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Summary of thesis contents

My research goal is to understand the variation in global forces of evolution at the
genomic level taking Drosophila as a model system. Although the global forces of
genome evolution have largely been established, the variations in their strength within
and between genomes are less understood. Patterns of base composition can reveal
variation in evolutionary forces, such as selection for codon usage, mutation bias and
biased gene conversion. The base composition of synonymous sites is known to
evolve under the affect of selection for translational efficiency and accuracy, mutation
and drift. Most introns, on the other hand, evolve under much lesser selective
constraint. Hence, variations in various evolutionary parameters within and between
genomes can be studied using base composition of synonymous sites and introns. Base
composition comparison among different nucleotide classes can also help in
distinguishing the causes of base composition heterogeneity. | studied the variation in
base composition (GC content) within and across genes in the D. melanogaster
genome and across different lineages in the D. melanogaster subgroup.

| found that base composition at synonymous sites and introns varies at a within-gene
as well as genome-wide level. Within genes, GC content of small introns decreases
from the 5' end to the 3’ end. The GC gradient near the 5’ end is sensitive to the
transcriptional level of the genes with highly transcribed genes having a steeper
gradient. The intron divergence exhibits a positive gradient near the 5 end, which is
also steeper for genes with higher transcriptional level. The 5 GC gradient in small
introns is also observed in genes expressed at low levels in the germline, suggesting it
to be under selection. On the other hand, GC content at synonymous sites shows a
sharp increase at the 5’ end and then declines towards the 3’ end. The base
composition at the synonymous sites near the 5’ end seems to be under strong
selection for low GC content, which might be functionally important for translation of
MRNA since it is not observed in introns.

At the genome-wide level, base composition is heterogeneous within as well as
between chromosome arms. GC content at synonymous sites and introns shorter than
100bp is significantly higher on the X chromosome compared to the autosomes. GC
content at the synonymous sites is the most heterogeneous among all GC classes,
suggesting that selection intensity might vary at a shorter scale than mutation in the
D. melanogaster genome, since base composition of synonymous sites is thought to be
evolving predominantly under the selection for codon usage whereas other nucleotide
classes are mainly affected by mutation bias and biased gene conversion.
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To study the base composition variation across different genomes, | examined the
changes in the synonymous base composition patterns in >5000 genes from the 7
Drosophila melanogaster subgroup species. | used the existing genome data from five
species and also added data of two more species in the D. melanogaster subgroup.
Next-Generation RNA sequencing and Genome sequencing on the D. tessieri and

D. orena transcriptomes and genomes was performed in the lab. | conducted a
rigorous analysis of the RNA-seq and Genome-seq data and developed protocols for
de novo gene and intron annotation. For this task, | used the available data from the
sequenced Drosophila species. | developed several methods and also used some of the
softwares that are already available for NGS data analysis. The substitutions occurred
in each of the lineages were inferred using maximum likelihood approach. I found that
all of the lineages showed strong departures from the equilibrium states and in some
lineages both effective population size and mutation bias seemed to have fluctuated.
These findings suggest that magnitude of forces governing base composition at
synonymous sites may have varied frequently in a lineage-specific manner.
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Summary of the results of the doctoral thesis screening
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