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Session 1 — Genomics and Plant-Pathogen Interactions

Multivariate analysis revealed translational selection
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Abstract. Codon usage has a profound effect at the intra and inter- proteome level and even at the
organismal level. Heterobasidion annosum s.l. is one of the most destructive fungal pathogen of
conifers in the Boreal hemisphere. Recently the whole genome sequence of the H. annosum was
released at DOE Joint Genome Institute (DOE-JGI) with 8.23 X coverage (Olson et al, 2009)
covering nuclear genome assembles in 39 scaffolds of total 33.7 Mbp estimated to cover 98.1% of the
complete genome. We have carried out a genome wide codon usage analysis of this pathogenic
fungus using mutivariate analysis and opular indices of codon usage. The results show that the G+C
contents at three positions of codon are different GC1 (mean value of 58.37% + 0.07); GC2 (mean
value of 47.5% + 0.09); GC3 (mean value of 60.9% =+ 0.13) explain heterogeneity in the composition
of the genes. For the identification of gene expression values we have systematically searched for the
ribosomal proteins and have used them as a reference for calculating codon adaptation index (CAI).
The heterogeneity in the genome was also relacaved by plotting coordinates of H. annosum genes on
axis 1 (COA/RSCU) which showed high negative correlation with GCs, and GC content (7=-0.965,
P<0.01 and =-0.858, P<0.01), and significant high positive correlation with Nc (»=0.689, P<0.01)
Furthermore, high significant negative correlation was observed between Nc and GCs, (=-0.674,
P<0.01) which also complements the observation that C-ending codons are preferred over G-ending
codons in highly expressed genes. It was also observed that CAI value and GC3s also had a
significant correlation (=0.789, P<0.01) which suggest that genes with higher expression level tend
to use C or G at synonymous positions compared to genes with lower expression level. We further
analyzed the correlation between the nucleotide bias and amino acid composition using the two other
phylogentically closed fngal genomes.

Codon usage signature implies the variation in the usage of the codon at the
wobble position. This variation in the usage has a profound effect at the intra- and
inter-proteome level. It has widely demonstrated that except methionine (Met) and
tryptophan (Trp), most of the amino acids are biased towards codon degeneracy
(Hershberg and Petrov, 2009). Heterobasidion irregulare s.l. is one of the most
destructive necrotrophic fungal pathogen of conifers in the Boreal hemisphere that
produces a range of extracellular enzymes and a multitude of toxins. Most conifer
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trees are susceptible to infection by this basidiomycete, causative agent of a root
and but rot disease and widely regarded as the most economically important forest
pathogen in temperate forests devastating conifer plantations and natural forests.

H. irregulare complex has a wide geographical distribution particularly in
many parts of Europe, North America, China and Japan (Dai ef al., 1999; Dai et
al., 2003). Besides H. irregulare, the other species are known from East Asia,
Australia and adjacent areas (Niemeld er al, 1998). Currently, eight distinct
taxonomic species have been described within the genus.

The virulence of this pathogen has been shown to be partly under
mitochondrial control. Recent progress in the H. irregulare research include:
possibilities for fruiting and classical genetics, publication of a genetic linkage
map, expressed sequence tags (ESTs) compilation of more than 3,000 sequences
are available, transformation system, knowledge of genetics of interspecific
recognition, phylogeny of the species complex, pathogenicity factors in nucleus
and mitochondria. The complete sequence of H. irregulare is the first plant
pathogenic homobasidiomycete with comprehensive genome coverage; and this is
challenging for investigations in many areas, including pathogenicity factors,
interactions with host organisms, lignin degradation and bioremediation
applications, and fungal biology and evolution. In this study, we used the available
complete genome sequence of this organism and analysed its codon usage, aiming
to understand the genetic organization of the H. irregulare genome.

The complete genome sequence and coding sequences of H. irregular was
obtained from JGI (http://genome.jgi-psf.org). Sequences were initially checked for
sequencing errors and finally 6,497 CDS sequences of H.irregulare having more
than 100 codons were extracted directly to avoid sampling bias in calculations of
codon usage (Wright, 1990). All the sequencing errors were removed using in-
house developed perl/Bio-perl scripts and BioSeq modules have been used to
prepare the final sequence dataset. All the popular indices of codon usage (Nc,
RSCU) have been used to estimate the levels of biased usage of the codon. All the
statistical analysis have been carried out using SPSS 17.0 (http://www.spss.com/) ,
Origin professional 8.0 (http://www.originlab.com/) and R (http://www.r-
project.org/). All correlations are based on the Nonparametric Spearman’s Rank
Correlation analysis method.

Genome of H. irregulare is GC rich (52.0%), which predicts the biased usage
of G- /or C- ending codons in the coding regions of this genome and the same was
observed. Since there were wide variations in the GC bins of the genome, therefore
to evaluate GC variation, G+C content was calculated at all the three codon
positions. The results showed that the G+C contents at three positions of codon
differ significantly, GC1 (58.37% = 0.07); GC2 (47.5% =+ 0.09); GC3 (60.9% =+
0.13), which explain occurrence of heterogeneity in the composition of the genes.
To evaluate the compositional constraints, Nc plot was further analyzed. Nc plot
revealed that a high number of the genes are lying below the expected curve and

59



Session 1 — Genomics and Plant-Pathogen Interactions

poised towards GC3s, which clearly demonstrates that besides the compositional
bias, there are several other factors also influencing the biased patterns of codon
usage in this genome.

To further investigate the constraints on the codon usage biology we carried out
correspondence analysis of the RSCU in a 59-dimensional hyperscape and the data
was partitioned and analyzed across the first four major axes. We observed that the
first major axis (axisl/COA; 20.4%) revealed the major inertia of 59-dimensional
hyperspace and the subsequent axes/COA (2, 6.02%; 3, 4.7%; and 4, 3.5%) showed
decreased variation subsequently.
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Figure 1. Plot for coordinates of first two major axes of correspondence analysis for Heterobasidion
irregulare

To evaluate the levels of gene expression, codon adaptation index (CAI) was
calculated; ribosomal proteins were systematically searched and used as reference
sequences for calculating CAI (Gupta et al., 2004). To evaluate the effect of gene
expression level on synonymous codon usage bias spearman’s rank correlation
analysis was carried out between CAI and the coordinates of genes along the
axisI/COA. A high negative correction between these two variables (r=-0.812,
P<0.01) was observed whereas high significant positive correlation was found
between CAI and GCs,, GC (7=0.789, P<0.01; »=0.682, P<0.01). These results are
in complete agreement with the finding that the genes with higher expression level
exhibit a greater degree of codon usage bias towards GC ending codons and prefer
to use codons with C or G at the synonymous position as compared to weakly

60



Proc. IUFRO WP 7.02.01 Root and Butt Rot of forest Trees, Firenze, September 4% _ 10" 2011

expressed genes. In summary, this study has shown that the codon usage variation
among the genes of H. irregulare is influenced by mutational bias and translational
selection. As more complete genomes of this phylogenetic taxa being sequenced,
different factors shaping the pattern of codon usage might be found.
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