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ABSTRACT. In DNA microarray experiments, the gene fragments
that are spotted on the slides are usually obtained by the synthesis of
specific oligonucleotides that are able to amplify genes through PCR.
Shotgun library sequences are an alternative to synthesis of primers for
the study of each gene in the genome. The possibility of putting thou-
sands of gene sequences into a single slide allows the use of shotgun
clones in order to proceed with microarray analysis without a completely
sequenced genome. We developed an OC Identifier tool (optimal clone
identifier for genomic shotgun libraries) for the identification of unique
genes in shotgun libraries based on a partially sequenced genome; this
allows simultaneous use of clones in projects such as transcriptome

Genetics and Molecular Research 6 (4): 743-755 (2007) OFUNPEC-RP www.funpecrp.com.br



M.E. Cantdo et al. 744

and phylogeny studies, using comparative genomic hybridization and
genome assembly. The OC Identifier tool allows comparative genome
analysis, biological databases, query language in relational databases,
and provides bioinformatics tools to identify clones that contain unique
genes as alternatives to primer synthesis. The OC Identifier allows anal-
ysis of clones during the sequencing phase, making it possible to select
genes of interest for construction of a DNA microarray.

Key words: Optimal clones, Bioinformatics tool,
Comparative genomic hybridization, Gene expression,
DNA microarray, Genomic shotgun libraries

INTRODUCTION

Simultaneous analysis of multiple genes makes it possible to evaluate a group of func-
tionally active genes in specific experimental situations. Such analysis can also be used to de-
termine the complete genetic profile of a microorganism or to distinguish one microorganism
from others in a large group in a single experiment. DNA microarray technology applied to
random genome fragments overcomes the disadvantages of complete DNA-DNA genomic hy-
bridization. Hence, another application for DNA microarray analysis is comparative genomic
hybridization (CGH), which has been increasingly adopted by a number of researchers. This
technique has not only been used in bacteria; Watanabe et al. (2004) were successful in com-
paring strains of yeast using an array with 6000 genes of Saccharomyces cerevisiae S288C,
obtaining information on the determination of species based on alterations in the number of
gene copies.

To adequately develop microarray technology, it is important to have a definition and
specific genes in the microarray. Usually, the genetic fragments used in DNA microarray ex-
periments are obtained from completely sequenced genomes (Koide et al., 2004). The gene
fragment placed on the slide is a product of the PCR reaction with the specific primer of the
desired genes.

A DNA microarray analysis was made of two strains of the Xylella fastidiosa bacteria,
one phytopathogenic and the other not, with 2692 sequences ranging in size from 200 to 1000
bp, created as PCR products through the design and synthesis of primers (Koide et al., 2004).
The primers were designed and synthesized based on the completely sequenced and annotated
genome of X. fastidiosa, lineage 9a5c (http://aeg.lbi.ic.unicamp.br/xf). Synthesizing primers is
very expensive, and the complete sequencing of an organism’s genome requires considerable
financial investment. The genome was completely sequenced, 94.5% (2692) of the 2848 codi-
fying sequences were used to create the DNA microarray (Koide et al., 2004). In this approach
towards the construction of a DNA microarray, it is necessary to obtain a pair of specific prim-
ers for each gene, resulting in high costs.

Shotgun library sequences are an alternative to synthesized primers for the study of
all the genes in the genome. With this approach (shotgun clones), there is the advantage of
proceeding with microarray analysis without the need for a sequenced genome, which is useful
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for the analysis of gene expression. We used a microarray containing random DNA sequences,
obtained from shotgun libraries. The RNAs transcribed on the cells under different experimen-
tal conditions were extracted and hybridized against the sequences from the clones of the DNA
microarray. Throughout this process, only the clones containing differentiated expression in
each experiment were sequenced.

This methodology was used with Erwinia chrysanthemi 3937 (Okinaka et al., 2002),
with the aim of identifying regulatory growth genes in host plants, which were compared in the
growth medium through a microarray containing roughly 5000 random clones, each with an
approximate size of 3 kb. After hybridization, 89 clones were selected by statistical analysis.
These clones were sequenced and the data analyzed using the BLAST program (Altschul et al.,
1997), using BLASTX and BLASTN for the query. Many clones were completely sequenced by
sequential primer walking; the selected clones contained from two to four open reading frames
(ORFs). To determine which were the regulatory ORFs, 59 regions of interest in the clones were
amplified using PCR and a new DNA microarray was created for analysis. This new DNA micro-
array contained individual ORFs, with sizes ranging from 0.4 to 1.6 kb. Since clones can contain
various ORFs, the microarray is inappropriate for analysis by CGH. If the DNA microarray is to
be used for new analyses of transcriptomes, all the sequencing steps and new hybridizations will
be necessary, due to the fact that it is not possible to know which genes make up the microarray.

