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Preamble

In Bangladesh, the Halda River is one of the most significant rivers due to natural breeding
ground and significant seedling sources of freshwater fishes. Very recently it has been
declared as “Bangabandhu Fisheries Heritage“ to commemorate the “Mujib Barsha”.
This river provides favorable physicochemical factors which creates a congenial
environment during monsoon between April and June. Therefore, due to this river's unique
feature, the Indian major carps spawn naturally which makes it the most economic heritage
of this country as well as in South Asia.

Whole genome sequence (WGS) approach has become very useful in recent time as
relevant technologies are readily available to the scientific community. It is crucial to explore
the WGS of different carp species as well as that of River Dolphin to reveal novel and
accurate ways to explore the heterozygous nature of the carp genome and to foster further
research for their conservation and branding.Genetic variation is essential in maintaining the
evolutionary potential and robustness of a population. Preservation of genetic diversity is also
crucial for both wild and cultivated species to preserve the fitness of a population.
Accessibility to high-quality genomics information of these species will aid us in interpreting
its evolutionary aspects along with aptitude in adapting to different territories as well as
environmental fluctuations, through comparative studies with other subspecies.

We are grateful to our sponsors for all out support to conduct this study. All the fish and
dolphin specimens were kindly provided by the local authorities including Upazila Fisheries
Office, Hathazari and UNO, Hathazari. We are grateful to the Vice Chancellor of CVASU to
provide laboratory support for the molecular and bioinformatics analyses. All researchers,
avademicians, students and support staff of the Halda River Research Lab (HRRL) deserve
special thanks for kind support during the project period. We are especially grateful to the
members of the Halda Research Lab management Committee for all out support and
cooperation in conducting this research.

We hope and believe that the findings from this study will provide substantial genomics and
proteomics datasets and the researcher community were highly benefitted to accomplish
further relevant research on this unigue resource of Bangladesh.

Professor Dr. Md. Manzoorul Kibria Professor Dr. AMAM Zonaed Siddiki
Coordinator, Team Lead, Genome Research Group

Halda River Research Laboratory Chittagong Veterinary and Animal Sciences
Department of Zoology University (CVASU) Khulshi, Chittagong-4202
University of Chittagong Bangladesh
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Abbreviations

bp: Base pair

BUSCO: Benchmarking Universal Single-Copy Orthologs
DNA: Deoxyribonucleic acid.

EDTA: Ethylene_diamine-tetraacetic acid

Gbp: Giga base pair

GO: Gene ontology

IMC: Indian Major Carp

Kb: Kilo base pair

Mb: Mega base pair

gPCR: Quantitative Polymerase Chain Reaction
PCR: Polymerase Chain Reaction

SRA Sequence Read Archive

WGS: Whole Genome Sequencing

BLAST: Basic Local Alignment Search Tool
BWA: Burrows-Wheeler Aligner

CVASU: Chittagong Veterinary and Animal Sciences University

CU: University of Chittagong
HRRL: Halda River Research Lab
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Software/ Tools used for the Genome Sequencing

Software name URL/ website Function
BWA http://bio-bwa.sourceforge.net Mapping
SAMTOOLS http://samtools.sourceforge.net Mapping
GATK https://gatk.broadinstitute.org/hc/en-us Mapping
NovoPlasty https://github.com/ndierckx/NOVOPIasty Assembly
MITOS http://mitos.bioinf.uni-leipzig.de/index.py Annotation
GeSeq https://chlorobox.mpimp- Annotation
golm.mpg.de/geseq.html
CLC main https://digitalinsights.giagen.com/products- Phylogenetic tree
workbench overview/discovery-insights-portfolio/analysis-
and-visualization/giagen-clc-main-workbench/
MEGA X https://www.megasoftware.net Phylogenetic tree
OGDRAW https://chlorobox.mpimp- Visualization
golm.mpg.de/OGDraw.html
Software URL/ Website Function
FastQC https://www.bioinformatics.babraham.ac.uk/proje | Quality Check
cts/fastqc/
ABYSS https://github.com/bcgsc/abyss Assembly
Platanus http://platanus.bio.titech.ac.jp Assembly
Repeatmasker http://www.repeatmasker.org Repeat content
BUSCO https://busco.ezlab.org To assess genome
assembly
completeness
MAKER https://www.yandell-lab.org/software/maker.html | Annotation
INTERPROSCAN | http://www.ebi.ac.uk/InterProScan/ Protein Analysis/
Functional annotation
OrthoVenn2 https://orthovenn2.bioinfotoolkits.net/home To show orthologous

gene cluster




Project background

Aquaculture in Bangladesh had experienced massive growth during the last twenty-five
years and currently, 50% of total fish production comes from aquaculture (FRSS, 2012)
which was only 20% in the 1980s (Dey et al., 2008).

The Halda River is one of the most significant rivers of Bangladesh due to natural
breeding ground and significant seedling sources of freshwater fishes. This river
provides favorable physicochemical factors which creates a congenial environment
during monsoon between April and June (Kibria et al., 2009). Therefore, due to this
river's unique feature, the Indian major carps spawn naturally which makes it the most
economic heritage of this country as well as in South Asia (Akter and Ali, 2012; Kabir et
al., 2013). The three Indian major carp species such as catla (Catla catla), rohu (Labeo
rohita), and mrigal (Cirrhinus cirrhosus) together constitute a traditional and popular
aquaculture practice termed as carp polyculture system in Bangladesh. C. catla is an
endemic species in Bangladesh, India, Pakistan and Myanmar (Basak et al., 2014).
Indian major carps group of the family Cyprinidae is naturally distributed in the rivers of
Bangladesh, India, Pakistan and Myanmar (Talwar and Jhingran, 1991). The column
feeder rohu (L. rohita), along with the surface feeder catla, Catla catla (Hamilton) and
bottom feeder mrigal, Cirrhinus cirrhosus (Hamilton) constitute an essential and popular
aquaculture practice in the region named carp polyculture system.

Genetic variation is essential in maintaining the evolutionary potential and robustness of
a population (Vandewoestijne et al., 2008). Preservation of genetic diversity is also
crucial for both wild and cultivated species to preserve the fitness of a population
(Vandewoestijne et al., 2008). Accessibility to high-quality genomics information of these
species will aid us in interpreting its evolutionary aspects along with aptitude in adapting
to different territories as well as environmental fluctuations, through comparative studies
with other subspecies.

Whole genome sequence (WGS) approach has become very useful in recent time as
relevant technologies are readily available to the scientific community. Researchers
already conducted a de novo assembly of Labeo rohita (Breed: Jayanti) whole-genome
sequence to reveal novel and accurate ways to explore the heterozygous nature of the
carp genome. Several studies were conducted to investigate genetic differentiation of
wild & hatchery populations of Indian major carps Such as Labeo rohita, Catla catla,
Cirrhinus cirrhosis (Ullah et al., 2012). With few preliminary studies, this is high time for
genome-level investigation of these major Indian carps to explore their vulnerability
towards environmental alterations, susceptibility to illness and disease as well as other
crucial “biological phenomena.”



Several studies were conducted to investigate genetic differentiation of wild & hatchery
populations of Indian major carps Such as Labeo rohita, Catla catla, Cirrhinus cirrhosis
(Ullah et al., 2012). With few preliminary studies, this is high time for genome-level
investigation of these major Indian carps to explore their vulnerability towards
environmental alterations, susceptibility to illness and disease as well as other crucial
“pbiological phenomena.”

The Ganges river dolphin, commonly known as as “shusuk”in Bangla Platanista
gangetica (Roxburgh, 1801) is a freshwater dolphin distributed throughout the Ganges—
Brahmaputra—Meghna and Karnaphuli-Sangu river systems of Nepal, India,
Bangladesh, and potentially Bhutan (Mohan et al. 1997; Sinha et al. 2000; Smith et
al. 2001). Its geographical range has been reduced, and its abundance has declined in
many areas where the animals still appear (Reeves, et al, 1995, Smith et, al, 2012,
paudel, et al, 2015). The International Union for Conservation of Nature (IUCN) revised
the threatened status of the Ganges river dolphin from vulnerable (Klinowska, 1991) to
endangered as per IUCN Global Red List guidelines (Smith et, al, 2012). At present, it is
thought that there are about 3500 individuals of this species throughout its distribution
range (Sinha et al, 2014). This species is placed on the First Schedule of Bangladesh
Wildlife (Conservation & Security) Act, 2012, and it is classified as endangered because
of the numerous anthropogenic and natural constraints to its survival, for example, water
pollution, boat traffic, and reduction of water flow during the dry season (IUCN
Bangladesh, 2000); however, the population of river dolphins has declined rapidly in
recent years with much of their habitat already degraded (Smith, et al, 2012).

There are nearly 200 species of aquatic vertebrates, almost exclusively fishes, in the
Brahmaputra River System. This faunal composition includes not only a wide variety of
food-fishes, but also about 50 varieties of aquarium fishes. The most spectacular animal
in the Brahmaputra is undoubtedly the river dolphin, Platanista gangetica. The population
of many species, particularly of the dolphin, is in steady decline. River dolphins, mostly
juveniles, often entangle themselves in gill and drift nets, while feeding on trapped fishes.
Although vulnerable due to respective extinction risks, river dolphin is the most inhabited
dolphin- subspecies containing the most genetically diverse and has the strongest
possibility of survival in the freshwater. Accessibility to high quality genomics information
of this animal will assist us in interpreting its evolutionary aspects along with capability in
adapting to different habitats as well as environmental changes, through comparative
studies with other subspecies.

Whole genome sequence (WGS) approach has become very useful in recent time as
relevant technologies are readily available to the scientific community. Recently,



reseahers conducted a De Novo assembly of a bottlenose dolphin whole-genome
sequence to reveal novel and accurate ways to explore the heterozygous nature of the
dolphin genome (Martinex et al, 2018). Likeewise, it is essential to analyse the whole
genome sequece of river dolphin to explore their vulnerability towards environmental
alterations, susceptibility to illness and disease as well as other crucial factors
associated with its conservation.

Significance of the project

The Halda river occupies a prominent position as a natural breeding ground of Indian
major carps among existing open inland water bodies of Bangladesh. This river is unique
and distinct due to genetically purity of fertilized spawn of Labeo rohita and other carps.
Simultaneously this river has also a great significant role in the livelihood of a
considerable number of people who are egg collectors and Hatcher and supply
freshwater fishes.

Though about 50 years ago, 40-50 thousand kgs of eggs could be collected from Halda
river; in the last year, only about 12 kgs of egg were collected from it. This is because the
natural breeding has become constrained by the degradation of habitats as a result of
environmental modifications and anthropological intervention (Akhtar et al., 2017). The
density of the species has declined significantly because of overfishing, constructions of
sluice gates in the branch rivers and rubber dam and hunting mother fishes, the quality
of eggs released in the river by mother fishes are also gradually reducing to an alarming
rate. On the contrary, the demand for fish fry has increased several folds through
aquaculture expansion. However, little attention has been given to explore the unique
genetic features of these fish species which has considerable economic significance.
Thus it is essential to understand the genetic composition of Indian major carps for the
management of their natural population in the river. Thereby the branding of the Halda
carps can be ensured which were invaluable for commercialization and
entrepreneurship of its resources.

Traditionally, it is recommended that the genetic structure of the base population (e.g.,
Brood bank collections) be analyzed so that this information can be used to assess the
quality of the hatchery stocks in future. Whole genome sequencing (WGS) is one of the
modern technique to achieve this objective. As entire genome map of Jayanti Rui is
available, now it is possible to establish the draft genome of these four carps, fully
characterize the gene for any specific trait. It will increase our understanding of the




transcriptome and thereby select particular gene groups unique to halda river population.

The genome sequencing of Indian major carps will provide valuable information on
genome organization, evolutionary divergence, conservation and overall endemic
diversity. It's also important to identify some genes related to a particular trait such as
those associated with adaptation, evolution. Comparative genome analysis will also
reveal more information on fishes which have desired characteristics. The genetic
tools and experiences from this current project may offer a new frontier to disease
management, the ability to better support towards their conservation.

