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ABSTRACT:
Comparative genomics of whole genome data of different taxa has led to the suggestion that the process of gene
transfer is a more influential evolutionary mechanism in the evolution and distribution of GDH genes. GDH
sequences were identified and sequences from the four different classes of the enzyme as queries. The amino acid
sequences were aligned and clearly aligned regions were removed. Protein maximum likelihood bootstrap values
were calculated by analysis of re-sampled datasets using the default parameters followed by total rearrangements of
each replicate. The phylogenetic distribution pattern of the gdh genes have showed that all classes of gdh genes have
been found in eubacteria, gdh4 have been found in eukaryotes while only gdh2 have been found in archea. The
correlation between eubacterial phylogeny and distribution of gdh genes indicates that a gene transfer must have
played a significant role in the evolution of this gene family. The gdh1 and gdh2 phylogenetic analyses strongly
indicate gene transfer in evolution of gdh gene in proteobacteria. The phylogenetic analysis fails to support the
distribution of gdh gene in archaea by simple evolutionary process. The phylogenetic reconstructions of gdh1 and
gdh2 in combination with the phylogenetic analyses provide strong support for multiple inter and intra domain gene
transfer in eukaryotes and lead present occurrence of gdh genes among different taxa.
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INTRODUCTION
Glutamate dehydrogenase (GDH) is an enzyme,
present
in
most
microbes
and
the mitochondria of eukaryotes, as are some of the
other enzymes required for urea synthesis, that
converts glutamate to α-ketoglutarate, and vice
versa. Glutamate dehydrogenase enzyme is very
diverse and can be divided into four distinct

classes. GDH-1 and GDH-2 are small hexameric
enzymes with a broad taxonomic distribution [1,
2]. Previously GDHs have been found only in
fungi and protists, function in glutamate
catabolism. The evolution and distribution of
GDH among different taxa is thought to be
occurred by the certain evolutionary events.
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Lateral gene Transfer emerged as a potentially
important evolutionary mechanism in evolution of
GDH. With the availability of more and more
genomic sequences from eukaryotes become
available and new insight provided by technology
and researcher across the world involving many
different lineages have indicated LGT as a
potentially important evolutionary mechanism also
in eukaryotic organisms. In eukaryotes there is two
types of gene transfer one involves the transfer of
genes from the organelles to the nucleus of the
eukaryotic cell (endosymbiotic gene transfer) and
LGT between unrelated species. In eukaryotes
endosymbiotic gene transfer is widely accepted as
an important source of genetic material [3]. In
determining the phylogenetic relationships among
domains of life, transfer of genes between
organisms, and the bringing together of different
genomes into a single organism, remain important
evolutionary factors. Lateral gene transfer (LGT)
is always been considered to be significant
evolutionary mechanism in prokaryotic genome
evolution. It may be the most important
mechanism for evolutionary innovation in
Eubacteria and Archaea [4, 5]. Eukaryotes are less
studied for occurrence of LGT as compared to the
prokaryotes because of the lack of complete
genome sequences. There are several cases of gene
transfer between prokaryotes and eukaryotes have
been recorded. Recently it has been reported that a
number of transfers involving prokaryote toeukaryote direction, and also between different
eukaryotic lineages [6, 7, 8]. Finally, enzymes of a
fourth class have been discovered in Eubacteria
[9]. Phylogenetic analyses in a more recent study
were unfortunately based on an alignment of all
four classes of the enzyme, that are very distantly
related [9] making them difficult to interpret. The
phylogenetic distribution pattern of the different
GDH classes between species and the
phylogenetic analyses of the classes themselves
clearly indicated that gene transfer was likely to be
a significant evolutionary mechanism in the
evolutionary history of these enzymes. The
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glutamate dehydrogenase (GDH) gene families
have been selected to investigate the distribution
of this gene and its transfer in prokaryotic versus
eukaryotic genome evolution.
