BUVISINDI
ICEL. AGR. SCI. 13, 2000: 17-25

Genotyping |l celandicisolatesof rhizobia
based on rDNA-RFLP

AEGIR THOR THORSSON
University of Iceland, Biology Institute, Grensasvegur 12, 1S-108 Reykjavik, Iceland
HALLDOR SVERRISSON
Agricultural Research Institute, Keldnaholt, 1S-112 Reykjavik, Iceland
and

KESARA ANAMTHAWAT-JONSSON"

University of Iceland, Biology Institute, Grensasvegur 12, 1S-108 Reykjavik, Iceland

SUMMARY

Simple PCR amplification using universal rhizobial oligonucleotide primers for intergenic spacer (IGS)
regions of 16S-23S ribosomal genes (rDNA) was able to discriminate species, biovars and strains of
rhizobial isolates. Six isolates of Rhizobium and Bradyr hizobium species from Iceland were analysed in
comparison with four isolates from Scandinavia and Siberia. The rhizobia in pure cultures were isolated
from nodul es of leguminous speciesin the genera Trifolium, Lathyrus, Lupinus, Astragalus and Ther mopsis.
The amplified DNA fragments were between 400 and 1400-bp long and &l the isolates could be dif-
ferentiated except one pair of samples. The discrimination of isolates corresponded reasonably well to
the rhizobial classification and was independent of their geographic origin. Further analysis was per-
formed by fractionation of the PCR amplified products with restriction endonucleases. Twelve restric-
tion enzymes were used, one at atime. Six of these (i.e. EcoRI, Haelll, Mbol, Tagl, Pstl and Pvull) were
able to identify all isolates except the pair that could not be differentiated by the PCR amplification. This
pair was likely to be of the same genotype. The use of single enzyme digestion provided a simple means
to verify rhizobial identification, whereas combinations of two or more restriction enzymes, used simul-
taneously, maximised resolution of the restriction fragment length polymorphism (RFLP) profiles. The
genetic distance analysis based on rDNA-RFLP profiles showed two clusters: one of these included
essentially R. leguminosarum bv. trifolii and the other, which was a more diverse group, included other
species. The rDNA-RFLP used in this study identified rhizobial species and strains, and detected mis-
identification of some isolates.
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YFIRLIT

Greining islenskra isolata af Rhizobium-bakterium med rDNA-RFLP adferd

Med notkun DNA mégnunar (PCR) med sértaskum visum fyrir IGS (intergenic spacer) sva®di 16S-23S
ribésémgena var haggt ad greina & milli Rhizobium tegunda, afbrigda og stofna. Greind voru sex syni af
islenskum Rhizobium og Bradyrhizobium tegundum og borin saman vid fjogur syni fra Skandinaviu og
Siberiu. Bakteriurnar voru einangradar Ur rétarhnydum belgjurtategunda af agttkvislum Trifolium, Lathyrus,
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Lupinus, Astragalus og Thermopsis. Vio mognun fengust batar fra 400 til 1400 bp og greina matti a milli
allra synanna, nema eins pars. Adgreining synanna var i nokkud godu samraami vid flokkun bakterianna
og var 6had landfrasdilegum uppruna peirra. Mégnudu afurdirnar voru meltar med skerdiensimum til
frekari greiningar (PCR-RFLP adferd). Tolf skerdiensim voru notud, eitt i senn. Sex af pessum ensimum
naggdu til ad greinadmilli allra synanna, nema peirra tveggja sem DNA mdgnunin greindi ekki i sundur, en
par er liklega um sdmu arfgerd ad raeda. Melting med einu ensimi gaf einfalda leid til ad stadfesta grein-
ingu, en notkun tveggja eda fleiri ensima samtimis hamarkadi breytileika skerdibltastaarda. begar breyti-
leikinn var notadur til ad finna erfdatengsl med skyldleikatré NJT (Neighbor Joining Tree) komu fram
tveir hopar. | 68rum hépnum var nar eingéngu R. leguminosarum bv. trifolii, en hinn var fjélbreyttari og
taldi adrar tegundir. Adferdin sem notud var i pessari rannsokn greindi a milli Rhizobium tegunda og stofna
og leiddi 7 1j6s ad sum synin héfdu verid rangt greind. I greininni er einnig fjallad um notkun pessara adferda

vid greiningu a skyldleika.

