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ABSTRACT

Aims: Glutathione peroxidases in plants have diverse roles in the maintenance of redox
homeostasis in conditions of stress. The studies involving this group of enzymes have
clearly demonstrated that they are near homologues to animal phospholipid hydroperoxide
glutathione peroxidases with cysteine replacing selenocysteine at the sites of interaction
for ligands. Phylogenetic insights of the group should provide us with indications regarding
the transition of the residues needed for interactions throughout the lineage of plants for
this enzyme right from the aquatic members through land plants and to the highest
evolved plant groups.
Study Design: Glutathione peroxidase gene sets along with other peroxidase gene sets
were retrieved from the existing databases and self organizing maps were generated.
Place and Duration of the Study: The entire study was performed at the DBT Centre for
Bioinformatics, Presidency University, Kolkata for a period of June 2013 to January 2014.
Methodology: A comparative clustering was performed using self organizing maps – A
technique for comparative unsupervised learning and standard neighbor joining and
UPGMA methods of tree generation to identify and delineate clusters of glutathione
peroxidase genes.
Results: Homology in clustering was observed when the phylogentic tree and the self
organizing maps were compared. Specific sister groups were found to occupy unique
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areas as part of the self organizing map.
Conclusion: Observation and results indicate that GPX evolution follows the trend of plant
transitory evolution.
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1. INTRODUCTION

Several antioxidant defense pathways have been developed by the aerobic organism
genome to counter the damage induced by reactive oxygen species. These chemical entities
are generated during mitochondrial respiration or cytosolic metabolism via an incomplete
reduction of oxygen molecules. These molecules post production play important roles in
various signaling cascades [1].

Enzyme systems such as catalases and peroxidases have been identified and characterized
from numerous species under conditions of stress. Berry et al. [2,3] have reported
extensively how glutathione acts as an electron donor during the reduction of H2O2 and
organic hydroperoxides in a selenium dependent mechanism. Mammalian GpX families
have been well characterized over the years and our current understanding limits the total
number of GPX families to eight. GpX 7 and GpX 8 are vertebrate specific, lack
oligomerization loop and are the least characterized [4].

Plant GpXs differ from the animal counterparts primarily by the absence of selenocysteine
[5]. Apart from this they reduce peroxide with higher efficiency by using the thioredoxin
system rather than glutathione. An interesting fact is that some plant GpXs exhibit striking
similarities with animal phospholipid hydroperoxide glutathione peroxidases [6,8-10].
Evolutionary explorations of plant glutathione peroxidases are very limited and the available
ones are attempt mainly to explain the reasons for the loss of selenocysteine from the plant
group. However, proper delineation of the sequence clans and exploration of sequence
structure relationships are unexplored. This analyses attempts to explore the phylogenetic
relationships of glutathione peroxidases through a comparative analyses pipeline involving
neural network based calculations leading to the generation of SOM’s and neighbor joining
algorithm for phylogenetic tree generation.

2. MATERIALS AND METHODS

2.1 Data Mining and Curation

Keyword based search strings were employed for searching the available data repositories
for the desired peroxidase sequences belonging to plants. Boolean operators were used to
refine the search and NCBI – Genpept [7], Uniprot and PIR databases were used for
retrieval of the sequences. A basic in house PERL script was then employed to identify
redundancies and these were subsequently removed. Thus the total dataset for the training
was 1300 sequences while the test set was of 400 sequences. [Files containing accession
numbers provided as supplementary information]
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2.2 Generation of Kohonen Maps

The SOM consists of a set U of units or neurons arranged on a regular grid. Each unit I ∈ U
is assigned a prototype vector mi = [mi 1, mi 2... m in] where n is the number of dimensions
of the input space. The neurons are connected to adjacent neurons by a neighborhood
relation which constitutes the topology of the map. Usually, a rectangular or hexagonal
topology is used.

Self organizing maps were generated using the INCA software with default parameters. The
training of the SOM was initially done with an assemblage of peroxidase sequences of plant
origin which included ascorbate peroxidases, thioredoxin peroxidases, phospholipid
hydroperoxidases and glutathione peroxidases. The test set was a curated dataset of 400
sequences that were obtained from available resources. Initial screening through INCA
removed 5 sequences as they did not possess the requisite number of codons in their
sequences. These were later checked to identify that all the five sequences were partial
cds’s. Finally the test set was used to generate the map. The sequence accession numbers
for both the test and experimental sets are provided as supplementary files which can be
obtained directly from the corresponding author.

2.3 Phylogenetic Analyses

For phylogenetic analyses the test sequences used for generating the Kohonen Map were
initially aligned using UGENE tool and were then validated using SEAVIEW. Once the
alignment was complete the file was used to generate a phylogenetic tree using neighbor
joining algorithm available in the PHYLIP package. The robustness of the tree was checked
by bootstrapping the entire calculation for 100 replicates. A total computation time of 4 hours
were used for the entire tree building phase.

3. RESULTS AND DISCUSSION

5 clusters were obtained for the map generated which amounted to 23.1% of the genes and
a total of 26.2% of the map was covered. The clustering can be attributed to the fact that the
test set consisted of genes that were from different ecologically distinct areas – for example
aquatic and land members. Apart from that woody plant groups (clusters 4 and 5) and non
woody plant groups (clusters 1, 2 and 3) were also represented in the map (Fig. 1). Several
workers have used SOM clustering to identify expression levels of genes in case of non
plant species while the application of self organizing maps for plant data has been restricted
to pest risk assessment [11] and changes in vegetation patterns [12]. INCA [13] provides
default options for sequence based SOM generation.

The tree obtained (Fig. 2) through neighbor joining clearly showed four distinct sister groups
and the absence of any particular root or ancestral sequence. Careful observation of the
sister groups displays that clade 1 is consisted of sequences obtained from dicotyledonous
land plants (Fig. 3); clade 2 consisted of members of aquatic algal genera (Fig. 3); clade 3
consisted of sequences of monocots (Fig. 3) and clade 4 consisted of members of
phospholipid hydroperoxide glutathione peroxidases and certain hypothetical protein
sequences having similar domain signatures to these enzymes.
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Fig. 1. Self Organizing Map of the glutathione peroxidase genes of plants

Fig. 2. Phylogenetic tree generated using nucleotide sequences of glutathione
peroxidase genes of plants
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Fig. 3. Explanation of the different clades with representative members

Glutathione peroxidases, phylogenetically have been distributed in land and aquatic
members since aquatic members have been reported to contain selenocysteine at the
catalytic centre replaced by cysteine in case of land plant groups [6]. The tree obtained in
this analysis clearly shows the demarcation in the clades (Fig. 3) following the reported
tendency of evolution amongst this group of stress enzymes.

4. CONCLUSION

Thus two different clustering methods exhibited similar results depending upon the origin
and environmental niche of the organisms to which the sequence belongs. These results are
in conformation with the domain signatures and patterns. Clustering using Self organizing
maps can now be more useful in understanding of evolutionary relationships among specific
groups of genes and proteins.
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