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Summary 

Thirty-six strains of slow-growing rhizobia isolated from nodules of four woody legumes endemic to the 
Canary islands were characterised by 165 rDNA PCR-RFLP analyses (ARDRA) and LMW RNA profil
ing, and compared with reference strains representing Bradyrhizobium japonicum, B. eikanii, B. iiaonin
gense, and two unclassified Bradyrhizobium sp. (Lupinus) strains. Both techniques showed similar re
sults, indicating the existence of three genotypes among the Canarian isolates. Analysis of the combined 
RFLP patterns obtained with four endonucleases, showed the existence of predominant genotype com
prising 75% of the Canarian isolates (BTA-1 group) and the Bradyrhizobium sp. (Lupinus) strains. 
A second genotype was shared by nine Canarian isolates (BGA-1 group) and the B. japonicum and 
B. iiaoningense reference strains. The BE5-5 strain formed an independent group, as also did the B. elka
nii reference strains. LMW RNA profile analysis consistently resolved the same three genotypes detected 
by 165 ARDRA among the Canarian isolates, and suggested that all these isolates are genotypically 
more related to B. japonicum than to B. elkanii or B. iiaoningense. Cluster analysis of the combined 165 
ARDRA and LMW RNA profiles resolved the BTA-1 group with the Bradyrhizobium sp. (Lupinus) 
strains, and the BES-5 isolate, as a well separated sub-branch of the B. japonicum cluster. Thus, the two 
types of analyses indicated that the isolates related to BTA-1 conform a group of bradyrhizobial strains 
that can be clearly distinguishable from representants of the tree currently described Bradyrhizobium 
species. No correlation between genotypes, host legumes, and geographic location was found. 

Key words: 165 rDNA RFLP analysis - LMW RNA profiles - Bradyrhizobium - Canary Islands -
tagasaste (Chamaecytisus proliferus) - genetic diversity 

Introduction 

The rhizobia are a group of alpha proteobacteria ca
pable of inducing nitrogen-fixing nodules on the roots or 
stems of legumes. Despite the fact that the Leguminosae 
is one of the largest families of plants with more than 
19,000 species, only a small number have been studied 
with regard to the rhizobia nodulating them. The isola
tion of bacteria from nodules of previously uninvestigat
ed legumes has revealed the existence of large rhizobia I 
diversity, leading to deep changes in the taxonomy of the 
Rhizobiaceae. Among the fast-growing rhizobia a large 
number of new species and genera have been described in 
recent years, and currently five genera are widely accept-
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ed, Rhizobium, Azorhizobium, Sinorhizobium, Mesorhi
zobium (for reviews see MARTINEZ-RoMEO and CA
BALLERO-MELLADO, 1996; YOUNG and HAUKKA, 1996; 
VAN BERKUM and EARDLY, 1998), and Allorhizobium (DE 
LAJUDIE et al., 1998). A polyphasic approach has been re
sponsible for the new taxonomy in the fast-growing rhi
zobia, but the most relevant studies for developing the 
current rhizobia classification have been 165 rDNA se-

Abbreviations: LMW RNA - Low Molecular Weight RNA; 
ARDRA - amplified ribosomal DNA restriction analysis 



quence analyses. The taxonomy of slow-growing rhizo
bia, on the other hand, is less refined, due in part to the 
conflictive results obtained in the analyses of phenotypic 
and genotypic traits (So et aI., 1994; VAN ROSSUM et aI., 
1995). The number of Bradyrhizobium species currently 
admitted has increased from one (B. japonicum, JORDAN, 
1982) to three, with the descriptions of B. elkani (KUYK
ENDALL et aI., 1991) and B. liaoningense (Xu et aI., 
1995). But, as in the case of fast-growing rhizobia, the 
number of Bradyrhizobium species is expected to in
crease as more slow-growing strains isolated from previ
ously unstudied legumes are characterised. 

