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Genomics of non-model organisms: SEABIG (NUS)

• Multiple NGS facilities in Singapore
• Turnover time from sample submission to data is 

fast – less than a month in many cases
• Historic DNA Genomic facility at NUS
• Rich repertoire of specimens at LKCMNH © NUS

© LKCMNH



Genome sequencing initiatives at NUS

• Genomics of non-model organisms: SEABIG (NUS)

• WGS

• Population Genomics

• Transcriptomics

• Metagenomics

• Both vertebrates and invertebrates

Photos courtesy Simon J Tonge, Ayuwat Jearwattanakanok, Natthaphat Chotjuckdikul, JackF

Sunda fruit batBlack-capped babbler

Short-tailed babbler Siamese crocodile



Assembly, annotation, and comparative 
methods used
• de novo genome assembly, annotation and comparative analysis

• PLATANUS, MaSuRCA, SOAPdenovo, CLC workbench, Novoplasty, AUGUSTUS, 
MAKER, BUSCO, CAFE, ETE toolkit, Orthofinder, TOGA, BLASTtoGO, PSMC, etc.

• ddRAD-Seq
• STACKS, pyRAD, ANGSD, PLINK, MP-EST, ASTRAL, RAxML, fastsimcoal,STRUCTURE, 

Admixturegraph, etc.

• Target enrichment
• HybPiper, ANGSD, PLINK, MP-EST, ASTRAL, RAxML, fastsimcoal, Admixturegraph, etc.

• Metagenomics
• In-house pipeline for metabarcoding (Meier et al. 2015; Srivathsan et al. 2018; 

Srivathsan et al. 2021) 



Siamese crocodile

Species history in Conservation: Siamese crocodile

Chattopadhyay et al. 2019, Molecular Ecology

N = ~90

Past

Present

~100 
years

N < 40

Recent Bottleneck and 
continuing decline

Inform field-based conservation: Captive breeding and reintroductions

Imminent risk of extinction in the wild
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Bat biology dictates species 
response

• Whole genome analyses of 12 bat 
genomes using PSMC method
• Frugivores susceptible to global warming
• Large insectivores generally have a low 

effective population size
• Most bats have entered Holocene with 

low genetic diversity

we have used whole genomes to estimate late Quaternary
fluctuations in Ne as a proxy for genetic diversity across a
representative panel of bats spanning all major taxonomic
groups, size classes and ecological lifestyles (electronic sup-
plementary material, table S1). We also reconstructed
historical fluctuations in their distribution and compared
these to understand their evolutionary trajectories in
response to late Quaternary climatic change.

(a) Climate change leaves a genomic imprint of genetic
diversity fluctuations

We show that bats have undergone periods of pronounced
fluctuations in Ne and geographical distribution throughout
the late Quaternary (figure 1 and table 2). Our comparative
analysis focuses on the period between approximately
200 kyr and 10 kyr for two reasons: (1) palaeoclimatic habitat
layers are only available until the LIG (http://www.

worldclim.org/paleo-climate1) and (2) PSMC inferences
based on single genomes are known to be less reliable at
very recent timescales, in our case the Holocene [22].

Overall, during the period of global cooling between the
LIG and the LGM, most species (10 out of 11) showed a
strongly positive correlation between extent of suitable habitat
and genetic diversity (figure 1 and table 2). Specifically, five
species (figure 1a–d and k) exhibited a relative increase in Ne

from the LIG to the LGM, whereas six species (figure 1e–j)
displayed a relative decrease in Ne (= drop in diversity).

The only species in which habitat availability did not
track Ne fluctuations was Megaderma lyra, the sole carnivor-
ous bat in the panel, whose geographical distribution
decreased (figure 1k and table 2) towards the LGM despite
a slight increase in net-population genetic diversity
(figure 1k). However, the genome-sequenced individual of
Megaderma lyra is derived from a population in southern
India, well inside the stable, refugial range of this species,
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Figure 1. (Continued.)
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Extracting bioclimatic variables from subgroups of the
total set of 11 species (either divided into individual species
or into continental groups) led to the selection of sets of vari-
ables that exhibited an approximately 17–50% overlap with
those from the global species dataset. In the same vein, tem-
poral population trends from the LIG to the LGM and from
the LGM to the Holocene (not shown) agreed with those of
the global set only 50% (individual species) and 62.5% (con-
tinental groups) of the time, confirming previous results that

such reconstructions should optimally be based on a large set
of species to avoid idiosyncratic biases [53].

(c) Correlation between historical fluctuations in Ne and
distribution

We performed a phi-test to assess potential associations
between palaeo-habitat fluctuations and Ne fluctuations
within our study species during the time intervals between
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Figure 1. Temporal fluctuations in effective population size (Ne) between approximately 400 000 and 10 000 years before present, with extent of suitable habitat
mapped for the Last Interglacial (LIG) and the Last Glacial Maximum (LGM), respectively. Black arrows indicate estimated net change in suitable habitat availability
based on the ecological niche models from the LIG to the LGM (see table 2 for more details). We assumed a generation time of 2 years and a mutation rate of
2.2 × 10−9 per base pair per year for all PSMC plots. (a–d) Species with a relatively high Ne leading to the LGM along with concomitant increase in habitat. (e–j)
Species with a relatively low Ne and decrease in habitat leading to the LGM. Megaderma lyra (k) shows a slight increase in Ne and decrease in habitat leading to the
LGM. Collection localities for bat genomes are mapped using a white circle with black margin whenever available (see the electronic supplementary material, table
S1 for more information). (Online version in colour.)
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Chattopadhyay et al. 2019, Proceedings of the Royal Society B



Anthropocene decline in common species

1931                 1940                    2011–2021

30-fold population decline

Chattopadhyay et al. 2019, Current Biology

Sunda fruit bat

Target enrichment, 1184 loci, ~1.5 million base pairs of DNA 



Widespread introgression across islands

C. phlippensesSulawesi
lineage

Palawan
lineage

C. brachyotisC. horsfieldii
Java

C. sphinx C. 
minutus C. 

ceylonensis

Ptenochirus
jagori

620.5 kya

622.3 kya

806.1 kya

1,515 kya

859.6 kya

1,517.7 kya

1,519.2 kya

2,797.9 kya

G-PhoCS: 482 unlinked, neutral, non-recombining loci, ~600,000 bp of DNA sequence; only mean value denoted in the figure

Map modified from Campbell et al. 2004

Target enrichment, 1184 loci, ~1.5 
million base pairs of DNA 



Challenges and solutions

• Major challenge: procuring samples from other countries.

• Solutions: 
• Using historic samples from museum collections
• Improve exchange of samples between research institutes across participating 

nations.
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