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Abstract — In recent years we have characterized 250 Bradyrhizobium strains, mainly
from Senegal, using several taxonomic techniques i.e. numerical taxonomy of pheno-
typic features, Biolog system, SDS-PAGE of total cellular proteins, 165 rDNA RFLP
and sequence analyses, 16S-23S rDNA intergenic gene spacer RFLP and sequence
analyses, AFLP, DNA:DNA hybridizations. Here we evaluate the taxonomic resolv-
ing power of these techniques by comparing the results obtained on various subsets of
the same strains. We conclude that AFLP is a useful method for an initial grouping
of Bradyrhizobium strains and provides infraspecific information. However, from a
limited comparison, it appears that the less labor-intensive 16S-23S rDNA intergenic
gene spacer analysis gives similar results and may provide additional information on
deeper groupings.

AFLP / Bradyrhizobium / polyphasic taxonomy / ribosomal operon
analysis

Résumé — Evaluation de PAFLP pour le groupage des souches de Brady-
rhizobium. Au cours des derniéres années, nous avons caractérisé 250 souches de
Bradyrhizobium, principalement du Sénégal, par différentes techniques, ¢.e., analyse
numérique de caractéres phénotypiques, analyse Biolog, SDS-PAGE des protéines
cellulaires totales, RFLP et séquencage du géne codant pour ’ARN ribosomique 16S
ou de ’espace intergénique entre les génes ribosomiques 16S et 23S, AFLP et hy-
bridations ADN:ADN. Nous évaluons ici le niveau de résolution taxonomique de ces
différentes techniques par comparaison des résultats obtenus sur différentes sélections
des mémes souches. L’AFLP s’avére étre une technique efficace pour le groupement
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initial des souches de Bradyrhizobium qui renseigne au niveau infraspécifique. Cepen-
dant I’analyse de l'intergéne 16S-23S, moins lourd & mettre en ceuvre, apparait plus
performant en permettant un groupement plus fin.

AFLP / Bradyrhizobium / taxonomie polyphasique / analyse de ’opéron
ribosomique

1. INTRODUCTION

The genus Bradyrhizobium was created to accommodate the slow-growing
rhizobia, bacteria capable of nitrogen fixation and nodule formation on certain
leguminous plants [10]. Currently it contains three named species, Bradyrhi-
zobium japonicum (type species), Bradyrhizobium elkanii and Bradyrhizobium
liaoningense. However, many other Bradyrhizobium sp. strains with unresolved
taxonomic status have been described worldwide from different legumes in re-
cent years. Several authors have pointed out the lack of a suitable tool to assess
relationships among bradyrhizobia [11,17,20].

In particular in Senegal, our research group reported on the diversity of
Bradyrhizobium sp. strains from various Aeschynomene species [1,12,13] and
Faidherbia albida, [4], and from 27 small legumes [2]. For initial grouping of the
bradyrhizobial isolates, we first assessed various techniques such as numerical
taxonomy of phenotypic features, the Biolog system, SDS-PAGE of total cellu-
lar proteins, 16S rDNA sequence and RFLP analysis. Each of these techniques
had its drawbacks, limiting their use for the study of bradyrhizobia. Some
were rather laborious, but the main problem was often that techniques were
not sufficiently discriminative (16S-rDNA RFLP) or reproducible (Biolog, SDS-
PAGE protein analysis). In a further attempt to identify a fast initial grouping
method for Bradyrhizobium, we tested AFLP and 16S-23S rDNA spacer RFLP
and sequencing. Results were then evaluated using extensive DNA:DNA hy-
bridizations. These experiments proved that AFLP clusters as well as 16S-23S
rDNA intergenic gene spacer groupings are correlated with genomic species [19].
Here we synthesize all the results obtained by this polyphasic approach, and
define a valuable strategy for further study of Bradyrhizobium taxonomy.

2. MATERIALS AND METHODS
2.1. Bacterial strains

We performed AFLP analysis on a total of ca. 250 Bradyrhizobium strains,
including 79 nodule isolates from 9 Aeschynomene species (A. indica, A. sensi-
tiva, A. afraspera, A. elaphroxzylon, A. americana, A. uniflora, A. nilotica,
A. schimperi, A. tambacoundensis), 81 nodule isolates from Faidherbia al-
bida [18] and 64 nodule isolates from 27 native leguminous plants species in
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Senegal (West-Africa) belonging to the genera Abrus, Alysicarpus, Bryaspis,
Chamaecrista, Cassia, Crotalaria, Desmodium, Eriosema, Indigofera, Mogha-
nia, Rhynchosia, Sesbania, Tephrosia, Zornia (|3]). For comparison, 14 refer-
ence strains from the three described Bradyrhizobium species and 10 represen-
tatives from previous studies [14,17] were also included.