INTRODUCTION
Nitrogen fixation in leguminous plants (family
Fabaceae or Leguminosae) by rhizobia, gram-
negative symbiotic bacteria, is important in
natural ecosystems and for agriculture. This
isbecause the rhizobiaare capable of utilising
dinitrogen directly with their nitrogenases,
whereas the plants have to get nitrogenin a
chemically reduced form, which can be costly.
Both the bacteriaand their host plantsarein-
volved in determining host specificity and the
interaction between the host plant and the
rhizobial bacteriaisoften highly specific. For
example, Rhizobium leguminosarum bv. tri-
folii infects only Trifolium, whereas R. legu-
minosarum bv. viceae can infect several gen-
eraincluding Vicia, Pisum, Lathyrusand Lens
(Heidstraand Bisseling, 1996). Thereare also
rhizobial specieswith broad host range (sev-
eral species of Rhizobium and Bradyrhizo-
biumcan cross-inoculate different generalike
Phaseolusand Glycine, and even non-legumes)
and these legumes can receive more than one
rhizobial species(Doyle, 1998). Thereforein
arhizobium-based cultivation it isimportant
to select the most effective rhizobiafor each
crop, for example the use of Bradyrhizobium
with lupine in reclamation areas of low tem-
peratureinlceland (El-Mayas, 1996) and cold
tolerant R. leguminosarum strains for white
clover fodder crop (Svenning et al., 1997).
During such selection and breeding pro-
grammesitisnecessary that therhizobiainvesti-
gated can beidentified accurately. Several mo-
lecular markers have been developed for fin-

gerprinting purposes and for studying phylo-
genetic rel ationships based on the chromosomal
genomes(reviewedin Tas, 1997). Among these,
the 165-23SrDNA (ribosomal or rRNA genes)
is one of the most applicable markers espe-
cially when analysed by PCR amplification to-
gether with (RFLP) restriction fragment length
polymorphism (Laguerre et al., 1996; Tas et
al., 1996). Other PCR-based methods, espe-
cially RAPD (random amplified polymorphic
DNA), havebeen used for rhizobial typing (e.g.
Kishinevsky et al., 1996). A more powerful
method, AFL P (amplified fragment length poly-
morphism), recently developed by Keygene(Vos
et al., 1995), has been used successfully with
other bacteria (Lin et al., 1996). PCR-based
methods do not required prior knowledge of
the sequence data, however such markers are
not without drawbacks, the former being non-
transferrable between laboratories or databases
and the latter being expensive and laborious.
The rRNA genes, on the other hand, are site-
targeted and hence making theanalysisinforma-
tive and reproducible. They can also reveal
phylogenetic (and evolutionary) rel ationships
in rhizobia, which is a very diverse group of
bacteria. At least five rhizobial genera have
been recogni sed: Rhizobium, Bradyr hizobium,
Azor hizobium, Sinor hizobiumand Mesor hizo-
bium (Y oung and Haukka, 1996). Sequence
analysis of 16S rRNA genes has highlighted
the evolutionary diversity of these symbiotic
bacteria, and has ruled out any broad co-evo-
lution with their host plants (Doyle, 1998).
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Table 1. The plant species and origin of the isolates?.
1. tafla. Tegundir plantna, Rhizobium tegundir og uppruni isélatanna?.

Plant species Rhizobia Strains: number and origin
Trifolium spp. Rhizobium leguminosarum 2,4,5) Isolates from various locations
bv. trifolii in Iceland
3) Norway
Astragalus norwegicus Rhizobium sp. 6) Jotunheimar, Norway
Astragalus sp. 7) Ultuna, Sweden
Lupinus nootkatensis Rhizobium sp. 8) LupH1B2, Haukadalur, S-lceland
Bradyrhizobium sp. 9) LupSl, Skorradalur, W-Iceland
Thermopsis lupinoides Rhizobium sp. 10) Vladivostok, eastern Siberia
Lathyrus japonicus R. leguminosarum bv. viciae 11) Gunnarsholt, S-Iceland

a) Strain no. 1, a clover strain from Finland was excluded from the analysis due to contamination in
culture—Stofn nr 1, sem var smarastofn fra Finnlandi, var felldur Gt ar greiningunni vegna mengunar

i rasktun.

The aim of the present study was therefore
to develop asimple and reliable method based
on the rDNA-PCR for screening of rhizobial
isolatesused in ecological and agricultural field
experimentsin lceland.