In the Canary Islands flora a large number of endemic 
legumes is found (HANSEN and SUNDING, 1993). Among 
them, some shrub legumes are of great agricultural and 
ecological interest. Tagasaste (Chamaecytisus proliferus 
L. fil. Link ssp. proliferus var. palmensis (Christ) Hans. 
and Sund. (ACEBES-GINOVES et aI., 1991) is the most 
valuable native fodder shrub found in the archipelago. Its 
high nutritive value and palatability for grazing animals, 
pigs and poultry is well documented (PEREZ DE PAZ et aI., 
1986; BORENS and POPPI, 1990; SNOOK, 1996). Tagasaste 
has been used as forage in the canaries for centuries 
(PEREZ DE PAZ et aI., 1986). In the last century, it was in
troduced in other parts of the world such as Australia 
and New Zealand (FRANCISCO-ORTEGA et aI., 1991; 
SNOOK, 1996), where it has been widely cultivated, and 
where it has deserved preparation of an specific inocu
lant (ROUGHLEY, 1990). In addition to its value as fodder 
plant, tagasaste plantations have been used as a shelter 
for other crops to reduce erosion in expossed slops, for 
redemption of wasteland, firebreaks, or salinity control 
(SNOOK, 1996). 

In previous works it was shown that tagasaste and 
other endemic legumes are nodulated in the Canaries by 
a group of Bradyrhizobium strains phenotypically and 
genetically diverse (LEON-BARRIOS et aI., 1991; SANTA
MARIA et aI., 1997; VINUESA et aI., 1998). In this work we 
have used a relatively large collection of isolates (36 
strains) obtained from root nodules of several genera of 
endemic woody legumes of the Canary Islands, collected 
in different islands and locations. Our aim was to study 
the diversity of the rhizobia isolates nodulating woody 
endemic legumes growing in four different Islands of the 
archipelago, to determine if a specific group of bradyrhi
zobial strains associated with these shrubs legumes are 
confined to these Islands (as suggested from our previous 
works, VINUESA, et aI., 1999, 2000), and to find out the 
distribution and representation of different genotypes de
tected in the Canarian Archipelago. 

Here we have used two different approaches to detect 
diversity: RFLP analysis of PCR-amplified 16S rDNA 
fragments and Low Molecular Weight RNA (LMW 
RNA) profiles. Amplified ribosomal DNA restriction 
analysis (ARDRA), has been widely and successfully 
used in the last years to group rhizobia at the genus or 
species level of taxonomic resolution (LAGUERRE et aI., 
1994; SESSITSCH et aI., 1997; TEREFEWORK et aI., 1998; 
MOLOUBA et aI., 1999; ZHANG et aI., 1999). Similar to 
16S rRNA, stable LMW RNA are valuable phylogenetic 
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markers because their ubiquitous distribution in living 
beings and their conserved structure and homologous 
biochemical functions in protein synthesis (HbFLE, 
1988). Recently, a new single dimension electrophoretic 
technique in polyacrylamide gels - Staircase Electro
phoresis (SCE) - has permitted optimum separation of 
these molecules (CRuz-SANCHEZ, et aI., 1997), and has 
been successfully applied in the identification of prokary
otes (VELAZQUEZ et aI., 1998a; 198b) and eukaryotes 
(VELAZQUEZ et aI., 2000). This technique has already 
been applied to genera and species of the Rhizobiaceae, 
yielding a different profile for each bacterial species anal
ysed (VELAZQUEZ et aI., 1998a). The LMW RNA profiles 
comprise the 5S rRNA, class 1 tRNA and class 2 tRNA. 
The 5S rRNA zone is characteristic for each genus while 
the tRNA profiles are characteristic for each of the 
species analysed. Therefore, LMW RNA profiles produce 
a molecular fingerprint that can be used as a valuable 
tool for taxonomic and diversity studies (HbFLE, 1990; 
VELAZQUEZ et aI., 1998a; 1998b, 2000). 

