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ABSTRACT

The aim of this work was to characterize rhizolsalated from the root nodules of cowpeéédgha
unguiculatg plants cultivated in Amazon soils samples by nse@ARDRA (Amplified rDNA Restriction
Analysis) and sequencing analysis, to know theyiquienetic relationships. The 16S rRNA gene ofahia
was amplified by PCR (polymerase chain reactiomgusiniversal primers Y1 and Y3. The amplification
products were analyzed by the restriction enzyhtie$l, Msp and Ddel and also sequenced with Y1, Y3
and six intermediate primers. The clustering anglymsed on ARDRA profiles separated the Amazon
isolates in three subgroups, which formed a gropgrtafrom the reference isolates Bfadyrhizobium
japonicumand Bradyrhizobium elkaniiThe clustering analysis of 16S rRNA gene sequeshesved that
the fast-growing isolates had similarity winterobacter Rhizobium Klebsiellaand Bradyrhizobiumand

all the slow-growing clustered closeBoadyrhizobium

Key words: BNF, bacteria, 16S rRNA, ARDRA, sequencing.

INTRODUCTION An example was the debate when the Subcommitte¢h®n
Taxonomy of Agrobacteriumand Rhizobiumdisagreed with
The interaction between legume-diazotrophic bamtési the justification of the Judicial Comission thamnswered the
an example of biological association intensely istidwhose genusSinorhizobiumnot validly published because it is a later
benefits for agricultural sustainability are wetidwn, basically synonym ofEnsifer(14). In response, the Judicial Commission
as a consequence of the biological nitrogen fixafiwocess confirmedEnsiferas the correct name for the genus (28). The
(BNF) and their effect on plant growth and prodaoiati rhizobia phylogeny based on 16S rRNA showed theaiit be
The changes in rhizobia taxonomy happened durieg tlrganized into five generaBradyrhizobium, Azorhizobium,
last decade according the increase of informatimoutt Ensifer (Sinorhizobiur), Mesorhizobiumand Rhizobium(18,

phenetic and genetic properties of this group atdréa (18). 25).TheRhizobiumgenus was united withgrobacterium and
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Rhizobia isolates from Amazon soils

Allorhizobium because of their close relation (27). Newhost for rhizobia in a greenhouse.

diazotrophic symbiotic bacteria have been classifie others

genera outside rhizobial ones (18, 25).

The seeds were sown in triplicate for each soilam

Seeds surface was sterilized by immersion in eth@®8o; 30

Most of the rhizobia that form nodules in legumisousec), and hydrogen peroxide (5%; 3 min), being thashed

taxonomically distant from native Amazon forestntlapecies 10 times with sterile distilled water. Nutrient gstbn without
were classified aBradyrhizobium(16). The characterization of nitrogen (19) was added weekly to seeds cultivatdong the

Amazon rhizobia has indicated that different crgptems can entire growth period of the plants. Sterile watesiswadded

change the diversity and some isolates have patefur
agronomic tests (8, 13). Actually, the isolates ANPLB (from
Manaus, with 98% of similarity wittB. elkani), UFLA3-84
(from Rondbnia, with 97% of similarity witBradyrhizobium
sp) and BR3267 Bradyrhizobium spfrom semi-arid) have
inoculation

been recommended for

unguiculatg (17).

to cowpe¥igria

Although some studies of rhizobia in Amazon sodwé
already been done, taxonomy of those isolates@swaiknown.
The aim of this work was to characterize rhizoki@ated from
the root nodules of cowpea plants cultivated in Aamasoils
samples by means of ARDRA and sequencing analysis,
know their phylogenetic relationships in additioa their

cultural and morphological characterization.

whenever needed. Two plants per pot were harvéflediays
after sowing. Roots were washed and nodules wetacloied

and dried in flasks containing silica gel.

