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Genetic structure and genomic analysis of
population divergence of freshwater and
marine species
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Understanding the factors influencing local population genetic structure and divergence is a main issue in
evolutionary biology and could provide valuable information to conserve and manage the genetic diversity of
species under global climate changes. Fishes are known to display great diversity of habitats, thrives in marine,
estuarine and freshwater habitats and these are excellent model to study the population genetic divergence
and factors contribute to it. In this thesis, | aim to explore the population genetic structure and genetic
divergence of a species of freshwater and marine fishes, together with the study on temporal demographic
response towards the past climatic change of closely related marine species.

In chapter 1, | have inferred the phylogeography and mtDNA genetic diversity studies of indigenous
mahseer, T. douronensis in various river basins of Sarawak in Malaysian Borneo. Tor douronensis species is
highly valued freshwater cyprinids in Malaysia and most widespread in Malaysian Borneo. In Sarawak,
Malaysian Borneo, wild populations of T. douronensis have undergone declines in distribution and abundance
due to significant degradation in their natural habitat from environmental activities and overfishing. To describe
the genetic variation, direct sequencing of cytochrome ¢ oxidase | (COI) gene for 134 individuals from eight
rivers in Sarawak was used in this study. A total of ten haplotypes were identified with low haplotype diversity
and nucleotide diversity ranged from, 0.000 to 0.291 and 0.000 to 0.014, respectively. Phylogenetic analysis
revealed that T. douronensis mtDNA consisted of two highly divergence clades, one of which is more related
to southern populations (Clade 1) and the other are comprised of haplotypes from central-northern populations
(Clade 11). Significant level of inter-population with high pairwise F st among populations in Sarawak’s river
suggests little or no migration among the existing populations. The northern populations and few populations
of T. douronensis were noted with single haplotype with no nuclectide diversity, might suggest the population
could be derived from a single female parent and had undergone population bottleneck. Heterogeneity of
haplotype compositions among rivers showed that contemporary geographical separation appeared to
structure T. douronensis into discrete populations. The data raised some concerns regarding the conservation
status of T. douronensis, which need to be addressed.

Past climatic changes in glaciation period were associated with fluctuations in global temperature and
sea level temperature. These factors have been suggested as drivers of demographic change in both
terrestrial and marine biota. In chapter 2, | sequenced the genome of two close species, Pacific cod, G.
macrocephalus and Walleye pollock, T. chalcogramma originated from North Pacific Ocean to study temporal
historical demographic during the Pleistocene epoch (11kya-2.6mya). Historical effective population size (Ne)
was traced back in time using diploid genomes of both species. By using pairwise sequentially Markovian

coalescent (PSMC) analysis, variation of historical N, is reconstruct from distribution of heterozygote sites



along the chromosomes of the genome. This finding suggests that, even though the two species share habitat
and experienced similar climatic change, they showed different patterns of historical demographic during the
Pleistocene epoch in regard to sea level conditions. Additionally, our finding also suggests the ecological
preferences of G. macrocephalus and T. chalcogramma may have strong influences on their response to past
environmental events and subsequently affected the temporal N, during the Pleistocene period.

In chapter 3, | investigated population genetic structure and searched for genomic signatures of
divergent selection in walleye Pollock (T. chalcogramma) in heterogeneous environments of Bering Sea and
Japans’ ocean. The populations differ in hydrography such as sea temperature and salinity. By utilizing single
nucleotide polymorphisms (SNPs) loci associated with inter simple sequence repeat (ISSR) regions
throughout the genome, the results show population genetic structure differed between local populations of
Bering Sea and Japan, indicating gene flow restrictions between these spatial areas. Multiple genome scan
analyses identified outlier SNPs loci that were robustly detected with very high statistical support. This study
reports a suite of outlier SNPs closely located to genes, indicating potential loci subject to divergent selection in
local populations of T. chalcogramma. These outliers SNP had strong associations with sea temperatures and
salinity conditions at local populations of pollock and shows contrast spatial distribution of alleles in both
populations. Hence, the present study implies population divergence in T. chalcogramma between Bering Sea
to Japans’ ocean could be possibly due to the adaptive significance in response to heterogeneity of

environmental conditions.
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