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Abstract | Next-generation sequencing (NGS) based genomic stud-
ies are revolutionizing the field of wildlife biology. These methods have
yielded unprecedented insights for understanding ecology, evolution
and conservation of wild populations. Despite the advantages, biodiver-
sity rich regions in the tropics need more NGS-based studies to under-
stand their native species. However, the field has progressed very slowly
in these regions due to several challenges, including that most experts
in the field are not based here. In this article, we highlight the factors
that need to be considered before initiating a wildlife genomics research
project with a focus on south and south-east Asia, though several factors
apply to other regions as well. We highlight the challenges like policy
issues for collecting samples and need for better sequencing and com-
putational infrastructure. Finally, we discuss how global initiatives can
help such regions setup NGS-based studies of wildlife.

1 Genomics in Conservation has Several
Advantages over Traditional Genetics
The need for adopting genomics techniques to
conservation research has been highlighted by
several researchers” '® 7. The genetic data from
NGS platforms generally yield more genetic
markers than a typical microsatellite-based study.
The obtained data is also less subjective than
the microsatellite markers hence easy to share
and more comparable across labs and easier to
archive. The huge number of genetic markers
that have been made accessible by the NGS plat-
forms have changed the field of wildlife genet-
ics. These include the ability to infer population
wide phenomenon with few samples (for exam-
ple demographic history’” %, recombination
maps'’, inbreeding'® and genetic variation”’),
increased confidence in genotypes called’, abil-
ity to identify loci of functional importance®® %
and many others. Recently, genomic tools have
availed other advantages like managing popula-
tions by identifying and ascertaining megafaunal
species (for example tapanuli orangutan,”’, sub-
species (tigers,®!, population structure (tigers,’?,
understanding  adaptations® ¢!, identifying
genomic regions for planning genetic rescues that

minimize adding deleterious alleles®’, rescue loci
in runs of homozygosity” and hosting high fre-
quency deleterious alleles 2. SNP panels are being
used to monitor wildlife’>*® and introgression”.
Apart from conservation, genomic tools
have helped us to understand species evolu-
tion (for example canids,”® and elephants,’®),
threats®, management’> %, distribution and
biogeography'®®. These insights would have been
very difficult to achieve with traditional genetic
markers. However, the majority of the species are
studied in non-home range countries by non-
native researchers.

2 Genomic Tools are New
to Conservation but are Rapidly Being
Adapted
The field of genomics started with the human
genome project around the year 2000”7 and
was subsequently adopted into wildlife studies,
starting with the panda genome sequencing in
the year 2010°* !5, Since then, genomic meth-
ods have been applied to study several wild spe-
cies. The explosion in genomics research has
been mainly triggered by development of new
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sequencing platforms, drop in sequencing costs
and improvement in analysis pipelines®’. The
number of species with genomes assembled
and sequenced have been rapidly increasing
due to the contributions of laboratories mainly
in North America and Europe. However, the
technology has not been adopted widely in the
developing countries. Most of this is probably
because of the need for an advanced infrastruc-
ture for undertaking such research. Apart from
the obvious requirement for next-generation
sequencers, there needs to be temperature-con-
trolled facilities for storing and archiving sam-
ples and super computers for data analysis, data
storage, archival and retrieval. These are all gen-
erally expensive and less accessible especially for
the poorly funded researchers in field of wildlife
studies. South and south-east Asia is an example
of such region where next-generation sequenc-
ing studies remains to be adopted widely in
wildlife studies. This region is biodiversity
rich and hosts many endemic and endangered
species’. Facilities and easy access to latest
technologies for genome sequencing are avail-
able in China, India and Singapore. In China,
India and Singapore NGS tools have been used
to study genetic variation (for example,72, ascer-
tain sub-species and population structure (for
example,s’ 6l assemble genomes (for exam-
ple,(’S’ 9 and more'® °" 7> %8 Several countries
in the region have limited or no access to high
throughput sequencers engaged in research with
more tangible economic outcomes (medicine
and agriculture) but not for wildlife research.
It is important to encourage genomics-based
research in the biodiverse regions along the
tropics. However, lack of exposure to the new
techniques can impede the growth of the field.
Here, we discuss the important considerations
about planning a wildlife genomics research
project. We primarily discuss DNA sequencing
since this is more common than RNA sequenc-
ing and is a critical step in initiating genomic
project on wildlife that do not have baseline
genomic resources. We discuss the factors that
need to be taken into account by researchers in
this region regarding samples, library prepara-
tion, sequencing and analysis.