We developed an alternative to synthesized primers and sequencing of the hybridized
clones, by developing a bioinformatics tool that allows us to determine clones with unique
genes (optimal clones), based on shotgun sequencing results. These clones are an alternative to
primer synthesis to isolate each gene in the genome, allowing production of a DNA microar-
ray in which it is known beforehand which genes are present on the slide. This avoids repeated
genes in the microarray.

Based on a partially sequenced genome, the optimal clone (OC) Identifier tool, along
with comparative analysis of genomes and annotation, identifies clones containing unique
genes to set up the microarray, with the advantage that one can use the same slide to develop
an analysis of gene expression and phylogeny by CGH. The OC Identifier tool has been used
to select clones in a genomic library of Bradyrhizobium elkanii SEMIA 587. These sequenced
clones were used for partial genome assembly of B. elkanii and to produce a microarray with
known genes. This partial microarray was used to determine gene expression of B. elkanii
during symbiosis with soybean (Glycine max) plants; it is involved in the nodulation of plants
and biological fixation of nitrogen (Prado AL, personal communication, 2004). Moreover, the
same microarray was used in CGH comparative studies between B. japonicum, B. elkanii and
Rhizobium etli (Dall’ Acqua WR, personal communication, 2004).

The use of the OC Identifier tool allowed concomitant analysis of the same shotgun
genome sequences in three different biological projects. The sequences used in the projects gave
successful results, allowing genes of interest to be selected to make up a DNA microarray; these
genes were identified in a partial genome sequence, avoiding the additional costs of sequencing.

MATERIAL AND METHODS

The OC Identifier tool uses the programming language Perll (www.perl.org) and the
relational database system MySQL (www.mysql.org). It uses the bioinformatics tools: ORF
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Finder (Rombel et al., 2002) and Glimmer (Delcher et al., 1999), software used for gene pre-
diction; Phred (Ewing et al., 1998), software used to assign a quality value to each base (phred
quality); Phrap (http://bozeman.mbt.washington.edu/phrap.docs/phrap.html), a program for as-
sembling shotgun DNA sequence data; Consed (Gordon et al., 1998) software for viewing the
sequence assemblies; tRNAScan-SE (Lowe and Eddy, 1997) software for detection of tRNA
genes in genomic sequence, and the BLAST tool (Altschul et al., 1997) for sequence alignment
and comparing biological sequence information.

The main steps of the OC Identifier are described in Figure 1. The first step is the
sequencing of the genome, which has as its ultimate aim analysis of gene expression, phyl-
ogeny by CGH and assembly of the genome simultaneously. The OC Identifier is split into
three phases:

1. Selection of the sequences, assembly of the genome and filling in the sequences
in the Bank (letters A, B, C in Figure 1). In this phase of the project, the following
activities are carried out:

- Verification of the phred quality for each sequence.

- Removal of clones containing only sequences of vectors (pUC18 and pUC19 plas-
mids DNA) and sequences less than 150 bp with phred quality >20.

- Assembly of the genome using the softwares Phrep/Phrap/Consed.

- Removal of the sequences that present assembly problems.

- Filling in the clones, contigs and their descriptions in the database.

2. Comparing the sequences against the NCBI banks (GenBank - http://www.ncbi.
nlm.nih.gov) and RFAM (http://rfam.wustl.edu) and using the program BLAST to
identify genes and RNA. In this phase, we also performed identification of tRNA
using the software tRNAScan-SE (letters D, E, F in Figure 1). The following activi-
ties were carried out:

- Analysis of output files from BLAST using the banks GenBank and RFAM to
identify ORFs and RNAs using parameterized values.

- Analysis of the output files from tRNAScan-SE identifying tRNA.

- Filling in the identified ORFs, RNAs, and tRNAs in the database.

3. Identifying and selecting the optimal clones, annotating the ORFs using an an-
notation system with distributed processing, and comparing the sequences against
biological databases (letters G and H in Figure 1).