In this work we have analysed the genetic diversity 
found among nodule isolates from endemic woody 
legumes of the Canary islands. The results of 16S rDNA 
PCR-RFLPs and LMW RNA profiles are compared. 

Materials and Methods 

Bacterial strains and growth conditions 
The strains used in this study are presented in Table 1. Those 

not previously described (indicated in Table 1) were isolated 
from root nodules following the procedure described by VIN

CENT (1970). The bacteria were grown at 28°C in yeast manni
tol (YM) medium (VINCENT, 1970). 

Plant infection tests 
Isolates were tested for nodulation on tagasaste and Glycine 

max. Seed surface sterilisation was carried out with 5% com
mercial hypochlorite as described (VINCENT, 1970). Germina
tion of tagasaste seeds required a previous scarification with 
concentrated sulphuric acid. 

DNA isolation 
Total genomic DNA was obtained from bacterial batch cul

tures grown until late exponential phase using a standard 
cetyltrimethylammonium bromide (CTAB) protocol (WILSON, 

K., 1994). The DNA concentration of the preparations was esti
mated by visually comparing the DNA samples with samples of 
known concentrations of lambda-DNA in agarose gels. 

peR amplification of 165 rRNA genes 
The universal primers fDl and rDl were used to amplify 

nearly full-length 16S rRNA gene (WEISBURG et aI., 1991). The 
primers, Taq polymerase, dNTPs and buffers were purchased 
from Amersham-Pharmacia Biotech. The PCRs were performed 
in 50 fll reaction mixtures as described (VINUESA et aI., 1998). 

Restriction fragment analysis 
PCR products were purified with Qiaex II gel extraction kit 

(Qiagen) and digested with the restriction endonuclease, DdeI, 
MspI HhaI, and HinfI (Amersham-Pharmacia Biotech), as rec
ommended by the manufacturers. The digests were separated by 
electrophoresis in 2% High Resolution agarose gels (Sigma 
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Table 1. Strains used in this study, 16S rDNA restriction patterns and ARDRA groups. 

Strain! Synonym 16S ARDRA Original host Geographic Reference or source4 

rDNA genotype3 origin 
pattern2 

Bradyrhizobium sp. 
BTA-l" aaba I Chamaecytisus proliferus Tenerife LE6N-BARRIOS et al. (1991) 
BTA-2 aaba I Chamaecytisus proliferus La Palma SANTAMARIA et al. (1997) 
BTA-3* baaa II Chamaecytisus proliferus La Palma SANTAMARIA et al. (1997) 
BTA-4* aaba I Chamaecytisus proliferus La Palma SANTAMARiA et al. (1997) 
BTA-6* BC-C2 aaba I Chamaecytisus proliferus G. Canaria SANTAMARiA et al. (1997) 
BES-l " aaba I Chamaecytisus proliferus Tenerife LE6N-BARRIOS et al. (1991) 
BES-2" aaba I Chamaecytisus proliferus Tenerife SANTAMARiA et al. (1997) 
BES-3 ,. aaba I Chamaecytisus proliferus Tenerife SANTAMARiA et al. (1997) 
BES-4" aaba I Chamaecytisus proliferus Tenerife SANTAMARiA et al. (1997) 
BES-5" BC-Cl, BTA-5 bbab IV Chamaecytisus proliferus G. Canaria SANTAMARIA et al. (1997) 
BES-T' aaba I Chamaecytisus proliferus Tenerife This study 
BES-8" aaba I Chamaecytisus proliferus Tenerife This study 
BESG-I0 aaba I Chamaecytisus proliferus La Gomera This study 
BESG-13 aaba I Chamaecytisus proliferus La Gomera This study 
BGA-l * baaa II Teline stenopetala La Palma LE6N-BARRIOS et al. (1991) 
BGA-2* aaba I Teline stenopetala La Palma SANTAMARiA et al. (1997) 
BGA-3" aaba I Teline stenopetala La Palma SANTAMARiA et al. (1997) 
BGA-4" aaba I Teline stenopetala La Palma This study 
BGA-5" aaba I Teline stenopetala La Palma This study 
BGA-6* baaa II Teline stenopetala La Palma This study 
BGA-T:' baaa II Teline stenopetala La Palma This study 
BGA-8" baa a II Telline stenopetala La Palma This study 
BRE-l baaa II Teline canariensis Tenerife LE6N-BARRIOS et al. (1991) 
BCO-l aaba I Adenocarpus foliolosus Tenerife SANTAMARiA et al. (1997) 
BCO-2 aaba I Adenocarpus foliolosus Tenerife SANTAMARiA et al. (1997) 
BCO-3* baaa II Adenocarpus foliolosus Tenerife SANTAMARiA et al. (1997) 
BCO-4" baaa II Adenocarpus foliolosus Tenerife SANTAMARiA et al. (1997) 
BCO-5 baaa II Adenocarpus foliolosus Tenerife This study 
BCO-6* aaba I Adenocarpus foliolosus Tenerife This study 
BCOG-l aaba I Adenocarpus foliolosus La Gomera This study 
BCOG-3 aaba I Adenocarpus foliolosus La Gomera This study 
BRT-l" aaba I Spartocytisus supranubius Tenerife SANTAMARiA et al. (1997) 
BRT-l'· aaba I Spartocytisus supranubius Tenerife SANTAMARIA et al. (1997) 
BRT-3 aaba I Spartocytisus supranubius Tenerife SANTAMARIA et al. (1997) 
BRT-4" aaba I Spartocytisus supranubius Tenerife SANTAMARIA et al. (1997) 
BRT-S" aaba I Spartocytisus supranubius Tenerife SANTAMARiA et al. (1997) 