2.2. Culture medium

Strains were grown on yeast mannitol agar (YMA; pH, 6.8; composition in
g per liter: mannitol, 10; sodium glutamate, 0.5; KoHPOy, 0.5; MgSO,7H,0,
0.2; NaCl, 0.05; CaCls, 0.04; FeCls, 0.004; yeast extract, 1; agar, 20).

2.3. AFLP analysis

Cells were grown on plates (2 per strain) and DNA was extracted by the
method of Pitcher et al. [16]. High resolution DNA fingerprints, or AFLP pat-
terns, were prepared by selective amplification of restriction fragments obtained
with the enzymes Apal and Tagl. Briefly, the AFLP technique consists of the
following steps: (1) 1 ug of total DNA is digested with two restriction enzymes,
a tetracutter and a hexacutter; (2) short double-stranded, restriction-halfsite
specific adapter molecules are ligated to the restriction fragments; (3) a selec-
tive PCR amplification of those fragments flanked by both a hexacutter and
a tetracutter site is carried out by using oligonucleotide primers complemen-
tary to the adapters, but with one or more extra bases at their 3’ end; one
of these primers is *?P-labeled; (4) the products thus amplified are separated
by acrylamide gel electrophoresis and the resulting banding pattern is revealed
through autoradiography. Films are then scanned into a computer for further
numerical analyses.

The procedures and conditions for preparation of template DNA, PCR re-
actions, electrophoresis, visualization of amplified fragments, data processing
and analysis using the GelCompar software version 4.2 (Applied Maths, Kor-
trijk), using the Dice coeflicient and the UPGMA clustering algorithm, were
as described by Huys et al. [8]. The only modification to the procedure of
Huys et al. [8] was that the PCR primers used for the amplification of re-
striction fragments in the present study carried different selective bases at the
3’ end. Several primer combinations with different selective bases were tested
(data not shown) and the primers B07 (5-GACTGCGTACAGGCCCG-3’) and
T12 (5-GATGAGTCCTGACCGAA-3') were selected because they produced
evenly distributed patterns of about 40 to 50 bands with the bradyrhizobia. For
the numerical analysis, of a total of 1500 datapoints per AFLP pattern, posi-
tions 55 to 1432 were used in the calculations. Bordetella holmesii strain LMG
15945 was used as the reference strain because AFLP analysis of this strain
generated a banding pattern displaying evenly distributed and well-separated
bands over the entire length of the gel.
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3. RESULTS AND DISCUSSION

We performed AFLP on 250 Bradyrhizobium strains and evaluate here the
taxonomic resolving power of the technique by comparing the results with
those obtained from other taxonomic techniques applied in recent years to
various subsets of the same strains, i.e. numerical taxonomy of phenotypic fea-
tures, Biolog system, SDS-PAGE of total cellular proteins, 16S rDNA RFLP
and sequence analyses, 165-23S rDNA spacer RFLP and sequence analyses,
DNA:DNA hybridizations.

3.1. AFLP

3.1.1. Optimization of the AFLP technique for Bradyrhizobium
strains

In initial tests several restriction enzymes (Tagl, Msel, Hindlll, Apal and
EcoRI) were compared. A hexacutter and a tetracutter were selected which
produced a large number of fragments (30 to 50) of many different lengths
so that, after electrophoresis, an evenly distributed banding pattern would be
obtained. For Bradyrhizobium, having a high mol G+C% in their genome
(61-65 mol% (T},)), the combination of Tagl (T/CGA) and Apal (GGGCC/C)
proved the most useful. In the same way, four combinations of primers with dif-
ferent selective bases were tested, and primers 5'-GACTGCGTACAGGCCCG-
3’ and 5-GATGAGTCCTGACCGAA-3’ were retained (characters in bold in-
dicate the selective bases). The reproducibility of the technique was good with
89.1+2.5% similarity obtained between 62 repeated runs of Bordetella holmesii
LMG 15945, the reference strain used for normalization. In seven instances the
same original strain was included twice under a different LMG number and
such patterns grouped at 91 &+ 7% (large standard deviation is caused by two
cases grouping at 80%).

3.1.2. Numerical analysis

Considerable profile heterogeneity between strains was revealed among the
250 Bradyrhizobium strains studied [3,18]. After cluster analysis of the Bradyrhi-
zobium AFLP patterns, 48 clusters (Fig. 1) were delineated at a level of 50%
or more similarity (Pearson product moment correlation coefficient, expressed
as a percentage). This cut-off level was chosen because similar or slightly lower
levels have been used in studies of other bacterial groups (Aeromonas, 43% 8],
Acinetobacter, 45% (9], Vibrio, 50% [15]).