Isolation of rhizobia from nodules and morphologicd
characterization

Thirty nodules from six plants of each treatmentrave
random chosen and surface sterilized by ethanéh(BD sec),
NaOCI (5%; 4 min) and washed 10 times with stewker.
Crushed nodules were streaked onto yeast manitar ag
blue (4) and

incubated at 28°C. The evaluated morphological tstrai

medium (YMA) containing bromothymol

comprised mucous production and colony morphologf,

change of the medium during growth of the isolatied growth

rate. Mucous production analysis was based on type,

consistency and appearance, while colony morphology

MATERIALS AND METHODS
form,

parameters were diameter, elevation and sptic

Soil samples

The samples of soils were collected from the follaysix
areas: native forest, 18 years old reclamation, &eaeears old
reclamation area, 5 years old reclamation areeaclesdi with
Parkia multijuga Swietenia macrophyllaBertholletia excelsa
and Hevea brasiliensispolyculture plot Bertholletia excelsa

Bactris gasipaesTheobroma grandifloruinand monoculture

According to the growth rate in culture medium, thelates
were characterized as fast-growing (colonies formaer one
or two days on the culture medium) or slow-growfoglonies
formed with four days on the culture medium). Theakon
isolates were deposited in the diazotroph cultaiéection of
Embrapa Agrobiologia. Table 1 provides informatioh the

Amazon isolates that were analyzed by ARDRA and 16S

plot (Theobroma grandifloruin The experimental area wasrRNA sequencing. Some isolates listed at Table Iewe

localized at Embrapa Agrofloresta, 40 Km from MasaliM.
The soil samples were mixed with sand (1:2, w:wicsithis
strategy diminishes the amount of nitrogen avadaior the
stimulales
nodulation of roots by the rhizobia. The mixtureswdaced in

plants development and, in consequence,

pots (300 g) and cowpe¥i@na unguiculatawas used as trap

effectively analyzed by ARDRA, but their 16S rRNAasvnot
completely sequenced after some attempts and, qoesty,
they do not present an access number; howevenrsatdwates
with similar cultural and morphological charactéds were

effectively sequenced.
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Table 1. The origin, cultural and morphological charactiggsand access number in the Gene bank of the Amaatates analyzed by
ARDRA and/or 16S rRNA.

