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Abstract: [Objective] To investigate the changes of pathogenicity and DNA methylation
levels and patterns of Ralstonia solanacearum strains with different pathogenicity during
consecutive subculture. [Methods] R. solanacearum strains with different pathogenicity were
consecutively subcultured for 50 passages. The pathogenicity of different strains was
determined by the attenuated index (Al) method and the pot experiments. Methylation sensitive
amplification polymorphism (MSAP) analysis was performed to profile the DNA methylation
levels of different strains. Moreover, the relative expression levels of genes related to
methylases and demethylases were determined by real-time fluorescent quantitative PCR
(qQRT-PCR). [Results] After 50 passages, both of the virulent strain FJAT15304 and the
intermediate strain FJAT445 evolved into avirulent strains, while the avirulent strain
FJAT15249 remained to be avirulent. Compared with F; strains, FJAT15304.Fs, and
FJAT445.Fso showed the total methylation rates increasing by 7.82% and 38.22%, respectively.
However, both of FIAT15249.F; and FJAT15249.Fs, had the total methylation rate of 33.33%.
Full methylation was the main pattern in the virulent and intermediate strains, while
hemi-methylation was the main pattern in all the avirulent strains. Compared with F; strains,
strains FJAT15304.Fsp and FJAT445.Fsy showed up-regulated expression of three
methylase-related genes dam, dcm, and ftsZ and down-regulated expression of
demethylase-related gene alkB, which suggested that the change of DNA methylation might
play a key role in the debilitation of pathogenicity. [Conclusion] The pathogenicity of R
solanacearum attenuates during the consecutive subculture, which might be related to the level
of DNA methylation. The findings provide a scientific basis for the application of avirulent
strains in the biocontrol of bacterial wilt.

Keywords: Ralstonia solanacearum; consecutive subculture; DNA methylation; methylation
sensitive amplification polymorphism
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Tt EE /K FC i (Ral stonia solanacearum, fRiFR
) EIGES €2 Ui N S (B IR ITE N 13N
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I REZIE, FEE—EREERMES K
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IR, T ICEOE R R RTCAR A R R
g SIRRR 1993 45, KA I X AN B AL
5 WE, MERFIHER I IR 4,
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TEAE A AR 0 A AR AR RO AR EE VR AT, R 3
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F N E (4 C) e AR A AT A o
() DNA HUSE RS 24055 DNA JRIES HI
{L M (DNA adenine methylase, Dam) ., 4fi ffd & 1 &
M H 3L AL (cell cycle-regulating methylases,
CerM) I DNA i % g H1 5L AL i (DNA cytosine
methylase, Dem)!', Dam 45— &AL
FHJEEE RS , IS 0 R G 3 o 4 L e A
B, TR R T TRk, CoM
FE o — KRB MATULH JEF RSB, X 240 1 A i)
W PEAR R SCHE, Hor 1) DNA H AL B
T AN A LT LN ftsZ (ks s B Ak,
KW SEALIEH alkB 76 m6A 2 HI 3 Ak ke F A
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AN IEGAEAETR, R MSAP HORXIA
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1 HE5xZ

1.1 #R

AR R R B0 1R Pk FIAT15304 . JC
O SRR FIAT15249 FNE0U 1 % 18 9 5 bk
FIAT445 43513 25 B AR 248 8 T 2 X 2R BH
T 20 A s PR A L R L fa R,
FH A A ROl B2 BE B IR A EE 5 I IR R oY
P T OR AT

A B K PR 5 1) R P SR A = 2R R Rk
(triphenyltetrazolium chloride, TTC)}5 72 3% &
KRR SR SP 553720

T A g 1S, TSRS
BHE AR A PR F] s AT LR 41 DNA 42 H0a5)
%, EcoR 1. Mspl. Hpall % PRIy, %
K2 DNA 23k 004, b2k
HORG PR ] 5 51906 G b A8 M TR 2R B R
RN v 58 i o
1.2 BREESERIER

WA R Bow 11T T TTC Pk
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I, 30 °CH55% 48 h, PhIEFRIRVE RN T SP KigF
3, 30 °C. 180 r/min #5355 24 h. HiIHFSE & P2,
HAE SR 24 h B TRUEAERK. T IRIE
PR E FIE SR AU A, 588 24 holy
—MERJRI . B ASR TR  80 19%3 57
FERNR) SPIRAIASEFREL, BRI 50 IR (Fso)o
1.3 BHEAERFINE