SNV must be present in at-least 1% of the
population'?.

Reference genome and genome assembly

Reference genome is a digital nucleic acid
sequence, assembled as a representative set of
genes in one idealized individual organism of
a species. The term genome assembly refers
to the process of assembling huge number of
DNA sequences to create a representation of
the original chromosomes (reference genome),
from where the DNA originated®’.

Scaffolding

Scaffolding is the method of linking con-
tiguous bases of DNA called contigs, assem-
bled from many shorter reads, in the right
order and orientation. The linking generally
involves adding gaps represented by N®¢,

Genome resequencing

Genome resequencing is method that uti-
lizes sequencing the genome of individuals
from a species for which a reference genome
(same species or closely related one) is already
available™.

Optical and PCR duplicates

Duplicate reads in sequencing generally
arise from sampling the exact same template
DNA molecule. These are generally non-inde-
pendent measurements of the DNA. These
generally arise because of PCR (PCR dupli-
cates) but also when a single cluster of reads
is falsely used to compute two read cells sepa-
rately. They are always present next to each
other on the flow-cell (optical duplicates)'*®.

Enrichment

It is a method of increasing the relative
concentration of target nucleotide fragments
to be sequenced®.

Box 1
Single nucleotide variant (SNV) and single
nucleotide polymorphism (SNP)

SNVs are single nucleotide alleles caused

by point mutations. To be called as a SNP, the
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3 Samples

The first prerequisite for wildlife genomics
research is to obtain appropriate genetic material
amenable to sequencing. Access to genetic mate-
rial from wildlife is regulated in most countries
and more so if the species are endangered'®.
Sampling of any kind of genetic material from
endangered species requires special permits in
most countries. These permits are granted by
the managers/managing authority of the pro-
tected areas. It is important to know beforehand
the kind of samples that will be required for the
research questions to be addressed so that appro-
priate permissions can be obtained. In general,
extracted RNA and DNA samples are used for
sequencing. But certain types of questions require
intact nuclei?!, histone bound DNA”® and native
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methylated DNA strands®. The sample types,
their preservation, transport and nucleic acid
extraction protocols depends on the questions
being addressed and the availability of genomic
resources. For example, intact nuclei and good
quality RNA is needed for reference genome
assembly and annotation while even degraded
DNA can be used for genome resequencing.

3.1 Invasive Samples

Invasive sampling involves establishing physi-
cal contact with the individual and may cause
discomfort to the animal' #. Such samples are
very difficult to obtain permissions for from
the authorities as it poses certain risks. For large
bodied mammals, individuals may have to be
tranquilized which can be potentially risky’.
Such samples are generally obtained for small
animals for example rodents, bats, lizards, small
birds, insects and other species that may not have
stringent protection® ' %%, At least within India,
while rodents and lagomorphs can be sampled
invasively under a proper ecological sampling
framework” ?°, large animals have to be sampled
opportunistically’’. Invasive sampling of plants
may not face such challenges. Commonly invasive
samples are blood samples obtained after cap-
turing the individual®’. Other methods include
biopsy darts'’, ear and tail clippings® and fin
clippings''*. Such samples yield large amounts
of high molecular weight DNA amenable to all
kinds of library preparation and sequencing. If
the research question demands RNA sequencing
data of the species of interest, invasively collected
tissue samples may be required”’.

Depending on the nucleic acid required, dif-
ferent kinds of preservation techniques are
employed. One of the best methods is to collect
the solid tissue in PBS solution (EDTA tubes
for blood) then inoculate an appropriate cell
culture medium with the invasively harvested
tissue sample?” and flash freeze the left-over tis-
sue in liquid nitrogen. Such preservation meth-
ods can yield intact nuclei needed for certain
applications®®. However, many field sites are in
remote locations with no access to electricity, no
sterile rooms for cell culture and sometimes too
remote to carry enough liquid nitrogen. In such
cases preserving intact nuclei is a challenge that
needs to be addressed. Presently, some of the
best methods for preserving invasive samples at
remote locations for NGS applications include
collecting the tissue in absolute alcohol’’, Long-
mire’s buffer®”, RNA later’ and certain other
proprietary solutions. For blood, EDTA tubes or
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PAXgene tubes work the best®. It is a good prac-
tice to store all of these samples in a freezer as
soon as possible. If RNA is to be harvested from
these samples, RNA later”” and other RNA pre-
serving solutions are needed that generally lyse
the cells. RNA degrades faster than DNA due to
its single stranded nature, the pentose sugar being
more susceptible to hydrolysis and the stability
of RNase enzymes. Hence they require delicate
handling®. In some cases, isolating the nucleic
acids as soon as possible and preserving the
nucleic acids might work best.