MATERIALSAND METHODS
Rhizobial isolates

The rhizobia used in the present study were
isolated from nodules of different plant spe-
ciesmainly from Iceland and Scandinavia(Table
1). They included species and biovars in the
genera Rhizobium and Bradyrhizobium. R.
leguminosarumbv. trifolii was represented by
four isolates, but other species/biovarshad one
to two isolates each. The pure cultures were
maintained in YM (yeast manitol) medium at
26-28°C in the dark. The bacterial cells in
liquid culturewere harvested for DNA extrac-
tion according to the standard protocol for gram-
negative bacteria (Johnson, 1991) and the ge-
nomic DNA was extracted asin Anamthawat-
Jonsson and Heslop-Harrison (1995). The DNA
yieldwasintherange of 0.2—-1.5 pg/ul and the
fragmentswere over 20-kb long.

PCRamplification

Universal rhizobial primer sequencesfor IGS
regions of the rDNA were adopted from La-

guerreet al. (1996) where primer FGPS1490
wasTGC GGCTGGATCACCTCCTT and
primer FGPS132" was CCG GGT TTC CCC
ATT CGG. The primers were synthesised by
TAGCopenhagen (Denmark). The PCR reac-
tion, 50 pl, contained 40-100 ng of template
DNA, 1 uM each of the two primers, 200 uM

each of thefour ANTPs (Amersham, UK), 2 mM
MgCI,, PCR buffer accompanying the enzyme
and 0.6 unit of DNA polymerase (DynaZyme™
isolated from Thermus brockianus). PCR re-
actions were carried out in a Techne thermo-
cycler (UK) with heated lid, using 40 cycles
of the following temperature regime, 94°C 1
min, 55°C 1 minand 72°C 2 min, with thefirst
cyclestarting withthe 95°C 5 min and the last
cycle ended with 72°C 3 min. The PCR am-
plified products were separated by electro-
phoresis in 1.5-2% agarose gel. A negative
control, without template DNA, wasincluded
in every PCR run. The 100-bp size marker
(Pharmacia Biotech) was used. The images
were visualised on UV transilluminator and
recorded using Polaroid camera.

Restriction analyses

The rDNA-PCR amplified products were di-
gested with thefollowing restriction enzymes:
4-base cutters Alul, Haell, Hpall, Mbol and
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Taql, and 6-base cuttersBamHI, Clal, Hindl 11,
EcoRl, Pstl, Pvull and Sacl. Single enzyme
digestion was made by adding 3-5 unitsof the
enzyme directly into 8-10 pl of the PCR am-
plified reaction mixture, whereas double or
multiple digestion was performed by adding
the enzymesthat required the same buffer con-
ditionstogether, or else sequentially. The re-
stricted fragments were then el ectrophoresed
the same way as the direct PCR products de-
scribed above. TherDNA-RFLP profileswere
analysed visually by comparing fragment sizes.
To makeadendrogram (NJT, neighbour-join-
ing tree), the RFL P fragmentswere scored from
each of the isolates as present (1) and absent
(0) and these scores were used to calculate
genetic distance according Nei and Li (1979)
and Dice (1945). The NJT phenogram was
constructed from this distance matrix using
RAPDistance program (Armstrong et al ., 1996),
singly from individual enzyme digestions as
well as from combined data of different en-
Zymes.

RESULTS

The present study revealed thefollowings. (1)
A simple PCR amplification in the IGS re-
gionsof therhizobial 16S-23SrDNA wasable
to give amplification profiles that differenti-
ated species, biovars and strains of rhizobial
isolates from Iceland, Scandinavia and Sibe-
ria. (2) Further analysis using endonuclease
restriction of the PCR products confirmed the
identification and produced specific profiles
for genotyping the isolates. (3) A consensus
rDNA-RFL P dendrogram showing genetic dis-
tances among the isolates corresponded with
the rhizobial classification. The results pre-
sented here were reproducible in our labora-
tory. PCR reactions with different template
concentrationswere also performed to ensure
reliable amplification.