Isolate Area GR pH CM ™ AM 0 D F E B Accession
BR3303 NF S AL FL w He oIT >1mm | P S HQ641215
BR3304 NF F AL \% D Ho oIT >1lmm | P R HQ641216
BR3305 NF S AL FL w He O 1mm | P S HQ641217
BR3306 5YOE S AL FL W He T 1mm C P S HQ641212
BR3307 18YO S AL FL W He T >1mm C P S HQ641211
BR3308 5Y0 S AL FL W He T >1mm | P S HQ641210
BR3309 PO S AL FL W He T Imm C P S HQ641213
BR3310 PO S AL FL W He T >1mm C P S HQ641214
BR3312 5YOE S AC FL w He (e} >1mm C P S HQ641218
BR3315 5YOE S AC FL W He O 1mm C P S HQ641219
BR3316 5YOE S AL FL W He (0] 1mm C P S HQ641220
BR3319 5YOE S AL FL W He (0] >1lmm | P S e
BR3321 5YOE S AL FL W He (0] >1mm C P S HQ641221
BR3323 5YOE S AC FL W He T <lmm C P S HQ641222
BR3324 MO S AL \% \W Ho (@] <lmm C P S HQ641232
BR3325 MO S AC FL D He (0] >1mm | P S HQ641233
BR3326 MO S AL FL w He @) >1lmm C P S e
BR3327 MO S AL FL \W He (@] >1lmm C P S HQ641234
BR3329 MO S AL FL \W He (@] <lmm C P S HQ641235
BR3330 MO S AL FL \W He (@] >1lmm | P S HQ641236
BR3331 MO S AL FL W He (@) >2mm C P S HQ641237
BR3332 MO S AL FL w He @] 2mm I P S HQ641238
BR3333 MO S AL FL w He @] 2mm I P S HQ641239
BR3334 MO S AL FL W He (@) >1mm | P S HQ641240
BR3335 MO S AL FL w He @) Imm | P S HQ641241
BR3336 PO S AL FL W He (0] 1mm C P S HQ641250
BR3337 PO F AC \% W Ho T 2mm C E S HQ641251
BR3339 PO S AL FL w He (e} >1mm C P S HQ641252
BR3340 PO S AL FL W He (0] 1mm C P S HQ641253
BR3341 PO F AC \% W He T 3mm | P S HQ677829
BR3342 PO S AL FL W He (0] >1mm | P S e
BR3343 PO S AL FL W He (0] >1mm C P S e
BR3345 18YO S AL FL W He (0] >1mm C P S HQ641223
BR3346 18YO S AL FL w He (e} >1mm C P S HQ641224
BR3350 18YO S AL FL w He (e} >1mm C P S HQ641225
BR3351 18YO S AL FL w He (e} >1mm C P S HQ641226
BR3352 18YO F AL FL W He T <lmm C P S HQ641227
BR3353 18YO S AL FL W He (0] 1mm C P S
BR3354 NF S AL FL w He oIT 3mm | P S HQ641228
BR3355 NF F N \% w Ho oIT 3mm C E S HQ677827
BR3356 NF S AL FL w He oIT 2mm | P S HQ641229
BR3357 NF F AC \% w He oIT 7mm | P S HQ677828
BR3358 NF F AC \% D He oIT 4mm | P S HQ677831
BR3359 NF F AC \% D He oIT >7mm | P R HQ677830
BR3360 NF S AL FL w He oIT 2mm | P S HQ641230
BR3361 NF S AL FL w He oIT 2mm | P S HQ641231
BR3362 NF F AC \% D Ho oIT 5mm | P R HQ677832
BR3363 5Y0 S AC FL W He (0] >1mm C P S HQ641242
BR3365 5Y0 S AL FL w He (0] Imm C P S HQ641243
BR3366 5Y0 S AL FL W He (e} >1mm C P S HQ641244
BR3367 5Y0 S AL FL W He (0] 2mm | P S HQ641245
BR3368 5Y0 S AL FL W He (0] >1mm | P S HQ641246
BR3369 5Y0 S AL FL W He (0] >1mm C P S HQ641247
BR3370 5Y0 S AL FL w He (0] 2mm | P S HQ641248
BR3373 5Y0 S AL FL W He 0] >1mm C P S HQ641249

The areas: 5YOE = 5 years old enriched with nagpecies, 18YO = 18 years old reclamation area, M@ibroculture plot, NF = native forest, 5YO = 5 yeald reclamation area and
PO = polyculture plot. The morphological traits: GRyrowth rate (F = fast and S = slow), pH = chaofjghe medium (AL = alkaline, AC = acid, N = nealjf CM = consistency of
mucous (FL = floccular, V = viscous), TM = type mficous (W = wet, D = dry), AM = appearance of mucfide = heterogeneous, Ho = homogeneous), O =soffiic- opaque, T =
translucent, O/T = translucent with the centerabny opaque), D = diameter (mm), F = form (C =<ular, | = irregular), E = elevation (P = plain~Eelevated) and B = border (S =
smooth, R = rough).

684



Silva, F.V.et al. Rhizobia isolates from Amazon soils

ARDRA analysis algorithm, available in the PAST program, versiaf21(6),
Twenty one Amazon isolates from 12 previouslyere used to build dendrogram.
characterized cultural groups and four referencaing BR33
or CB 1809 Bradyrhizobium japonicuin BR29 or SEMIA Sequencing analysis
5019, BR96 or SEMIA587 and BR2001 or SEMIA 6145  Sixty three Amazon isolates from previously chagdzed
(Bradyrhizobium elkanjiobtained from the diazotroph culturecultural groups were selected for sequencing of tRNA
collection of Embrapa Agrobiologia were grown in M gene. The isolates were grown on YMA medium and the
Total DNA was extracted (22) and the 16S rDNA ritmoal colonies were suspended in sterile distilled watet hold for
gene was amplified using universal primers Y1 (26 Y3 10 min. at 8.000 RPM. The precipitate was submittedhe
(12) that amplify approximately 1500 bp of the 1d3NA. DNA phenol extraction. The 16S rRNA gene was argdif
PCR reactions were prepared as described befoe T2@ using the primers Y1 and Y3. The amplification prodwas
ARDRA analysis was performed using the restricémzymes precipitated with NaCl (5 M) and 70% ethanol andusnced
Hinfl, Ddd andMsp (11). The reference isolates were used fan automatic DNA Sequencer MegaBACE1000 (GE). Six
16S rRNA gene polymorphic profiles comparison. dagdc different primers distributed along the 1500 bp tBSIA gene
Index and UPGMA (Unweighted Pair-Group Methodfragment were used in the sequencing reactiond€13b

Table 2. Primers used in the 16S rDNA sequencing reactions.