Invasive samples have high endogenous
nucleic acid content and hence, can be used
directly for most sequencing applications. Pres-
ently, it is a logistical challenge for researchers in
developing countries to maintain proper sample
storage facilities at field sites due to lack of con-
sistent electric supply, tropical climates leading to
faster degradation, difficulty in maintaining cold
chains during transport of samples from field site
to lab, delay in importing reagents for immediate
processing of samples, lack of field-based labora-
tories and the general costs involved.

3.2 Non-invasive Samples

Individuals can also be sampled non-invasively.
It is relatively easier to obtain permissions to col-
lect such samples as individuals are not disturbed.
These samples can be collected in a proper eco-
logical sampling framework and have been uti-
lized for census studies’, estimating pedigrees’’,
predicting disease risk’*. Majority of wildlife
studies involving large bodied animals utilize
such samples. These include feces*® 19> 194, shed
hair®!, excretory products*’, shed antlers**, shed
feathers®, dandruff’’, scales®, pellets®’, saliva'!?
and corpses’. These samples may not yield RNA
but DNA can be reliably extracted. However, for
many endangered species non-invasive samples
may be the only option.

The major challenges in sequencing DNA
from non-invasive samples is the fragmentation
of DNA®, low quantities of endogenous DNA”!,
difficulty in lysis of samples’' and abundance of
exogenous DNA®'. However, methods that rely
on amplicon sequencing’’, enrichment of DNA
(Box 1)*, enrichment of cells’® and discarding
parts more likely to be contaminated®* can tackle
many of these challenges. For large carnivores at
least non-invasive samples are encountered more
often than invasive samples®'. This may allow for
shorter sampling periods than invasive samples”'.
It might also be easier to preserve and trans-
port certain non-invasive samples. While most
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non-invasive samples may not be suited for estab-
lishing cell lines, samples like feathers, hair, ant-
lers and scales can be transported and preserved
without specialized buffers. For other samples,
preserving in lysis buffers, RNA later or alcohol®
might be better. For long term preservation, it is
better to transport and store these samples at low
temperatures.

Non-invasive samples are not optimal for
applications like genome assembly or annota-
tion. Additionally most of these samples contain
high proportions of nucleases from non-endog-
enous cells*, contain high numbers of bacteria
and fungi that can degrade nucleic acids and the
samples could have been exposed to harsh envi-
ronmental conditions before collection''®. This
leads to lower success rates in certain sequencing
applications. The challenges faced in transport
and processing of certain non-invasive samples
are the same as those for invasive samples. Sam-
ples like shed hair, shed antler, shed feathers and
bones from corpses maybe transported in room

temperature70.

3.3 Environmental DNA

Environmental DNA (eDNA) is also gaining in
popularity'”. eDNA can be obtained from soil,
water, parasites and others. However, these sam-
ples have been used mostly to obtain DNA for
species identification'’. These approaches have
been useful in estimating the biodiversity, species
surveys, phylogenetics, and environmental impact
assessments. The most common environmental
DNA samples are soil and water'> *!. However,
sampling of parasites like leeches’ and tsetse
flies* are increasing in popularity. These are eas-
ier to obtain permissions for in most countries.
All eDNA may be considered as non-invasive
samples, however, unlike other non-invasive sam-
ples it is often challenging to perform population
genetic analysis with these samples'.

