HEg RV K22 2£4R Journal of South China Agricultural University 2022, 43(1): 67-76 DOI: 10.7671/j.issn.1001-411X.202101041

ARSI, SR, ARIDEAR, S5, iR 3t DX 3 T A IR 0 R 2R (D], SRR RAL R 224, 2022, 43(1): 67-76.
REN Minhua, ZHANG Jingyan, CUI Xiaodong, et al. Diversity of Ralstonia solanacearum strains from tomato in the south of Jiangxi Province[J]. Journal of
South China Agricultural University, 2022, 43(1): 67-76.

S XENEHEER S

Eade', KER, ERA, BREE, ximi”
(1 sed R K3 MR 28, T &R M 510642; 2 M W RAUAFZHTHT, o 34 341000
3 AEMAME S YR EGIEELELLET, & 7N 510642)

HEE: [H (10 )55 15 %5 52 w5 ma th DX 5 00 75 A0 08 B, BRI 18 R o4, D 2 3 it Bt 75 s 8 P A0 25 97 ¥ B 58 Al
(77155 YT 16 4 5 o it [X R B 26 7 T A R, 0B B 1 P AR 40 35 AN 43 14558, SRISAS IR bR 1 75 A
Ralstonia solanacearum W1 . 18 A B A A0 52 A2 P 25 a0 06, 45 72 75 Rl B8 10 A5 A AR Foh A0 2R 2
PCR 93 P V) %1 SR HE B R egl J7 41, BRAff 7 i 11 DS A0 LR 7 210 AR o 002 STl 5 20 5 T 8 AN [l g
BRI, (4R 13/ TR AR HhIX 9 AT (B) B30 A 3 Ak 44 A, Hod, 41 D E MOV AR
I, 3 AR AZEALAR RV, 25005 70 52 45 B 5 o8 1. 10 A I 38, FL80% 12 51858, sl gy, b, 5880 71 Ek
17 65.9%. BT BRE T I SCE WA (1), FiE—2P K5~ Sequevarl3. 14, 15, 17, 18 34, 44 FI 48 55 8 4>
FHNAE R, KER T B RN BER A 8 AN B AR . (45 10 ) v b [X 35 0 75 At T DA ZE AL AR ol 10T DS 5507 7 1 #k
A, SR AR EUUR, AEAE 8 AT AT, B B R B R I R gL 2 A

FBRIA): ARNE R I T Ah AR 5 2B AL AR s B0 775 ALY R A AR Rl R A
FED S $436.412.1°5 XHRFRASRD: A NEHS: 1001-411X(2022)01-0067-10

Diversity of Ralstonia solanacearum strains from tomato
in the south of Jiangxi Province

REN Minhua', ZHANG Jingyan’, CUI Xiaodong', CHEN Ronghua’, LIU Qiongguang'”
(1 College of Plant Protection, South China Agricultural University, Guangzhou 510642, China; 2 Institute of
Agricultural Sciences in Ganzhou, Ganzhou 341000, China; 3 Key Laboratory of Microbial Signals and
Crop Disease Control of Guangdong Province, Guangzhou 510642, China)

Abstract: [Objective] Isolating and identifying Ralstonia solanacearum strains from tomato plants in the
Southern of Jiangxi Province, and clarifying the bacterial differentiation can lay the foundation for local tomato
bacterial wilt resistance breeding and disease control. [Method] The diseased tomato plants were collected
from the south of Jiangxi Province, R. solanacearum strains with different geographical origins were isolated by
selective plate, purificated and identificated by PCR. The test of physiology and biochemistry and inoculation on
tomato plants were conducted for the determination of biovar and virulence difference. The endoglucanase gene
(egl) fragments were amplified by PCR to determine the phylotype and sequevar of R. solanacearum.

[Result] A total of 44 R. solanacearum strains were obtained from nine cities (counties) in the south of Jiangxi
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Province, among which 41 strains were identified as biovar III and three strains were identified as biovar IV.