Four AFLP clusters represented the known species: Bradyrhizobium japon-
icum strains were recovered in two clusters (12 and 15) grouping at 19.2%
similarity, which correspond to the DNA homology groups Ia and I, respec-
tively, of Hollis et al. [7]; Bradyrhizobium elkanii strains made up AFLP cluster
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Figure 1. (see next pages). Dendrogram showing the grouping of AFLP patterns
of Bradyrhizobium strains. Similarities were expressed as Pearson product moment
correlation coefficients r, converted to percentage values, and clustering was per-
formed by UPGMA analysis. Clusters are delineated at 50% similarity. In addition
to strain numbers, the host plant is given and for strains belonging to named species,
the species name is also listed.

32 together with a nodule isolate from Aeschynomene indica; Bradyrhizobium
liaoningense strains formed AFLP cluster 16.

Considerable diversity of Bradyrhizobium sp. strains isolated in Senegal
from various host plants was demonstrated by the fact that they made up
44 separate clusters, distinct from the four clusters representing the known
species. In addition, 50 strains occupied separate positions in the dendrogram.
The majority of the AFLP clusters consisted of strains from Senegal originating
either from Faidherbia albida (9 clusters) or from Aeschynomene species (12
clusters) or from small legumes (12 clusters). Comparison of the AFLP results
with groupings obtained by other methods is only partially possible because
not all strains have been studied with all methods.

3.2. AFLP/SDS-PAGE comparison

Eighty-four Faidherbia albida and 64 small legume isolates were studied using
SDS-PAGE protein electrophoresis together with 33 reference strains [2,4].

From the comparison of the AFLP cluster numbers with PAGE groups,
AFLP appears to have a higher resolution than protein electrophoresis. Al-
though a few AFLP clusters correspond to a single PAGE group each, several
AFLP clusters contain strains of various PAGE groups. These discrepancies
between the two sets of data may be due to the low reproducibility and fuzzy
nature of protein profiles of bradyrhizobia which have been reported previ-
ously [2,4].

3.3. AFLP /Biolog comparison

Ninety F. albida isolates and 4 Bradyrhizobium reference strains were phe-
notypically characterized using the Biolog system with a modified protocol [4]
and observations largely similar to those for comparison with SDS-PAGE can
be made when comparing with the AFLP grouping. Each of the five main
phenotypic groups [4] comprises several AFLP clusters. However, there are
several AFLP clusters that contain strains belonging to different Biolog groups.
Dupuy et al. [4] observed that the Biolog system provided few differentiating
features for the five groups, because for most substrates the strains had differ-
ent reactions, resulting in many “d” scores (10 to 90% positive). They called
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! LMG 15374 ORS 1849 Indigofera hirsuta
\ LMG 15253 ORS 1824 Indigofera hirsuta
! LMG 19255 ORS 1826 Abysicarpus ghmaceus |19
LMG 11951 ORS 156 Faicherbia albida
’ — LMG 11946 ORS 151 Faidherbia albida
! — LMG 11948 ORS 153 Faicherbia albid:
: LMG 15367 ORS 1823 Indigofera hirsuta
LMG 1261 ORS 1836 Crotalaria glawcoldex j3 5
LMG 15373 ORS 1848 Indigofera hirsuta
H LMG 10665 ORS 103 Faidherbia albida w
) LMG 10664 ORS 101 Faidherbia albida
! LMG 10700 ORS 144 Faicherbia albida
) LMG 10701 ORS 145 Faidherbia albida
] LMG 10697 ORS 141 Faicherbia albida
' LMG 10702 ORS 146 Faicherbia albida
| H LMG 10729 ORS 1% Faidherbia albida
] LMG 10726 ORS 187 Faidherbia albida
: LMG 10725 ORS 186 Faicherbia albida 20
\ LMG 15368 ORS 1828 Alysicarpus ovalifolius
) LMG 1271 ORS 937 Rhynchasia minima
| LMG 15272 ORS 938 Rhynchasia minima
H LMG 15270 ORS 936 Rhyncharia minima
| LMG 15269 ORS 93§ Rhynchasia minima
! R2197 ORS 976 Indigofera senegalensis
1 LMG 15274 ORS978 Indigofera sencgalensis
] LMG 15273 ORS 977 Indigofera senegalensis
! LMG 8321  USDA 135 B. japanicum (Glycine max)
L : LMG 10727 ORS 188 Faidherbia albida
1 LMG 10663 ORS 58 Dalbergiamelanoxylon
: LMG 11796 ORS 304 Aeschynamene elaphroxylon
H LMG 15159 ORS 18 Alysicarpus avalifolius 17
: LMG 15161 ORS23 Tephrosiavillosa
| LMG 10720 ORS 181 Faidherhia albida
! LMG 15167 ORS31 Indigofera tinctoria_J
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] LMG 11949 ORS 154 Faidherbia albida
: LMG 11954 ORS 159 Faidherbia albida
] LMG 11953 ORS 158 Faidnerbia albida 22
| LMG 11945 ORS 150 Faidherbia albida
| -— LMG 11947 ORS 152 Faidherbia albida
—_ LMG 11950 ORS 155 Faidherbia albida
LMG 11943 ORS 148 Faicherbia alhida
: LMG 11956 ORS 177 Fatdnerbia albida
LMG 11955 ORS 176 Faidherbia albida jZ3
LMG 11957 ORS 178 Faidherbia albida
LMG 10718 ORS 175 Faidherbia albida
LMG 10703 ORS 160 Faidnerbia albica
_I———:————— LMG 10666 ORS 110 Faldnerbia albida 24
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L — LMG 10699 ORS 143 Faicherbia albida
— — LMG 10698 ORS 142 Faicherbia albids ]25
T LMG 10704 ORS 161 Faidherbia albida
' LMG 1597 ORS 18% Casvia absus j 45
H LMG 15369 ORS 1831 Alysicarpus rugosus
| LMG 10708 ORS 165 Faidherbia albida
.[_E: LMG 11798 ORS 326 Aeschynemene afraspera | |
LMG 8290  ORS 301 Aeschynamene american:
LMG 10712 ORS 169 Faidherbia albida
LMG 42722 Erdman 314a8  B. japanicum (Pueraria lobata)
LMG 4771 USDA $9 B. japanicum (Glycine max)
;_r_: LMG 4252  Bonnier 3.1 B. japanicum (Glycine max) ] 5
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MSD) 718 Lupinus luteus ]3 9
)