The major challenge in processing eDNA
is enrichment'%>. Here, enrichment might be
needed to first concentrate the material that is
usable for sequencing since the volume of sample
collected is high but DNA content is low. Most
methods involve precipitating cells and nucleic
acids or manually removing unwanted parts.
Generally mitochondrial DNA is easier to obtain
from these due to a higher proportion of mito-
chondria in cells than DNA in the nucleus. The
DNA obtained is expected to be fragmented and
in low concentration. The challenges faced in the
preservation and transport of these samples is
similar to that of non-invasive samples.
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4 Library Preparation

The DNA that is obtained from the various sam-
ples has to be prepared for sequencing since the
raw DNA is not suitable for sequencing directly
and several modifications are needed. These are
of course dependent on the questions one aims to
address in their study and the type of sequencer
to be used. Here, we discuss the most common
reasons for sequencing genomes of wild species
on a next-generation sequencing platform and
the most common types of library preparations.

4.1 Reference Genome Assembly
Reference genomes are extremely useful in all
genomics analysis. They are generally needed for
ascertaining the genomic position of a sequenc-
ing read. This in turn is essential for identifying
SNPs, identifying consequences of mutations,
identifying arrangement of genes and many
others®® 32, There are two kinds of assemblies,
the most common being draft genome assem-
bly where the genome is sequenced and only a
preliminary assembly is done generally with-
out scaffolding and annotating®®. The other is
complete genome assembly where the genome
is sequenced, assembled by scaffolding and then
annotated”. Complete genome assemblies might
be rare for non-model wild species however ini-
tiatives like earth biogenome project”, zoono-
mia consortium''” and DNA zoo (https://www.
dnazoo.org) are making several high-quality
genomes available. Such initiatives generally help
obtain an assembled genome of closely related
species which can be useful if the genome of the
species of interest is not available.

Assembling a reference genome generally
involves sequencing across multiple sequenc-
ing platforms for long and short read data. The
primary assembly software often relies on the
assumption that the sequencing reads are from
a randomly fragmented genome®> '°'. Hence, it
is important that the starting DNA is not frag-
mented or contaminated and is of high con-
centration. PCR free library preparations are
preferred for assembly hence high amounts of
DNA is needed™. All these conditions are gener-
ally met by DNA from invasively collected tissue
or solid tissue from fresh corpses.

Several platforms are available for reference
genome assembly. Until recently one of the easiest
and cheapest option was to obtain a 10 x genom-
ics chromium library for a good quality primary
assembly® but this is presently unavailable. Other
option for good primary assembly includes short
read data from DNA libraries of varying insert
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sizes but these can be expensive. These primary
assemblies can be scaffolded using Bionano opti-
cal reads, Dovetail Chicago libraries and Dovetail
HiC libraries®. These have yielded chromosome
level assemblies. However, there will be several
gaps in the assembly which can be filled with
long read sequences. All of this is generally very
expensive ($30,000-$40,000 USD for mammalian
genomes) and needs advanced computing facili-
ties. Such resources are generally rare for wildlife
research in south and south-east Asian countries.
Here, global genome assembly initiatives®” !’
can be very helpful. However, species that do not
survive in captivity and have to be sampled from
wild populations are difficult to obtain invasive
samples from. Here, it is important for research-
ers from native range countries of these species
to participate in the global initiatives to develop
resources for studying the species of interest
further.

4.2 Whole Genome Resequencing
Whole genome sequence data can provide
unprecedented insights into the biology of a spe-
cies. Whole genome sequences have been used
to resolve subspecies® °!, gain insights into spe-
cies extinctions®’, understand wildlife disease®®,
demographic history and ongoing threats®,
develop population management strategies (°%),
discover new species’!, develop tools to study
the current species and many other applica-
tions. Analysis of whole genome sequencing data
requires the availability of a reference genome
assembly of the species or a closely related species.
Most common whole genome re-sequencing
projects make use of short read data. This is due
to the availability of PCR-based library prepara-
tions which make the fragmented and low con-
centration DNA obtained from non-invasive
samples amenable to whole genome sequencing.
Other techniques involve enriching the host DNA
from non-invasive samples before whole genome
sequencing”® ’® 8, Presently, enzyme-based DNA
fragmentation and tagging (for example those
implemented in kits like Illumina DNA prep)
and PCR-based library preparations (for exam-
ple those implemented in NEB Ultra 2 library
preparation Kkits) are very useful in sequenc-
ing genomes from very small amounts of DNA
obtained from non-invasive samples® °'. Analy-
sis of whole genome sequences requires that the
sequencing reads belong to randomly fragmented
DNA. This is generally difficult to know for non-
invasive samples and PCR-based methods might
bias this further. Hence, it is crucial to remove
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reads that are optical duplicates (Box 1) from the
data before further analysis.