Bradyrhizobium sp. 
(Lupinus) 
ISLU 16" aaba Lupinus sp. Sevilla CIFA 
ISLU 65'· aaba Lupinus sp. Madrid CIFA 

B. japonicum 
USDA 110 baaa II Glycine max USA E. BEDMAR 
USDA 122 baaa II Glycine max USA B. VAN BERKUM 
LMG6138H ATCC 10324 baaa II Glycine max Japan LMG 

USDA 505T 

B. elkanii 
LMG 6134T '· USDA 76T ccbc III Glycine max Japan LMG 
USDA 94 ccbc III Glycine max USA P. VAN BERKUM 

B. liaoningense* 
LMG 18230T USDA 3622T baaa II Glycine max China LMG 

S. meliloti 
1021a ddcd V Medicago sativa USA P. VAN BERKUM 

1 The first letter refers to Bradyrhizobium genus, the next two letters refer to the local name of the legume; a fourth letter refers to 
the location where them were collected. strains with asterisk were included in the LMW RNA analysis. 
2 Letters refer to the type of restriction pattern of 16S rRNA genes digested with Ddel, Mspl, Hhal and Hinfl, respectively, as as
signed in Fig. 1. 
3 ARDRA genotypes represent the UPGMA groups obtained in the combined 16S rDNA RFLP analyses, which were arbitrary de
signed from I to V. 
4 CIFA, Centro de Investigaci6n y Formaci6n Agraria-Las Torres-Tomejil, Sevilla; LMG, laboratorium voor Microbiologie, Ghent. 



Chemical Co., St. Louis, Mo) in Tris-borate-EDTA at 60 V for 
approximately 3 h. A 100-bp ladder (Amersham-Pharmacia 
Biotech) was used as marker. 