AFLP in Bradyrhizobium S371

LMG 10029 INPA 9A Derris sp.
LMG 15424 ORS 354 Aeschynomene afraspera
LMG 8074  ORS 326 Aeschynomene afraspera
LMG 15268 ORS 1847 Zornia glochidiata
LMG 15381 ORS 327 Aeschynamene indica ] 1 0
LMG 15388 ORS 375 Aeschynamene indica
LMG 11814 ORS 388 Aeschynamene indica
LMG 11815 ORS 386 Aeschynomene indica
LMG 8302 ORS 319 Aeschynamene sensitiva ] 1
LMG 15390 ORS 384 Aeschynomene indica
LMG 15406 ORS 382 Aeschynamene sensitiva
LMG 11813 ORS 3% Aeschynamene indica
IMG 15379 ORS 307 Aeschynamene indica
LMG 15442 ORS 266 Aeschynomene tambacoudensis
LMG 12196 ORS 298 Aeschynamene sensitiva
LMG 12192 ORS 294 Aeschynomene sensitiva
LMG 9514  BR 6011 Lonchocarpus costatus
LMG 15300 ORS 1216 Indigofera senegalensis
LMG 11800 ORS 336 Aeschynomene indica
LMG 11799 ORS 331 Aeschynamene lamlutoudenri.v] 8
LMG 15399 ORS 299 Aeschynamene sensitiva
LMG 1246 ORS 1815 Crotalaria hyssopifolia
LMG 8073  ORS 322 Aeschynamene afraspera
LMG 8295 ORS 324 Aeschynamene afraspera
LMG 15403 ORS 322 Aeschynomene afraspera
LMG 8299  ORS 337 Aeschynamene afraspera
LMG 8303  ORS 320 Aeschynamene indica
LMG 11802 ORS 364 Aeschynamene nilotica
LMG 15387 ORS 368 Aeschynamene indica
LMG 8204 ORS 312 Aeschynamene afraspera
LMG 15376 ORS 285 Aeschynamene afraspera
LMG 15404 ORS 330 Aeschynamene sensitiva
LMG 11816 ORS 382 Aeschynamene indica 6
LMG 8297 ORS 338 Aeschynamene afraspera
LMG 10300 ORS 351 Aeschynamene afraspera
LMG 8293  ORS 308 Aeschynamene afraspera
LMG 15401 ORS 308 Aexchynamene afraspera
LMG 15377 ORS 286 Aeschynamene afraspera
LMG 15400 ORS 300 Aeschynamene indica
LMG 10305 ORS 362 Aeschynamene afraspera
LMG 15385 ORS 353 Aeschynamene afraspera
LMG 15384 ORS 352 Aeschynamene afraspera,
LMG 15391 ORS 385 Aeschynomene indica j7
LMG 15394 ORS 391 Aeschynanene indica
LMG 15386 ORS 356 Aeschynamene afraspera
LMG 1203 ORS 371 Aeschynamene sensitiva
LMG 12198 ORS 344 Aeschynamene indica js
LMG 8982 USDA 3516 Aeschynomene americana
LMG 12194 ORS 296 Aeschynamene sensitiva
LMG 1200 ORS 348 Aeschynamene sensitiva, 4
LMG 15165 ORS 29 Indigufera tinctoria
LMG 15700 ORS 1899 Indigofera stenophylla 343
LMG 15250 ORS 1820 Indigofera hirsuta
LMG 15249 ORS 1819 Crotalaria retusa
LMG 15247 ORS 1816 Crotalaria hyssopifolia 3 8
LMG 15266 ORS 1844 Chamaecristasp.
LMG 6136 NZP 5533 B. japanicum (Glycine max) 1 2
R12974 USDA 110 B. japonicum (Glycine max),
LMG 15389 ORS 376 Aeschynomene indica
LMG 11807 ORS 376 Aeschynomene indica
LMG 11817 ORS 380 Aeschynamene indica 2
LMG 8292 ORS 303 Aeschynamene afraspera
LMG 12205 ORS 392 Aeschynamene Indica
LMG 11812 ORS 392 Aeschynamene indica
LMG 11811 ORS 393 Aeschynamene indica 3
LMG 15407 ORS 393 Aeschynamene indica
LMG 11805 ORS 372 Aeschynamene indica
LMG 801 ORS318 Aeschynamene indica
LMG 1202 ORS 361 Aeschynamene sensitiva
LMG 12188 ORS 279 Aexchynamene sensitiva 1 3
LMG 12186 ORS 277 Aeschynamene vensitiva
LMG 10306 ORS 366 Aeschynamene sp.
LMG 11804 ORS 371 Aeschynamene indica j 1 4
LMG 15366 ORS 1817 Eriosema glaneratum
LMG 15248 ORS 1818 Indigofera microcarpa
LMG 10710 ORS 167 Faidherbla albida