Fresh water mammals from different mammalian orders share several phenotypic traits
adapted to the aquatic environment and therefore represent a classic example of
convergent evolution. The population of many species, particularly of the dolphin, is in
steady decline. River dolphins, mostly juveniles, often entangle themselves in gill and
drift nets, while feeding on trapped fishes. This species is placed on the First Schedule of
Bangladesh Wildlife (Conservation & Security) Act, 2012, and it is classified as
endangered because of the numerous anthropogenic and natural constraints to its
survival, for example, water pollution, boat traffic, and reduction of water flow during the
dry season; however, the population of river dolphins has declined rapidly in recent years
with much of their habitat already degraded. So, it is necessary to develop modern and
fast monitoring tools for endangered biodiversity. To do this whole genome sequencing
is important. As whole genome map of bottlenose dolphin is available , now it is possible
to establish a draft genome of river dolphin, fully characterize the genes and their for
any specific trait. It will increase our understanding about the transcriptome and thereby
select particular gene groups unique to river dolphin population.

It is expected that, this study will provide a useful platform for the functional genome and
conservation research of Halda river carps and other aquatic animals including
Dolphins in the future. The knowledge will help us develop a better policy for their
breeding, behavioral pattern analyses with a view towards their in situ conservation. The
Government of Bangladesh, as well as international communities, has a particular
interest in Halda river population conservation. The present proposal will certainly
help our effort towards their effective conservation.
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Aims and Objectives

The proposed research activities were focused on following specific objectives:-

» To develop a draft whole genome and mitogemome of Indian Major Carps
(Labeo rohita, Catla catla/Gibelion catla, Cirrhinus cirrhosus, Labeo
calbasu) with high sequence coverage (50X) using state-of-the-art Next-
generation sequencing (NGS) approach and other modern computational
biology tools

» To determine the genetic characterization & genetic diversity of selected Indian
major carps, as well as to detect distinct features of Halda river carps with
a view to branding of the Halda carps

» To develop a draft genome and mitogenome of Platanista gangetica (South
Asian River Dolphin) with high sequence coverage using state-of-the-art
next generation sequencing (NGS) approach and other modern
computational biology tools

» To strengthen national and international collaboration towards capacity building
and human resource development to promote River Dolphin conservation

11




Methodology of the Study

Sampling and DNA isolation:

The fish specimens provided by local Fisheries Department and preserved at the -20
degree freezer of Halda River Research Lab (HRRL) of Department of Zoology, University
of Chittagong were used for WGS study. All fishes were collected from river Halda
(Longitude/Latitude-22°28'56.09"N & 91°54'07.62"E) and during 2019-20. The muscle
tissue was dissected and stored with 95% ethanol, later a high molecular weight genomic
DNA was extracted using the AddPrep Genomic DNA extraction kit (AddPrep Inc., Korea).
Samples were further tested for qualitative and quantitative evaluation of the DNA through
Fluorumetry. All the methods had been performed following the "Regulations for Animal
Experiments in Chittagong Veterinary and Animal Sciences University" as required.

Library preparation

The extracted DNA was cleaned up using commercial kits and sent for subsequent library
preparation and whole-genome sequencing (WGS) at the BGI genomics, China. Using
Next-generation sequencing (NGS) technology on an llluminaNovaSeq 6000 platform a
total of 45 Gigabase pair (Gb) of subread bases with a read length of 150 bp were induced.
After sequencing quality of primary sequence reads and trimmed sequencing reads were
investigated using FastQC version 0.11.8. The quality control of the reads was done
including removing adaptor sequences, low-quality reads and contamination from raw reads
using BFC. A total of 55,264,452,615 clean reads were included in the assembly with 48X
coverage.

Genome assembly:

To assemble the whole genome ABySS ver. 1.9.0 program were used along with Platanus
ver.1.2.4 assembler. Since there is currently no de novo assembler assured to outperform
others and as assemblers overall performance can differ relying on the dataset, two unique
assemblers were used and to determine the best assembler an assembly evolution was
subsequently performed. Both assemblers follow the classic De Bruijn graph illustration
even though the assembly algorithm differs across methods. Finally, BUSCO v.4.1.2 was
operated to assess the quality of the assembly in respect of gene completeness.
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WGS data processing and filtering

The raw sequence data quality were assessed using FASTX- Toolkit (Pearson et al.
1997, doi: 10.1006/gen0.1997.4995), Trimmomatic
(http://www.usadellab.org/cms/?page =trimmomatic) and Trim Galore (http://www.
bioinformatics. babraham.ac.uk/projects/trim_galore/). Low quality reads were filtered
and potential sequencing errors were removed. We defined the following types of reads
as low quality reads:

1. Reads with Ns more than 10% of their length;

2. Reads with low quality base more than 50% of their length (quality score < 5);

3. Reads contain more than 10 bp adapter sequences (allowing < 2 bp mismatches);

4. Small insert size paired-end reads that were overlapped (= 10bp);
Readl and read2 of paired-end reads are completely identical. These paired-end reads
would be considered as artefacts of PCR experiment.We also implemented an error
correction procedure on the remaining high quality reads, withthe same method
described by Li, et al.2010. All the reads were then checked using FASTQC
(https://www.illumina.com/products/by-type/informatics-products/basespace-sequence-
hub/apps/fastqc.html)

Scaffold construction

The high quality reads after the above filtering and correction steps were exploited to
generate scaffolds using SOAPdenovo2 software (version 2.04
41, https://github.com/aquaskyline/SOAPdenovo2). All the high quality reads were loaded
into computer memory and de Bruijn graph data structure were used to represent the
overlap among the reads. The graph were then be simplified by removing erroneous
connections and solving tiny repeats by read path. Then all the high quality reads were
realigned onto the contigs and aligned PEs (Pair-End sequences) were obtained. We
calculated the PE relationships between each pair of contigs and then construct the
scaffolds step by step; from short insert size tolong insert size PEs. Finally, the gaps in
scaffolds were filled, which are most likely be caused by repeats, using the high quality
PE reads. ABYSS 2 (https://bio.tools/ABYSS), MaSuRCA
(www.genome.umd.edu/masurca.html) were also be exploited to assemble river genome
scaffolds.

Assembly visualization

A number of web based open source software are available for WGS analyses.
Bandage (https://rrwick.github.io/Bandage/ ), Cortex (https://bio.tools/cortex ) were used
for visualizing de novo assembly graphs. QUAST (quast.sourceforge.net) were also be
used for genome assemblies evaluation and comparison.

Validation of assembly and Gap resolution
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Once the assembly were achieved, further verification were required. Sequence gap
locations were determined. In order to identify identical gap regions on assemblies, we
will use simple alignment tools like BLAST. If fragments aligned to two separate
scaffolds or chromosomes, then the region were considered a trans-scaffold break. If
one or both fragments surrounding a gap do not align, or if there are two or more
ambiguous bases between aligned fragments, the gap is to be considered open. Gaps
were confirmed by checking lllumina WGS read alignments from the sequenced animal
to the gap region using SAMtools depth version 1.3. If one or more bases in the filled
region have a read depth <5, the gap were considered unresolved. GMcloser
(https://omictools.com/gmcloser-tool) and GapFiller (https://omictools.com/gapfiller-tool)
were also used.

Final evaluation of the assembly

To further evaluate the assembly, base qualities of the generated contigs and also the
N50 metric were utilized. Base qualities, as reported by BWA, are based on the PHRED
guality scale (Ewing and Green 1998), a de facto standard for genome assemblies. The
N50 metric is the size of the smallest contig that has to be considered to cover at
least50% of a sequence (in our case, each chromosome). High values of N50 indicate
better assemblies. MUMmer v.4 (https://bio.tools/mummer) can also be used.

Gene prediction and functional annotation:

The first step in genome annotation in a given the genomic sequence is gene structure
prediction. Gene prediction was conducted using MAKER ver. 3.01.03 which defines
probability distributions for the different sections of the genomic sequence. Gene prediction
was performed ab initio with using both given and default parameters. Functional annotation
was obtained by InterProScan ver. 5.46-81.0. The functional annotation report has been

stored at Figshare database.

Annotation of protein-coding genes
To predict protein-coding genes, information were integrated from different methods,
specifically, ab initio prediction, homology-based annotation and. For ab initio
prediction, GENSCAN (http://genes.mit.edu/GENSCANinfo.html, version

1.0) and GlimmerHMM

Copyright 2021 @ Halda River Research Lab
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(http://www.cbcb.umd.edu/software/glimmerhmm, version 3.02,) software were used to
predict tiger genes with parameters trained with the PanTigl.0 genome.. GeneWise
(unreleased, compiled on Jul-25-2007) software were used to predict gene structure
contained in each protein region. Pseudogenes were filtered out of the homology-based
results. ORF Finder(http://www.geneinfinity.org/sms/sms_orffinder.html) is also used for
gene prediction. BreakDancer (gmt.genome.wustl.edu/packages/breakdancer),
VarScan2 (https://omictools.com/varscan-tool) were used to detect structural variations.

A high-confidence homology-based gene set were also be constructed based on the
syntenic relationship between tiger and lion/human/cattle sequence using LASTZ
(version1.01.50, built 20090316) software. Given that real orthologs of the reference
protein are likely within a syntenic region, genes which are not in these regions were
filtered. Homologous genes which are shorter than the reference genes by two or more
exons will also be filtered out. The homology gene set derived from sheep reference
proteins and cattle reference proteins were then be merged. For each gene locus, the
record with the longest coding regions and/or highest genewise score were retained.
The GLEAN (http://sourceforge.net/projects/glean-gene) software were used to
integrate data derived from different methods into a GLEAN-derived gene set. Short
genes (CDSlength < 150 bp) and low-quality genes (gaps in more than 10 percent of
the coding region) were filtered. Finally all protein-coding gene models were annotated.

Copyright 2021 @ Halda River Research Lab
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Research objective 1

Draft genome sequencing and assembly of Catla catla [Hamilton, 1822] from the
Halda river of Bangladesh

Abstract

Catla catla (Catla) is a South Asian popular carp belonging to the Cyprinidae family. It is
inherent to rivers and lakes in India, Bangladesh, Myanmar, Nepal and Pakistan but has
also been proposed elsewhere in South Asia for cultivation. This surface dweller fish has
a low demand for feed and has great socio-economic significance in Bangladesh. Here,
we report a scaffold-level reference genome of C. catla generated by employing the
lllumina Hiseq technology. A healthy male adult C. catla belonging to river Halda of
Chittagong, Bangladesh was captured and used for reference based assembly. The
whole genome sequences were assembled in 5,345 contigs with a total length of
1,233,067,729 bp and a contig N50 length of 723,178 bp. Genome annotations identified
24,571 gene models using MAKER gene annotation tool. The Benchmarking Universal
Single-Copy Orthologs (BUSCO) tools assessed 97.6% completeness of the assembled
genome. The assembly provides an important resource for further comparative genomics
analyses to explore the unique biology of C. catla fish variants.

Introduction

C. catla (Hamilton, 1822) is a fast-growing freshwater carp fish species under the family
Cyprinidae, a very substantial group of fish primarily originating from Europe and Asia.
The wide range of exciting morphological functions of C. catla offers an interesting
possibility to hyperlink genotype to phenotype and to apprehend the dynamics of
genome evolution and speciation. It is the sixth most important finfish aquaculture
species, with approximately 2.8 x 10° tons produced globally in 2015 [1]. C. catla is
considered one of the "Four famous Indian carps" of Halda River which has extensive
demand for its enriched nutritive properties, high productivity rate, delicate flavour and
helpful habit of increasing water quality [2]. The Halda river is considered as one of the
top rivers in the world, which can sustain the spawning process of the four major carps
of the subcontinent naturally. It is geographically situated in South-East region of
Bangladesh which is a major branch of the River Karnaphuli, known as fish mine of
Bangladesh, in Chittagong district. The origin of Halda is at the hill ranges of Patachara,
Ramgarh near in the Khagrachari hill specifically speaking from the hilly fountain called
Haldachora [3,4].