RNA extraction and LMW RNA profile analysis 
RNA was extracted according to the method described by 

HOFLE (1988). LMW RNA profiles were obtained using stair
case electrophoresis in polyacrylamide gel under denaturing 
conditions in 10 min steps, rising through a constant ramp 
with 50 V increases from 100 V to 2,300 V, as reported earli
er (CRuz-SANCHEZ et aL, 1997). After electrophoresis, the gels 
were silver-stained according to the method described by 
HAAS et aL (1994). The following commercial molecules from 
Boehringer Mannheim (Mannheim, Germany) and Sigma 
(Sigma Chemical Co., St. Louis, Mo, USA) were used as refer
ence: 5S rRNA Germany) and Sigma (Sigma Chemical Co., St. 
Louis, Mo, USA) were used as reference: 5S rRNA from Es
cherichia coli MRE 600 (120 and 115 nucleotides) (BIDLE and 
FLETCHER, 1995), Tyr-tRNA from E. coli (85 nucleotides), 
and Val-tRNA from E. coli (77 nucleotides) (SPRINZL et aL 
1985). Samples were prepared as reported elsewhere (HOFLE, 
1988). 

Data analysis 
The bands present in each RFLP or LMW RNA pattern 

were coded in binary form, and Dice's or Jaccard's similarity 
coefficients were calculated, respectively, to construct a simi
larity matrix for the RFLP and LMW RNA analysis. A den
drogram was constructed from the similarity matrix using 
the unweighted pair group method with arithmetic mean 
(UPGMA). 

A 
Ddel 
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Results 

Cultural and infective characteristics 

All isolates displayed a slow growth rate on YM medi
um. All the strains, independently from the original host 
legume genera from which they were isolated, were capa
ble of forming effective nodules on tagasaste (Chamae
cytisus proliferus). Moreover, the Bradyrhizobium sp. 
(Lupinus) strains 15LU 16 and 15LU 65 also nodulated 
tagasaste producing effective nodules. The B. japonicum 
and B. elkanii reference strains were unable to nodulate 
tagasaste. On the other hand, the representative isolates 
BTA-1 and BGA-1 tested on Lupinus albus proved to be 
good nitrogen fixers on this legume (M. Fernandez-Pas
cual, personal communication). None of the cananan 
isolates were able to nodulate Glycine max. 

RFLP analysis of PCR-amplified 165 rRNA genes 

PCR amplification of 165 rRNA genes resulted in a 
single fragment of about 1.5 kb for all strains tested. The 
purified PCR products were individually restricted with 
endonucleases DdeI, MspI, HhaI, and HinfI. All endonu
cleases produced polymorphic restriction patterns. The 
different types of RFLP patterns obtained for each en
zyme are shown in Fig. 1. Table 1 shows the RFLP pat
tern obtained for each strain with each restriction en-

B 
Mspl HhaI HinfJ 

Ma bcdMabcd Ma be Mab cd 

Fig. 1. Types of restnctlOn 
patterns of PCR-amplified 
16S rRNA genes digested 
with (A) DdeI, MspI, (B) 
HhaI and HinfI, obtained 
with strains used in this 
study. Lowercase letters were 
arbitrarily assigned to repre
sent specific fingerprint pat
terns generated with each en
zyme. Lanes marked with M 
correspond to the 100 bp 
ladder marker. 
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zyme. The combined restriction patterns of 16S rRNA 
genes obtained with the four restriction endonucleases 
were used for cluster analysis by UPGMA. Only frag
ments of 100 bp or larger were considered. This analysis 
resolved all the bradyrhizobia reference strains and iso
lates in four genotypes, conforming the ARDRA groups 
I, II, III, and IV (Table 1) at a Dice similarity (SD) of 
76%. All Canarian isolates could be resolved into three 
genotypes. Genotype I clustered strains characterised by 
an aaba pattern (Fig. 1) that grouped most of the Canari
an isolates (75%) with strains ISLU 16 and ISLU 65 of 
Bradyrhizobium sp. (Lupinus). The BTA-1 strain was 
chosen as representative strain of cluster I, which was re
ferred to BTA-1 group. Genotype II (BGA-1 group) is 
formed by strains with a baaa pattern (Fig. 1), and it 
grouped nine of the isolates with the B. japonicum and 
B. liaoningense reference strains at a SD of 100%. The 
Canarian isolate BES-5 showed a bbab pattern (Fig. 1) 
and formed an outgroup from the bradyrhizobial cluster 
at a Dice similarity level of 76%. The reference strains 
LMG 6138 (USDA 76) and USDA 94 of B. elkanii with a 
ccbc pattern (Fig. 1) were placed in a separate RFLP 
group (ARDRA group III, Table 1). S. meliloti, produced 
a ddcd pattern (Fig. 1) and was consequently resolved as 
a well separate outgroup (SD of 55%) to the Bradyrhizo
bium spp., as expected. 

