X 1 9 A 3 7= X A0 B AR 3k
P TR AR B A A R A 12 5 A T B0 1R , 2
FEHIT 43 B AR R T 0 U1 Am o IR 444 1
FREFME AR U P51 28R 14) Bk 14808, T4
TP B A X R AR M TR bR (538 JF 51 AR F
14 F148) Bows 155, H 5140 vl Am gt 5w
4R E BN ) 2R B Bk, FREK
VLIS B 1l DX ) A A 5 A TR TR A ] — A2
Fh R A 35 25 5, B S Al T T AL 2 4 25 HE
BT R A T A AR R A AR G

ACE TR RS AR AR KR B ™ B il
R R (BA 45, 1997) , el 24 A7l
MR A Je . AEAEBUE AR BT o U5 5 (R oR e
FJEURE , 2000 ; Holbmok & Stalker,2003) , 164 %
TR AT R A [R) s 2 ) B A R G i R
(Jiang,2006) , Kl , 72 WA 462 T A TR a5t 4% 24
PRI B HLEOR P B il 25 A A8 X E AR Y
PP B AL R , 25 B Do AL A SR B S5 J A B
BB WR A RORE
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