The following is a brief description of the activities and their respective modules:

A) Sequencing of the genomic DNA of the bacteria B. elkanii SEMIA 587 using a
shotgun library.

B) Removal of clones containing sequences of the vectors (pUC18 and pUC19 plas-
mids DNA) and low-quality phred sequences, followed by genome assembly using
the softwares Phred/Phrap/Consed.

O) Filling in and classifying the clones and contigs in the database.

D) Comparison of all the clone and contig sequences with the local RNA sequence
bank using the BLAST tool (Altschul et al., 1997). The software tRNAScan-SE is
used for the identification of tRNAs (Lowe and Eddy, 1997).

E) Comparison of all clones and contig sequences with the protein sequence databank
(Genbank) using the BLAST tool.
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Figure 1. Sequences of steps used in the project of genome assembly and clone selection. ORFs = open reading frames.

F) Analysis of the output file from BLAST using parameterized values. These val-

ues are generated by aligning the sequences of clones and contigs (e-value, score,
identities, etc.). The regions of the sequences that obtain hits (alignment) will have
their initial and end positions selected, as long as their attributes meet the minimum
parameters of selection, while the sequences with no hits will be analyzed later
by the gene prediction software Glimmer (Delcher et al., 1999) or by ORF Finder
(Rombel et al., 2002).

G) Identification of the clones containing unique genes for the construction of a DNA

microarray. After identification of the ORFs, RNAs and tRNAs present, the next step
is identifying which clones contain the unique genes to make up the DNA microarray.
This module is the one responsible for clone selection dynamics, supplying the neces-
sary resources so that even if the clones are only partially sequenced, we can identify
their genes. In this module, the main supervised technique is that of clone selection using
a decision tree (Ankerst et al., 2000). The decision tree classifier is one of the possible
approaches to multistage decision making. The basic idea involved in any multistage ap-
proach is to break up a complex decision into several simpler decisions, hoping that the
final solution resembles the intended desired solution (Safavian and Landgrebe, 1991).
In the tree, each node represents a group of data and each branch represents a question

Genetics and Molecular Research 6 (4): 743-755 (2007) www.funpecrp.com.br



M.E. Cantdo et al. 748

answered by the data, as shown in Figure 2. The decision tree rules were particularly de-
veloped to supply the requirements of this project, based on previous analysis of feasible
situations of the clones and their ORFs.

Figure 2. Decision tree.

H) Annotation of the identified ORFs using an annotation system with distributed process-
ing. The annotation of the ORFs has the objective of identifying which genes are present
in the selected clones, as well as identifying potential ORFs that were incorrectly iden-
tified. These analyses are conducted by comparing the ORF sequences against others
from biological databases, using an annotation system with distributed processing. In
this system, all sequences are submitted via the websites of databanks found on the in-
ternet, with the aim of using processing of the servers of the remote banks, and storing
only the results in the local databank. The advantage of this system consists of using the
processing from the servers available on the internet, avoiding the need to install search
softwares in a local computer and thereby decreasing the total processing time, avoid-
ing the need for large-scale computers for storage and processing.

The annotation of the identified ORFs can be conducted after hybridization and analy-
sis of the images from the microarray, selecting only those clones that exhibit good results for
annotation. This annotation after hybridization aims to analyze only those clones that show
interesting results, avoiding the waste of time associated with analyzing thousands of clones
on the slide.

The distributed annotation of these ORFs is compared to the following public biologi-
cal databases:

BLOCKS - http://blocks.thcre.org/blocks/blocks search.html
COG - http://www.ncbi.nlm.nih.gov/COG

ECOCYC - http://ecocyc.org

KEGG - http://www.genome.jp/kegg

PFAM - http://www.sanger.ac.uk/Software/Pfam

PROFILES - http://myhits.isb-sib.ch/cgi-bin/motif scan
SWISS-PROT - http://br.expasy.org/sprot

PROSITE - http://us.expasy.org/prosite

GENBANK - http://www.ncbi.nlm.nih.gov
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Identifying optimal clones

In the searches to identify clones containing unique genes, only those that meet the
parameters of the searches will be selected. Analysis for a few ORFs and clones can be con-
ducted by hand, but when the number of clones, contigs and ORFs increases, manual analysis
becomes unfeasible. One way of automating the clone analysis process is by organizing them
into classes. Each class can be composed of a group of clones that share common traits; later,
rules can be made for the analysis of each class. Throughout this process, specific rules can be
created for the analysis of each group of clones.

