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Summary of thesis contents

Comparative genomics approach has made it feasible to determine potential
functional elements in the eukaryote genome via computational analyses. Studies
on Conserved Noncoding Sequences (CNSs) have reached its climax where the
computationally discovered functional elements in genomes have also been
experimentally verified where they were found to function as regulatory elements
governing gene expression. CNSs have been verified to function as enhancers,
and as well repressors. Earlier all noncoding region of genomes was referred to as
“junk DNA” but now it became clear that some noncoding regions which are
evolutionarily conserved, namely CNSs, are as important as the coding regions.

I first determined lineage specific CNSs of eudicots, grasses, monocots,
angiosperms, and land plants and plants. Here | identified 27, 6536, 204, 19, 2
eudicot, grass, monocot, angiosperm, vascular plant specific CNSs respectively.
Average percentage identity for CNSs in all groups was more than 80% and the
average length varied across groups.

Since the number of CNSs varied considerably across lineages, | tried to
determine if this could be due to evolutionary rate, number of species in each
group or relatively short divergence time for grass lineage. Even with pairs of
species from eudicots and grasses with same divergence time, eudicots had less
number of CNSs than monocots. Next | showed that the number of species in each
group cannot be a reason for the difference by considering same number of
species from eudicots and monocots. In this case also eudicots had less number of
CNSs (69) than monocots (204). With respect to the evolutionary rate | found that
eudicots have a saturated Ds (2.44) compared to grasses and monocots. If
evolutionary rate played a key role in number of CNSs, lineage specific genes
should follow the same pattern in abundance as CNSs. Surprisingly Eudicots had
more lineage specific genes (2439) than CNSs whereas monocots and grasses (113,
444) had less lineage specific genes. | also found that UTR (untranslated region)
CNSs were overrepresented with respect to other regions (introns and intergenic
regions). The GO (gene ontology) analysis for the likely target genes of CNSs
showed that these genes are related to transcription regulation and development.
Another discovery was that CNSs are flanked by sequences showing an increase
of GC content and CNSs were also GC rich. Next | tested if these high GC
regions are recombination hot spots, as recombination hot spots are known to be
related with high GC content in the human genome. None of the CNSs overlapped
with recombination hot spots, while high GC CNSs have a higher propensity to
form nucleosomes.
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The lineage specific plant CNSs | identified were all GC rich, but mammalian
CNSs have been reported to have low GC content. CNSs of diverse lineages
follow different patterns in abundance, sequence composition and location. |
therefore conducted a thorough analysis of CNSs in diverse groups of Eukaryotes
with respect to GC content heterogeneity. | examined a total of 55 Eukaryote
genomes (24 fungi, 19 invertebrates, and 12 non-mammalian vertebrates) as to
find lineage specific features of CNSs. Fungi and invertebrate CNSs are
predominantly GC rich, whereas non-mammalian vertebrate CNSs are GC poor,
similar to mammalian CNSs. This result suggests that the CNS GC content
transition occurred from the ancestral GC rich state of invertebrates to GC poor in
the vertebrate lineage probably due to the enrollment of GC poor binding sites
that are lineage specific. To test how the transition of GC content could have
occurred, I determined the GC contents of transcription factor (TF) binding sites
and their level of conservation in outgroup lineages. GC content of CNSs also
showed a correlation with the location in the genome; GC poor CNSs showed a
higher probability to be located in open chromatin regions and GC rich CNSs
showed a tendency to locate in heterochromatin regions. The histone modification
signal analysis showed that CNSs overlapped with more H3K27Ac and H3K4Mel
compared to the random expectation. These histone marks are signatures of active
enhancer regions. The predicted target genes of CNSs also agreed with the
previous analysis where the most overrepresented GO term was related to
transcription and development. Vertebrate ubiquitous TF binding sites are
significantly GC rich compared to tissue specific ones. In contrast, plants have
GC rich tissue specific binding sites compared to ubiquitous ones. This
heterogeneity in GC content therefore must be attributable to TF binding sites and
I found that vertebrate tissue specific TFs are more lineage specific than
ubiquitous ones, whereas plant tissue specific and ubiquitous binding sites
showed no significant difference in  conservation implying  the
underrepresentation of tissue specific TFs among conserved TFs is a specific
feature in vertebrate lineage.
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