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Ident ification of Ralstonia. solanacearum, isolated from wilted tobacco plant was 
conducted by fatty acid proflJes and PCR- RFLP analysis . The tobacco strain showed identical 
patterns of fatty acid composition with RalslOnia solanacearum and R. pickettii , and it was 
distinctly diITr.rent from Burklwlderia gladiol.i pv. gladioli) B. cepacia and B. caryophylti. 
Palm.itoleic acid (I 6: 1 cis 9) content was much higher in tobacco strain, R. solanacearum and 
R. p ickettii. On the other hand, an unidentified (unidentified-O) fat.ty acid was detected (9.55 
to 11 .98%) in B. gladioli pv. gladioli , B. cepacia and B. caryophyUi , and it was absent in 
tobacco strain , R. solanacea.rum and R. piGkeUii. The tobacco strain showed identical 
PCR- RFLP proflles (MspI digestion) with R. solanacea-n.lm and R. pickeltii. The PCR-RFLP 
profil es with lJaem digestion further differentiat.ed the tobacco strain and R. solanacearum 
from R. p ickeltii. Both fatty acid profiJes and PCR- RFLP analysis suggested that tobacco st rain 
is R. solanacea.rum . The physiological and biochemical tests also confinued this conclusion. 

INTRODU CTION 

Bacterial wilt disease caused by Ralstonia solanacearum is a widely distributed and 
devastating disease of many economically important crops (Kelman, 1953; Hayward, 
1991). Different physiological and biochemical tests Wlder a determinative scheme and a 
host pathogenicity test are generally used to identify the bacterium. However, all these 
tests require about two months to perform. Therefore, rapid identification has been 
emphasized. Recently, thin layer chromatogTaphy (Matsuyama et al. , 1993; Matsuyama, 
1995; Khan and Matsuyama, 1998; Rahman et at., 1998), fatty acid promes (Janse, 1991 ; 
Stead, 1992) protein profiles (Dristing and Dianese, 1990; Li and Hayward, 1994) and 
PCR amplified RFLP (Cook et at., 1989) were used fOT characterization and identification 
of R. solanacearum. 

In this paper, we descTibe the identification of R. solanaeearum, isolated from wilted 
tobacco plant by fatty acid pTofiles and PCR- RFLP analysis of amplified ribosomal DNA 
(rONA). Simultaneously, the conventional physiological and biochemical tests were also 
conducted to verify the results of fatty acid profiles and PCR-RFLP analysis of amplified 
rDNA 

MATERIALS AND METH ODS 

Bacterial strains 
A tobacco wilting pathogen isolated from Matsuyama City in 1997 was included in this 

expe riment. The type strains of Ralstonia solanacearum ATCC 11696', R. pickettii 
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ATCC 27511', Burkholderia gladioli pv. gladioli ATCC 10218', B. cepacia ATCC 
25416\ B caryophylli ATCC 25418' and R. solanacearum C-319, a Japanese strain, 
were used as reference strains. 

GLC analysis 
Whole cellular fatty acid analysis was conducted followed by Khan et al. (1999). 

Bacteria were grown in 523 broth (Kado and Heskett, 1970) at 30'C for 48hr in shake 
culture. Five milligrams of the lyophilized cells was methylated with 0.5mJ of 5% 
HCI-methanol at 100'C for 3 hr in a sealed glass tube. The content was cooled at room 
temperature and transferred to a new Eppendorf tube. The fatty acid methyl ester 
(FAME) derivatives were added with 0.5mJ of distilled water and petroleum ether and 
centrifuged at 5000 rpm for 5 min. The solvent phase was collected and washed with 
O.5ml distilled water and dehydrated by mixing with 0.5g anhydrous sodium sulfate. The 
organic phase was concentrated by nitrogen gas blo¥Ving and subjected to GLC (Shirnadzu 
C-R-7A plus; column: HR-SS-l0). The column and injection-port temperatures were 
maintained at 180°C ami 250 'C, respecLively, and the flow rate of nitrogen gas was 
50 mllmin. Fatty acids were identified by the comparison of retention times \vith the 
standard and average values of fatty acid composition were used to differentiate the 
strains. Relative similarities among the strains based on fatty acid composition were 
assessed with average linkage cluster analysis procedure using the statistics package 
software SYSTAT. 

PCR-RFLP analysis 
About 5mg bacterial cells was homogeneously suspended in 500",1 lysis buffer 

(50mM Tris-HC1, pH 7.2, 50mM EDTA, 1% sodium N-lauroyl sarcosinate and 1% 
2-mercaptoethanol ) and incubated at 65'C for 1.5 hr. The homogenate was thoroughly 
shaken using 500",1 of chloroform - phenol - isoamyl alcohol (25:24:1, v/v/v) mixture. 
After centrifugation for 15 min at 15000 rpm, the water phase was collected and 400",1 of 
chloroform - isoamyl alcohol (24:1) was added, shaken thoroughly and centrifuged at 
15000 rpm for 15 min. The water phase was collected and 200pl of ammonium acetate 
(7.5 M) was added. DNA was precipitated with 95% ethanol and collected by centrifu­
gation at 15000 rpm for 20 min and then washed with SO% aqueous ethanol solution, dried 
in vacuo, and dissolved in 200",1 ofTE buffer (IOmM Tris-HCl, pH S.O, 1 m),! EDTA). 