The algorithm for the selection of optimal clones executes the analysis of all the clones be-
longing to the classes in an automated way, selecting the best clone for each situation and selecting
only those that satisfy the parameters chosen for the search. One example of classification and rules
used in the analysis can be seen in Figure 3, where the sequence clones after genome assembly were
divided into two classes: (C) sequences of clones inside the contigs, and (S) sequences of clones
outside the contigs. These rules are illustrated in the decision tree shown below.

®

Figure 3. Decision tree showing the possible situations of clones and their open reading frames. Each tree contains
a group of clones in a specific condition: Both clone sequences are outside the contigs (Figure 3A). Both clone
sequences are situated on different contigs (Figure 3B). One clone sequence is inside the contig and the reverse
sequence is located outside the contig (Figure 3C). Both sequences are located inside the same contig (Figure 3D).

One example of the analysis conducted using the OC Identifier algorithm is described
below and is illustrated in Figures 3A and 4, 3B and 5, 3C and 6, and 3D and 7:

e Clones belonging to class (S), both sequences outside the contig (Figure 3A).

A - Both sequences of clones generated by forward and reverse primers are located
outside the contig.

B1 = Both sequences of clones contain one or more identified ORFs.
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C1 - If each sequence of the clone contains one identified ORF and the ORFs are the
same, the clone contains a unique gene.

C2 - If each sequence of clones contains one identified ORF and the ORFs are differ-
ent, the clone has two genes.

C3 - One sequence of the clone generated by the primer contains one identified ORF,
and another sequence of the clone contains two identified ORFs. If, among the three identified
OREFs, two are the same, the clone has two genes.

B2 - Only one sequence of the clone generated by forward or by reverse primers
contains identified ORFs.

C4 - One sequence of clone contains one identified ORF. If, after additional analysis
of another sequence of the clone no ORF is found, the clone contains a unique gene.

C5 - One sequence of clone contains two identified ORFs. If, after additional analysis
of another sequence of the clone no ORF is found, the clone has two genes.

50 A ORF 1 740 580 ORF1 A’ 90
1 > -~ —]1

750 b 600 b

Gap

Figure 4. The sequences of clone “A” are outside of the contig. Each sequence of clone contains one identified open
reading frame (ORF). After being analyzed, it was observed in this case that it was the same ORF. Even though there
was a gap between the sequences, it was possible to identify that the clone contains a unique gene.

e Clones belonging to class (C), both sequences in different contigs (Figure 3B).

D - Both sequences of clones generated by forward and reverse primers are found in
different contigs.

E1 = The sequences of clones contain identified ORFs in both contigs.

F1 = If each sequence of the clone inside the contig contains one identified ORF and
the ORFs are the same, the clone contains a unique gene.

F2 - If each sequence of the clone inside the contig contains one identified ORF and
the ORFs are different, the clone has two genes.

F3 - One clone sequence inside the contig contains one identified ORF and another
clone sequence inside of another contig contains two identified ORFs. If, among the three
ORFs identified, two are the same, the clone has two genes.

E2 - Only one sequence of contig contains identified ORFs.

F4 - One identified ORF in the sequence of the clone inside the contig. Hence, this
clone contains a unique gene, if, after additional analysis in another sequence of contig, no
OREF is found.
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Figure 5. Clone “B” will be the optimal clone selected in the three situations in which the clone may appear; (I)
internal, beginning and ending in one open reading frame (ORF); (I/E) internal and external, beginning in one ORF
sequence and ending outside of it; (E) external and external, beginning and ending outside of the ORF sequence.
The tool gives support to identify whether the ORF from “contig 5” is a new ORF or the continuation of the ORF
from “contig 1”.

e Clones belonging to classes (C) and (S), one sequence within the contig, and an-

other sequence outside it. Figure 3C.

G > The sequences generated by forward and reverse primers can be found in the
contig and outside of it.

H1 - The clone contains identified ORFs in the sequence inside the contig and out-
side of it.

I1 = One identified ORF in the sequence of clone inside the contig and one identified
OREF in the sequence of clone outside it. If the identified ORFs are the same, the clones contain
a unique gene.