Primers Sequence 553’ Reference

Y1 TGGCTCAGAACGAACGCTGGCGGC 26
Y2 CCCACTGCTGCCTCCCGTAGGAGT 26
Y3 CTGACCCCACTTCAGCATTGTTCCAT 12
16S362f CTCCTACGGGAGGCAGTGGGG 21
16S786f CGAAAGCGTGGGGAGCAAACAGG 21
16S1203r GAGGTGGGATGACGTCAAGTCCTC 21
16S1110r TGCGCTCGTTGCGGGACTTAACC 21
16S805r GACTACCAGGGTATCTAATCCTG 21

The sequences obtained for Amazon isolates wekéethylobacterium spS658 (AY904733),Azorhizobium sp
deposited in the GenBank and gained accession nmsmbgAY904783), Mesorhizobium ciceri(EF611374),Rhizobium
(Table 1). The sequences of the following type esfdrence tropici (U89832),Sinorhizobium melilot{Ensife) (X67222),
strains were used for phylogenetic comparisorBurkholderia sp S6166  (AY904767), Rhizobium
Bradyrhizobium sp S6163 (AY904764)Bradyrhizobium sp leguminosarum (U29386), Rhizobium etli (U28916),
BR3267 (AY649439), Bradyrhizobium yuanmingense Agrobacterium rhizogenegD14501), Sinorhizobium fredii
CCBAU1007T (AB509380), Bradyrhizobium sp BR3287 (Ensife) (X67231), Mesorhizobium loti(X67229, Klebsiella
(AY649442),B. betaePL7HG1 (AY372184.1),B. japonicum sp.(HQ264076) andnterobacter sp(FN433019).

S6002  (AY904743), B. liaoningense USDA3627 The sequence alignment was done using the Clustal W

(AB510000),B. canariensBTA-1" (AJ558025)B. japonicum (23) and manually edited using the Bioedit packé)e The
USDA 6" (U69638), B. japonicumS5079 (AF2344888)B. cladograms were constructed by Neighbor-Joininghow{20)
elkanii S587 (AF234890)B. elkanii S6175 (AY904771)B. with the Kimura-2-parameter model (9) and were bwwapped
elkanii USDA76' (U35000), B. elkanii S662 (AY904734), using the software programs in the MEGA 3.1 packédy.
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The numbers, in the cladograms indicate how manggieach

sequence grouped in determined position duringtiadysis.

RESULTS AND DISCUSSION

In this present work, a study about the genetiemity
and phylogenetic positioning of rhizobia was doment a
collection of 188 Amazon isolates. They were clesleinto
forty morphological and cultural groups (data nodwn). The
number of isolates from each studied area wasrd@f hative
forest, 31 from 18 years old reclamation area,r8thf5 years
old reclamation area, 34 from 5 years old reclaomatirea
enriched with native species, 29 from polycultunel 80 from
monoculture.

The genetic characterization for the Amazon isslatas
done by ARDRA

representatives of twelve cultural groups were ehdsom a

technique and twenty one
dendrogram based on their morphological
characteristics (data not shown). The origin, mohpgical and
cultural characteristics of the isolates analyzgdARDRA is
described on Table 1. The restriction profiles gsialobtained

for all the Amazon isolates with the enzymdsp and Ddd

Rhizobia isolates from Amazon soils

genotypically highly related (24). The ARDRA methbds
efficiency in genetic characterization and diversitudy of
rhizobia (30, 2) and it was corroborated by oursuits since
the isolates from the same cultural group, for exam
(BR3306 and BR3309), (BR3307 and BR3310) and (BR335
BR3316 and BR3336) were separated into first armbresk
subgroups (Figure 1). It means that genetic dityersias
detected by ARDRA technique, although it is notafa able
to separate species that are closely related (8. réstriction
profiles obtained with the three enzymdiafl, Mspl and Dde
pointed differences among the reference isolateschwh
separated the Amazon isolates from tBeadyrhizobium
japonicum (BR33) with 70% of similarity and from the
Bradyrhizobium elkanii(BR29, BR96, BR2001) strain with