K 58 A0 45 B2 6 7 i Ao v e A e ot
AN TR B T3 AR ARBCGE A T A T80 100 E - 55
1k 35 %% (attenuated index, AD)IME S HE X1 25124
Jride: HHAEE T TTC FAl 30 °CHE5% 2 d, #EHL
10 ANBRTRVE , AE AL fIUBE T 0 4 A TR VR A
CIBEEAR, A AL (P4 205 BLAR /AT HAR)
S EORG 1 B RR I AI0.65, JCEUR 1 R 0
AI>0.75, I BUTRRE AT AL EE I 7E 0.65-0.75
ZIE . BURTI AN E: ¥ LR TTC ik
G R R S R A RSP WA RS IR
Fedr, 30°C. 170 /min e 555 24 h 5, M
T KB B IR Be 2 13107 CFU/mL ., i AP
FTEHA 1 kg #RFEFETAY) 10 cmx12 em B9 24k,
FEVREAE 3 d JGFERNAL R . SR FHVEAR SR, RP
W E TR FIZ DR AR, HeFhily 80 mL/Z,
SRR K VERS A BT IR, AR EE 10 78, 7R 57
b SRS AKX REAL R4S B A 3 9Kk, BRI R RER
(722 30 d)WEH R A 0L, TR LA
BRI (Yo)=Y. KR MR B R < 100,
1.4 FHE DNA FBE MSAP ARV L
1.4.1 E[F4H DNA $2EUK WEsH]

K FHZH TR DNA & G551 6 B8 HCH A A ik ]
41 DNA, HAARBAMELRSHEAR G, o
%I EcoR I/Hpa II 1 EcoR I/Msp I %} DNA #f47
WG] . WP R N A &R (25 pLl): Bifk DNA
(100 ng/uL) 5.0 uL, EcoR I (20 U/uL) 0.5 pL,
Msp I (& Hpa II) (20 U/uL) 5.0 uL, 10xBuffer T
2.5uL, ddH,O 12 L. FEYIRWART: 37°C 12 h,

65 °C 20 min, )i 4 °CIRAF#H
1.4.2 EF4H DNA R T EFEE 18

HHEVA R (20 uL): BEVI™ 4 8 uL, T4
DNA ¥4 (5 U/uL) 2 uL, 3% 35 W92 i 3 L,
EcoR I Al Hpall-Msp 1 #2355 [#)(5 pmol/L)4% 2 pL,
ddH,0 3 pL. #EFENFEF: 16 °CHEE/KI
BrE R R, 70 °CK{E 10 min, —20 °CLRAF
=M.

W34 PCR FOMARFR (25 uL) - 3479 2 L,
2xEasyTaq PCR SuperMix 12 uL, Ty 8 k. F
5191 (10 pmol/L)4% 2 pL, ddH,O 7 uL, PCR
VAR : 95 °CA8ME 30's, 55 °CiB 2k 1 min, 72 °C
FEAf 1 min, 3t 35 MER; F5 72 °CLEH 10 min.

PEFEMEY 1 PCR KW AR ZR (25 pl): Ty 4
FEH) 20 5 R S uL, 2xEasyTag PCR
SuperMix 12 pL, #EHEMY I L. TiEs19
(10 umol/L)4% 2 pL, ddH,O 4 uL. PCR JZhiFs
¥+ 94 °CAE 1 30 s, 65 °C (B MEFRREAK 0.7 °C)
B2k 30 min, 72°C & 1 min, 3 13 MEH;
94 °CAEME 305,56 °CiB /k 30 s,72 °CHEii 1 min,
L 23 MR 72 CCAAEA 10 min, #23k . T
B R BEEY S A R 1.

1.4.3 HEjKk

SR T 6%788 1 5 D i T P e S L, Dk ARG D e 2
PEY HE P Y, LR 1800 V FiHELIK 30 min, {iiE
e, ARG EAE, 1200V HLK 2.0-2.5h, H
B, ARG,

1.5 = RNA i2Hl. ¢cDNA AFMKHAES
PCR

A RNA HEHUFT cDNA J 5% 552 B A AR
SEREUIIHAT, SIWFSIILER 2. POLE R
PCR JZ W& & (20 pL): #itk cDNA (300 ng/uL)
2 uL, TB Green 10 uL, . FUiF5[4)(10 pmol/L)
% 0.4 pL, Dye I1 0.4 uL, ddH,O 6.8 uL. PCR
SV FRF - 95 °CHIAE M 30 5595 °CAE: 55,60 °C
1B K/AEM 34 s, 340 PMEFR
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&1 MSAP SHHI5I49F5)