As a principal species, C. catla alone contributed about 3,650,000 ton to the global
aquaculture production in 2010 [5] and 6.40% of annual fish production in inland water
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bodies was reported from solely C. catla in 2017-2018 FY in Bangladesh. But to meet
the developing seed demand, hatchery operators did not consider the genetic quality
issue which has led to inbreeding a common scenario in Bangladeshi hatcheries [6,7].
Thus C. catla may be susceptible to drop of genetic diversity and variability in the wild
populations because of inbreeding depression [8]. Hence, it is very urgent to annotate
genetic variability and unique traits of river populations of C. catla to take initiatives for
improvement of its reduced genetic properties that have great importance for the
sustainable aquaculture practices. Already to some extent, the gene pools of our
indigenous varieties of carps viz: Labeo rohita (Rohu), C. Catla (Catla) & Cirrhinus
cirrhosis (Mrigal) have been contaminated [9]. As a result, soon, it's feared that pure
seeds of these carps, endemic to this region will gradually disappear from the culture
system. To avoid such genetic contaminations of the seed production, the genetic
variability within a population is extremely useful to gather the information on individual
identity, breeding pattern, degree of relatedness and distribution of genetic variation
among them along with evolutionary and adaptive behaviour. The present investigation
was intended at developing the whole genome sequences of Halda riverine wild
populations of C. catla, to explore fish genomics by conducting transgenesis, mutation
or chromosomal manipulation. These will eventually facilitate conservation of genetic
materials, crossbreeding along with avoiding intergeneric hybridization among the wild
species and to encourage pure gene strain of this indigenous species for Bangladesh.

Methodology of the Study:
Sampling and DNA isolation:

A fresh sample of adult male C. catla was collected from river Halda (Longitude/Latitude-
22°28'56.09"N & 91°54'07.62"E) and conveyed to the laboratory to preserve at -70° C for
further analysis during September 2019. The muscle tissue was dissected and stored with
95% ethanol, later a high molecular weight genomic DNA was extracted using the AddPrep
Genomic DNA extraction kit (AddPrep Inc., Korea). Samples were further tested for
gualitative and quantitative evaluation of the DNA through Fluorumetry. All the methods
had been performed following the "Regulations for Animal Experiments in Chittagong
Veterinary and Animal Sciences University" as required.

Library preparation
The extracted DNA was cleaned and sent for both library preparation and whole-genome
sequencing (WGS) at the BGI genomics, China. Using Next-generation sequencing (NGS)

technology on an IlluminaNovaSeq 6000 platform [10] a total of 45 Gigabase pair (Gb) of
subread bases with a read length of 150 bp were induced. After sequencing quality of
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primary sequence reads and trimmed sequencing reads were investigated using FastQC
version 0.11.8 [11]. The quality control of the reads was done including removing adaptor
sequences, low-quality reads and contamination from raw reads using BFC [12]. A total of
55,264,452,615 clean reads were included in the assembly with 48X coverage.

Genome assembly:

To assemble the C. catla genome we used ABYSS ver. 1.9.0 [13] and Platanus ver.1.2.4
[14] assembler. Since there is currently no de novo assembler assured to outperform
others and as assemblers overall performance can differ relying on the dataset, two unique
assemblers were used and to determine the best assembler an assembly evolution was
subsequently performed. Both assemblers follow the classic De Bruijn graph illustration
even though the assembly algorithm differs across methods. Finally, BUSCO v.4.1.2 [15]
was operated to assess the quality of the assembly in respect of gene completeness.

Gene prediction and functional annotation:

The first step in genome annotation in a given the genomic sequence is gene structure
prediction. Gene prediction was conducted using MAKER ver. 3.01.03 [16] which defines
probability distributions for the different sections of the genomic sequence. Gene prediction
was performed ab initio with using both given and default parameters. Functional
annotation was obtained by InterProScan ver. 5.46-81.0 [17]. The functional annotation
report has been stored at Figshare database [18].

Result and discussion:

A total of 1.2 Gbp reads were generated and subsequently, both assemblers generated
5344 scaffolds along with 702,160 contigs in Platanus and 823,556 contigs in Abyss.
Standard assembly metrics are detailed in Table: 2.Between the assemblers, Platanus
surpassed ABYSS as it generated the fewest but longest sequence with an N50 scaffold
measure. BUSCO analysis suggested that Platanus is the best assembler in terms of
genome completeness. The BUSCO analysis on Platanus assembly revealed 97.6%
completeness, as well as a significantly lower number of scaffolds and considerably better
N50 indicates the genome to be of high-quality. In the NCBI GeneBank under the
Accession numbers JACDQS000000000 the genome sequence data has been deposited.
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Table: 1. Overview of data files/data sets

Label Name of File Data repository and identifier [DOI or
data types accession number]
file/data [file
set extensio
n]
Datafile 1 | Site of .docx https://doi.org/10.6084/m9.figshare.12980375
sample
collection
Data file 2 | Whole FASTA NCBI GeneBank Assembly [Accession number:
genome GCA _014525385.1]
assembly
data [https://www.ncbi.nlm.nih.gov/assembly/GCA 014
525385.1
Data file 3 | Whole FASTA NCBI GeneBank [Accession numbers
genome :JACDQS010000001-JACDQS010005344]
sequence
[https://www.ncbi.nlm.nih.gov/Traces/wgs/JACDQ
S01?display=contigs]
Data file 4 | Annotation | .tsv https://doi.org/10.6084/m9.figshare.12948266
files
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Table: 2. Genome assembly parameters

Total sequence length

1,232,079,142

Total Ungapped length

1,130,442,603

Gaps between scaffolds 0
Number of Scaffolds 5,344
Scaffold N50 723,740
Scaffold L50 412
No. of contigs 702,160
Contigs N50 4,548
Contigs L50 62,790
Total number of chromosomes and -
plasmids

Number of component sequences [WGS or 5,344

clone]
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GO:0044464 GO:0005576

1c

Figure: 1(a-c). Gene Ontology (GO) functional annotations of predicted genes represented by
three categories- 443 genes were assigned with GO terms in Biological process (a), 27 genes in
Molecular Function (b) and 12 genes in Cellular component (c) Each category is sub-categorized
in different GO terms, represented on percentage in the pie charts.
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Figure: 2. Comparative genomics of C. catla: Venn diagram showing orthologous gene clusters
among five diploid cyprinid species, C. catla (CC), C. auratus (CA), C. carpio (CyC), L. rohita (LR)
and D. rerio (DR).

MAKER ver. 3.01.03 [16] pipeline was used for structural annotation. GC content of the
genome was determined to be 37.03%. RepeatMasker ver. 4.1.0 [19] and
Repeatmodeler using the latest version of the Repbase database [20] identified 24.16%
repeat contents. Overall, 24,571 gene models were predicted using the MAKER gene
annotation pipeline based on both de novo and reference-based predictions using
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genes and proteins from other fish species (Goldfish, Common Carp, Zebrafish). 22,616
genes were located in a total of 5,344 scaffolds with an average of 4.23 genes per
scaffold. Out of the 24,571 genes, 12,429 were identified as GO terms using
InterProScan ver. 5.46-81.0 [17]. Based on functional annotation, 482 GO terms were
found (Figure: 1) to be associated with C. catla genome of which highest number of
gene (443) were under Biological process, followed by 27 genes of Molecular functions
and 12 genes of Cellular components. Among these, the highest number of genes was
under Biological process, 69 genes (GO: 0008150).

To elucidate orthologous relationships for the C. catla (CC) annotated genes, we
compared them employing OrthoVenn [21] with four other diploid cyprinid species,
Carassius auratus (CA), Cyprinus carpio (CyC), Labeo rohita (LR) and Danio rerio (DR).
Orthologous genes shared among these species were delineated through a Venn
diagram. The orthologous gene family analysis in diploid cyprinids resulted in total
32,111 clusters (C. Catla, 12,576; C. auratus, 22,014; C. carpio, 21,901; L. rohita ,
15,523;and D. rerio, 19,244 orthologous clusters and 8,546 single-copy gene clusters)
(Fig. 2). An add up of 8,501 orthologs were shared by all five species, along with 688
species-specific gene clusters of C. catla.

The genome sequencing and assembly of the C. catla provides a valuable tool for future
population genetics and fish genomics studies, which will allow for targeting specific
genes and particularly interesting regions of the C. catla genome. For instance, the
species could be a model organism in which to study inbreeding and aquaculture of
major carps as it is the highest common IMC species. Additionally, the species seem to
be greatly demonstrated in which to study natural breeding adaptation and potential
genomic specializations that allow for adaptation to pollution in otophysine fish species,
by comparing the C. catla genome with that of closely-related species like the Labeo
rohita (Rohu) with a more south-Asian geographic distribution. As shown in the recent
special issue of Science, sequencing new fish genomes can lead to a better
understanding of crucial aspects of the biology and ethology of fish. In the case of the
C. catla fish, it could gather new information on the genetic diversity of the species and
infer the compelling population size of each of the putative populations.

Finally, the availability of the C. catla genome can offer assistance to gather the statistic
history of the species, i.e. how high and low have the population sizes been within the
past. Besides the estimation of genetic variability, this is typically a critical point because
species that have experienced low population sizes in the past might be more
vulnerable to human threats and more inclined to extinction.

Copyright 2021 @ Halda River Research Lab



Data availability
The lllumina raw reads have been deposited in the SRA [Project ID: PRINA623322] under
the Accession numbers SRR12102514. This Whole Genome Shotgun project has been
deposited at DDBJ/ENA/GenBank under the accession SRX8626849 and the assembled
genome at GCA_014525385.1. The version described in this paper is version
JACDQS010000000.
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Research objective 2

Complete mitochondrial genome sequence of Gibelion catla (Hamilton, 1822)
from the Halda river of Bangladesh

ABSTRACT

Catla (Gibelion catla) is one of the fastest-growing major carp found in South Asia as
well as Bangladesh. Gibelion catla is abundant inBangladesh and one of the most
important aquacultured freshwater species with economic impact. In this study, we
disclosed the complete mitochondrial genome sequence of Bangladeshi Catla fish from
Halda river located in Chittagong. The circular mitogenome of Gibelion catla is 16,597
bp in length and nucleotide composition is AT-based (72%), contains 37 genes
including 13 protein-coding genes, 22 tRNA genes, 2 rRNA genes and a D-loop control
region.

INTRODUCTION

Gibelion catla is a member of the Cyprinidae family, which is endemic to the perennial
river network of northern India, the Indus plain and adjacent hills of Pakistan,
Bangladesh, Nepal and Myanmar (Reddy, 1999). It has become one of the most well-
established fish populations of all the rivers, lakes and reservoirs where they have been
introduced. The Halda River is located in South-East region of Bangladesh which is a
major tributary of the river Karnaphuli in Chittagong district originated from the hilly
Haldachora fountain at the Patachara hill ranges of Ramgarh in the Khagrachari hill and
renowned for being the only pure Indian carp breeding ground in Bangladesh where
Catla is very common (Akter and Ali, 2012; Kabir et al., 2015; Tsai et al., 1981). A major
portionof the country’s pond carp culture is dependent on these wild seed that has an
important and potential contribution in the agro-based economic development, poverty
alleviation, employment and supplying of animal protein and earning the foreign
currency for the national sector (Azadi, 1979, DoF, 2005). G. Catla is oneof the "Four
famous Indian carp" of Halda river which has extensive demand for it's higher nutrition
content, productivity rate, delicate flavour and helpful habit of increasing water quality
(Shafi and Quddus, 1982). For being small in size, high evolutionary rate, and maternal
inheritance mood, the complete mitochondrial genome sequences provide insight into
the assessment of wide variation in animals and the comparison of sequence data
contribute to the exploration of improved markers for population ecological studies
(Avise, 1995; Zhou et al., 2009). Here we reported the entire mtDNA sequences of
Gibelion catla from the Halda river.