ﬂ LMG 12195 ORS 279 Aeschynomene sensitiva

1 LMG 425 Erdman 3c3al  B. japmicum (Ulex europaeus)
LMG 8%81 USDA 3331 Aeschynanene americana
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LMG 1831 2062 B. liaaningense (Glycine max)
LMG 14311 MAR 1587 Arachis hypogaea
LMG 10721  ORS 182 Faidherbia albida 32 6
LMG 10722 ORS 183 Faidherbia albida
LMG 11952 ORS 157 Faidnerbia albida
LMG 10707 ORS 164 Faidherbia albidn
LMG 15422 ORS 379 Aeschynamene elaphroxylon 327
LMG 15420 ORS 377 Aeschynamene elaphroxylon
LMG 10690 ORS 134 Faidherbia albida
LMG 15182 ORS 130 Faidnerbia albida 29
LMG 10677 ORS 121 Faicherbia albidn
LMG 10678 ORS 122 Faidherbia albida
LMG 12201 ORS 359 Aeschynamene xensitiva
LMG 10711 ORS 168 Faidherbia albida
LMG 10683 ORS 127 Faidherbia alhida
LMG 10691 ORS 135 Faicherbia albida ] 30
LMG 15183 ORS 166 Faidherbia alhldn
LMG 10706 ORS 163 Faldherbia alhida ]3 1
LMG 10705 ORS 162 Faidherbia albida
LMG 6134" NZzP 5531" B. elkanii (Glycine max)
LMG 15378 ORS 287 Aexchynamene afraspera | 32
LMG 6135  NZP 8532 B. elkanii (Glycine max,
LMG 10675 ORS 119 Faidherbia alhida \
LMG 10684 ORS 128 Faidherbia albida
LMG 10682 ORS 126 Faidherbia albida
LMG 10674 ORS 118 Faidherbia albida
LMG 10685 ORS 129 Faldherbla albida
LMG 10679 ORS 123 Faidherhia albida
LMG 8070 ORS 309 Aeschynamene unifora
LMG 11803 ORS 358 Aeschynomene nilotica
LMG 10680 ORS 124 Faidherhia albida
LMG 10681 ORS 125 Faidherbia albidn 3 4
LMG 10692 ORS 136 Faidherbia albidn
LMG 10693 ORS 137 Faidherbia albida
LMG 10687 ORS 131 Faidherbia albida
LMG 10694 ORS 138 Faicherbia albida
LMG 10695 ORS 139 Faidnerbia albida
LMG 10688 ORS 132 Faidherbia albida
LMG 10696 ORS 140 Faidherbia albida
R2196 ORS %0 Tephrosiasp.
LMG 15179 ORS 89 Tephrosia purpurea J
LMG 15178 ORS 88 Tephrasia purpwrea
LMG 15177 ORS 87 Tephrosia purpuwrea ]40
LMG 15176 ORS 86 Tephrosia purpwrea
LMG 10671 ORS 115 Faidherbia albida
LMG 15703 ORS 1905 Tephrosia bracteolata T
LMG 10717 ORS 174 Faicherbia albida
LMG 10669 ORS 113 Faicherhia alhida
LMG 10668 ORS 112 Faidherbia albidn
LMG 10667 ORS 111 Faicherbia albida 33
LMG 10673 ORS 117 Faidherbia athida
LMG 15181 ORS 117 Faldherbia abida
LMG 10670 ORS 114 Faidherbia albida
LMG 10676 ORS 120 Faidherbia albida
LMG 10672 ORS 116 Faidherbia albica  _J