Two primers ITS IA (5'-CTGGATCACCTCCTTT-3') and ITS 2D (5'-CGCTTGACC­
CTATAACG-3') were used for amplification ofITS region of rDNA. 

PCR was carried out in a lOO;Ul reaction volume; contained 77.5;Ul deionized water, 
10 X PCR buffer 10",1, 5 mM DNTPs 5 ",I, DNA solution 5 ",I, each prliner l]il and Tth DNA 
polymerase O.5;U1, and it was overlaid with 50;Ul of mineral oil. The thermal cycles were 
conducted for 30 times, with parameters of 94 ·C for 1 min, 50°C for 0.45 min and 72°C for 
1 min. After amplification, DNA fragments were examined by horizontal electrophoresis 
in 1 % agarose gel. 

RFLP was conducted for ITS LbJITS 2D primed PCR amplified rDNA. Each PCR 
product was digested with two restriction enzymes, MspI and HaellJ and then subjected 
to electrophoresis in 1.5% agarase gel in TBE buffer. 
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Physiological and biochemical tests 
To verify the results of fatty acid profiles and PCR-RFLP analyses, physiological and 

biochemical tests were conducted. Gram stain, oxidase, catalase, arginine dihydrolase, 
grO"wth at 41 QC and gelatin liquefaction test.s ,vere performed followed by standard 
procedures (Kovacs, 1956; Thornley, 1960; Suslow et 01" 1982; Schaad, 1988). Carbon 
source utilization tests were also conducted by adding each carbon source (0.1 % "vtlvol) 
to the mineral base mediwn of Ayers et a1. (1919). Carbon stock solutions were sterilized 
by autoc1aving except fOT the solutions heat labile, which \-veTe sterilized by filtration. 
Bacterial cells suspensions \vere streaked onto each test medium, incubated at 30 QC and 
evaluated periodieally at 7, 14 and 21 days. The results on the minimal medium without 
any addition of carbon source were used as control. 

RESULTS AND DlSCUSS10N 

Bacterial strains used in this experiment contained eight major (constitutes more 
than 5% of total composition) fatty acids and six minor (constitutes less than 5% of total 
composition) fatty acids, Among the major fatty acids, myristic acid (14:0), pahnitic acid 
(16:0), pahnitoleic acid (16:1 cis 9), oleic acid (18:1 cis 9), cis-vaccenic acid (l8:1cisll) 
and one unidentified fatty acid (unidentified-I) were common in all the strains. 
Unidentified-3 was recorded in the tobacco strain, R. s~lanacearu:m, R. pi.ckettii and B. 
caryophylli, and unidentified-6 was detected in B. gladioli pv. gladioli, B. cepacia and 
H caryophyUi. The tobacco strain, R. solanacearum and R. pickettii predominantly 
contained palmitoleic acid (16:1 cis 9), which constituted 34.21 to 40,19% singly; while it 
was detected 7,55 to 10.25% in B. gladioli pv. gladioli, B. cepacia, and B. caryophylli. 
Unidentified-l and unidentified-6 were recorded 7.92 to 13.75% in B. gladioli pv. 

Table 1. Percentage composition of whole cellular fatly acids ill tobacco strain and reference strains. 

Fatty acid composition 

Bacterial strain 140 16:0 16: 1 180 18:1 lln-l 18:1 18:3 cis Un-2 16:0 Un-3 Un-4 Un-5 Un-6 
cis !l cis 9 cis 11 6,9,12 2-0H 

Tobacco strain 11,08 15,95 :36.37 0,99 6.18 2,65 18.79 081 0 0.:l4 6.51 0 0.29 0 

R. solana..cearum 11.04 13.02 34.21 0.94 8.53 1,29 21.25 O.W () 0,67 7.71 0 0.76 0 
G319 
R. solanacearum 15.99 16,48 38.35 2:18 6,46 3.45 9.71 0 0 1,08 0.79 0 5.47 0 
ATCG 11696' 
R. pickettii 11.15 21,60 40.1B 2.56 9.69 LBO 9.9:) 0.66 0 0 0.98 0 1.36 0 
ATCC 27511' 
B gl. pv. gladioli 8.44 31.60 SJ)4 2.22 11.96 11.59 8.94 () 1.54 230 0 :J.7S 0 9.55 
ATCC 10248T 

B. cepacia 7.69 28,82 7,55 2.74 7.50 13.75 12.69 () 0.58 2.21 0 4.44 0 11.98 
ATGC 25416' 
B caryophylli 4.86 21,69 10,25 2.95 14.29 7,92 17.42 0 0 3.99 2.07 0 :3,37 11.13 
ATCC25418T 

Un-, unidentified 
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Fig. 1. Dendrogram by duster analysis on tobacco strain and reference strains. 