The specimen was collected from Halda river, Chattogram (geographic coordinate:
22°33'34.7" N 91°50'41.8"E). Fresh tissue (from muscle) sample was stored at —20 °C
until used to isolate genomic DNA using commercial DNA extraction kit (AddBio, Korea)
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and the total DNA was stored with a voucher number (DPP/CVASU/2019-12-44).
Purified DNA was sent for library preparation and sequencing through commercial
suppliers. DNA was sequenced using Illumina NovaSeq 6000 platform from BGI, China.
The mitochondrial genome reads were separated from the whole genome sequence by
mapping it against the reference Catla mitochondrial datasets using SAMTOOLS. The
organelle assembler NOVOPIlasty V.2.7.2 (Dierckxsens, Mardulyn & Smits, 2017) was
used to assemble the clean reads. Web based tools like MITOS (Bernt et al., 2013) and
GeSeq (Tillich et al., 2017) were applied to perform structural and functional
annotation. Another tool, OGDRAW was used to construct the circular representation of
the entire mitogenome (Greiner et al., 2019). Finally, mtDNA sequences were aligned
and a phylogenetic tree was constructed by using MEGA X (Kumar et al., 2018)

The complete mitogenome of Gibelion catla (NCBI accession nhumber MT303069) is
16,597 bp in length and consists of 13 protein-coding genes, two ribosomal RNA genes
(rRNA), 22 transfer RNA (tRNA) genes, and a putative control region (D-loop). The
structural organization and location of the different features of these mito genomes were
consistent with the common vertebrate mtgenome model (Liu & Cui, 2009). The relative
order of nucleotide composition corresponds to the nucleotide pattern of other fish
mitogenome A>C>T>G (Wang et al., 2008). The mitochondrial genome of Gibelion catla
contains an A+ T bias with an overall nucleotide composition of A=5383 (32.43%),
T=4087(24.62%), C=4580 (27.60%), and G =2547(15.35%). The GC content of the
mitogenome is 42.94 %. Furthermore, the AT-skew is positive which is 0.13 and GC-
skew is observed negative which is -0.28.

Most of the protein-coding genes (PCGs) have been encoded on the H-strand of
mtDNA. Only one PCG (nad6) and 8 transfer RNA genes (trnA, trnC, trnE, trnN, trnP,
trnS2, trY) were encoded in the L-strand of mtDNA. Most of the PCG starts with a
standard ATG start codon, whereby nad2, nadl, nad5, starts with ATA and Cox2 starts
with AAT. The length of the 12S rRNA and 16S rRNA genes were 952 bp and 1685 bp
respectively. The tRNA genes encoded in the genome ranged from 60 to 75 bp. The
control region is between trnaP and tnaF and has a size of 930 bp. The phylogenetic
relationship were estimated using Neighbor Joining method implemented in CLC main
workbench (Fig. 1). Two different closely related species, Gibelion catla and Labeo
rohita were placed in the sister clade. All other Labeo were also placed in different sister
clades.

Copyright 2021 @ Halda River Research Lab



Catla catla

mitochondrial genome

16,597 bp

complox | (NADH dohydrogenass)
omplex l ichinol cylochiome ¢ reductase)
(dase)

Figure 4. Circular mitogenome representation of Catla catla. The map is annotated and shows 13
for protein coding genes (PCGs), 2 genes for ribosomal RNA (rrrnS [12S ribosomal RNA] and rrnL
[16S ribosomal RNA]), 22 genes for RNA transfer (tRNA) and the putative control region. The inner
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Figure 1.The Neighbor Joiningtree of Gibelion catla and 9 Labeo based on complete mitochondrial
genome. Numbers above the branches indicate the bootstrap support values, and values lower
than 50 are not shown.
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To sum up, this study provides the information of Gibelion catla mitogenome collected
from the Halda river of Bangladesh. The data will be useful for future research by the
fish geneticists and evolutionary biologists. This study will also provide crucial
information for further taxonomic and phylogenetic analyses among closely related
species and implementation of the effective conservation strategy of this unique
resource of Bangladesh.
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Research Objective 3

Whole Genome Sequence of Labeo rohita (Hamilton, 1822) from Halda river of
Bangladesh

Introduction:

Labeo rohita commonly known as ‘Rohu’ belongs to the family Cyprinidae. It's good
taste and high market price makes it one of the favorite freshwater aquaculture fish in
Bangladesh. In Bangladesh among the three Indian major carp species, (Labeo rohita,
Catla catla and Cirrhinus cirrhosus) Rohu ensures the top position of consumer
preference due to its good test, quality, reasonable price and availability and also in the
national economy, the contribution of Rohu is beyond question. L. rohita is widely
distributed in the country. The natural populations show a declining trend due to habitat
loss. The fish is extensively cultured in the country and is used in floodplain
programmes. The threats to the fish are in general. Hence, the fish is assessed as
Least Concern (IUCN., 2015).

Morphological features of Labeo rohita:

The back of the Rohu’s body is brownish and on the sides and beneath its silvery. Fins
are greyish or dark and dusky pectoral fins are observed. Both lips are covered by
cartilaginous covering. One pair of short maxillary barbells is present. Dorsal and
abdominal profiles are convex and the caudal peduncle is short. The complete lateral
line is observed. Fin formula: D. 3/12-13, P1.16-17, P2. 9. A. % (Rahman, 2005). Labeo
is column feeder at mid-water and prefers to feed on plant matters including decaying
vegetation (Jhingram and Pullin, 1985). Its food comprises crustaceous and insect
larvae in the early stages (Mookerjee et al., 1946).

Distribution:

Rohu is a natural inhabitant of the freshwater section of Bangladesh, India, Pakistan,
Burma and Terai region of Nepal and also has been transplanted into Sri Lanka, Japan,
Philippines, Malaysia and some countries of Africa (Jhingram and Pullin, 1985). In
Bangladesh, Rohu is mostly found in the Padma-Brahmaputra, their tributaries and
Halda river system (Alam et al., 2009), though Halda is the only river in Bangladesh
from where fertilized eggs of major carps are collected (Tsai et al., 1981; Patra and
Azadi, 1985).

Importance of the genomic study:
Halda river is considered to be the natural breeding ground for Rohu and other major
carps and the only river from where fertilized eggs of Rohu are collected. Quality of
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eggs, fry and fingerling collected from this natural source are far greater than those of
induced breeding as induced breeding can lead to genetic degradation. To meet up the
protein requirement of our increasing population aquaculture is expanding in our country
as a result seed demand is increasing in hatcheries. Poor management of broodstock
and lack of scientific approach in those fish farms can lead to gene loss which is a
common scenario in Bangladesh (Simonsen, et al., 2005; Rahman, et al., 2009). The
gene pools of our indigenous varieties of carps viz: Rohu, Catla & Mrigal have been
contaminated (Khatun et al., 2017). On the contrary, the environmental condition of the
Halda river is degrading due to anthropogenic activities, as a result, the natural
population of major carps is decreasing gradually. So also in natural habitat, this
species is at risk. Rohu contributed 10.50% of the total annual fish production of inland
water bodies, which is far greater than the other three major carps of Bangladesh (DoF,
2018). But still, we lack sufficient genome label study records for this economically
important fish of Halda River in Bangladesh. As we already stated that Halda river is the
only river in Bangladesh from where fertilized eggs of major carps are collected so it is
very urgent to annotate genetic variability and unique traits of river populations of L.
rohita. Here we present the first draft genome of pure wild Rohu of river Halda to
compliment the ongoing increasing aquaculture sector of our country through providing
genetic resources, which in turn will allow researchers to carry out further studies of
Rohu evolution and resistance to an extreme environment. The genomic information
can also be used to avoid loss of genetic diversity, inbreeding depression in the
hatchery population and a proper management program can be taken to conserve the
pure wild stock of L. rohita of river Halda. This information will aid the evolutionary and
biological study of Rohu.

The methodology of the study:

A healthy male L. rohita belonging to river Halda of Chittagong, Bangladesh was
collected, later on, sequenced its de novo assembly. Illumina platform was employed for
sequencing. Fresh tissue (from muscle, liver) samples were stored at —20 °C until used
to isolate genomic DNA using a commercial DNA extraction kit (AddBio, Korea) and the
total DNA was stored. Purified genomic DNA was sent for library preparation and whole-
genome sequencing (WGS) at BGI Group (Shenzhen, Guangdong, China). A total of
60.2 Gb (Gigabase pair) of subread bases were generated using Next-generation
sequencing (NGS) technology on an lllumina NovaSeq 6000 platform. After sequencing,
quality of raw sequence reads and trimmed sequencing reads were inspected using
FastQC version 0.11.8 (Andrews, 2010). Reads were quality controlled including
removing adaptor sequences, contamination and low-quality read from raw reads using
BFC (Li,H., 2015). For de novo assembly we used ABySS v. 1.9.0 (Shaun D Jackman
et al., 2017) assembler to assemble the Rohu genome. This assembler follows the
classic De Bruijin graph illustration. We have submitted our raw data in NCBI under the
Biosample SAMN15846808 (SRR12474558).
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Tablel: Genome assembly parameters

Total sequence length 1.427 Gb
Number of scaffolds 13661
Scaffold N50 2006958
Scaffold L50 182
Contig Size 1.4 Gb
Number of contigs 1553666
Contig L50 13194
Contig N50 18563
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Research Objective 4

Complete Mitochondrial Genome Sequence of pure wild stock of Labeo rohita
(Hamilton, 1822) from Halda river of Bangladesh

Abstract

Labeo rohita commonly known as Rohu, is an important Indian major carp that thrives
as a prime species in aquaculture practice among the other four major carps available
in Bangladesh. Halda river serves as a major reservoir of wild pure Rohu stock from
where fry and fingerlings are supplied all over Bangladesh for aquaculture purposes.
Due to anthropogenic activities, the ecological condition of this river is degrading, which
negatively influences the breeding capacity of these major carps. Regardless of Rohu’s
economic potential, still we lack genetic information regarding this species of Halda
river. Wild stock Labeo rohita of Halda river, Bangladesh was collected and processed
to reveal the feature of its mitochondrial genome. Total length of the mitochondrial
genome was 16,609 base pairs (bp), containing 13 protein-coding genes, two ribosomal
RNAs, 22 transfer RNAs, and one control region. Control region was located between
tRNA proline and tRNA phenylalanine which was 885 bp in length. The overall base
composition of the mtDNA was found to be 24.32% of T (4039), 27.84% of C (4624),
32.62% of A (5418), and 15.22% of G (2528). The entire mtDNA of Rohu showed a
slight AT rich bias (56.94%) with positive A-T skew (0.15) and negative G-C skew (-
0.29). This data will provide us with an insight into the phylogeny of Labeo rohita and
also for further analysis in future, this study can aid researchers to understand
evolutionary biology, population genetics of Indian major carps and provide a way to
conserve this pure wild stock Rohu of Halda river.