AFLP in Bradyrhizobium S373

' %or
20 40 60 80 100
L 1 l 1 1 L 4 L l L L L o L 4 I
LMG 15301 ORS 1217 Indigofera senegalensis
IMG 15302 ORS 1219 Indigofera senegalensis
L LMG 15303 ORS 1220 Indigofera senegalensis
LMG 15275 ORS 979 Indigofera senegalensis
R2200 ORS 1218 Indigofera senegalensis 46
LMG 15276 ORS 980 Indigofera venegalensis
L____E: LMG 15280 ORS 986 Indigofera senegalensis
LMG 15281 ORS 987 Indigofera senegalensis
! LMG 10298 ORS 347 Aeschynamene afraspera
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for genotypic data to assess the significance of the phenotypic groups. Our
comparison with AFLP data demonstrates that, in general, the Biolog groups
poorly reflect the genotypic groups.

3.4. AFLP/16S-ARDRA comparison

We amplified the gene coding for 16S rRNA (Fig. 2) of 36 Aeschynomene,
59 small legume and 9 F. albida isolates. The PCR products were compared
to those of 11 reference strains by restriction analysis (165S-ARDRA) using five
restriction enzymes [2,13]. Cluster analysis of results delineates seven 16S-
ARDRA groups each of them corresponding to several AFLP clusters, 27 in
all [2,18]. Groupings by both techniques are consistent in that each ARDRA
group contained one or more different AFLP groups. As expected, our data
show that AFLP, as a technique that samples the total genome, was more
discriminative than 16S ARDRA, which is based on one conserved gene.

3.5. IGS PCR RFLP and sequencing/AFLP comparison

We amplified DNA corresponding to the 16S-23S rRNA intergenic gene
spacer (Fig. 2) of 104 strains (nodule isolates from small legumes and reference
strains). The PCR products were compared by Restriction Fragment Length
Polymorphism using 8 restriction enzymes [3]. They produced 70 types of com-
bined restriction profiles forming 16 groups. By AFLP, the strains formed 27
groups. In most cases agreement between results from the two techniques is
very good and each AFLP cluster contains strains with the same or very similar
rDNA IGS types and belonging to one IGS PCR-RFLP cluster.

Sequencing of the same spacer region was performed on a selection of strains
from 9 AFLP clusters. Similarities ranged from 63 to 100%, and relatively little
variation (94 to 100% sequence similarity) was observed within most of the
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Figure 2. Scheme of part of the rRNA operon of Bradyrhizobium.

different AFLP clusters [19]. Although only a limited comparison is possible,
correspondence between AFLP groupings and the grouping of spacer sequences
was very good. However, the spacer sequence data provided additional detail
on the deeper groupings of the AFLP clusters included [19].

3.6. AFLP/DNA:DNA hybridizations comparison

DNA:DNA hybridizations using a microplate method described by
Ezaki et al. [5] were performed on 43 strains representative of nine of the AFLP
clusters [19]. This method provides results comparable to those of the renat-
uration rate hybridization method [6]. By using the criterion of at least 60%
hybridization within a genospecies, seven Bradyrhizobium genospecies were re-
vealed, three of which correspond to the named species B. japonicum, B. elkanii
and B. liaoningense [19]. Strains belonging to the same AFLP group belong
to the same genospecies, but a genospecies may include several AFLP groups,
with AFLP similarity levels between them sometimes as low as 20%. Therefore,
under our experimental conditions, AFLP similarities within Bradyrhizobium
define clusters at an infraspecific level. This is consistent with the general ob-
servation, made also in other bacterial groups, that AFLP analysis is a very
fine typing technique that provides information at infraspecific to strain level.