Simple PCR amplification using universal
rhizobial rDNA-1GS primerswas ableto dis-
criminate species, biovars and strains of
rhizobial isolates (Figure 1a). The amplified
DNA fragments were between 400 and 1400-

bp long and all theisolates could be differen-
tiated except one pair of samples, no. 6 and
no. 8. The profiles based on these fragments
appeared to beisolate-specific. They werere-
producibleexperimentally and therefore should
be useful for identification of unknown iso-
lates. Interestingly this PCR amplification de-
tected anon-variable 1-kb fragment that per-
sisted in all isolates of Trifolium(R. legumin-
osarumbv. trifolii, no. 2-5), regardless of coun-
try of origin. This could be used as a species/
biovar specific marker. The fragment was also
detected in the isolate from nodules of Astra-
galus from Sweden (no. 7), but not from As-
tragalus rhizobia from Norway (no. 6). It is
therefore possibl e that the Swedish samplewas
misidentified. On the other hand, the profile
of the Norwegian Astragalusisolate (no. 6) is
identical to that of isolate no. 8, rhizobiafrom
nodules of Lupinus in Iceland. One of these
two isolates was probably misidentified too,
or there was amix up in the laboratory as the
DNA analysis was made from cultures, not
directly from nodules. Further studies arere-
quired to solvethediscrepancy. It isalso pos-
siblethat abroad-range Rhizobium could inoc-
ulate both Astragalus and Lupinus, and these
legume genera can receive more than one
rhizobial strainsor species.

Further analysisof theisolateswas performed
by fractionation of the PCR amplified prod-
ucts with restriction endonucleases, creating
restriction fragment length polymorphism
(RFLP). Twelverestriction enzymeswere used,
oneat atime. Six of these (i.e. EcoRI, Haelll,
Mbol, Tagl, Pstl and Pvull) were able to dif-
ferentiate all isolates except the same one pair
that could not be differentiated by the PCR
amplification (no. 6 and 8). An example of
distinct genotype profiles generated by single
enzyme digestion of the PCR productsisshown
in Figure 1b (Haelll digestion). Once again
the Trifoliumisolates are more similar to one
another than they areto the other isolates. The
Haelll restriction sites occur in all samples of
Trifoliumisolates, asthefull-length PCR prod-
uctswererestricted resulting in smaller RFLP
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fragments ranging between 200 and 800 bp.
In thisway the RFLP was able to increase the
resolution of polymorphism, confirming the
rhizobial identification. Other single enzymes
were equally powerful in discriminating the
genotypes. The use of single enzyme diges-
tion therefore provided asimple meansto verify
rhizobial identification.

The use of more than one restriction en-
zymes, one after another or simultaneously,
maximised resolution of the RFLP profiles(e.g.
Figure 1c —BamHlI, Pvull and Hindl11). This
approach not only confirmed therhizobial iden-
tification by PCR alone or by PCR-RFLP us-
ing singleenzymes, but it also revealed differ-
encesin certain pairs of isolatesthat were not
apparent before. The sample no. 7 (Astragalus
rhizobia from Sweden) is now clearly differ-
ent from R. leguminosarumbv. trifolii (no. 2—
5), asits 1-kb PCR species-specific band in
Figure 1la has resolved differently here. The
Astragalus rhizobia could be closely related,
genetically, to the Trifolium rhizobia, rather
than the sample being misidentified. The mul-

tiple enzymatic approachin general isnot nec-
essary for identification of isolates, especially
whererapid screeningisrequired. Butin cer-
tain situations, such asthe pair of isolates no.
6 and 8, the approach revealed differencesfor
thefirst time. The 500-bp fragment is present
inno. 8 but notinno. 6 (Figure 1c). Thesetwo
isolates are therefore not identical. However,
such relatively small difference is probably
not significant enough to conclude that they
are different isolates. Therefore, the conclu-
sion is that the same rhizobial strain inocu-
lated roots of Norwegian Astragalus (no. 6)
and Icelandic Lupinus (no. 8), or one of these
isolates was misidentified or there was a mix
up of pure cultures. According to the nodule
morphology, this|upine Rhizobium appeared
very different from lupinerhizobiain general,
and thismust be further investigated.

The rDNA-RFLP not only confirmed the
species and strain identification, but also re-
vealed genetic rel ationship among therhizobial
isolates (Figure 2a— a consensus dendrogram
based on eight enzymes; Figure 2b —based on