Whole genome resequencing projects might
require very high-throughput sequencers which
are rare in many south and south-east Asian
countries. The sequencing can be expensive
too ($1000-$1500 for mammalian genomes
including library preparation and sequencing at
20 x depth). However, library preparations, when
done in-house rather than outsourced to dedi-
cated sequencing companies, can be cheap and
only require common equipment. This can allow
researchers to ship their libraries to neighbouring
countries for sequencing. Local sequencing hubs
in the region are China, India and Singapore with
access to all library preparation and sequencing
technologies.

4.3 Reduced Representation Sequencing
For several studies data from few hundred to
few thousand genomic loci tend to be sufficient.
These involve coarse grained studies on popula-
tion structure, individual identification, phyloge-
netics, pedigree and many others. The genomic
regions sequenced depend on the study design.
These methods generally make analysis of large
sized genomes easier by ignoring repetitive sites
of the genomes®. Reduced representation of
genome sequence (RRGS) approaches includes
exome capture’’, genotyping by sequencing’’,
ultra conserved elements’ and transcriptome
sequencing'’.

Reduced representation sequencing is a robust
and cost-effective approach to generate genome
wide data'® and is based on the second gen-
eration of high-throughput DNA sequencing
technology’. Single nucleotide polymorphisms
(SNPs) are the predominant genomic data
sought by wildlife biologists. Hence, approaches
like Restriction site Associated DNA Sequencing
(RADSeq) and double digest RADSeq (ddRAD-
Seq) are common'® 8!, Ultra-conserved elements
are sequenced predominantly for phylogenet-
ics research, while transcriptome and exome
are sequenced primarily for understanding
adaptations®® and functional changes''' for pop-
ulation genetics''? and ecology®” *°.

The major advantage of reduced represen-
tation sequencing is that it can generate the
desired data from poor quality biological sam-
ples like non-invasive samples such as fecal and
hair samples®, Tyagi et al. in prep). A reference
genome is desired for the same or related spe-
cies to analyse the obtained data for identifica-
tion of SNP markers. It is more crucial to have
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Table 1: Common library preparations and applications in example fields of study.

Nucleic acid Samples used

Enrich-
ment

Library preparation required Fields of study

DNA Non-invasive sample Whole genome Yes Population genetics, phylogenetics,
evolution

DNA Invasive Whole genome No Genome assembly, population
genetics, phylogenetics, evolu-
tion

DNA Non-invasive sample RAD Yes Population genetics

DNA Invasive RAD No Population genetics

DNA Non-invasive sample Baiting Yes Population genetics

DNA Invasive, non-invasive sample  Amplicon No Population genetics, population
census

DNA Non-invasive sample UCE Yes Phylogenetics

DNA Invasive Bisulphite No Functional genetics

DNA Invasive, non-invasive sample Exome Yes Population genetics, phylogenet-
ics, evolution

RNA Invasive Transcriptome No Population genetics, phylogenetics,

evolution, functional genetics

a reference genome if the sample type is poor
like non-invasively collected samples. For non-
invasive samples, the reference genome not only
helps in arranging and sorting the sequencing
reads but is also useful for filtering out the non-
endogenous and non-target DNA such as those
from environment or diet. However, one of the
biggest advantages is the availability of analyti-
cal programmes and pipelines which enable the
discovery of SNPs without a reference genome
like stacks*!. Most reagents and facilities needed
for this type of library preparation are available
in most south and south-east Asian countries and
basic computational resources may be sufficient
for analysing this type of data. Table 1 lists the
most common types of library preparations and
the types of samples they are suitable for.

5 Sequencing

It is important to know beforehand the purpose
of sequencing and gathering as much informa-
tion as available about the genome of the species.
The few important issues to know beforehand
are whether a reference genome for the species is
available and if not then if the reference genome
of a closely related species is available. It is also
useful to know the genome size and the GC con-
tent of a genome, as these are strong predictors
of how difficult sequencing, assembly or analysis
may be. These information are very important
in deciding the type of sequencing to be used
and for deciding a budget. Depending on the
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questions and the resources available the type of
sequencing data to be obtained is chosen. Majorly
there are short read sequencing and long read
sequencing. Short read sequencing is the most
common, easy to analyse and cheapest kind of
data available presently while long read sequenc-
ing is generally expensive, has fewer analysis pipe-
line and the sequencing facilities may be rare.
Arumugam et al.’ have listed several sequencing
platforms and their advantages.