4. CONCLUDING REMARKS

Previous studies of the diversity of Bradyrhizobium demonstrated that SDS-
PAGE protein analysis is not very suitable for the study of bradyrhizobia be-
cause of the low reproducibility of the groupings [2,4]. In addition, numerical
taxonomy and 165 ARDRA proved not very discriminative in this group [2,18].
In an effort to identify a reliable grouping technique for Bradyrhizobium strains,
we carried out a large-scale AFLP analysis among these organisms. Our data
demonstrated the reproducibility of this technique and resulted in the defini-
tion of 48 AFLP clusters [3,18]. Because the AFLP technique involves several
steps and is quite laborious, we also looked at alternative techniques. IGS-
RFLP analysis [3] and sequencing of the 16S-23S spacer region [19] were found
to provide very similar groupings. In addition, the spacer sequence data pro-
vided information with regard to the relationships between different AFLP
clusters [19]. DNA-DNA hybridizations carried out for a limited number of
AFLP clusters, confirm the AFLP groupings [19].
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At this stage, study of the 165-23S rDNA spacer (PCR-RFLP, sequencing)
and AFLP analysis proved to be very useful methods for an initial group-
ing of Bradyrhizobium strains, consistent with each other and with DNA hy-
bridization values. However, AFLP analysis provides infraspecific information,
whereas spacer analysis (PCR-RFLP and sequencing) on a subset of strains
gave essentially similar groups to those found by AFLP [3,19], but groupings
deeper in the spacer sequence dendrogram were better resolved [19].

The genus Bradyrhizobium currently contains three species (B. japonicum,
B. elkanii and B. liaoningense) and a large number of unnamed groups and
strains that are referred to as Bradyrhizobium sp. Our results indicate that
AFLP analysis and 16S-23S rDNA spacer analysis are useful tools for group-
ing unnamed strains. To establish whether such groups represent separate
(geno)species, DNA-DNA hybridizations remain necessary. However, here the
results from the initial grouping techniques, in particular the spacer sequence
analysis, can reduce the number of hybridizations required. This polyphasic
approach has been applied to a limited subset of Bradyrhizobium AFLP clus-
ters and has so far identified at least 7 distinct genospecies (including the three
named species) among these strains [19]. Additional phenotypic data will be
required to permit formal description of the new groups.

ACKNOWLEDGEMENTS

We thank Renata Coopman and Jean Bakhoum for technical assistance.
We are grateful to Johan Goris, Paul De Vos and Giséle Laguerre for help-
ful discussion. This work was supported by the Bureau des ressources géné-
tiques (BRG), Paris, France, by French and Belgian Embassies through the
Programme d’Actions intégrées franco-belge Tournesol 94085, by the Commis-
sion of the European Communities (STD3 programme, contract TS2 0169-F;
BRIDGE programme, contracts BIOT-CT91-0263 and BIOT-CT91-0294), by
Cors (Dynamique de la biodiversité et environnement). F. D.-B. is indebted to
the ministére de I’Enseignement et de la Recherche and to Institut de Recherche
pour le Développement (IRD) for a doctoral grant. P. L. is indebted to IRD
for research and personnel grants. M. G. is indebted to the Fund for Scientific
Research - Flanders (Belgium), for research and personnel grants. A.W. is in-
debted to the Fund for Scientific Research - Flanders (Belgium) for a position
as postdoctoral research fellow.

REFERENCES

[1] Alazard D., La nodulation caulinaire dans le genre Aeschynomene, Ph.D. thesis,
University Claude Bernard-Lyon I, France, 1991, 176 p.



S376 A. Willems et al.

2l

(3]

[4

—_

[5]

[6]

71
(8]

9

10]

(11]

[12]

(13]

(14]

[15]

Doignon-Bourcier F., Sy A., Willems A., Torck U., Dreyfus B., Gillis M., de La-
judie P., Diversity of bradyrhizobia from 27 tropical Leguminosae species native
of Senegal, System. Appl. Microbiol. 22 (1999) 647-661.

Doignon-Bourcier F., Willems A., Coopman R., Laguerre G., Gillis M., de La-
judie P., Genotypic characterization of Bradyrhizobium strains nodulating small
Senegalese legumes by 16S-23S rRNA intergenic gene spacers and amplified frag-
ment length polymorphism fingerprint analyses. Appl. Environ. Microbiol. 66
(2000) 3987-3997.

Dupuy N., Willems A., Pot B., Dewettinck D., Vandenbruaene 1., Maestrojuan
G., Dreyfus B.L., Kersters K., Collins M.D., Gillis M., Phenotypic and genotypic
characterization of bradyrhizobia nodulating the leguminous tree Acacia albida,
Int. J. Syst. Bacteriol. 44 (1994) 461-473.

Ezaki T., Hashimoto Y., Yabuuchi E., Fluorometric deoxyribonucleic acid - de-
oxyribonucleic acid hybridization in microdilution wells as an alternative to mem-
brane filter hybridization in which radioisotopes are used to determine genetic
relatedness among bacterial strains, Int. J. Syst. Bacteriol. 39 (1989) 224-229.
Goris J., Suzuki K.-I1., De Vos P., Nakase T., Kersters K., Evaluation of a mi-
croplate DNA-DNA hybridization method compared with the initial renaturation
method, Can. J. Microbiol. 44 (1998) 1148-1153.