According to the results of virulence difference, 44 strains were clustered into three groups, namely group I (high

virulence), group II (moderate virulence) and group IIl (weak virulence), of which group I (high virulence)

strains accounted for 65.9%. All strains were belonged to the phylotype I and further divided into eight

sequevars, namely Sequevar 13, 14, 15, 17, 18, 34, 44 and 48 respeclively. Most R. solanacearum strains were

sensitive to the eight tested bacteriophages. [ Conclusion] The strains of R. solanacearum from tomato in the

south of Jiangxi Province are mainly biovar III and high virulence, sensitive to bacteriophages, have eight

sequevars, and have obvious differentiation and genetic diversity.

Key words: Ralstonia solanacearum; Tomato bacterial wilt; Biovar; Virulence; Phylotype; Sequevar; Bacteriophage

IR E R IKHE Ralstonia solanacearum 18
R TR, A2 e 3™ B p e S s R g s, T
A T3y ARG T LI, B EE R
Rl R AR e 3 At 51 2 3 At A e, 5 3K B e 7 2 A
7= X A HL e E Y,

A R LA R R SOE LM, B R b
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M B 208 4 ARG, RIS 9N 73 SO AR (1), 36
P53 SCEAL TS (11~ FE I 53 I AL AL (TIT) AP BE
Je POV 73 Sy AR (IV), T 78 8 A6 AL AR 3 9 1)
) ZEHE B (Endoglucanase) 2K egl 7 511 2 57, X
M N2 A7 B AL F (Sequevar). H AT, R L2
ZUEEH ST AR, KB E ) E N wE T
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SRR, H 5 A 3 PREE A R 2 I HLAE G
F, LA AT B HET B o A AT B A PR A PR
RE K 75 R B 2R B0 I AR AL, 3 B0 FR Bt

PR RIS, PRI, YU A M TARESRE. 2B
e 1L DX FR) 28 00 7 A T TR T N DX AR T U
J2E, WA T R A K A AR AR R BOR 1. 7 51 AR Rl B K
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ATHLEL, 1 3 3 A0 PUT R B R0 AT RE A DS AR
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1 MRS REZE

1.1 HitEFEREEE

WREE TR A NE 3 gL, BEFE 3 gL', &
H 3 gL', BilREE 0.25 g L7, BERA 4 2 gL,
iR A8 0.5 gL', BEFE 15 gL, Bk 18 gL

AR RS FNE 3 gL, BRFE 3L
EEAME3 gL, BiBEREE 025 gL, BERA — 4 2L,
BEIR S8 0.5 g L7 ERE 15 gL, BiflEk 8 gL'

LB s I 5k T RER U 5 g LY, &AL
10g L', JREAMK 10g L.

A AT T e TR R 0 SRR 1.0 gL', %
R &M 1.0 gL', &ALH 0.2 gL, L/KBRIREE
02 gL', IRAE EMmiEHER7 3.0ml-L", pH £ 7.0.

2, 3, 5= RFEE AL YA M (TTC) B 753 K fif
THE1gL, A 10g L', Hl 5mL-L, B
JERy 32 g L', AR, 8 1 L 3592500 5 mL L&
W10 gL' § TTC ¥

I EE A (NA) ARG IR AR E 3L,
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pH £ 7.0,

PR B A4 9 5 70 0 9 P1556-1. P1556-2,
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MK ZEAE Y A0 B A 2 SR B ORAF
12 BRHENBALSRE

2019—2020 4, 7E 7 7l 75 K93 A 9 e 06g A (1],
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A, F TTC BV IR 50 B A, 30 'C 4640 T
F5 9% 24~48 h, PREUH M ML AL LR VR, 7E TTC
BRI 4k, 464X 3 Ik, SRAFAL B PR . T AG R
Ry S5 759(5-GTCGCCGTCAACTCACTTTCC-
3") Al 760(5-GTCGCCGTCAGCAATGCGGAATCG-3')"
4T PCR %58, ¥4 1443 3] 280 bp 57 H 1 B
A B B AR, —80 C HIHIORAE . [EIIF, FH 4 T 5 K]
4 DNA $HCAF & L& Bk DNA, —20 C £}
4
1.3 BFHEECTME