Introduction

Labeo rohita belongs to the family Cyprinidae, is a natural inhabitant of the freshwater
section of Bangladesh, India, Pakistan, Burma and Terai region of Nepal and also has
been transplanted into Sri Lanka, Japan, Philippines, Malaysia and some countries of
Africa (Jhingram and Pullin, 1985). In Bangladesh, Rohu is mostly found in the Padma-
Brahmaputra, their tributaries and Halda river system (Alam et al., 2009), though Halda
is the only river in Bangladesh from where fertilized eggs of major carps are collected
(Tsai et al., 1981; Patra and Azadi, 1985). Halda river is of special interest as it is the
only tidal freshwater river in the world that serves as a natural spawning ground for
Indian major carps and is the only of its kind in the world from where fishermen collect
fertilized eggs directly (Kabir et al., 2013; Kibria, 2009). In Bangladesh natural
populations of Labeo rohita are showing declining trends but still, it is available in good
numbers throughout its habitat range; hence the fish is assessed as Least Concern
(IUCN, 2015). It ensures the top position of consumer preference due to its good test,
quality, reasonable price and availability and also in the national economy, the
contribution of Rohu is beyond question. Rohu contributed 10.50% of the total annual
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fish production of inland water bodies, which is far greater than the other three major
carps of Bangladesh (DoF, 2018). In spite of such importance, there are no records of
phylogenetic study for this economically valuable pure wild Rohu of Bangladesh.
Genetic information provides a foundation for the protection and management of
biological diversity which enables researchers to decipher the evolutionary histories of
diverse biological species and in this respect, the mitochondrial genome is regarded as
the marker of choice for the reconstruction of phylogenetic relationships at several
taxonomic levels, from population to phyla, and has been widely used for the resolution
of taxonomic controversies (Ilwasaki et al., 2013; Gissi et al., 2008). In general, mtDNA
is described as a closed circular, double-stranded molecule, smaller in size (15-17 kb)
in comparison with the nuclear genome and have some distinctive features like
relatively stable and compact gene organisation, faster replication, maternal inheritance,
lack of recombination and presence of an orthologous gene (Wu et al., 2003; Cao et al.,
2006; Saccone et al.,, 1999). These traits have made mtDNA extensively used for
testing hypotheses of macroevolution, studying population structure, phylogeography,
and phylogenetic relationships at various taxonomic levels (Saccone et al., 1999; Zhang
et al., 2005; Cao et al., 2006). Thus mtDNA is considered as an effective tool for
studying phylogenetic and population genetic analysis in vertebrates (Satoh et al.,
2016). So, here we reported the entire mtDNA sequences of L. rohita from the Halda
river revealing what’s hidden in its mitochondrial genome structure.

Result and Discussion
Gene organization and base composition

The complete mitogenome of L. rohita (MT950724) was 16,609 bp in length containing
37 genes in total. In those 37 genes, 13 protein-coding genes (68.09%), two ribosomal
RNA genes (15.91%), 22 transfer RNA (9.42%) genes were found (Table 1 & Table 2).
The overall nucleotide composition of A= 5418 (32.62%), T= 4039 (24.32%), C= 4624
(27.84%), and G= 2528 (15.22%) were determined. From this analysis, it was clear that
the relative order of nucleotide composition corresponds to the nucleotide pattern of
other fish A>C>T>G (Wang et al., 2008). Out of 37 genes, 28 genes were found to be
encoded in the F-strand except for nad6 and 8 tRNA (trnQ, trnA, trnN, trnC, trnY, trnS2,
trnE, trnP) were encoded in the R-strand of the mitochondrial genome of L. rohita. The
structural organization and location of the different features of these mito genomes were
consistent with the common vertebrate mitogenome genome model (Liu & Cui,
2009).The whole mitochondrial genome showed a positive A-T skew (0.15) and a
negative G-C skew (-0.29) (Figure 1). AT and GC content of the total mitogenome were
observed to be 56.94% and 43.06% respectively, indicating that the overall nucleotide
composition was biased toward adenine and thymine. For comparative analysis, five
datasets of mtDNA of Rohu were taken which were available in the NCBI (JQ231111;
KR185963; JN412817; AP011201 and MN533986) and determined the AT, GC content
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as well as their A-T skew and G-C skew for both the mtDNAs and for their PCGs
respectively (Figure 1).

Protein Coding Genes (PCGs) and Their Base Composition

13 protein coding genes constituted 11,310 bp in the whole mitogenome of Labeo rohita
which accounted for 68.10% (Table 2) of the total mitogenome. Out of 13 PCGs, 12 of
them were encoded in the F-strand (nadl, nad2, coxl, cox2, atp8, atp6, cox3, nad3,
nad4l, nad4, nad5 and cob) where nad6 (13850-14368) was encoded in the R-strand of
the mtDNA.

Species 870011701 )

--. ----._ -.I—

nada

.........

.......................

Figure 1: Comparative analysis of skewness, AT and GC percentage of two Bangladeshi Rohu
(MN533986 and MT950724), three Indian Rohu (JQ231111; KR185963; JN412817) and one
Japanese Rohu (AP011201).
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Figure 2: Relative synonymous codon usage (RSCU) and codon usage frequency in Labeo rohita
(X axis represents the codon families and Y axis represents the RSCU and frequency

respectively).

Labeo rohita
16,609 bp

Figure 3: The circular representation of the whole mitochondrial genome of Labeo rohita
(Hamilton 1822).
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Figure 5: Phylogenetic analysis of Labeo rohita (Hamilton, 1822). The evolutionary history was
inferred using the Maximum Parsimony method. The MP tree was obtained using the Subtree-
Pruning-Regrafting (SPR) algorithm and branch lengths were calculated using the average
pathway method (Nei and Kumar, 2000). This analysis involved 14 nucleotide sequences.
Evolutionary analyses were conducted in MEGA X (Kumar, et al 2018).

The AT and GC content of the total PCGs was 56.72% and 43.28% respectively (Table
2). A-T and G-C skews of PCGs were 0.08 and -0.32 respectively reflecting the fact
that adenine content is comparatively higher than thymine while cytosine content is
higher than guanine which was also observed in the case of the whole mitochondrial
genome (Table 2). In the individual analysis, out of 13 PCGs, 10 showed positive A-T
skew except for the gene coxl (-0.02), nad3 (-0.01) and nad4l (-0.04), whereas G-C
skew was observed to be negative in all PCGs (Figure 1). The size of the PCGs was
ranging from 162-1800 bp where nad5 (1800 bp) being the longest and atp8 (168 bp)
being the shortest among all the PCGs (Table 1). Overlapping was observed between
two adjacent pairs of PCGs (atp8-atp6, and nad4l-nad4) (Table 1). The overlap
between atp8-atp6 and nad4l-nad4 genes were observed to be -4 respectively in each
pair and in total -8 bp overlap was observed in our current study, this sort of overlap is
common in most vertebrate mitochondrial genomes (Broughton et al. 2001). No
overlapping had been observed between PCGs and other genes (tRNA and rRNA). In
RSCU analysis CUA, GGA, GUA and GCA showed the highest utilization in the protein
coding genes of L. rohita of The Halda river. From the frequency pattern, it was visible
that Lucine, Threonine, Proline and Serine were the most common amino acids among
the PCGs.

rRNAs, tRNAs and Their Base Composition

The total size of the rRNA was 2,643 bp and formed by two subunits that are 12S rRNA
(954 bp) and 16S rRNA (1689 bp) which constituted 15.91% of the total mitochondrial
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genome (Table 1 and Table 2). A-T and G-C skew of total rRNA were 0.29 and -0.10
respectively. AT and GC content of the total rRNA were 54.69 and 45.31 respectively.
In individual analysis, both 12S rRNA and 16S rRNA showed biasness towards AT
content. So it could be concluded that the occurrence of adenine and cytosine were
higher than thymine and guanine in the rRNAs, as observed in the whole mitochondrial
genome of L. rohita. No overlapping base pairs had been detected between the rRNAs
with their adjacent tRNAs.

Phylogenetic Analysis

Phylogenetic tree had been constructed following the Maximum Parsimony (MP)
method where the bootstrap value was 1000 (Figure 5). 14 mitogenome sequences of 9
species were taken into consideration while constructing this tree. Except for our own
species, the rest of the 13 sequences of mitochondrial genome were taken from NCBI
database. In our analysis, three distinctive clades were found to be originating from a
common ancestral point. From the tree, it was visible that our Rohu from Halda river
formed a sister group with another Rohu species (AP011201) as both of them shared
the most recent common ancestor, while with another Rohu (MN533986), Halda’s Rohu
showed paraphyletic relationship. All these six Rohu from three different geographical
regions belonged to a single clade (Clade I) forming a monophyletic group along with
Catla catla (AP011355). In Clade |, the distant related species is Catla catla
(AP011355), another Indian major carp, showing the continuity of evolutionary changes
from the clustal node. Here in this phylogenetic analysis, another Indian major carp
Labeo calbasu (AP012143) was included, which formed an outgroup with the rest of the
three clade and their descendants, showing an early speciation and least relatedness.
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Research Objective 5 and 6
Draft whole Genome and mitogenome of Mrigal (Cirrhinus cirrhosus Bloch, 1795)
from the river Halda, Bangladesh

Abstract

Mrigal (Cirrhinus cirrhosus), freshwater fish and a species of ray-finned fish belonging to
the Cyprinidae family, which is very common and widely distributed in the Southeast
asian countries including Bangladesh. It is a bottom dweller as well as detritus feeder
and stenophagic in feeding habit, which makes this fish important for the ecosystem.
Due to fast growth rate and high consumer preference it has economical significance
too. It is often used as game fish in Bangladesh. The world aquaculture production of C.
cirrhosus was 378622 MT in 2010, which ranked 24th among all aquaculture species.
Here, we report the first draft genome assembly (1,152,819,041 bp with 10154 bp N50)
of C. cirrhosus of Halda River of Bangladesh. It reveals 61.7% completeness with
actinopterygii and out of the 17018 predicted genes, 14745 were identified as GO
terms. This study also provides a complete mitochondrial genome of 16,607 bases and
it is featured by 13 protein-coding genes, 2rRNA genes, 22 tRNA genes and one non-
coding control region (D loop). Most of the genes were encoded on the heavy strand,
while the nad6 gene and 8 tRNA genes were on the light strand. The total nucleotide
composition was A:32.6%, G:15.3%, C:27.4%, T:24.6% and the A+T content (57.2%)
was higher than G+C content (42.8%).

Introduction

Cirrhinus cirrhosus (Bloch, 1795), (Cypriniformes: Cyprinidae) is a warm-water teleost,
inhabitant of Indo-Gangetic riverine system spread across northern and central India,
and the rivers of Pakistan, Bangladesh, Nepal and Myanmar (Reddy, 1999;
Dahanukar, 2010). It is also called Cirrhinus mrigala at Fishbase, Morakhi, Moree,
White carp and Mrigal carp fish which are generally a species of freshwater, but can
also tolerate high levels of salinity and the only surviving wild population of this fish is
in the Cauvery River of India (https://www.roysfarm.com/mrigal-fish/). Cirrhinus
cirrhosus (Mrigal) is widely cultured under polyculture system along with Indian major
carps as the third popular major carp species next to Catla catla and Labeo rohita
inBangladesh with it's neighboring countries in South Asia. Besides Bangladesh it has
become an important component in the fish culture systems of India, Pakistan,
Myanmar, the Lao People's Democratic Republic, Thailand , Nepal and so many
countries. It plays an impotrant role in the control of the algal population. The
Richness of Cyprinids, indicates that these species from the carp family probably take
benefit from eutrophication (Adjers et al., 2006; Snickars etal., 2015). The growth rate
of C.cirrhosus is fast, whose fry can grow to more than 400g in the first year and it's
fertility is high, which increases with age, usually 100,000-150,000 eggs per kg of
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body weight (Chondar, 1999). The species is of commercial significance due to its
aquaculture potential and high consumer preference (Chauhan T. et al., 2007). This
species is resistant to hypoxia and has strong disease resistance, it can grow normally
in reservoirs, lakes, ponds and rivers (Chen et al.,, 2004). Halda river is one of the
rivers which is unique and distinct due to genetically purity of fertilized spawn of C.
cirrhosus and other carps which makes it the most economic heritage of this country
as well as in South Asia (Akter and Ali, 2012). The spawn or post-larvae of Mrigal are
called Renu or Dhani, which are collected during the early monsoon from the Halda
river. After the Karnafuli and the Sangu, Halda is the third main river of southern
Chattogram sub-region, is well-established of genetic resources. 60% of the country's
pond carps culture on the fish fry naturally produced in the river and it also provides
navigation, drinking water supply, sand querying, irrigation which makes the river a
natural resource of immense economic value (Kabir et al., 2103). Halda river has
become constrained by the degradation of habitats as a result of environmental
modifications and anthropological intervention (Akhtar et al., 2017). So due to this
degradation, as an element of Halda river it is obvious that the density of Mrigal
species and eggs released by mother fishes are gradually reducing to an alarming
rate but the demand