5.1 Short Read Sequencing

This type of sequencing generally yields sequenc-
ing reads of lengths between 100 and 250 base
pairs. Sequencing can be done either as single
reads where each DNA fragment in the library
is sequenced from one side or as paired reads
where each DNA fragment is sequenced from
both ends and information on pairing of reads
is retained. Presently this is the most common
type of sequencing data used for most species as
it is cheap (less than $1000 for sequencing mam-
malian genomes at 20 x) and easy to analyze.
Presently, Illumina sequencing platforms are
most commonly used for this sequencing. Pre-
viously, Roche 454 was an option, but has been
discontinued. Within south-east Asia, presently
China, India, Indonesia, Philippines, Singapore
and Thailand are potentially the countries where
large scale illumina sequencing platforms (Illu-
mina HiSeqX10 and above) are available, Bang-
ladesh, Malaysia and Vietnam have medium
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scale sequencers (Illumina HiSeq 4000 etc.) while
Nepal and Myanmar have small scale sequencers
(Ilumina MiSeq) available. Researchers in sev-
eral countries like Bhutan, Brunei, Cambodia and
Laos may not have access to any next-generation
sequencing platforms. Researchers in these coun-
tries have to obtain CITES permits to take their
samples to other countries for sequencing.

Short read sequencing data is presently
important for almost all sequencing applications
including reference genome assembly and anno-
tation, resequencing, transcriptome sequencing,
reduced representation sequencing and others.
For non-invasive and environmental samples
this kind of sequencing might be the only viable
option since the DNA is generally fragmented.
This type of sequencing is also suitable for low
concentration DNA due to the availability of
PCR-based library preparation techniques.

5.2 Long Read Sequencing
This type of sequencing yields long sequenc-
ing reads of lengths 10 Kbp and above or
ultra-long sequencing reads going up to 1 Mb
or more. This type of sequencing can be quite
expensive (more than $5000 for sequenc-
ing mammalian genomes at 20 x) and diffi-
cult to analyze. Generally, longer read lengths
have higher error rates and high sequencing
depths are needed to correct for these. Some
ultra-long read sequencers have non-random
errors which means sequencing on a different
platform is needed to correct for these. Long
read sequencing is commonly done on PacBio
sequencing platforms while Oxford Nanopore
sequencers are increasing in popularity. Pres-
ently, Oxford Nanopore is probably the only
sequencing platform that is reported to provide
ultralong sequencing reads ranging upto few
Mbp in read length® *’. Pacbio sequencers are
available in Bangladesh, China, India, Malaysia,
Philippines, Singapore, Thailand and Vietnam.
Oxford nanopore also have a portable device
that is commonly available in several countries
or can be obtained easily however, the prome-
thion, a high-throughput device is rare in most
of south and south-east Asia. Pacbio sequenc-
ers claim to have the most unbiased random
sequencing errors while Oxford nanopore
might have non-random sequencing errors’’.
Long read sequencing is most commonly
used for applications involving genome assem-
bly. They have not been used for resequenc-
ing projects for wildlife studies. This kind
of sequencing needs good quality and high
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amounts of DNA like those obtained from
invasive samples. Long read sequencing library
preparations are mostly free of several rounds
of PCR.

Box 2
Video URL for understanding common
sequencing technologies
Ilumina: https://youtu.be/fCd6B5HRaZ8
PacBio: https://youtu.be/_ID8JyAbwEo
Nanopore: https://youtu.be/RcP85JHLmnl,
https://youtu.be/sv9fFeSd3kE
Ion Torrent: https://youtu.be/zBPKj0mMcDg
Video URL for understanding few scaf-
folding technologies
HiC: https://youtu.be/tTjmRtgnNng,
https://youtu.be/Ba80O6rSoUSA
Chicago: https://youtu.be/tTjmRtgnNng

Bionano: https://youtu.be/S2ng6glu04l

6 Analysis

This is a critical part of any scientific question to
be addressed. For next generation sequencing-
based experiments, obtaining data is relatively
easy and a major portion of the work consists of
analysing the data. Since NGS experiments can
generate huge amounts of data in a short span
of time, good computational infrastructure is
needed to analyze it. The analysis of the data can
be divided into filtering the data, stratifying the
data, making inferences.