LMW RNA profiles analysis 

A group of twenty-six isolates and reference strains 
were analysed by their profiles of stable LMW RNAs. 
This technique resolved the Canarian isolates into three 
groups (groups 1,2, and 3; Table 2) that were coincident 
with the 16S ARDRA genotypes I, II and IV respectively, 
(Table 1). The isolates included in each LMW RNA 
group are presented in Table 2, and the three types of 
LMW RNA profiles are shown in Fig. 2 (lanes 4, 5 and 
6), being each pattern identical for each LMW RNA 
group. The two Bradyrhizobium sp. (Lupinus) strains 
produced a profile as that of the BTA-1 group (lane 7, 
Fig. 2). The three distinct LMW RNA profiles obtained 
for the B. elkani, B. liaoningense, and B. japonicum type 

Table 2. Canarian isolates groups based on LMW RNA profiles. 

LMWRNA 
group! 

1 

2 

3 

Strains 

BTA-l, BTA-4, BTA-6, 
BGA-2, BGA-3, BGA-4, BGA-5, 
BES-l, BES-2, BES-3, BES-4, BES-7, BES-8, 
BCO-6, 
BRT-l, BRT-2, BRT-4, BRT-5 

BTA-3, 
BGA-1, BGA-6, BGA-7, BGA-8, 
BCO-3, BCO-4 

BES-5 

! Numbers were arbitrarily assigned for each type of LMW 
RNA profile obtained. 

strains are shown in Fig. 2 (lanes 1, 2 and 3, respective
ly) . The Canarian isolates in the BTA-1 and BGA-1 
groups showed a 5S rRNA zone identical to B. japon
icum, while the BES-5 5S rRNA profile differed in the 
presence of an extra band (Fig. 2). The tRNA profiles of 
BTA-1 and BGA-1 groups, and BES-5 strain were differ
ent to each other, although that of BES-5 was more simi
lar to those of the BTA-1 group. The tRNA profiles 
yielded by strains in the BGA-1 group could not be dis
tinguished from that of B. japonicum type strain. How
ever, the BTA-1 group, ISLU 16, ISLU 65 and BES-5 
tRNA profiles showed patterns that could be easily dis
tinguishable from those produced for the type strains of 
the three currently accepted Bradyrhizobium species. 

The UPGMA cluster analysis of the LMW RNA pro
files resulted in the dendrogram where the three 
Bradyrhizobium type strains and the isolates used in this 
study grouped in three main branches. One branch con
tained the B. japonicum type strain, all the Canarian iso
lates, and the two Lupinus isolates at a similarity level of 
70% while the B. liaoningense and the B. elkanii type 
strains were resolved in other two independent branches. 

nt MW 1 2 3 4 5 6 7 

~ 115 

c:t 
Z 
0::: -N 
In 

~ 85 
(.) 

77 

Fig. 2. LMW RNA profiles of representative strains of each 
group. Lane 1. B. elkanii LMG 6134T; lane 2, B. liaoningense 
LMG 18230T; lane 3, B. japonicum LMG 6138T; lane 4, BTA-
1; lane 5, BGA-1; lane 6, BES-5, and lane 7, Bradyrhizobium 
sp. (Lupinus) ISLU 65. 
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r-------------11 B. japonicum LMG 6138T 

1 BGA-l group 

I BTA-l group 
'-------------11 Bradyrhiwbium sp. (Lupinu.~) 

r'-------------- B. liaoningense LMG 18230T 

~I--------------~L '-------------- BES-5 

B. elkanii LMG 6134T 

0.5 0.8 

Fig. 3. DicefUPGMA analysis of the combined 165 rDNA RFLP and LMW RNA patterns of the isolates and reference strains. 