Table 1 Primer sequences for MSAP analysis

Primer type EcoR I (E) Hpa II/Msp I (HM)
Primer name Sequence (5'—3) Primer name  Sequence (5'—3')

Adapter EF CTCGTAGACTGCGTACC HMF GACGATGAGTCTAGAA
ER AATTGGTACGCAGTC HMR CGTTCTAGACTCATC

Pre-amplification E00 GACTGCGTACCAATTCA HMO00 ATCATGAGTCCTGCTCGG

Selective amplification El GACTGCGTACCAATTCAACA HMI ATCATGAGTCCTGCTCGGTAG
E2 GACTGCGTACCAATTCAAAG HM2 ATCATGAGTCCTGCTCGGTTA
E3 GACTGCGTACCAATTCAAAT HM3 ATCATGAGTCCTGCTCGGTGT
E4 GACTGCGTACCAATTCAACT HM4 ATCATGAGTCCTGCTCGGTGC
ES GACTGCGTACCAATTCAACC HMS5 ATCATGAGTCCTGCTCGGTAC
E6 GACTGCGTACCAATTCAAAA HM6 ATCATGAGTCCTGCTCGGTCG

E- )

FTRNAEE PCRAENA DNA BREALESRI X FLBRIE X EE RS F5)

Table 2 Primer sequences of methylase and demethylase related genes used in RT-qPCR

Gene Gene description Primer sequence (5'—3’)

dam N¢ adenine-specific DNA methyltransferase F: TGGTCGTTGTGCTCGTAATAG
R: GGACAAATCAGCGTGCATAAC

dcm C’ cytosine-specific DNA methylase F: CTGAAGGTGCTCAACTACGG
R: TGATCCACTTGTCTTCCGC

ftsz Cell division protein FtsZ F: CCGAGACCAAGGAAGTGATG
R: GTAGACCGTACCGAAGATGAC

alkB Oxidative demethylase F: GTAATCCCGCTCATCCTTGTC

R: GCTTCCCAGGCTTCACG

1.6 BEGI o

K JH Excel 2007 F1 DPS 17.10 #4145 %54 ik
18 FI7 225341 . MASP 23 B, 45 58 A4 1k
JHe BE I HL UK B A A bRid <1, JosRaiid
0", dR IR ITHRE, Geit BT Al TR DNA
HH AL 2 A

2 EREM

2.1 BEHEESEARKIERRAREER

FC AN [ B0 ) B Al TR Y Fso F1F, AR TR
IS e, S5 RW, SR B0OW I bk
FJAT15304 #2248 50 WG RVE TR AL AW
Ak (E 1), FIAT15304.Fso B AL F2{H N 0.76,
5T FIAT15304.F, i) AL{#(0.52) (P=0.031);
TCEUE Ik FIAT15249 1Y Fso f1 Fy AR RRY
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Al FIES 90 0.85 Fl 0.88, 257K W3
(P=0.448); U J1 2R BITE K FIAT445 ) Fso
A F AR EAR AT SFH{E 50 0.80 A1 0.69, —
20 22 538 B K- (P=0.038) (3 3).

AN TR B0 1 S A ARAE TS Wl TR A e liAE
PRIG IR RTE DL, G5 RRI, FER R0 1 Bk
FJAT15304.F, 55 5 K, fHMRIFIR LRI ERA
19.44%), HFh 21 d JEHEKRT SRR R RN
100%); T AHEFNEON 1R AR FIAT445.F,
9010 K, MMRIFIG LN, KRN 9.72%, &
21 d JEHERR AN 29.16%; TCBUR I Hk
FAEAR T B0 1 5B A A MR R R i, 2ELER
W1 AN, MBI AR R 3).