5678010118

Figure 1. Gel electrophoresis in 2% agarose of (a) PCR amplification in the IGS regions of the rhizobial
16S-23S rDNA, (b) Haelll digestion of the PCR amplified products and (c) triple enzyme digestion of the
PCR products using BamHI, Pvull and Hindlll. Lanes 2 to 11 correspond to the rhizobial isolates
numbered as in Table 1. Size marker is with 100-bp intervals and the arrow indicates 1 kb-fragment. The
unnumbered lane in gel (a) shows the standard negative PCR reaction control without template DNA.
1. mynd. Rafdréttur i 2% agaro6sa. (a) DNA mdgnun & |GS svedi 16S-23S ribosémgena i rhizobiu, (b)
Haelll melting & afurdum DNA mdgnunar, (c) melting & DNA mdgnun med premur ensimum, BamHI,
Pvull og Hindlll. T rasum 2—11 eru rhizobiu syni. Namerin svara til 1. t6flu. Staerdarvidmidun hleypur &
um 100 bp og 6rin bendir & 1 kb but. Omerkta rasin & geli (a) inniheldur viémidun.
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oneenzymeHpall). Thegenetic distanceanaly-
sisshowed two clusters: one of theseincluded
essentially R. leguminosarum bv. trifolii and
the other, which was a more diverse group,
included other species. Within the Trifolium
biovar, theisolatesare genetically similar and

[ 6 - Rhizobium {Astragalus)-Nw
8 - Rhizobium (Lupinus)-ls

10 - Rhizobium (Thermopsis)-Sb
-:1 - Rhizobium leg.viciae (Lathyrus)-Is

9 - Bradyrhizobium (Lupinus)-ls

‘ ——— 7 - Rhizobium {Astragalus)-Sw

! |j 2 - Rhizobium leg.trifolii {Trifolium}-s
4 - Rhizobium leg.trifolii (Trifolium]-is

3 - Rhizobium leg.trifoli (Trifolium)-Nw -

5 - Rhizobium leg.rifoli (Trifolium)-ls

6 - Rhizobium (Astragalus)-Nw
[8 Rhizobium (Lupinus)-Is
10 - Rhizobium (Thermopsis)-Sb

11 - Rhizobium leg.vicias (Lathyrus)-ls

9 - Bradyrhizobium {Lupinus)-Is
4 - Rhizobium leg.trifolii (Trifolium)-is
5 - Rhizobium leg.rifoli (Trifolium)-is
2 - Rhizobium leg.trifolii (Trifotium}-Is

3 - Rhizobium leg.rifoli (Trifolium)-Nw

L 7. Rhizobium (Astragalus)-Sw

Figure 2. Neighbour joining tree of rDNA-RFLPs
of ten rhizobial isolates (asin Table 1) based on (a)
105 polymorphic bands generated by restriction of
the PCR amplified products with eight
endonucleases, Alul, Haell, Hpall, Mbol, Taql,
BamHI, Hindlll and Pvull, and (b) 11 bands gener-
ated by single Hpall digestion.

2. mynd. Skyldleikatré af tiu rhizobiu synum sem
byggir abreytileika skerdibutastaa da r DNA svasda.
Tréid er byggt a (a) 105 skerdibitum sem urdu til
vi® meltingu 8 DNA mégnunum med atta ensimum,
Alul, Haell, Hpall, Tagl, Mbol, BamHI, HindllI
og Pvull og (b) 11 bondumsemurdu til vid meltingu
4 DNA mognunum med Hpall.

this seems to be independent of their geo-
graphic origin. The Swedish and Norwegian
Astragalusrhizobia(no. 7 and no. 6) were placed
indifferent clusters (Figure 2), indicating that
they are at least not the same rhizobial spe-
cies. The Bradyrhizobiumfrom lupine (no. 9)
isdistinct. Overall, the genetic distances cor-
respond relatively well to therhizobial classi-
fication and identification.

DISCUSSION

Genotyping ten pure cultureisolates of rhizo-
bia belonging to four species of Rhizobium
and one species of Bradyrhizobium, from I ce-
land, Scandinaviaand Siberia, was performed
using PCR amplification of the IGS region of
16S-23S ribosomal genes (rDNA-PCR) and
restriction fragment length polymorphism
(RFLP) of the PCR products. Thesimple PCR
amplification itself appearsto be sufficient to
differentiate all the isolates except a pair of
probably the sameisolate. The PCR-RFLP, a
procedure for higher resolution, confirmsthe
simple PCR identification and produces geno-
type-specific profilesthat can be used to iden-
tify unknown samples. The method does not
require aprior knowledge of sequence data or
an elaborate fingerprint database, henceissuit-
ableasarapid screening and preliminary analy-
sisof unknown material, whichisthe situation
often encountered in agricultural and field ex-
periments.