Z [ Hayward 5500 4655 461 Tk 43 K
FUME HEE R () LR RER B N R R R AR, R
BIRESIN 10 gL, 230, B4 4~5mL, 110 C
SR KB 20 mino £ 4E AN SR RE 2 R K R
Jei s I KB R SE R R R 5 b, FRE IR N
10 gL' AWML E DM 3 SR, DA
FERNTE KL TG, 28 °C 4 R REFR 21 ds
1.4 FHEBHEMENEREELE

Zx HRAT AR S 1) 7, SRR AR R A
F TR S AT AR, 3 R E S (Bt

i)~ &t (PP Z2F (PP B & (2R AR
T 21 (i lE%), A5 B0 I 2 1 4 ) ot ol o 4 fede
AP FRET X BVH R P, £ 4~5 i S
T8, SRR M 7%, ¥R T
1x10° CFU-mL™" ki 2K, 15 min J5 R %2 &
Brp, B 2 Bk, DLRTE B /K R R N 2 AR R
B B R B RN AL R 20 #R, o BIC SRR
THOL, R E S 45 K, SRR IE R, Sk K
R, RS ZETFHRNRGEREL T (B Ward
) WHHEHAT R .
1.5 egl BEEMAZ L EMIIE

PN IR B ] (egl ZEIN) 973 5] 9: Endo-
F(5'-ATGCATGCCGCTGGTCGCCGC-3") #1 Endo-
R(5-GCGTTGCCCGGCACGAACACC-3"). PCR #~
W BFE T 96 °C TR 9 mins 95 'C AZE 1 min,
70 ‘C iEK 1 min, 72 ‘C #E{#H 2 min, 30 MG,
72 °C LA 10 min, ¥ 3G = Y)5 B MR
RAFFATIT, ¥4 7 514E 28 £ GenBank %45 J#,
HE5MXFHHATHX (ZHFIERWNE 1).
Clustalx f1 MEGA ¥ fF @17 R4t &K & 704, X H
Jukes and Cantor 1 8 2472 (Neighbor-joining,

®1 2EZFIER

Table 1 Referenced sequence information

SRk ar HUR AR AR eglB RS
Reference strain Host Origin Phylotype Sequevar Accession number

JT523 L4 Solanum tuberosum B Je ¥ 5 Reunion I 13 AF295252
PSS8 et S. Iycopersicum M [E China I 14 FJ561066
PSS358 5t S. Iycopersicum FF[E China I 15 EU407298
Uw151 3% Zingiber officinale BKFIIE Australia I 16 AF295254
P11 64 Arachis hypogaea FH[E China I 17 FI561068
GMI1000 Zh S. lycopersicum 2:1E France I 18 AF295251
JT519 KEEIE Pelargonium hortorum ¥ Je ¥ &5 Reunion I 31 GU295032
PSS219 i S. lycopersicum FF[E China I 34 FI561167
03 WM Olea europaea FH[E China I 44 FJ561069
TB28 WHEE Nicotiana tabacum H[E China I 44 FJ561127
Tb43 JHEE N. tabacum H1[H China I 44 FJ561129
BdlI A Hibiscus syriacus H1[E China I 44 FJ561098
CIIP365 A S, tuberosum FE/ 7€ The Philippines I 45 GQ907151
MADI7 B Capsicum annuum L3k indtr hn Madagascar I 46 GU295040
GMI8254 Z S. lycopersicum E[1JE JE 7§ I Indonesia I 47 GU295014
M2 ZW Morus alba 1 China | 48 FJ561067
CMR87 i S. lycopersicum V% 2 % Cameroon 1 35 EF439727
CMRI12 o S. lycopersicum W% 22 % Cameroon 1 52 EF439725
CMR39 o S. lycopersicum W% 22 % Cameroon 1 41 EF439726
CFBP2972 A S, tuberosum 42 J8 5 Martinique 11 35 EF371809
UW551 KEEZE P, hortorum H BT Kenya II DQ657596
ICMIP7963 4 S, tuberosum # Je V. Kenya I 7 AF295263
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43 1 Continued table 1
ZHER T b/ AR AR eglEFT
Reference strain Host Origin Phylotype Sequevar Accession number
UwW162 HH Musa nana & Peru II 4 AF295256
MOLK2 #HE M. nana 4E/ 2 The Philippines I 3 EF371841
CMR66 KIEFE S. scabrum W% 3% [% Cameroon 111 49 EF439729
JT525 KEEZE P, hortorum ¥ JE ¥ &5 Reunion I 19 AF295272
CFBP3059 BT S. melongena i FE 9472 Burkina Faso I 23 AF295270
NCPPB332 D E S tuberosum A S5 Zimbabwe 111 22 DQ657649
MAFF301558 4% S. tuberosum H A Japan I\ 8 AY465002
Psi o S. lycopersicum E[ £ JE V5 IF. Indonesia vV 10 EF371804
ACH732 Fihi S. lycopersicum BKFI Australia \Y 11 GQ907150
NI ## RS AW, 1000 IREH Bootstrap i1t 2 ZER 5494
RL AT = 2kt
FRLRILR A 21 ERERHELL