M 2 3 4 5 6 7 M 2 3 4 5 6 7 

Fig. 2. Eicctrophosctic patterns of peR-amplified ITS region of rDNA digested \-vith Mspl (left) 
and HaeIII (right). 
LaIles 1f: Molecular size marker ClOO-bp ladder); 1: B. ca.ryophylli ATCC 254181; 2: R 
ql. p\'. gla(kioU ATCC 102481'; 3: B. cepacia ATCC 2G41W; 4: R. solanacearum ATCC 
I1GOOT ; is: R. sola'll.Q.cearum C 319; 6: Tobacco isolate; 7: R. pickenii ATCC 2751 F. 

gla,dioli, B. cepacia and B. caryophylli; while, in the case of tobacco strain, R. 
solant;(.ceanLm and R. pickeUii, unidentified-l was detected 1.29 to 3.45% and 
unidentified-6 was absent (Table-I). These results showed that R. solanacearwm and 
R. picketti will be clearly diffcrcntiated from B gladioli pv. gla.dioli, B cepac1:a and R 
cary()phulli by their fatty acid compositions. 

The dendrogram of cluster analysis based on fatty acid composition fonned two major 
clusters (Fig. 1). One cluster was formed by tobacco strain, R. solanacearu,rn and R. 
pickettii, and other consisted with B. gladioli pv. gladioli, B cepacia and B 
caryophylli. Previous studies showed that R. solanacea:rum and R. pickettii were very 
similar in fatty acid pattern and easily discriminated from B gladioli pv. gladioli, B. 
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cepacia and B. caryophylli by the differences in percentages of the fatty acids (Janse, 
1991; Stead, 1992). The results of our present experiment also agreed with the previolls 
findings. The results also suggested that tobacco strain was closely related with R. 
solanacearum and R. picketti. However, R. pickettii is a human clinical bacterium. 
Hence, the tobacco strain "Will be R. solanacearum. 

The ITS rDNA product, a single fragment was detected by agarose gel electrophoresis 
following amplification with PCR (data not shown). RFLP profiles obtained after 
digestion of PCR amplified product of rDNA represented specific fragment patterns by 

Table 2. Physiological and biochemical tests for tobacco strain and reference strains. 

Tests 

Gram stain 
Oxidase 
Catalase 
Arginine dihydrolase 
Denitrification 
Gelatin liquefaction 
Growth at 41 ·C 
Utilization of ; 

D-Xylose 
Trehalose 
D-Ribose 
D-Arabinose 
Saccharose 
L -Rharrmose 
Levulose 
Maltose 
Cellobiose 
Lactose 
Sorbitol 
Marutitol 
Dulcitol 
Adonitol 
Inositol 
Sarcosine 
Salicin 
Citraconate 
2-Ketoglutarate 
D-Tartrate 
Benzoate 
Malonate 
Mesaconate 
L-Aspartate 

R. 
solana­
cearum 
ATCC 
11696"1' 

+ 
+ 

+ 

+ 

+ 

+ 

+ 

+ 

R. 
solana­
cearum 
C 319 

+ 
+ 

+ 

+ 

+ 

+ 

+ 
+ 
+ 

+ 

+ 

+ 
+ J positive; -, negative; w, weakly positive 

Tobacco 
strain 

+ 
+ 

+ 

+ 
+ 

+ 

+ 

+ 
+ 
+ 

+ 

+ 

+ 

Strain 

R. 
picketti-i 
ATCC 
2751P 

+ 
+ 

+ 

+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

B. gl. 
pv. 

g/.adioli 
ATGC 
102481' 

w 
+ 

+ 
W 

+ 
+ 
+ 
+ 

+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

B. 
cepacia 
ATCC 
254161" 

+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 

B. 
caryo­
phyUi 
ATCG 
254181" 

+ 

+ 

+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 
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electrophoresis (Fig. 2). Two restriction enzymes MspI and Haem were used to 
differentiate the strains. The RF'LP patterns wit.h MspJ digestion showed that tobacco 
strain was identical "V\-ith R. solanacearw'n and R. p'ickettii, and distinctly different from 
B. gladwli pv. gladioli, B. cepaeia and B. caryophylli. The R~~LP patterns with Haem 
digestion discriminated R. pickettii from tobacco strain and R so[anacearwm as well as 
B. gladwli pv. gladioli, B. eepaeia and B earyophylli (Fig. 2). These results indicate 
that tobacco strain is R. solanacearum. Furthermore, this method would involve the 
possibility of genetic diagnosis and can be used for identification of B. gladioli pv. 
gladioli, B. eepacia, B. caryophylli, R. solarwcearum and R. pickettii. 

Physiological and biochemical tests were also conducted to verify the results of fatty 
acid analysis and PCR~RFLP analysis. Tobacco strain was positive in oxidase, catalase 
and denitrification tests, and negative in gram stain, arginine dihydrolase, grmvth at 41 'c 
and gelatin liquefaction tests. Furthermore, other characteristics summarized in Table 2 
conflrmed that tobacco strain is R. solanacearum. 

Identification of R. solanacearurn by fatty acid profiles and PCR-RFLP analysis in 
combination with some selected physiological and biochemical tests is more convenient 
and a practical approach. 
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