The BTA-1 group (including the I5LU 16 and I5LU 65 
strains) and the BE5-5 isolate formed a well separate sub
branch of the B. japonicum cluster. According to our pre
vious results (VELAZQUEZ et al., 1998a) each rhizobia I 
species displays a characteristic tRNA profile. Therefore, 
the LMW RNA fingerprint data presented herein suggest 
that the strains related to the BTA-1 might represent a 
new species of Bradyrhizobium. 

Cluster analysis of the combined 165 rDNA RFLP and 
LMW RNA patterns 

Patterns obtained from both techniques were combined 
in a DicelUPGMA (Fig. 3). This analysis resulted in a den
drogram with two main branches, one contained the B. 
elkanii type strain at a SD of 57%, and the other grouped 
all the rest of the bradyrhizobial strains (at a SD of 74%) 
in a cluster with four subbranches. The BGA-1 group and 
the B. japonicum strains formed one branch, the BTA-1 
group and the Bradyrhizobium sp. (Lupinus) strains a sec
ond one, and B. liaoningense and the BE5-5 isolate were 
placed each in two independents subbranches. 

Discussion 

In this report we have studied the genetic diversity of 
the rhizobia nodulating four genera of woody legumes 
(into the Genisteae Tribe) endemic to the Canary Islands 
(Chamaecytisus, Spartocytisus, Adenocarpus and Teline). 
All 36 isolates belonged to Bradyrhizobium, as deduced 
from their slow growth rate in YM medium, 165 
ARDRA and LMW RNA profiling. This contrasts with 
the results reported by GAULT et al. (1994) who found 
that in Australia the introduced tagasaste can be nodulat
ed both by fast- and slow-growing rhizobia; however, the 
taxonomic status of these isolates was not determined in 
that study. 

Although four genera of legume growing in four dif
ferent Canary Islands were used to isolate the rhizobia, 
no more than three genotypes could be distinguished by 
165 ARDRA, using four discriminating endonucleases. 
Twenty six (75) of the Canarian isolates (BTA-1 group) 

showed the genotype 1; nine of the isolates displayed a 
165 ARDRA genotype II (BGA-1 group) identical to the 
B. japonicum and B. liaoningense strains; finally, the 
BE5-5 isolate, showed a unique genotype characterised 
by its unique MspI and HinfI patterns, and consequently 
formed an outgroup branch of the bradyrhizobial cluster. 

LMW RNA profile analysis resolved the Canarian iso
lates in the same three groups obtained by 165 ARDRA; 
and the same relationships among the BTA-1 and BGA-1 
groups and B. japonicum and B. elkanii reference strains 
were obtained. However, discrepancies between LMW 
RNA profile analysis and 165 ARDRA were found for 
the BE5-5 isolate and B. liaoningense. Thus, LMW RNA 
profile analysis placed the BE5-5 isolate close to the 
BTA-1 group forming a subcluster from B. japonicum in
stead of a very distant ARD RA branch. On the other 
hand, B. liaoningense was resolved as an independent 
branch at a similarity level of 60%, while 165 rDNA 
RFLP analysis did not separate B. liaoningense from B. 
japonicum. This last result agrees with that found by 
DOIGNON-BoURCIER, et al. (1999) who were unable to 
differentiate B. liaoningense from B. japonicum type 
strain using five endonucleases. 