Fig. 1. Mrigel (Cirrhinus cirrhosis) sampled during this WGS study

for fish fry has increased several folds through aquaculture expansion. Thus it is
essential to understand the genetic composition of Indian major carps for the
management of their natural population in the river. Therefore, it is essential to
examine the stock structure of C. cirrhosus to overcome this fall in catch of this
important Indian major carp and to assess the quality of the hatchery stocks in future.
Already to some extent, the gene pools of our indigenous varieties of carps viz: Rohu,
Catla & Mrigal have been contaminated (Khatun et al., 2017). Information on individual
identity, breeding pattern, degree of pertinence and distribution of genetic variation
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among them along with evolutionary and adaptive behavior should be known to get rid
of such genetic contamination of the seed production. To do this whole genome
sequencing is important. Although some study of mtgenome (Bej et al., 2012, Zhai et
al., 2020) and mitochondrial gene sequencing (Das et al., 2013, Behera et al., 2015,
Karim et al.,, 2018, Das et al.,, 2018), microsatellite DNA marker analysis of C.
Cirrhosus (Lal et al.,2004, Chauhan T et al., 2007, Hasanat et al., 2015, Sharker and
Siddik, 2015) and transferrin cDNA sequence (Sahoo et al., 2008) has been reported
still there has been no records of full genomic information of this species. With the
advancement of sequencing technologies, there has been a rapid increase in the
number of genome assemblies for terrestrial species compared to aquatic species
(including fish) in the last decade, with a very small (Kelley et al., 2016) percentage of
fish genomes given the most numerous taxonomic group and huge diversity exhibited
by teleosts (Ravi and Venkatesh, 2018). The current study de novo genome assembly
and annotation of Cirrhinus cirrohsus using next generation sequencing will help us to
develop a draft genome of C. Cirrhosus and allow us the knowledge of genetic
variation to explore the evolution and adaptation at genome level. This study will
provide a useful platform for the functional genome and conservation research of
halda river mrigal carps in the future. The knowledge will help us develop a better
policy for their breeding, behavioral pattern analyses with a view towards their in situ
conservation.

Methodology

Sampling and DNA isolation:

Fresh sample of adult female Cirrhinus cirrhosus of length 81.28 cm (32 inch) and of
width 27.94 cm (11 inch) was collected from river Halda (Longitude/Latitude-
22°28'56.09"N & 91°54'07.62"E) and transported to the laboratory to preserve at -70°
C for further analysis during the period of September, 2019. The muscle tissue was
dissected and stored with 95% ethanol , later a high molecular weight gDNAs were
isolated and purified using the AddPrep Genomic DNA extraction kit for future
evaluation of the quality and quantity of the DNA. All the methods had been performed
in accordance with the "Regulations for Animal Experiments in Chittagong Veterinary
and Animal Sciences University's unique feature, the Indian and GOB ethical
clearance" as required.

Genome sequencing and assembly

Library preparation:
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Purified genomic DNA was sent for library preparation and whole genome sequencing
(WGS) at BGI Group (Shenzhen, Guangdong, China). Almost 89.8 gb of high-quality
reads were generated with a read length of 150 bp using Next- generation sequencing
(NGS) technology on an lllumina Hiseq 4000 platform. After sequencing quality of raw
sequence reads and trimmed sequencing reads were inspected using FastQC version
0.11.8 (Andrews, S., 2010). Then both the assemblies of mitogenome and whole
genome were done step by step.

Mitochondrial Genome Sequence analysis:

The mitochondrial genome reads were separated from the whole genome by mapping
it against the reference Mrigal mitochondrial genome (NC_033964) by cleaning up
Human and bacterial gene contamination using BWA V0.7.17 and SAMTOOLS
V0.1.19. To separate mitochondrial genome, firstly that reference mitogenome was
downloaded from NCBI. Now BWA V0.7.17 was used to index the ref.fasta. After
indexing, alignment of raw reads was done by BWA V0.7.17 and SAMTOOLS V0.1.19.
Finally new mitogenome reads were mapped and then splitted using samtools and
gatk. The organelle assembler NOVOPIlasty V.2.7.2 (Dierckxsens, Mardulyn, & Smits,
2017) was used to assemble the clean reads. To verify assembly mummer was used.
Web servers MITOS (Bernt et al., 2013), GeSeq (Tillich et al., 2017) and MitoAnnotator
(lwasaki et al., 2013) were applied to perform structural and functional annotation. For
structural annotation, the fasta file which was generated from novoplasty, was
uploaded into MITOS and MitoAnnotator with default parameters. Within one hour
Mitos generated 9 types of statistic files and 6 from MitoAnnotator within few minutes.
The assembled fasta file with required parameters, was submitted into GeSeq for
functional annotation and verification. From GeSeq the locations and secondary
structures of 22 tRNA genes were determined using tRNAscan-SE v2.0.6 (Chan et al.,
2019) and ARWEN v1.2.3. (Laslett and Canback, 2008). Codon count values were
generated by SMS which means Sequence Manipulation Suite (Stothard P, 2000) and
MEGA X (Kumar et al., 2018). OGDRAW (Greiner, Lehwark, & amp; Bock, 2019) was
used to construct the circular representation of the entire mitogenome which was also
got from MitoAnnotator. Nucleotide composition, Relative Synonymous Codon Usage
(RSCU) values and genetic divergence between species were calculated using the
software MEGA. Finally, mtDNA sequences were aligned and a phylogenetic tree was
constructed by using MEGA X (Kumar et al., 2018). The Maximum Likelihood method
and Neighbor-Joining method to construct tree using the software MEGA with 5,00
bootstrap value.

Whole Genome assembly:
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De novo genome assembly comprises step such as read preprocessing, contig
assembly and refinement, scaffolding and gap filling. We used ABySS v. 1.9.0 (Shaun
D Jackman et al., 2017), SOAPdenovo?2 v. 2.04, Platanus v.1.2.4 (Kajitani R, 2014) and
Megahit v.1.2.9 Li et al. 2015) assemblers to assemble the Mrigal genome. Since there
is currently no de novo assembler assured to outperform others and as assemblers
overall performance can differ relying on the dataset, four unique assemblers had been
used and an assembly evolution was subsequently performed in order to choose the
best assembler. All assemblers follow the classic De Bruijin graph illustration even
though the assembly algorithm differs across methods. Finally BUSCO v.4.1.2 (Simao,
F et al. , 2015) was used to assess the assembly quality in terms of gene
completeness. In the NCBI GeneBank under the Accession numbers
JACDQS000000000 the genome sequence data has been deposited.

Gene prediction and functional annotation:

The first step in genome annotation in a given genomic sequence is gene structure
prediction. Gene prediction was conducted using MAKER ver 3.01.03 (Campbell et al.,
2014) which defines probability distributions for the different sections of genomic
sequence . Gene prediction was performed ab initio with using both given and default
parameters. Functional annotation was obtained by InterProScan ver 5.46-81.0 (Jones
et al., 2014) and Pannzer2 (T6éronen, 2018).

Results

Whole Genome:

Rapid development of sequencing technologies enables highly accurate base calling of
DNA. Here, lllumina Hiseq 4000 was used for a cost efficient high coverage short read
sequencing of genomic data. High coverage data substantially decreases sequencing
errors. Shotgun sequencing was mainly used to produce continuous consensus
sequences (contigs). Building the longest possible consensus sequences is the
eventual aim of genome assembly to illustrate individual chromosomes. A contig is a
contiguous length of genomic sequence in which the order of bases is known to a high
confidence level. Contigs, by chaining together and using additional information about
the relative position and orientation of the contigs in the genome create scaffolds.
Scaffolds are composed of contigs and gaps. Gaps occur when only the distance (not
the nucleotides) between two contigs is known. Contigs in a scaffold are seperated by
gaps which can be closed later in the gap-filling process (Nagarajan et al., 2010). So to
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say Genome assembly functions to order and orient the contigs in the assembly of a
draft genome into larger scaffolds (Shieh et al., 2020).

Whole genome sequencing was performed on a single individual female Cirrhinus
cirrhosus obtained from Halda river. A total of 89.9 Gb (Gigabase pair) of subread
bases with a read length of 150 bp were generated using Next- generation sequencing
(NGS) technology on an lllumina Hiseq 4000 platform. After sequencing quality of raw
sequence reads and trimmed sequencing reads were inspected using FastQC version
0.11.8 (Andrews, S., 2010). The FastQC result ensured that the raw data is too good
which was being analysed by html report generated from FastQC. The html report
evaluated that the results of the all modules are entirely normal. All the modules are

described below:

Basic statistics:

The Basic Statistics module generates some simple composition statistics for the file

analysed.
Measure Value
Filename FP200000269TL_L01_SP2012180236_1.fq
File type Conventional base calls
Encoding Sanger / lllumina 1.9
Total Sequences 72145277
Sequences flagged as poor quality |0
Sequence length 150
%GC 36
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Quality scores across all bases (Sanger / lllumina 1.9 encoding)
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Fig.2 : FastQC quality result of the raw dataset

After correction of the high quality reads through BFC (Li,H. , 2015) these sequences
were assembled to construct scaffold. The assembly resulted in 788002 contigs with
13.1 kb N50 value that is generated by Megahit. Before assembly genome size
estimation was done by KmerGenie which estimates the best k-mer length for de
novo assembly. The genome was observed to have an estimated genome size of
1.02 gb for the best k-mer value 85.
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Fig.3 : KmerGenie result of the raw dataset
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BUSCO analyses

The BUSCO analysis revealed 68.3% completeness with eukaryote and 61.7% with
actinopterygii. The assembled genome size of C. cirrhosus is 1.19 gb accounting for
85% of the estimated Mrigal genome size of 1.02 gb. Including Megahit, assembly
was done by four different assembly softwares. These assemblers generated
3617186 scaffolds along with 4994783 contigs in Platanus, 1905303 scaffold along
with 1838589 contigs in Abyss and 1261374 scaffold along with 4692660 contigs in
SOAPdenovo. These values are surpassed by Megahit as it generated the contig set
with the fewest sequences, highest nucleotide content, highest mean sequence
length and highest N50 value. In the NCBI GeneBank under the Accession numbers

JACDQS000000000 the genome sequence data has been deposited

Abyss:

name n n:500 L50, min, N75, N50, N25, E-size, max, sum
unitigs 2270343 520808 |123118 500 1075 1876 3134 2411 22233 | 767.5e6
contigs 1905303 362040 63238 500 1897 3561 6411 4844 54598 |795.8e6
scaffolds 1838589 317524 42596 500 2230 5145 9607 7011 86838 |795.3e6
MEGAHIT:

name n n:500 L50 min N75 N50 N25 E-size max sum
contgs 788002 209353 20438 500 5553 13155 24721 17591 122795 976e6
Platanus:

name n n:50 L:50 min N75 N50 N25 E-size | max sum
gapClosed 3617186 287587 68749 500 1195 2025 3369 2628 38954 462.2e6
contigs 4994783 445053 152788 500 642 844 1192 1004 8369 372.7e6
scaffolds | 3617186 287586 69463 500 |1154 1946 3240 2530 38514 448.5e6
SOAPdenovo:

name n n:50 L:50 min N75 N50 N25 E-size | max sum
contigs 4692660 506871 125767 500 1036 1746 2821 2221 21970 714e6
scaffolds | 1261374 203850 |26609 500 3900 8788 16603 112139 122260 853e6
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Raw data statistics:

Nucleotide A 326256582 30.73%
Nucleotide C 184205451 17.35%
Nucleotide G 183051471 17.24%
Nucleotide T 322738550 30.40%

GapContent_N 45514982 4.29%
Non_ACGT N 0 0.00%;
GC_Content 36.14%

Genome Annotation:

MAKER ver. 3.01.03 pipeline was used for structural annotation. GC content of the
genome was determined to be 37.03%. RepeatMasker ver. 4.1.0 has been run three
times but every time it failed because of technological problem so we are still
working on it. Overall, 17018 gene models were predicted using the MAKER gene
annotation pipeline based on both de novo and reference-based predictions using
genes and proteins from other fish species (Goldfish, Common Carp, Zebrafish). Out
of the 17018 genes, 14745 were identified as GO terms and 6560 DE terms using
Pannzer2 (Térénen, 2018).