Mk B A B R U RE
WG B A5 77 : 7F 15 mL 9 LB WAl 923,
T A B 5 e T A B R LG 101 YR AT, 7R 30 C.
180 r'min”' Z&AF F TR

RUZ AR ) %« B A TR R 100 pL I 15 mLs
50 C 24 [ 8% 37 3, TR VR & 18] N 8] f 8% 97 2
SEAR L, i BRORUZ AR, U 3 L W B AR, 30 °C
FAF T IR 24 h, WUERMEBEBE = ARG Ol o AR T A
BRI B4 12 % A B AR 0 (/A1) 0300 5l T o W A A
(IR, AR : n<<2, BUBMESS; 3<n<<5, BUEME
WA 6<n<<7, U 5E; n=8, USRI RFE .

1.6

2019—2020 4, 7EVLPH 48 8w Hh X % 1 B3
AR RE H35A H R R R A, REEA TR B A
W I a5 9 AN () B A AR R R, g
BIREE 44 NI RTE R, b TR oA, bR
B 74 AE 44, e 2 A, RRE3A, @
WHE3IAN, 2R 6 MEE 24, 2 E 8.
22 BHENECETMHEE

FR A 6 6 i KAk 4 B R 4B L (GR 2),
44 AT 0 M TR N AR RTTTRIIV, o,
K EHARRER 3 NEEER N ELEMIV, R
) 41 TR T 220 8 AR AL AR RRIIL, 3R BF &5 5 dh X 7%

*2 BHEENEMEE"

Table 2 Biovar identification of Ralstonia solanacearum

K T RS 5 WRREUAS AR APETRE FLBE O HERRE LAmE EHEE AEARR
Origin No. of strain Strain quantity Maltose Cellobiose Lactose Mannitol Sorbitol Dulcitol — Biovar
THE Tm1901~Tm1908. 9 + + + + + + 1
Yudu County Tm1920~Tm1924
FE Tm1913~Tm1919 7 + + + + + + I
Shangyou County
A E Tm1925~Tm1929 4 + + + + + + I
Shicheng County
it gl Tm1930. Tm1931 2 + + + + + + I
Ruijin City
KRB Tm1932~Tm1934 3 - - - + + + v
Dayu County
L Tm1935~Tm1937 3 + + + + + + 11
Anyuan County
=5 Tm1938~Tm1943 6 + + + + + + I
Huichang County
P B Tm2046. Tm2047 2 + + + + + + 1
Xingguo County
EaaR2) Tm1944. Tm1945. 8 + + + + + + il

Quannan County Tm2048~Tm2058

1) “+” RAMAR, =7 o RHA A

1) “+” indicates to be used, “—” indicates not to be used
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2.3 BERHENBURIINE FEA TR 7 it b b, 25 SRR W, 44 A BEAREA R

WAL TS (FU). &3 (hPD. 2 s A ERBOR AN R E S (R 3).