50% of similarity (Figure 1). There was no relagbip

isolatebetween the ARDRA groupings and the origin of #wdtes as

observed by others authors (30). A fast-growinglaigo

and cdlturéBR3304) that changes the pH of the medium to alkalvas

also related t®radyrhizobium
The 16S rRNA gene sequencing, which is widely Used
molecular phylogeny of rhizobia (15), was chosera agcond

strategy to better evaluate the diversity and pistetic

were the same butlinfl detected differences that separategbositioning of Amazon isolates. At this point, sixthree

them into three subgroups. Isolates that had ida&intDNA

genotypes did not display similar phenotypic chemastics (3)
and it was corroborated by our results. In the degichm
(Figure 1), the first subgroup of Amazon isolateseambled 16
isolates from 10 cultural groups with 100% of samitly; the

second grouped 4 isolates from 4 cultural groupsy avith

100% of similarity and the third was composed byyamne

isolate.

Despite the 16S rRNA gene is efficient to defin@maya
because it is conserved but have variable regibrigs also
limitations to identify species, due to possiblewtcence of
genetic recombination and horizontal gene trangi®). In

addition, when the sequences of 16S rDNABofiaoningense

isolates representative of the forty cultural gmudpm the
collection were selected from a dendrogram baseduttaral
characteristics (data not shown). The 16S rDNA fritrase
isolates was amplified using Y1 (26) and Y3 (12)manrs,
which allowed the amplification of almost complgene: 1380
bp for the fast-growing and 1440 bp for the slowwgng after
trimming low quality regions. Although the PCR puots were
sequenced successively in both directions, usingy¥land
more six different primers (Table 2), thirteen &ek were not
several reactio

completely sequenced after sequence

Therefore, fifty isolates, representatives of twergeven
cultural groups, were sequenced and then usedyilogdgnetic

analysis. The origin, morphological and culturahidcteristics

andB. japonicumwere compared, it was revealed that althougbf the fifty isolates analyzed by sequencing weescdibed

these bacteria are phenotypically different

theye arTable 1).
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Figure 1. UPGMA dendrogram, constructed from ARDRA profitdsboth, the 16S rRNA gene of Amazon isolates aference

strains ofBradyrhizobium Scale bar indicates percentage of Jaccard sityitarefficient.

The fast-growing isolates (BR3304, BR3337 and BR335sp.  (15) with a bootstrap value of 74 and close to
had high similarity withBradyrhizobium corroborating the Bradyrhizobiumtype strains and reference isolates (Figure 3).
ARDRA analysis (Figure 2). In the literature, theGenetic diversity of the 16S rRNA was detected agntre
Bradyrhizobiumisolates have shown slow-growing or fastAmazon isolates and the subgroups based on seqgeneire
growing characteristics (22, 3). formed by isolates that are not identical in relatito their

The 16S rRNA sequences of others fast-growing tesla morphological and cultural characteristics. In #ddj the
(Figure 2) showed similarity witEnterobacter sp.Rhizobium comparison of sequencing results to those obtaibgd
sp. andKlebsiella sp.and it corroborates the results obtainedRDRA, showed that the isolates clustered in thenesa
before (7) that showed similarity of the 16S rDNégeences subgroup of ARDRA analysis (Figure 1), were sepatdly the
of fast-growing isolates from root nodulesArfichis hypogaea clustering of 16S rRNA sequences (Figure 3). Ttesoa for
with Pseudomonaspp.,Enterobacterspp andKlebsiellaspp  this is that the ARDRA analysis is based only ia pgresence
The authors defended the idea that these isolatese wor absence of restriction sites inside the geneilewthe
opportunistic bacteria that colonize nodules inducky sequencing compares all the bases of the sequatigesed.
rhizobia. There was no relation between the sequencing gngepand