2.2 EFHEEFEZE DNA BURIF M 18

Hpa I (faj#% H)FI Msp T (fAiF5 M)J&— 21 A
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El1 ARBFEHEHEL F A0 Fso REPRIE IO E

Figure 1 Attenuation index determination of F; and Fs, generations of Ralstonia solanacearum with different
pathogenicity. A and B were FJAT15304.F, and FJAT15304.F5, respectively; C and D were FJAT445.F; and
FJAT445 Fs, respectively; E and F were FJAT15249.F, and FJAT15249.F5, respectively.

x3 WMHBHENSUERREEMEENSHRARE
Table 3 The attenuation index (Al) value and disease incidence (DI) values of tomato seedlings using the
tested Ralstonia solanacearum strains

Strain number Al P-value DI (%)

5d 10d 15d 21d
FIAT15304.F, 0.52+0.10 0.031 19.44+2.40 62.50+4.17 84.724+2.41 100.00+0.00
FJAT15304.F5 0.76+0.08 0 0 0 0
FJAT445.F, 0.69+0.02 0.038 0 9.7242 .41 22.22+2.41 29.16+4.17
FJAT445.F5 0.80+0.05 0 0 0 0
FJAT15249.F, 0.88+0.05 0.448 0 0 0 0
FJAT15249.F; 0.85+0.06 0 0 0 0

Mean count =+ standard deviation (n=10 and 3 for Al and DI, respectively )

http://journals.im.ac.cn/actamicrocn
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Z4W, ARSI 5'-CCGG-3' ¢4, Hidr, 5'-CCGG-3'FF41 . Mo &8, P bk vk
H HAR 5501 #) 2 B 34k 19 5-CCGG-3'7 41 ; PCR ¥ 8 n] %i] 430 4 FhZERI(E 2). 1 BICTCH 3
M H e ) E) Ah M mE nE R ok A B 3R R g AR R B2, H R M R B A 4%

1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6
MIHMHMHMHMHMHM HMHMHMHMHMHM HMHMHMHMHMHM

a - b C ——
1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6

bp

2000
1500

1000

750
500

250

100

d c f

Bl 2 EFM TR 6% BR GBI R E KGR

Figure 2 Results of selective amplification in 6% polyacrylamide gel electrophoresis. Types I, II, and III were
non-methylated, full-methylated, and hemi-methylated sites, respectively; M and H were ECOR [+Msp I and EcoR I+
Hpa II double digestion, respectively; M1 is DNA marker; Lane 1-6 are FJAT15304.F,, FJAT15249.F,,
FJAT445.F,, FJAT15304.Fso, FJAT15249.Fsy, and FIAT445.F5, respectively. The areas of a-f were the results of
selective amplification for primers of E/HM,, E;/HM2 E;/HMj3;, E4/HM,, Es/HMs, and E(/HMg, respectively.
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W(E 2, ZiJrHE); 1 R(eH SERA), M
Y= A 25405, H B g o400 (2,
BAEJHE); T RICKEHEAEERY), H B~
BEUKIEAA 50, M BRD) Y KB To Ak (A 2,
HEJTHE); IV B, AfEE CCGG fiisi, M.
M AL IE ] s B Ak, i/ D F AR 2
Z5 Xt E/HM, WIEPEE PCR 471,
FJAT15304.F, . FJAT15249.F, . FJAT15249.Fs, .
FJAT15304.Fso Fll FIAT445.Fso 80 1. 110 111 %,
FJAT445.F, HUHEE LA 1B 25 |55 Eo/HM, ()
PCR 4" 1 , FIAT15304.F, . FJATI5249.F, .
FJAT445.F, Fll FIAT445.Fs B0 1. 11 A1 1T %Y,
FJAT15304.Fsy S HFH I AY, 1fif FJAT15249.F5, H
BTN I AY; 285 |95%F Ey/HM; ) PCR 973,
Bk FIAT15304.Fso H BT RIS1, HABTRRRAR 20
I, ILFI L 25 285 H%) E¥HM, #Y PCR 971, 6 1
PRARAR L B LI A I B 2251 7%F Bs/HMs Y PCR
Py, B FIAT15304.F, HUBBL 1 AY, JHARTRpEATH
PRI, LA AY; 285 97%F E/HMg 1 PCR 944,
FrAATEMRER L I, 1A I 28, sk, faREEike
FIAA S 1IREEEME PCR 34K IR TV BY(E 2).
2.3 BHEELUIEIITE DNA BEWKES
MSAP F AR E S R AR A DNA
FRIEAV KA T 0, SR N A Tk PR M P Dk 4 2R
W 2, Goitas R 4. RNRIEOHE I ZALAE T
R A P A R, T 33.33%48.57%Z [H] .