12 = One identified ORF in the sequence of clone inside the contig and one identified
OREF in the sequence of clone outside it. If the identified ORFs are different, the clone has two
genes.

I3 = One sequence of the clone located inside or outside the contig contains one iden-
tified ORF, and another sequence of the clone contains two identified ORFs. If, among the three
ORFs identified, two are the same, the clone has two genes.

H2 - The sequence of the clone located in the contig or outside of it contains identi-
fied ORFs.

I4 > One identified ORF in the sequence of contig. If, after additional analysis of the
sequence of the clone outside the contig no ORF is found, the clones contain a unique gene.

I5 = One identified ORF in the sequence of clone outside the contig. If, after addi-
tional analysis in the sequence of contig no ORF is found, the clone contains a unique gene.

¢ Clones belonging to class (C), both sequences internal in the same contig. Figure 3(D).

J = The sequences generated by forward and reverse primers are found in the same contig.

K1 - The sequence of the clone begins and ends in the internal region of the same
ORF, hence, the clone contains a unique gene.

K2 - One sequence of the clone generated by a primer begins in the internal region
of an ORF.
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Figure 6. The optimal clone selecting open reading frame 1 (“ORF 17) is represented by the letter “B”. The “B”
clone contains one ORF in the sequence of the “Contig 20”, and one outside of it. The tool gives support to identify
whether the ORF in the sequence of the clone outside the contig is new or a continuation of the ORF in the contig.

L1 -> If another clone sequence generated by another primer begins in the region with
no identified ORF, the clone contains a unique gene.

L2 - If another sequence of the clone begins in the region with one identified ORF,
the clone has two genes.

K3 - The sequence of the clone begins and ends outside of an identified ORF.

L3 - If the beginning sequences generated by the primers contain only one identified
OREF, the clone contains a unique gene.

L4 - If the beginning sequences generated by the primers contain two identified
OREFs, the clone has two genes.

L5 = If the beginning sequences generated by the primers contain more than two
identified ORFs, the clone has more than two genes.

For all analyses, the ORFs and the clones are evaluated using the parameters chosen for
the searches. The algorithm checks each clone for results that fit into the existing possibilities,
making this process automated, and that is repeated for each clone in the project. The algorithm
was developed based on the classical computing solution, in which the rules were pre-established

ORF 1 ORF 2
1 100 800 910] J1590 | 2000
- | 240 960 i » E 1600
S0 i 2 850 1450 | G
60 b J ;
7 € ¢ —= \74? 1150 220D F ] 1960
750 | = = » D' > ?

Figure 7. In open reading frame 1 (“ORF 17), the optimal clone is represented by the letter “B”, and its sequence
begins and ends outside the ORF. The best chances of selection in “ORF 2” are represented by the letters “E” and
“F”. The sequences of clone “E” begin and end in the internal region of the same ORF, while in clone “F” the
sequences are found inside and outside the ORF.
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in a decision tree. Herewith, all the alternatives are pre-defined and are all tested automatically,
according to the parameters of the situations illustrated in Figures 4, 5, 6, and 7.

RESULTS AND DISCUSSION

Based on the sequencing of shotgun libraries of the genomic DNA of the bacteria
B. elkanii SEMIA 587, we obtained 16,016 reads with selected fragment sizes ranging from
0.6 to 1.6 kb. Among these, 4895 reads were extracted from the assembly because they
presented some problems, such as: sequences of less than 150 bp with an average quality
>20, when analyzed by the software phred; vector sequences, and discrepancies in assembly.
Consequently, we used 11,121 reads in the assembly of the partial genome, of which 10,176
had a region that was greater than 400 bases with an average phred quality >20, resulting in
a percentage above 91%.

The assembly produced 2522 contigs, composed of 8043 reads, which corresponds to
approximately 2,470,000 sequenced nucleotides, and 3078 singlets, corresponding to approxi-
mately 1,460,000 sequenced nucleotides. With the sum of the nucleotides from all contigs and
singlets, corresponding to the sequence regions with an average phred quality >20, we obtained
approximately 3,930,000 sequenced nucleotides, which presented an average GC content of
62.9%. In comparison, the genome of the bacterium B. japonicum USDA 110 (Kaneko et al.,
2002), a bacterium of the same genus as the one used in this study, contains 9,105,828 nucleotides
contained within a circular chromosome, which present an average GC content of 64.1%. There-
fore, it can be estimated that approximately 43% of the genome of B. elkanii was sequenced. Us-
ing the sequences from the reads and contigs when compared and analyzed against the genomic
database, 8317 genes were obtained (Kaneko et al., 2002). Therefore, the approximately 3250
genes identified in B. elkanii correspond to around 39% of the genes identified in B. japonicum.