Thissimple and rapid method for typing of
rhizobial speciesand strainsisvery useful as
atool for managing biological studies of the
legume-rhizobium establishment in thefield,
especially inthesituation like ourswherelabo-
ratory facilities and staffs are extremely lim-
ited. Although the study was made on bacte-
rial pureculturesand full scale DNA purifica-
tion, thereislittle doubt that the method can
be modified to suit applications such asiden-
tificationin mixed cultures, complex samples
or crude extracts from nodules. A Southern
hybridisation experiment showed undetectable
homology between rhizobial (prokaryotic) and
plant (eukaryotic) rDNA, and so asignificant
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competition in a PCR reaction would be un-
likely. Hybridisation or PCR methods do not
necessary require DNA extraction but can be
performed directly on crushed nodules or soni-
cated samples (Nick and Lindstrém, 1994).
The PCR is also sensitive and the amount of
template DNA required isin anano-scaleand
hence making the typing possible with small
sample sizes. Furthermore, a species-specific
primer, which can be obtained for example by
cloning and sequencing of the R. leguminosarum
bv. trifolii PCR fragment detected in our study
(Figure 1a), can be used to positively identify
a species and type the isolates within species
without cross-detection with other rhizobiaor
other bacteria. A few such rDNA sequences
have already been madeincluding both broad
range rhizobial probes and species- or strain-
specific probes (reviewed in Ludwig et al.,
1998).

The polymorphism in the IGS regions of
therDNA detected in the present study seems
to be larger than that from other studies, for
exampleLaguerreet al. (1996) wherethe same
primers were used but the PCR amplification
could not differentiate the rhizobia without
further RFLP analysis. Although the samples
examined here are very few, the results may
still indicate high level of genetic variation
and differentiation among rhizobia, whichin
turns may be the characteristics of sub-arctic
species. ECM mycorrhizal fungi inthearctic-
alpine regions, for example, are found to be
very diverse in species humber and composi-
tion, possibly due to extreme environments
and unique history of glaciation and species
migration to these regions (Gardes and Dahl -
berg, 1996).

A consensustree based on the PCR-RFLPs
generated in the present study isin areason-
able agreement with the recognised classifi-
cation of rhizobia. It showstherhizobiafrom
Trifoliumto be clearly divergent from all the
others, whereasthe genetic rel ationshipsamong
the other rhizobia seem to beintermixed even
after eliminating samplesthat may have been
misidentified (Figure 2). Thisis not surpris-

ing because the rhizobia analysed here have
been obtained from nodules of legumesin the
genera Trifolium, Lathyrus, Lupinus, Astra-
galusand Thermopsis, all fromthelargest sub-
family Papilionoideae (L eguminosae). In this
subfamily, the nodules are highly diverse and
consisting of virtually al types, e.g. thebranched
and indeterminate astragaloid, the round and
determinate desmodioid and the unbranched,
elongate and indeterminate caesal pinoid nod-
ules (Y oung and Haukka, 1996; Doyle, 1998).
Somerhizobial specieshave broad host range,
othersare species- or biovar-specific, and some
legumes can receive more than one rhizobial
species. R. leguminosarum bv. trifolii in par-
ticular is known to be highly specific and in-
fect only Trifolium (Heidstra and Bisseling,
1996) and hence is likely to be genetically
isolated and consequently becomes divergent.
It has been shown often that estimates of
rhizobial phylogeny can only be obtained from
the sequence data, whereasthe PCR-rDNA is
a simple and powerful method to detect and
characterise diversity even with species (La-
guerreetal., 1997; Khbayaet al., 1998; Moreira
etal., 1998). However, analysis of PCR-RFLP
of 23SrRNA genesin R. galegae was shown
to correl ate with sequence data analysis, con-
firming its validity in phylogeny study (Te-
refework et al., 1998). This is supported by
the study of Bradyrhizobiumstrainsin Canary
Islands (Vinuesa et al., 1998) which is based
on PCR-RFL Ps of the IGSregions of the 16S-
23SrDNA the sameway asin our study thatis
presented here. Theanalysisof 16S-23SrDNA-
RFLP should therefore be useful to study
phylogenetic relationships among these iso-
lates further and more specifically.

ABBREVIATIONS

PCR (polymerase chain reaction), rDNA (ri-
bosomal DNA, rRNA genes), IGS (intergenic
spacer), RFLP (restriction fragment length
polymorphism), RAPD (random amplified
polymorphic DNA), AFLP (amplified fragment
length polymorphism), YM (yeast manitol),
bv. (biovar).
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