Hollis A.B., Kloos W.E., Elkan B.E., DNA:DNA hybridization studies of Rhizo-
bium japonicum and related Rhizobiaceae, J. Gen. Microbiol. 123 (1981) 215-222.
Huys G., Kersters 1., Coopman R., Janssen P., Kersters K., Genotypic diversity
among Aeromonas isolates recovered from drinking water production plants as
revealed by AFLP™ analysis, System. Appl. Microbiol. 19 (1996) 428-435.
Janssen P., Coopman R., Huys G., Swings J., Bleeker M., Vos P., Zabeau M.,
Kersters K., Evaluation of the DNA fingerprinting method AFLP(tm) as a new
tool in bacterial taxonomy, Microbiol. 142 (1995) 1881-1893.

Jordan D.C., Transfer of Rhizobium japonicum Buchanan 1980 to Bradyrhizo-
bium gen. nov., a genus of slow growing root nodule bacteria from leguminous
plants, Int. J. Syst. Bacteriol. 32 (1982) 136-139.

Ladha J.K., So. R.B., Numerical taxonomy of photosynthetic rhizobia nodulating
Aeschynomene species, Int. J. Syst. Bacteriol. 44 (1994) 62-73.

Lorquin J., Molouba F., Dupuy N., N’diaye S., Alazard D., Gillis M., Dreyfus
B.L., Diversity of photosynthetic Bradyrhizobium strains from stem nodules of
Aeschynomene species, in: New Horizons in Nitrogen Fixation Palacios R., Mora
J., Newton W. E. (Eds.), Dordrecht, Boston, Kluwer Academic Publishers, 1993,
pp. 683-689.

Molouba F., Lorquin J., Willems A., Hoste B., Giraud E., Dreyfus B., Gillis
M., de Lajudie P., Masson-Boivin C., Photosynthetic bradyrhizobia from
Aeschynomene spp. are specific to stem-nodulated species and form a separate
16S ribosomal DNA restriction fragment length polymorphism group, Appl. En-
viron. Microbiol. 65 (1999) 3084-3094.

Moreira F.M.S., Gillis M., Pot B., Kersters K., Franco A.A., Characterization
of rhizobia isolated from different divergence groups of tropical Leguminosae
by comparative polyacrylamide gel electrophoresis, System. Appl. Microbiol. 16
(1993) 135-146.

Pedersen K., Verdonck L., Austin B., Austin D. A., Blanch A. R., Grimont
P.A.D., Jofre J., Koblavi S., Larsen J. L., Tiainen T., Vigneulle M., Swings



AFLP in Bradyrhizobium S377

J., Taxonomic evidence that Vibrio carchariae Grimes et al. 1985 is a junior
synonym of Vibrio harveyi (Johnson and Shunk 1936) Baumann et al. 1981, Int.
J. Syst. Bacteriol. 48 (1998) 749-758.

[16] Pitcher D.G., Saunders N.A., Owen R.J., Rapid extraction of bacterial genomic
DNA with guanidinium thiocyanate, Lett. Appl. Microbiol. 8 (1989) 151-156.

[17] Van Rossum D., Schuurmans F.P., Gillis M., Muyotcha A., Van Verseveld HW.,
Stouthamer A.H., Boogerd F.C., Genetic and phenetic analyses of Bradyrhi-
zobium strains nodulating peanut (Arachis hypogaea L.) roots, Appl. Environ.
Microbiol. 61 (1995) 1599-1609.

[18] Willems A., Doignon-Bourcier F., Coopman R., Hoste B., de Lajudie P., Gillis
M., AFLP fingerprint analysis of Bradyrhizobium strains isolated from Faidherbia
albida and Aeschynomene species, System. Appl. Microbiol. 23 (2000) 137-147.

[19] Willems A., Coopman R., Gillis M., Comparison of sequence analysis of 16S
- 23S rDNA spacer regions, AFLP analysis, and DNA-DNA hybridizations in
Bradyrhizobium, Int. J. Syst. Evol. Microbiol. 51 (2001) 623-632.

[20] Young J. P. W., Downer H. L., Eardley B. D., Phylogeny of the phototrophic
rhizobium strain BTAil by polymerase chain reaction-based sequencing of a 16S
rRNA gene segment, J. Bacteriol. 173 (1991) 2271-2277.



	0382_0365
	0383_0366
	0384_0367
	0385_0368
	0386_0369
	0387_0370
	0388_0371
	0389_0372
	0390_0373
	0391_0374
	0392_0375
	0393_0376
	0394_0377