The OC Identifier selected clones containing unique ORFs and clones containing
different ORFs for each sequence of the clones. These selected clones were used to create
a DNA microarray. The ORFs were identified by comparison of the sequences with Gen-
bank using the BLAST tool and the gene prediction software Glimmer to identify exclu-
sive genes in the B. elkanii genome. All pre-selected ORFs were compared again to eight
other banks: BLOCKS, COG, ECOCYC, KEGG, PFAM, PROFILES, SWISS-PROT, and
PROSITE. The aim of this comparison was to validate the selected ORFs and to identify
the potential genes in each clone. This annotation can be conducted after hybridization and
after analyzing the images in the microarray, analyzing only the clones that hybridized in
order to validate the experiment.

This approach to the selection of clones that contain genes was used to create a DNA
microarray with 2654 clones used in transcriptome analysis of the genes involved in the me-
tabolism of B. elkanii, cultured in a lab and found symbiotically associated with soybean plants
(Glycine max) and presumably involved in the biological fixation of nitrogen (Prado AL, personal
communication, 2004). A brief summary of the results obtained in the study is described below.

The comparison of the level of expression between the two symbiotic forms of B. elkanii
SEMIA 587 was analyzed using the statistical tool SAM (significance analysis of microarrays)
(Tusher et al., 2001). After hybridization analysis, 129 genes were obtained with significant ex-
pression (63 for bacterioids and 66 for the bacterial form).
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This first result allowed us to conclude the following:

- When we evaluated expression of SEMIA 587, in the free life form, it presented

genes principally responsible for energetic metabolism and cellular processes;

- Inthe case of the bacterioids, we observed gene expression directly related to sym-

biosis and to the survival of the bacterioid in the nodule.

The same microarray was also used in the comparison between B. japonicum, B. elkanii
and R. etli by CGH (Dall’Acqua WR, personal communication, 2004). A brief summary of the
results is described below.

After hybridization analysis, 606 genes were found to share DNA similarities among
the three species. Of the 606 genes that share DNA similarities with the three species, 252 (or
41.6%) presented similarities only between B. japonicum and B. elkanii, and none presented
similarity with R. et/i; 66 genes (or 10.9%) presented genes that were exclusive to R. et/i and
B. elkanii; 288 (or 47.5%) presented genes in the three species simultaneously.

This second result allowed us to conclude the following:

- These data show the efficiency of the CGH technique, as B. japonicum and B. elkanii

are genetically closer, and belong to the same genus, when compared Young et al.,
2001; to B. elkanii and R. etli, which are from two different genera of the family
Rhizobiaceae (Young et al., 2001; Kaneko et al., 2002).

CONCLUSIONS

The use of the OC Identifier tool gave satisfactory results, allowing clones from the shotgun
genomic library to be used simultaneously in three different projects, and developing analysis with a
partially sequenced genome. The use of this tool in conjunction with comparative genome analysis,
biological databases, database query language, and bioinformatics tools allowed the identification of
clones containing unique genes as an alternative to primer synthesis. The OC Identifier tool allowed
clones to be analyzed during sequencing, making it possible to select genes of interest to create a
DNA microarray. Knowing which genes exist in each clone permits us to avoid additional sequenc-
ing costs, reducing wasted time and resources in the future. Some examples of optimal clone selec-
tion using the OC Identifier tool can be viewed in the website http:/lbmp.fcav.unesp.br/OC.

The next version of this tool will be developed using process algebra, with the aim of
improving the quality and the flexibility of the computing code, making searches and analyses
of the clones more efficient. This new version will be used in the selection of clones to create
a DNA microarray containing 90% B. elkanii genes for transcriptome analyses, phylogeny by
CGH technique between the organisms A. caulidonans, B. elkanii, B. japonicum, M. huakuii,
R. leguminosarum, and S. meliloti, and in the assembly of the B. elkanii genome for the next
project conducted by the Biochemical Laboratory of Plants and Microorganisms at UNESP/Ja-
boticabal (http:/Ibmp.fcav.unesp.br).
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