R"3 HMANFHEEMN S N EMRMOLHEERLEBANSE
Table 3 Incidence of 44 Ralstonia solanacearum strains inoculated to five tomato cultivars and their clustering results

K # /% Incidence rate

sy =) 2
KR T = R N R T T A
Origin No. of strain . . . Cluster
Hongshengjia2  Jinyan  Duobao  Fenba  Jingpeng T red
F#BE: Yudu County Tm1901 55 80 95 100 95 I
Tm1902 90 85 75 100 100 [
Tm1903 85 80 95 100 100 I
Tm1904 90 95 70 100 100 I
Tm1907 85 75 80 100 100 I
Tm1908 37 65 60 72 90 11
&L Shangyou County Tm1913 90 70 90 100 90 [
Tm1914 95 75 85 95 100 [
Tm1915 85 75 95 90 100 I
Tml916 60 75 90 85 95 1I
Tml917 40 70 85 90 100 II
Tml918 50 70 95 90 100 11
Tm1919 0 5 15 40 65 111
F#BE: Yudu County Tm1920 80 85 80 90 90 [
Tm1923 50 80 95 68 95 1I
Tm1924 80 95 85 85 100 I
Ak E Shicheng County Tm1925 65 85 85 95 85 I
Tm1926 95 100 90 100 100 I
Tm1928 80 75 100 95 100 [
Tm1929 35 21 40 50 95 11
Ht 42717 Ruijin City Tm1930 90 95 95 100 100 I
Tm1931 100 100 100 100 100 I
K42 B Dayu County Tm1932 20 35 65 45 80 m
Tm1933 35 35 55 80 90 11
Tm1934 20 40 75 60 100 111
3% EL Anyuan County Tm1935 40 52 85 95 100 11
Tm1936 30 35 90 80 89 il
Tm1937 85 95 90 100 95 I
2> 5 & Huichang County Tm1938 90 85 95 100 100 I
Tm1939 80 85 95 100 95 [
Tm1940 85 90 100 95 100 [
Tm1941 100 84 100 100 100 [
Tm1942 95 100 100 100 95 I
Tm1943 40 85 95 90 100 1I
474 5 Quannan County Tm1944 100 100 95 100 100 I
Tm1945 100 90 100 90 100 I
N[ £ Xingguo County Tm2046 100 100 100 100 100 I
Tm2047 100 100 100 100 100 [
4= £ Quannan County Tm2048 100 95 100 100 89 |
Tm2049 100 95 100 100 90 I
Tm2050 100 95 100 100 100 I
Tm2054 100 100 100 100 100 I
Tm2055 100 95 100 100 100 [
Tm?2058 90 90 100 100 100 [
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A 29 NEAR, AR EBRRAR B 8 AR
(7); S ILHM 7 Nwidksr B BT B A, &
B 4 A5 A BUR )R TR ST 8 A
[ = = SN . R S Sy N7 - v i =
7155, HAsk A LB Tm1919 EUw /1 & 55 .
ARG AR, R M X o T A 0% 1 LB
G, 7E T HR B RN AT B S5 A AE BUR ST 9
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WL 55 3 BRI BB AR, (HAASKR S, #d HhIX 7 i
TR TR LA 450 0 ) B PR o L
24 BEREFINTHERRZGLZETH

44 NEREE I egl B2y BP9 SRS
PRIEAT EERT, M RG KB R (K 2). 4REY], 1T
VG A8 #5385 00 7 R T I 4 S T A Y
I(Phylotype 1) ) 8 AN F 4|2 Fh (Sequevar). H
Tm1929. Tm1935 Al Tm1937 5 D& ZH A H
JT523( et &) J& T Sequevar 13; Tm1908.
Tm1920. Tm1923.Tm1924. Tm1930. Tm1931.
Tm1933. Tm1934. Tm1940~Tm1943. Tm2046.
Tm2054 3% 14 NE RSk B B &5 A
PSS8 J& T Sequevar 14; Tm1925. Tm1928. Tm1932.
Tm2055 Al Tm2058 52k B [ 1 3% i 7 K &
PSS358 J& T Sequevar 15; Tm1913~Tm1919.
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Fig.1 Clustering results based on the incidence of 44 Ralstonia solanacearum strains inoculated to five tomato cultivars
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Tm1901. 02, 03, 04. 07, 26. 38, 39
ﬁt ¢ GMI1000 Sequevarl8
¢ MADI7 Sequevar46
¢ GMI8254 Sequevard7
q Tm1945, Tm2048 . 49, 50
¢ M2 Sequevar48
‘ Tml913, 14, 15, 16, 17, 18, 19, Tm2047
¢ P11 Sequevarl7
¢ CIIP365 Sequevar45
r Tm1929. 35, 37
¢ JT523 Sequevarl3
L& JT519 Sequevar31