MATERIAL AND METHOD
GDH sequences were identified using BLAST
searches against a variety of databases with
sequences from the four different classes of the
enzyme as queries. BLAST, is an algorithm for
comparing primary biological
sequence
information, such as the amino-acid sequences of
different proteins or
the nucleotides of DNA
sequences [10]. Some published sequences were
retrieved from the National Center for
Biotechnology Information and unpublished
eukaryotic sequences were retrieved from NCBI
using the other eukaryotes BLAST service in their
genomic BLAST pages and the "microbial
genomes" BLAST service at NCBI were searched
for homologs. Unpublished GDH-3 sequences
GDH-1 and GDH-2 sequences also being retrieved
to check whether eukaryotic groups originated by
endosymbiotic
gene
transfer
from
the
mitochondria and chloroplast. The amino acid
sequences within each dataset were aligned using
CLUSTALW [11] and overlapping regions were
identified and removed. Sequences with high
similarity (>80% amino acid sequence identity)
within the unambiguously aligned regions were
excluded from the dataset to reduce the
computational time. TREE-PUZZLE, version 4.02
[12] were applied to the datasets and sequences
that failed the test were excluded from further
phylogenetic analysis.
PHYLIP (the PHYLogeny Inference Package) is a
package of programs for inferring phylogenies
(evolutionary trees) were being used to create
phylogram. PMBML [13] within the PHYLIP
package have been used to infer protein
phylogeny. Output is written onto special files
"resultf" and "resultt". Trees written onto "resultt"
are in the Newick format, standard used by authors
of a number of major phylogeny packages.
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Protein maximum likelihood bootstrap values
were calculated by analysis of 500 re-sampled sets
using the default parameters followed by total
length rearrangements were performed for each
set. Protein maximum likelihood distance
bootstrap values for bipartitions were calculated
by analysis of 500 re-sampled datasets using
PUZZLEBOOT.
Complete list of accession numbers for the
sequences used in the analyses, are available in
GenBank under the accession numbers AF533881AF533889.
RESULTS AND DISCUSSION
All available homologs of GDH were downloaded
from public databases to study the phylogenetic
analysis of evolution of gdh genes among different
taxonomic units. It is being known that GDH-1 is
found in eubacteria and eukaryotes, GDH-2 is
found in all domains of life, and GDH-4 is only
found in eubacteria [1, 14]. However, we
identified two GDH-3 genes from the
proteobacteria Desulfovibrio vulgaris
and
Geobacter sulfurreducens; GDH-3 was previously
found only in eukaryotes including fungi,
euglenozoa and apicomplexa [15]. Five new
GDH-1 and two new GDH-2 sequences were
obtained. GDH-1 and GDH- 2 cDNA clones from
the red alga Porphyrayezoensis, GDH- 1 cDNA
clones. The oomycete Phytophthora infestans,
diplomonad Spironucleus barkhanus, and the
parabasalid Trichomonas vaginalis, and a GDH-2
cDNA clone from the green alga Chlamydomonas
reinhardtii were made available from the various
EST projects [2, 16].
PHYLOGENETIC ANALYSES
The outcome of the phylogenetic analysis was
used to infer the pattern emerged among different
groups (Fig. 1, 2 and 3). The inferred GDH amino
acid sequences were aligned individually and
clearly aligned regions were identified. Sequences
with deviant amino acid composition were
excluded to reduce the redundancy relative to the
phylogenetic signal in the dataset. In previous
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studies, the different families of GDH have been
aligned and combined phylogenetic analyses have
been performed

Fig. 1: Phylogenetic tree of GDH1gene distributed
among different taxa.

F
ig.2: Phylogenetic tree of GDH2 gene distributed among
different taxa.
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Fig. 3: Phylogenetic tree of a) GDH3 and b) GDH4
gene distributed among different taxa.