Mitochondrial genome sequencing

To assemble the mitogenome, a total of 16,607 bp of assembly size was generated by
NOVOplasty (Dierckxsens et al., 2017). Annotation was analysed by three methods;
Geseq (Tillich et al., 2017), Mitos (Bernt et al., 2013) and MitoAnnotator (lwasaki et al.,
2013). These three methods resulted similar sizes for all tRNAs whereas differences in
the PCGs and two rRNAs. For submission to the GenBank, the results obtained from
MitoAnnotator was selected.

Genome structure, organization and compaosition:

Cirrhinus cirrhosus complete mitochondrial genome (NCBI accession number
MW649087) is a closed circular and double-stranded molecule of 16,607 bp in length
and included 37 genes: 13 protein-coding genes (cox1-3, nadl-6, nad4L, cob, atp6,
and atp8), 2 rRNAs (large or 16S and small or 12S), 22 tRNAs (one for each amino
acid and two each for leucine and serine) a Control region and a Light origin replicate
as in other vertebrate (Cheng et al. 2010; Shi et al. 2012). The gene distributions are
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similar to other teleost mitochondrial genomes and among 37 genes, except nad6 gene
and 8 tRNA genes (trnA, trnC, trnE, trnN, trnY, trnQ, trnS2 and trnP) which were
encoded on the light strand, other 28 were found to be encoded on the heavy strand.
The overall base composition of the Mrigal mitogenome was A:32.6%, G:15.3%,
C:27.4%, T:24.6% and the A+T content (57.2%) was higher than G+C content (42.8%)
which corresponds to other teleosts (Tzeng et al. 1992; Wang et al. 2007, Yue et al.,
2006, Cui et al., 2009). The relative order of nucleotide composition assimilates to the
pattern of other cyprinids fishes: A>C>T>G (Wang et al., 2008). The highest AT
content was found in control region (62.8%) followed by PCGs (56.3%), rRNAs (53.5%)
and tRNAs (53.2%). The narration of overall patterns of nucleotide composition in DNA
sequences remains vested in AT and GC skew, which were observed for C. cirrhosus
is +0.14 and -0.28 respectively meaning that adenine and cytosine is of high content
than thymine and guanine.

MitoAnnotator:

In total there are 21 overlapping nucleotides in the range from 1 to 7 bp, which are
found at 5 distinct locations. The largest overlapping regions (7 bp) are observed in four
protein coding genes- between 2 NADH dehydrogenase subunits (nad4L and nad4) and
between 2 ATPase subunits (atp8 and atp6) and 4 bp between ND5 and ND6.. 2 bp
overlapping regions were found between trnl and trnQ and 1 bp between trnT and trnP.
Intergenic spacers were observed in 14 genes with a total length of 74 bp, with varying
ranges from 1 to 33 bp. The most significant intergenic spacers (33 nucleotides) is
located between trnN and trnC followed by trnD and Cox2 (15 nucleotides). The
putative control region of the mitochondrial genome is located between the tRNA-P and
tRNA-F consisting of 938 bp in length.

Fig: Complete automated annotated sequences of C. cirrhosus (16607)
generated in MitoAnnotator.

Protein Strand Position |Size Start Stop Intergenic
Start (bp) codon codon nucleotide
Stop

tRNAP"® + 1 69 69

12S rRNA + 70 1024 955 0

tRNAY + 1025 1096 |72 0

16S rRNA + 1097 2784 1688 0
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tRNA 2785 2860 |76 0
ND1 2862 3836 975 ATG TAA 1
tRNA"® 3841 3912 |72 4
tRNAC" 3911 3981 |71 -2
tRNAMe! 3984 4052 |69 2
ND2 4053 5097 (1045 |ATG Tes 0
tRNATP 5098 5168 |71 0
tRNAAR 5171 5239 |69 2
tRNAAS 5242 5314 |73 2
tRNASYS 5348 5414 |67 33
tRNA™Y 5416 5486 |71 1
COl 5488 7038 (1551 |GTG TAA 1
tRNAS®' 7039 7109 |71 0
tRNAASP 7113 7184 |72 3
coll 7200 7890 691 ATG Tes 15
tRNAYS 7891 7966 |76 0
ATPase 8 7968 8132 165 ATG TAA 1
ATPase 6 8126 8808 683 ATG Tos -7
Colll 8809 9594 786 ATG TAA 0
tRNASY 9595 9666 |72 0
ND3 9667 10015 349 ATG Tes 0
tRNAAY 10016 10085 |70 0
ND4L 10086 |10382 |297 ATG TAA 0
ND4 10376 11756 |1381 |ATG Tes -7
tRNAMS 11757 |11825 |69 0
tRNAS®' 11826  |11894 |69 0
tRNA 11896 |11968 |73 1
ND5 11972 13795 1824 |ATG TAA 3
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ND6 - 13792 14313 522 ATG TAA -4
tRNACM - 14314 14382 |69 0
Cytb + 14388 15528 1141 |ATG Tos 5
tRNA™ + 15529 15600 72 0
tRNAP™ - 15600 15669 |70 -1
CR 15670 16607 938 0
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Fig 4: Fig 4: Mitigenome organization of C. cirrhosus generated by MitoAnnotator. The genes
on the outer side of the circle are coded on the H-strand while those on the inner side are

coded with L-strand.
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Phylogenetic analysis of mitochondrial genome

Phylogenetic tree of C. cirrhosus is constructed (Fig. 5) using using both Maximum
Likelihood method followed by Kimura 2-parameter model (Kimura M., 1980) and
Neighbor-Joining method (Saitou N. and Nei M. 1987) by MEGA X (Kumar et al.,
2018), where default bootstrap value was 500. The percentage of replicate trees in
which the associated taxa clustered together in the bootstrap test (1000 replicates)
are shown next to the branches (Felsenstein J., 1985). Bootstrap value was raised
from 500 to 1000. The evolutionary distances were computed using the Maximum
Composite Likelihood method (Tamura et al., 2004) and are in the units of the
number of base substitutions per site. This analysis involved 21 nucleotide
sequences. Codon positions included were 1st+2nd+3rd+Noncoding. After removing
All ambiguous positions through pairwise deletion option the aligned sequence was
subjected to phylogenetic analysis and an unrooted tree was constructed by MEGA.
The consensus tree seperates species into clear clades or tribes. According to both
analysis, Cirrhinus cirrhosus from the Halda river shows maximum similarity with the
Labeo calbasu (AP012143) and Labeo chrysophekadion (AP11199).

In order to investigate the evolutionary relationships between Cirrhinus cirrhosus and
other 20 closely related species, based on the whole mitogenome sequences a
phylogenetic tree was constructed. The data of 20 species were downloaded from
NCBI and the accession numbers are shown on figure 6. Among these 21 species the
tree indicates that there are 19 groups which are branched from one common ancestor
that means there are 19 monophyletic groups. In the case of the investigated species
Labeo calbasu is grouped as monophyletic because C. cirrhosus and L. calbasu are
seen to be descendants of common ancestors. So to say Cirrhinus cirrhosus and L.
calbasu are sister taxa as they are being shown as closely related to each other. These
two are sister taxa to another species of Labeo genus L. chrysophekadion. The
another species from Japan (AP012150) and the present species C. cirrhosus of Halda
river are seen as a polyphyletic group. Both method revealed the same evolutionary
history among these 21 Cyprinids.

Copyright 2021 @ Halda River Research Lab



5
S
®
=
1
Z @ >
% @ 3
% Z & $
) @ I 3
o o o
EN = g g 5
@, a g & S
(5 23 = T &
% ) =] o =&
2, 9 = = S
Q 3 = ¥ &
P = ~ L
3, @, = o 2
O (= = = ~
(A [ (& o
G = X S
73 < ~ a2
RS ¥
AN - &
Q
)
Ak ,\\:b
\2
e
Ac3e
<]
aod!

AP011384.1 Labeo dussumiert

MNB862482 1 Cirrhinus reba

KF’O25675 T Labg
o

_ Na
gitore 5 )
4 C\ﬂ’t”(\\"‘js "Mbriatys
o2t
L
Fr}oo .
o S
o® 7
& U
ob o
o Sor;
&= 2
S
A
N < 7
ng S ‘35 m o’; éﬁo
N =] T [
o S 2 2
) -‘g’ ) e} ?O
& ol £ - e
& 2 S ]
= 2 '—%
g £ 3
£ S %

o3
¢ g
=4
o
_Cg’

Japan)
4 Cifhinue cirmosus 1
0.
AP01215

Fig. 5. The Phylogenetic circle tree of Cirrhinus cirrhosus and 20 Cyprinids based on whole
mitochondrial genome using Maximum Likelihood method.
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Fig.6. : The Phylogenetic traditional tree of Cirrhinus cirrhosus and 20 Cyprinids based on whole
mitochondrial genome using Neighbor-Joining method.
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Research Objective 7
Whole genome sequencing and assembly of Labeo calbasu [Hamilton, 1822] from
the Halda river of Bangladesh

Abstract

Kalibaus- a small-sized carp species belonging to the family Cyprinidae, subfamily
labeoninae, genus Labeo, and species Labeo calbasu is an important IMCs that
Inhabitat naturally in the Halda river, Bangladesh. Here in this study genome
sequencing and assembly of L. calbasu is done which will provide valuable information
on genome organization, evolutionary divergence, conservation and overall endemic
diversity. A healthy male adult L. calbasu belonging to the river Halda of Chittagong,
Bangladesh was captured and used for reference-based assembly. The whole genome
sequences were assembled in 538835 contigs with a total length of 932.2 Mb and N50
is 15758. Genome annotations identified 18273 gene models using AUGUSTUS gene
annotation tool. The Benchmarking Universal Single-Copy Orthologs (BUSCO) tools
assessed 76.9% completeness with the datasets of Eukaryota and 66.1%
completeness with the datasets of Actinopterygii of the assembled genome.

Introduction

Halda is an indigenous river of Bangladesh which is important for its outstanding feature of
being the natural breeding ground of carp fishes. It accommodates the Indian major carps
(IMCs) Labeo rohita, Catla catla, Cirrhinus cirrhosus and Labeo calbasu that occur naturally
here (Podder et al. 2017). Halda River is also important for its contribution to the national
economy of Bangladesh. It contributes about US$ 20.5 million to the national economy by its
tangible resources (Kabir et al. 2013 (a)). The total indirect and non-use values of this River
were about Tk. 29.50 million (Kabir et al. 2013 (b)). Its Kalibaus is important because of the
wild variety. L. calbasu is widely distributed in Asian countries including Bangladesh, India,
Myanmar, Nepal, Pakistan, South China and Thailand (Talwar and Jhingran 1991). Once
Kalibaus was found in all-natural water bodies (Rahman 2005). But later the population has
reduced greatly from natural sources due to the Reduction of food availability (Rahman et al.,
2008). Indiscriminate fishing, habitat modification and other ecological changes (Rahman et
al. 2012) and its production dropped by about 20% during the period 2001 to 2009 in beel
fishery (FRSS 2009). However, The fish is extensively used in stocking culture ponds.
Hence, the species is assessed as Least Concern (IUCN, 2015). L. calbasu is a valuable
food fish and also used as game fish in several places of the Indian subcontinent (Talwar and
Jhingran, 1991, Rahman, 2005: Mishra and Saksena, 2012). Its liver oil contains Vitamin-A
(Ghosh et al., 1993). Also, it provides 16.47% of protein and 2.65% of lipid (Ahmed et al.,
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2012). So the demand for this fish in the local market is huge. In spite of such importance,
there are no records of genomic information of this species. So, in this study, genome
sequencing, assembly and annotation is done. The aim of this study is to develop draft
information of L. calbasu’s genome that will help in future to identify some important genes
related to a particular trait such as those associated with adaptation, muscle strength or
prolificacy. The data will help to explore the evolutionary relationships with closely related
species.