JTml908\ 20, 23, 24, 30, 31, 33, 34, 40, 41, 42, 43, Tm2046, 54

s PSS8 Sequevarl4

[l —— Tml936

& Tb28 Sequevard4

Tm1944
‘ L
A 1 o PSS219 Sequevar34
Phylotype |
Tm1925, 28, 32, Tm2055, 58
¢ PSS358 Sequevarl5
L—& UWI151 Sequevarl6
¢ MAFF301558 Sequevar8
AL TV ’70 Psi Sequevarl0
Phylotype IV L& ACH732 Sequevarl
’—0 CMR66 Sequevar49
LO CFBP3059 Sequevar23
HAEAY T # JT525 Sequevarl9
Phylotype 1ll L
¢ NCPPB332 Sequevar22
Jio UWS551 Sequevarl

\—0 MOLK2 Sequevar3

¢ UW162 Sequevard

ik
Phylot

0.01
—

¢ [CMIP7963 Sequevar7

Ul
ype II J
’70 CMR39 Sequevar41
\—L,70 CMR87 Sequevar35

L’ CMR12 Sequevar52

KPS A E K R E TR — KPS b, “ 07 RS HHR

Strains with the same sequevar are settled at the same branch, “4” indicates reference strain

2 ETEHE egl REFIINRGLE S

Fig. 2 Phylogenetic analysis based on sequence of eg/ gene of Ralstonia solanacearum

Tm2047 L 8 MM S RAPEMWMAEFTMHE  SkEHEGEREFERMNEME PSS219 N Sequevar

P11 J& T Sequevar 17; Tm1901

~Tm1904. Tm1907.  34; Tm1936 5K A & HIHEHF A H Tb28 N

Tm1926. Tm1938. Tm1939 3t 8 ME 5 R HIEE  Sequevar 44; Tm1945, Tm2048~Tm2050 3 4 A&k

(% AT A B GMI1000 48 S

equevar 18; Tm1944 5k HHEMRFHE M2 [F4 Sequevar 48
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2.5 BHBEFIIZM (Sequevar) FIHIE S
TEFT 73 85 1) 44 A7 50 A5 & 1, Sequevar
14 367 14 Nk 0 T T8 Fie KR 28,
PeIE. A 6 ANE (117): Sequevar 18 A 8 INEEHE, 4
T B A, T4 3 M58 Sequevar 17 7 8 N
P, o 7 0T EIE, 1 AREMNEER;
Sequevar 15 F 5 MNE K, REH AW K& 2™
3 A~ Sequevar 48 ] 4 NEE IR, A Ek A AR Es
Sequevar 13 F 3 NE K, A0 T A A 2ZiEE
Sequevar 34 fll Sequevar 44 %4 1 ANE K, 752K

HAemMgms, FRgREY, B X FHE
K 1 7 B AL B A AE 8 I 2 A1 .
2.6 R X I B AN O B R 1 T RE

R P RRIEAT I 8 A Wik b A4 2R ik 75 i B 10 4k
NG (R 4) R, 44 NEMMGE R, ARk
Tm2047 X Wi B 7R BB 55, 7 12 AN B W B
A B BURAE R I T 5, G 4 A TR I R AR PR R
TRVERCSR, A 27 N ERERRERE 8 AW B AR LA,
HAURPE R R om . LiRgs BEW, S X &
Tt T A T %o M Ak T UK

R4 MANFHEX 8 MEREARGURMNE
Table 4 Sensitivity determination of 44 Ralstonia solanacearum to eight bacteriophages

p ST [l aaE HoEA I B 74" Bacteriophage R
Origin No. of strain Quantity P1555-L P1555-1 P1555-M P1556-1 P1556-2 P7-1 P574 P1521 Sensitivity
THE Tm1901~Tm1907 5 - - _ T + + T M
Yudu County Tm1908 1 + + + + + + + + \Y%
FHE Tm1913. Tm1914 2 - S
Shangyou County Tm1915~Tm1919 4 + \Y4
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