The 16S rRNA sequences of the Amazon isolates sthowthe origin of the isolates as observed in the ARDRALlysis.
they form a cluster with SEMIA 6163 isolated frofxcacia The BR3267, from semi-arid area of Pernambuco state

mearnsiiin Brazil, and previously classified Bsadyrhizobium and actually recommended as cowpea inoculants waged
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with B. yuanmingenswith a bootstrap of 84, which could begenera were separated as outgroups.

an indication of its classification. This isolateasvclassified A fact that should be considered is that many gseof
before asBradyrhizobium sp.but it was not compared 8. Bradyrhizobiumhave divergences of 16S rRNA sequence that
yuanmingense(31). B. yuanmingensds one of the main varies from 0.1 to 2% (25) and it was more difficid show
rhizobia associated wittfigna unguiculatg29). The reference the genetic diversity among them since this geogiged poor
isolates BR3287Bradyrhizobium spfrom Cerrado soils (31), resolution at the species level of this genera.seming a
B. betae type strain, SEMIA 6002 B. japonicumy from report that combined the sequencing of 16S rRNA aier
Zimbabwe (15)B. liaoningenseand B. canariensewere also gene to improve the knowledge of rhizobia clasatfan (18),
separated. The reference isolate S5079 clusteréd Bi it is not possible to affirm that the Amazon isektare new
japonicumtype strain with a bootstrap of 89 and S587, S61&pecies. Additional studies using different genesl/ar a
and S662 clustered witB. elkanii with a bootstrap of 99 genomic approach are necessary to better chametérese

corroborating their previous classification (15)Il Aother isolates.

o5 [——— Rhizobium leguminosanm (U23386)
100 e Rhizobium et (U28316)
Agrobactenum rhizogenes (D14501)
- —l Rhizobium tropici (U89632)
BR3335
o — Sinorhizobium fredl (X6T231)

sl Sinodizobium melifoti (X67222)
— Mesorhizobum cicen (EF611374)

00— Mesorhizobium loti (X67229)
B elkanw USDATET (LES000)
8 japonicum USDAET (L69638)
BRI304
= BR33S52

53 BR333T

oo [ BR33ST

L Uncultured Kisbsisila sp (HQ264076)

BR3341
Entercbacter sp (FN433013)
BR3362

o BR3358
e I

Figure 2: Neighbor-joining tree obtained using Kimura-2-paeter distances based on 16S rRNA sequences daist-gfrowing

100

[
e

isolates from Amazon soils and rhizobia referericarss.

688



Silva, F.V.et al.

if

T4

.

Rhizobia isolates from Amazon soils

BRI130

BR232

BR333F

BR2336

Bradyrlzobiurn sp SERIAGIOF (A Y704
Brebyhizobivm BRIZTT (AYOLRL30)

E. yuanmingense COBALHOOTIT (ABSOORET
Bredyhizobium BRIZET (A V040D

B betse FLTHGTT (AYITIT5L)

B. japonicum S6002 (A YPOL7LS)

B. F¥aoningense LSDAI0ZIT (AES10000)
B. canariense BTA-TT (AJS558025

B. japonicum LSDA OT LAAM5E

B. japonicum SS070 (AF234588)

B ofianl 5587 (AF234800)

B. akanl 6175 (A Y0771

B sliany LSDATIT [LEsm00

B alrant SH62 (AYDRTIA
Methylabacierum 5p SO58 (A Y0473
Arorizobium 5p 50407 (A YOO4TET)
Mesomizobium cicar [EFST1374
Fntzobium tropicl (LIBRaES)
Sincriabivwm mellall (XEr222)

Buk hoidara 5p 50100 (A YGOL787)

Figure 3. Neighbor-joining tree obtained using Kimura-2-paeter distances based on 16S rRNA sequences diataiés from

Amazon soils and rhizobia reference strains.
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