Cluster analysis of the combined 165 rDNA RFLP and 
LMW RNA patterns yielded a dendrogram that seems to 
reflect better the phylogenetic relationships among the 
strains used in this study. In this analysis B. elkanii was 
resolved as a very distant branch of the Bradyrhizobium 
spp. cluster, in agreement with previous reports (MINAMI
SAWA, 1990; KUYKENDALL et al., 1992; VAN BERKUM and 
EARDLY, 1998). In our analysis B. liaoningense and the 
BE5-5 isolate formed two separated branches within a 
cluster that included all the bradyrhizobial strains stud
ied (other than B. elkanii). These groupings are in good 
agreement with partial 165 rDNA sequencing data which 
indicated that strain BE5-5 (BC-C1) is phylogenetically 
related to the B. japonicumlRhodopseudomonas palus
tris branch having a partial sequence identical to that of 
the photosynthetic strain. Bradyrhizobium sp. BTAil 
(VINUESA et al., 1998). Furthermore, this combined anal
ysis is also in good agreement with the B. liaoningense 
phylogenetic relationships based on partial 165 rDNA 
sequence analysis (Xu et aI., 1995) or 165 ARDRA 
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(DOIGNON-BOURCIER, et al., 1999) that placed this 
species closer to B. japonicum than to B. elkanii. 

The two technique (16S ARDRA and LMW RNA pro
filing) using in this work to characterise the Canarian iso
lates have previously demonstrated to be efficient tools to 
classify the rhizobia at the species and higher levels of 
taxonomic resolution (LAGUERRE et al., 1994; VELAzQUEZ 
et al., 1998a). The isolates into the BGA-1 group showed 
to be close relatives of B. japonicum in both types of anal
yses. But, the differences found by both techniques for the 
BTA-1 group support that these isolates form a distinctive 
group of bradyrhizobial strains, clearly distinguishable 
from the three currently reported Bradyrhizobium 
species, providing preliminary evidence that they could 
represent a new species. Additional genotypic evidence 
derived from nearly full-length rrn operon PCR-RFLP 
analysis (VINUESA et al., 2000) also pointed that this 
group constitutes a new genomic species. A polyphasic 
characterisation of these strains, including total DNA
DNA hybridisation by different methods is being pursued 
towards a formal proposal about the taxonomic status of 
the BTA-1 group isolates. Establishing the taxonomic sta
tus of the BES-5 isolate also demand further investigation 
and the isolation of new strains with the same genotype. 

The finding of two Bradyrhizobium sp. (Lupinus) 
strains showing an ARDRA genotype I identical to the 
Canarian group (BTA-1 group) was unexpected. In pre
vious works (VINUESA et al., 1999, 2000) ARDRA of 
nearly full-length rDNA operon could resolve a group of 
ten Canarian isolates among a vast collection of over 100 
Bradyrhizobium strains of tropical and temperate origin, 
including Lupinus isolates. This finding suggested that 
the Canarian isolates with a BTA-1 like genotype could 
represent a local population of bradyrhizobia strains 
confined to the Canary Islands. The fact that the two 
Lupinus isolates ISLU 16 and ISLU 65 were collected in 
mainland-Spain means that Bradyrhizobium strains with 
a 16S ARDRA genotype I are not restricted to the Ca
narian archipelago, but more investigation should be car
ried out to clarify the geographic distribution of this 
genotype. It must be highlighted, that other well charac
terised Bradyrhizobium sp. (Lupinus) isolates from dif
ferent geographical origins show 16S ARDRA genotypes 
(LAGUERRE et al., 1994; NUSWANTARA et al., 1997; VINUE
SA et al., 2000) or 16S rRNA gene sequences (BARRERA et 
al., 1997) that cluster them with B. japonicum strains. It 
is worthwhile noting that Lupinus ssp. belongs to the 
tribe Genisteae as the Canarian shrub legumes studied 
herein. It remains to be established if these plants consti
tute a cross-inoculation group. 

It can be concluded that a distinctive group of 
bradyrhizobial strains (the BTA-1 group), that might 
constitute a new Bradyrhizobium species, appears to be 
widely distributed in the Canarian soils. These represent
ed 75% of the isolates included in this study and can be 
recovered from different genera of endemic legumes 
growing in different Islands, indicating they are not asso
ciate to a specific legume or particular area in the ca
naries. Whether or not this group of bradyrhizobia IS 

specific to the Canary Islands requires further studies. 
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