SRENG I ERR FIAT15304 S50 50 Wn , B
WA Eh Fi i) 62 SR E Fso 1 30 4%, 5
FJAT15304.F, A, FIAT15304.Fs B0 H AL R
Hahn 7.82%, 4=H RN 141.01%, T2 H AL
TR RFAR 39.20%; B 13 IRBI TRk FIAT445 i%
SAEAR 50 WR, BRI H LA AR LR S5m0
JIRRRIESLAL A B RR I B AL A R AL, 5
HF, WA EL . FIATA445.Fso BERRAY S B B
fi% 52.70%, S BALARIE N 38.22%, 4 HEfk3R
KN 178.80%, 1= HEALARFEAL 15.44%; Jo3k
o JITERE FIAT15249 #E4:A%A0 50 U5, Fso 5 F
PRIRR I S FH AL R h 33.33%,
24 BHEZEEMANKTIE DNA BEMLEX
EREE R RIE 7

Z AT R Al K T2 fR R ARt A 2 AL
LRI, R, XA B SR AR Y
DNA H AV 2 B LA AR DGR SE Rl 2 T2
it PCR 7M1, Z5REM, 5 F1 WMRAMLE, 83K
W 1 T R FIAT15304 1300 11 3% 1B 5 5§ #k
FJAT445 EZ45 50 U5, DNA HIEILREAHOC
FE[H dam. dem il ftsZ ik & B &1 in(P<0.01),
125 SLALBESE IR alkB b B B AL, EUR
JITAPE FIAT15249 2% 0l fE 4, DNA Bk
LI dom FRik i g N(P<0.01), ZFH ALk
HEIH alkB kit BAEFET(P<0.05), Ifif DNA HI3EAL
AL dam i1 ftsZ Faibk iR & AR B AR k(A 3).

R4 TRBUHRNRERBERE DNA BEML MSAP 71
Table 4 MSAP analysis of DNA methylation for Ralstonia solanacearum with different pathogenicity and

generation
Strain number  Pattern Total amplified Methylated sites Total methylated Full-methylated Hemi-methylated
I 1II III bands band ratio (%) ratio (%) ratio (%)

FJAT15304.F; 39 6 17 62 23 37.10 9.68 27.42
FJAT445.F, 48 11 15 74 26 35.14 14.86 20.27
FJAT15249.F, 46 15 8 69 23 33.33 21.74 11.59
FJAT15304.F5 18 7 5 30 12 40.00 23.33 16.67
FJAT445.F5, 18 11 6 35 17 48.57 31.43 17.14
FJAT15249.F5, 44 11 11 66 22 33.33 20.66 12.67

http://journals.im.ac.cn/actamicrocn
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A = FIATI5304.F, @ FJATI5304.F, B
sk
140 [ T2

1’){\[

51w

()

dam dem fisZ  alkB dam dem

Gene

= FJAT445.F, o FIAT445F, C ,

2 FJAT15249.F, @FJAT15249.F,,

.0
- [ *%

YU e e e
ftsZ alkB dam dem ftsZ alkB

Gene Gene

3 BEHBEESANEIE DNA FEAMEREWEXEERRIEKFE

Figure 3 The expression level of methylation-related and demethylation-related enzyme genes for Ralstonia
solanacearum virulent (A), intermediate (B) and avirulent strains (C) during consecutive subculture. Error bars
represent the standard of three biological replicates. *, **, and ns indicate a significant difference at 0.05 and
0.01 levels, and no significant difference of gene relative expression between strains of F; and Fs,,.

3 Wit

ISR | RSN FRE AR AR R SR , G
E 4 HBEOR R B4 P Wang 25k )
fEVERT ZERAT IR T-5 MO R M9 o 2 B0 T A
R EE 10 RIBIE ST KB, FERR(pH 4.9)FIIKIER
(20 O F5 44T, K HLR AR RS 7710 75 A P A
TS S0 7 DA R TR I T8 A8 A8 S JE B0 1 T
FEAP, Guidot 45 % B M b 7 27 F AT KE %
SRk 14-15 18, 82% M I 75 s Boi 11 L A5
K TEBORITEEDY AR KB, H AR R
G Ik FIAT15304 % 20448 50 R B S TES
&AW R ARE, FIAT15304.Fso B354k 15 %1(0.76)
8 T H Fi(0.52) (P=0.031), iZ MR B i
FERRAS g, FEWHN TOBOW 1 bk o 1 98 Y B
Bk FIAT445 SR 50 U5, TCIRHEE LA
SRR AL, RS OB T Wbk, &
AH 5 il o 2R S LB T IR A
Wang &5 RMT, ARG 5 w20 A DG KL
&R LB AR, & LR B
i, SRAS AR SR, A Hh R R A e AR s
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