[1, 2]
The GDH-1 and GDH-2 phylogenetic analyses
indicate that Gene transfer has played an important
role in the evolution of these gene families. For
example, proteobacterial sequences are found in
five groups in GDH-1, three of which are
separated with statistical support values >90% in
both bootstrap analyses, and five groups in GDH2, both analyses. In the GDH-1 phylogenetic
reconstruction the Sinorhizo biummeliloti groups
with Corynebacterium glutamicum, and the
Pasteurella
multicoda
and
Salmonella
typhimurium form a strong group with
Deinococcusra diodurans and the unicellular
eukaryote Trypanosoma cruzi, to the exclusion of
the other proteobacterial sequences in the tree.
Similarly, in the GDH-2 reconstruction the
Brucellamelitensis groups with two cyanobacterial
sequences, while the two other sequences group
with a large eukaryotic cluster. Also, the two
sequences fail to group together in the GDH-2 tree
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– one is an immediate outgroup to a group with
low G+C gram positive sequences, while the other
is in a strongly supported cluster with a
proteobacterial sequence and the Deinococcus
sequence. The inferred pattern explain the
distribution of the proteobacterial GDH sequences.
The polyphyletic pattern is not unique to
proteobacteria within the eubacterial domain; the
three cyanobacterial GDH-2 sequences are
separated into two distinct clusters with bootstrap
support values of 90% and 88%, respectively and
the low G+C gram positives sequences are split
into at least two groups each for GDH-1 and
GDH-2.
The GDH-2 gene family is found in Archaea. At
first glance, this might be taken as evidence that an
ancestral archaeon encoded this class of the gene
and that it was passed on to extant Archaea by
vertical inheritance. However, the phylogenetic
analysis of GDH-2 argues against this simple
interpretation. The archaeal sequences are split
into three distinct groups the Thermoplasma and
Thermococcus sequences form a cluster with a
cyanobacterial/α-proteobacterial group which is
nested within a cluster of low G+C gram positive
eubacteria with a bootstrap support value of 66%
in the maximum likelihood analysis the
crenarchaeote sequences group with another
cluster of low G+C gram positives with 74%
bootstrap support in the same analysis, and the
Halobacterium and the Haloferax sequences form
a group that is excluded from the two other
archaeal clusters. The phylogenetic analysis of
GDH1 suggests that interdomain transfer may not
be limited to prokaryotes the T. cruzi and the
Entodinium
caudatum
sequences
are
phylogenetically distant from the other eukaryotic
clusters. The Trypanosoma sequence forms a
group with two proteobacterial sequences and a
Deinococcus sequence, with a bootstrap support
values of >85% for the bipartition. A second gene
transfer event inferred to explain the presence of a
gdh1 gene sequence in the ciliate E. caudatum
which groups with sequences from Bacteroides
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and Porphyromonas with a bootstrap support
values of >75%. The phylogenetic analysis of
GDH-1 suggests additional gene transfer events;
eukaryotes emerge in five different places in the
tree. Three of the eukaryotic groups, the
plant/oomycete cluster, the large protist cluster
and the fungi/red algal cluster could indeed
represent a large eukaryotic GDH1 group. Two
eukaryotic groups are found in the GDH2
phylogenetic tree, one cluster with two green algal
sequences and an Arabidopsis sequence, and a
second larger cluster. As mentioned, two αproteobacterial sequences form a strongly
supported group with the larger eukaryotic cluster.
This proteobacterial/eukaryotic cluster is a sister to
the green algal/land plant cluster. Several different
evolutionary scenarios could have produced this
pattern. In this case, the eukaryote lineage would
be one large clade with the eubacterial grouping
arising from within them.
The phylogenetic reconstructions of GDH-1 and
GDH-2 in combination with the phylogenetic
distribution analyses provide strong support for
multiple inter and intra domain gene transfer
events. The phylogeny of GDH-3 and GDH-4 fail
to indicate transfer events within organismal
groups.
CONCLUSIONS
The phylogenetic reconstructions showed that
analyses of distribution patterns of the four gdh
gene families provide strong support for gene
transfers involving prokaryotes, as well as
microbial and eukaryotes. Differential gene loss
does not seem to have played an important role in
the evolution of gdh genes in any of the three
domains of life.
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