Filtering of the data is needed at various stages
of the analysis to increase the accuracy of the
results. The first step in any sequencing analysis
involves the filtering of the raw data. This dis-
carding involves removing adapters and indexes
leftover after sequencing, trimming the bases
towards the end of sequencing reads to increase
the average quality of the reads and any reads that
may be too short, are discarded as their genomic
origins are difficult to determine accurately'®
and references therein). After this initial round of
filtering the data may need further filtering down
the pipeline to remove reads that maybe PCR
duplicates in whole genome-based studies or to
remove reads whose position along the genome
cannot be ascertained confidently.

The filtered raw data needs to be clustered for
further analysis. The reads are randomly output
by the sequencing machine. It is important to
determine the position of the bases either with
respect to other bases in the sequencing data or
with respect to a reference genome. This can be
ascertained either by assembling the data into
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genomes, aligning the data to a reference genome,
aligning the reads with other reads to obtain rela-
tive positions or using targeted loci where the
genomic location of the reads is known before-
hand. Once the data has been stratified certain
bins may be discarded due to low complexity
or low depth depending on the questions being
asked. This further allows for comparison of data
from one region to another or data from one
individual to another thus allowing for quantifi-
cation of several biological parameters.

Lastly inferences need to be made from the
data to finally address the questions. This often
involves identifying SNPs, comparing gene
sequences, computing phylogenies, quantifying
population genetic parameters and other analysis
depending on the questions.

Most of the softwares used for analysing and
drawing inferences from NGS data are freely
available and there is lots of support from peers
for most of these. Platforms like github (https://
github.com) are popular for sharing codes and
scripts while biostars (https://www.biostars.org)
and stackoverflow (https://stackoverflow.com)
are being used commonly for discussing techni-
cal issues. However, computational costs remain
one of the major constraints. Huge amounts of
processing power and memory is needed for ana-
lysing NGS data. For most mammalian whole
genome analysis, a minimum of 10 core proces-
sor with 128 Gb random access memory would
be needed costing about $2500. This might be
sufficient for data from most reduced representa-
tion library sequences. However, this minimum
configuration may not enable multiple lab mem-
bers to run their analysis at the same time and
better computers would be needed. Additionally,
for multi-individual range wide analysis or for
genome assembly-based analysis much higher
computing power is needed. Also, since the vol-
ume of data is very high, lots of storage space is
needed. This can further add to the costs. For
most NGS-based studies access to high through-
put computing clusters and supercomputers
might be essential. Several countries in south and
south-east Asia lack such infrastructure for wild-
life studies while this might be available for other
use. China, India and Singapore might be the
only hubs in the region with all the infrastruc-
ture for wildlife genomics studies. It is also easy
to share computational resources across countries
through remote access. Additionally, servers like
galaxy® are designed specifically for such tasks.
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7 Discussion

Here we discuss the major considerations to
keep in mind for conducting wildlife genom-
ics research in south and south-east Asia. Wild-
life genomics studies based out of this region
have been generally rare and most have been in
collaboration with western labs. Initiating inde-
pendent wildlife genomics studies in this region
needs to take into account policy, funding, infra-
structure and expertise. Presently in this region,
for questions regarding biodiversity assessments
amplicon sequencing from environmental DNA
would be the easiest to begin since this is easier to
obtain permissions for sampling, mostly involves
amplifying and sequencing specific regions of
genome and can be analysed with minimal com-
putational infrastructure (for example> '”’. The
reference panels for specific genomic regions are
generally available on NCBI (https://www.ncbi.
nlm.nih.gov) or easy to create. For questions
regarding population genetic analysis within spe-
cies obtaining non-invasive samples might be
the easiest. Depending on the question and the
sample, either a reduced representation library
or a whole genome library can be prepared and
sequenced. This however might need an available
reference genome from the same or related spe-
cies for analysis. The computational infrastruc-
ture needed can be good workstations or high
throughput clusters depending on the data. The
data can be archived on free online databases
like SRA (https://www.ncbi.nlm.nih.gov/sra) (for
example’™ *®. The most difficult initiative for
most countries in this region might be to address
questions that require genome assemblies. These
require invasive samples, several kinds of library
preparations and whole genome sequencing on
various platforms and high throughput compu-
tational clusters (for example®. Several develop-
ments and collaborations are needed to initiate
such studies in most countries. Presently the dis-
parity in technology in various country is a major
problem that needs to be tackled for a holistic
growth across the globe.

There needs to be policy changes in the region
to advance wildlife biology. There need to be poli-
cies for collecting and archiving of tissue samples
from corpses of species, creation of cell lines,
archiving of non-invasively collected samples and
accessing these collections. The corpses of elusive
species are extremely rare and yield extremely
good quality samples for most studies’'. Presently
these samples are collected for forensic analysis
only and rarely archived for research. Addition-
ally, large museum facilities are absent in this
region. The region needs to urgently develop

,,,,,, J. Indian Inst. Sci.lVOL 101:21243-256 April 2021ljournal.iisc.ernet.in


https://github.com
https://github.com
https://www.biostars.org
https://stackoverflow.com
https://www.ncbi.nlm.nih.gov
https://www.ncbi.nlm.nih.gov
https://www.ncbi.nlm.nih.gov/sra

Considerations for Initiating a Wildlife Genomics Research Project

museums like Field Museum of Chicago or Natu-
ral History Museum, London where all the exist-
ing biodiversity can be archived properly with
care. Such facilities not just help tackle the sam-
pling problems in wildlife genomic studies but
also are consistent with scientific principles where
the results are repeatable. There needs to be a
major policy overhaul to implement these.
Funding seems to be the next major chal-
lenge in the region. While several countries in the
region are rich and invest in scientific research,
most of the countries are not very invested in
wildlife genetics research that does not yield
immediate tangible benefits. Several non-govern-
mental organizations have been providing small
grants to support field work but very few to none
provide the financial resources needed to under-
take independent wildlife genomics research. The
labs in these regions need support from the gov-
ernment, foreign organizations like US Fish and
Wildlife Services and from independent donors
to establish wildlife genomics research locally.
An even challenging task is to support long term
monitoring projects which are almost non-exist-
ent in the region for the majority of endangered
species. Initiatives like Isle of Rum deer project,
meerkats, Serengeti lions are desperately needed
for several endemic and endangered species in
this species rich region. This will need commit-
ted funding or specialized funding agencies from
the government. International consortiums and
initiatives like earth biogenome project’” and
Zoonomia consortium'!” will hopefully help in
improving the situation. Hopefully, if policies
can be implemented the funding situation might
improve too. Websites like https://terravivagrants.
org list a few funding sources for wildlife research
that might aid in acquiring funds for this region.
While certain infrastructure needed for
undertaking wildlife genomics projects exist in
most of the countries already, they may not be
accessible to wildlife researchers. For example,
most supercomputers or clusters might be dedi-
cated for defence and monitoring purposes while
most sequencers might be dedicated for medical
or agricultural research. Facilities for large scale
storage and archiving of samples for central-
ized access are rare. Transporting samples from a
remote field site to the laboratory is a challenge
since maintaining a cold chain is very difficult
and field-based laboratory facilities are rare. If
infrastructural challenges in sampling can be
overcome, the library preparation facilities reach
this part of the world very late probably due to
low demand. Most of the library preparation
and sequencing technology is developed in the
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western countries and there can be a lag of a few
years before these technologies are available in
south and south-east Asia. This further delay the
genomics research in this region.

Presently, most genomics research in the
region appears to be dependent on collabora-
tions with western laboratories. These generally
involves transferring samples from native coun-
try of a species to labs abroad. This is highly
regulated by international treaties and acts like
the CITES'’, the Nagoya protocol®® and other
local regulations. Also, while researching in for-
eign labs allows local researchers to get trained,
most researchers may not run independent labs
in the region to address wildlife genomics ques-
tions. This might be because of lack of funding
and infrastructure. Building local capacities by
global collaborations will not only aid greatly in
developing the field also for tackling global crises
like pandemics and global warming locally and
in parallel. Once these are made available hope-
fully the countries will start attracting their local
talents and lots of wildlife genomics research can
happen in the native range of the species.
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