Methodology of the Study:
Sampling and DNA isolation:

An adult female of Labeo calbasu was collected from Halda river, Chattogram (geographic
coordinate: 22.50018759362011 N 91.8654045869928 E). Blood was collected from the
fresh specimen and preserved in an anticoagulant solution. Later the sample was sent to
BGI, China where a high molecular weight genomic DNA was isolated and purified using the
conventional blood DNA extraction kit for future evaluation of the quality and quantity of the
DNA.

Table 1: Some information about the collected sample

Serial Information Type Information Values
1 collection date 07/03/2021

2 sex Female

3 Age 1 year

4 Total Lenght 26.5cm

5 Weight 230 gm

Library preparation

The extracted DNA was cleaned and sent for both library preparation and whole-genome
sequencing (WGS) at the BGI genomics, China. Using Next-generation sequencing (NGS)
technology on an llluminaNovaSeq 6000 platform (Meyer et al. 2010) a total of 92.3
Gigabase pair (Gb) of subread bases with a read length of 150 bp were induced. After
sequencing quality of primary sequence reads and trimmed sequencing reads were
investigated using FastQC ver 0.11.9 (Andrews, S. 2010). The quality control of the reads

Copyright 2021 @ Halda River Research Lab n



was done including removing adaptor sequences, low-quality reads and contamination from
raw reads using BFC ver r181 (Li H. 2015).

Genome assembly:

To assemble the Labeo calbasu genome we used ABYSS ver. 2.3.1 (Jackman et al. 2017),
Platanus ver.1.2.4 (Kajitani et al. 2014), Soapdenovo2 ver. 2.40 (Luo et al. 2012) and
MEGAHIT ver 1.2.9 (Li, D et al. 2015) assembler. Since there is currently no de novo
assembler assured to outperform others and as assemblers overall performance can differ
relying on the dataset, three unique assemblers were used and to determine the best
assembler an assembly evolution was subsequently performed. All of the assemblers follow
the classic De Bruijn graph illustration even though the assembly algorithm differs across
methods. Finally, Busco ver.5.1.3 (Seppey et al. 2019) was operated to check the
completeness of genes.

Genome Annotation:
AUGUSTUS ver. 3.4.0 (Stanke et al. 2005) was used for structural gene prediction. Web
tools PANNZER2 (T6ronen et al. 2018) was used to identify the protein annotation and Gene
Ontology (GO) terms.

Result and discussion:

Fastgc Result:
The quality of the raw trim data was checked by FastQC ver 0.11.9 (Andrews, S. 2010). The
report indicates the best quality to do the further assembly.

I T T T

Filename rl.fq Filename r2.fq
File type Conventional base calls File type Conventional base calls

Encoding Sanger / Illumina 1.9 Encoding sanger / Illumina 1.9

Total Sequences 387620120 Total Sequences 387620120
Sequences flagged as poor quality @ Sequences flagged as poor quality @
Sequence length 158 Sequence length 158

%aC 37 *GC 37

Fig.1 : Basic statistics of both raw trim data ‘
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Figure 3: Per sequence GC content data of read 1 and read 2.

Assembler result:

A total of 932.2 Mb assembly is generated through ABySS ver. 2.3.1 (Jackman et al. 2017)
assembler where 870.5 Mb, 866.8 and 1002 are from Platanus ver.1.2.4 (Kajitani et al.
2014), soapdenovo?2 ver. 2.40 (Luo et al. 2012) and Megahit ver 1.2.9 (Li, D et al. 2015)
respectively. The number of contigs is 538835 in Abyss, 2508213 in Platanus, 3702254 in
Soapdenovo?2 and 642264 in Megabhit.
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Table 2: Comparative assembly data

Values Abyss Platanus Soapdenovo?2 | Megahit
Assembly Size (MB) | 932.2 870.5 866.8 1002
Number of contigs [ 538835 2508213 3702254 642264
(Number)

Min contig size (bp) [ 500 500 500 500
Max contig size (bp) | 415821 271774 402511 521471
L50 16197 17746 117197 20567
N50 15758 13301 2007 13362

N50 of abyss data is 15758 in Abyss when 13301, 2007 and 13362 in Platanus,
Soapdenovo2 and Megahit respectively. According to data, Abyss’s result is the best one
among.

Abyss
Megahit

145161 250322 435 483rd contig

Comparative Genome Assembly representation from Quast ver. 5.0.0 (Gurevich et al.
2013) Data. Contigs are ordered from largest (contig #1) to smallest.
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Busco Result:

The Busco ver.5.1.3 (Seppey et al. 2019) analysis on Abyss assembly revealed 76.9%
completeness with the datasets of Eukaryota and 66.1% completeness with the datasets of
Actinopterygii (Table 3 and Table 4). A total of 255 groups of datasets were searched to find
completeness with Eukaryota and 3640 groups of datasets were searched to find the
completeness with Actinopterygii (Table 3 and Table 4).

Table 3: Results from generic domain eukaryota_odb10

Parameters Number of Datasets | Percentages of Datasets
Complete BUSCOs (C) 196 76.9%
Complete and single-copy 191 74.9%
BUSCOs (S)

Complete and duplicated 5 2.0%
BUSCOs (D)

Fragmented BUSCOs (F) 52 20.4%
Missing BUSCOs (M) 7 2.7%

Total BUSCO groups 255 100%
searched
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Table 4: Results from dataset actinopterygii_odb10

Parameters Number of Groups Percentages of Groups
Complete BUSCOs (C) 2407 66.1%
Complete and single- 2345 64.4%

copy BUSCOs (S)

Complete and duplicated 62 1.7%
BUSCOs (D)

Fragmented BUSCOs (F) 457 12.6%
Missing BUSCOs (M) 776 21.3%

Total BUSCO groups 3640 100%
searched

Annotation results:

GC content of the genome was determined to be 37.1%. Overall, 18273 gene models were
predicted using the AUGUSTUS ver. 3.4.0 (Stanke et al. 2005) gene annotation pipeline
based on both de novo and reference-based predictions using genes and proteins from
Zebrafish (Danio ratio). Out of the 18273 genes, 15831 were identified as GO terms using

PANNZER2 (Toronen et al. 2018).

Serial | Name of the dataset Data type Citation

1 Labeo calbasu (Kalibaus) from Halda | FASTA Asek et al. 2021(a)
river, Bangladesh AUGUTUS
predicted genes in FASTA format

2 Labeo calbasu AUGUTUS predicted | GFF Asek et al. 2021(b)
gene annotation in GFF format

3 Labeo calbasu (Kalibaus) from Halda | XLSX Asek et al. 2021(c)

river, Bangladesh PANNZER2
annotation files in Excel (xIsx) format

Data availability

Copyright 2021 @ Halda River Research Lab




The Illumina raw reads have been deposited in the SRA [Project ID: PRINA689123] under
the Accession numbers SRR14651364.
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Research Objective 8

Complete Mitochondrial Genome Sequence of pure wild stock of Labeo calbasu
(Hamilton, 1822) from Halda river of Bangladesh

Abstract

Labeo calbasu or Kalibaus, a freshwater species next to three IMC Labeo rohita, Catla
catla and Cirrhinus cirrhosus naturally breeds in Halda river, Bangladesh of which pure
wild stock is under threat due to reduction of food availability, indiscriminate fishing,
habitat modification and other ecological changes. Yet, the genetic information was
lacking. Here in this study wild stock Labeo calbasu of Halda river, Bangladesh was
collected and processed to reveal the feature of its mitochondrial genome. The total
length of the mitochondrial genome is 16,620 base pairs (bp), containing 13 protein-
coding genes, two ribosomal RNAs, 22 transfer RNAs, and one control region. Control
region is located between tRNA proline and tRNA phenylalanine which is 932 bp in
length. The overall base composition of the mtDNA is found to be 24.59% of T (4087),
27.43% of C (4559), 32.65% of A (5427), and 15.32% of G (2547). The entire mtDNA of
Kalibaus showed a slight AT rich bias (57.2%) with positive A-T skew (0.14) and
negative G-C skew (-0.28). This data will provide us with a clear view into the
phylogeny, evolutionary relationships and population genetics of Labeo calbasu.

Introduction

Labeo calbasu of the family Cyprinidae is widely distributed in Asian countries including
Bangladesh, India, Myanmar, Nepal, Pakistan, South China and Thailand (Talwar and
Jhingran 1991). Halda is the only tidal freshwater river in the world that is a natural
spawning ground for IMPs (Including Kalibaus) from where fishermen collect fertilized
eggs instead of larva or fry directly (Kabir et al., 2013; Kibria, 2009). Once Kalibaus was
found in all-natural water bodies (Rahman 2005). But later the population has reduced
greatly from natural sources due to the Reduction of food availability (Rahman et al.,
2008). Indiscriminate fishing, habitat modification and other ecological changes
(Rahman et al. 2012) and its production dropped by about 20% during the period 2001
to 2009 in beel fishery (FRSS 2009). However, The fish is extensively used in stocking
culture ponds. Hence, the species is assessed as Least Concern (IUCN, 2015).

L. calbasu is a valuable food fish and also used as game fish in several places of the
Indian subcontinent (Talwar and Jhingran, 1991, Rahman, 2005: Mishra and Saksena,
2012). lIts liver oil contains Vitamin-A (Ghosh et al., 1993). Also, it provides 16.47% of
protein and 2.65% of lipid (Ahmed et al., 2012). So the demand for this fish in the local
market is huge. In spite of such importance, there are no records of phylogenetic activity
and thus no information of evolutionary relationships of this fish. The mitochondrial
genome is regarded as the marker of choice for the reconstruction of phylogenetic
relationships at several taxonomic levels, from population to phyla, and has been widely
used for the resolution of taxonomic controversies (Gissi et al.,, 2008). Mitochondrial
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DNA has some distinctive features like relatively stable and compact gene organisation,
faster replication, maternal inheritance, lack of recombination and presence of an
orthologous gene (Wu et al., 2003; Cao et al., 2006; Saccone et al., 1999) which have
made mitochondrial DNA extensively used for testing hypotheses of macroevolution,
studying population structure, phylogeography, and phylogenetic relationships at
various taxonomic levels (Saccone et al., 1999; Zhang et al., 2005; Cao et al., 2006).
So, here we have done the mitochondrial DNA sequencing of wild L. calbasu to reveal
the phylogenetic and evolutionary information.

Materials and methods
Collection of Sample and DNA Extraction

An adult female of Labeo calbasu was collected from Halda river, Chattogram
(geographic coordinate: 22.50018759362011 N 91.8654045869928 E). Blood was
collected from the fresh specimen and preserved in an anticoagulant solution. Later the
sample was sent to BGI, China where a high molecular weight genomic DNA was
isolated and purified using the conventional blood DNA extraction kit for future
evaluation of the quality and quantity of the DNA.

Sequence Analysis

DNA was sequenced using lllumina NovaSeq 6000 platform from BGI Genomics Co.,
Ltd., China. All the methods had been performed in accordance with the "Regulations
for Animal Experiments in Chittagong Veterinary and Animal Sciences University's
unique feature, the Indian and GOB ethical clearance" as required. We used BWA
V0.7.17 (Li et al. 2010) and SAMTOOLS V0.1.19 (Li et al. 2009) for separating the
mitochondrial genome reads from the whole genome sequence by mapping it against
the reference Kalibaus mitochondrial genome (NC_017614.1). The clean reads were
assembled by using the organelle assembler NOVOPlasty V.4.0 (Dierckxsens et al.,
2017). For functional and structural annotation web servers MITOS (Bernt et al., 2013)
and GeSeq (Tillich et al., 2017) were used. The 22 tRNA genes' secondary structure
and location were determined by using MITOS (Bernt et al. 2013). We used OGDRAW
(Greiner et al.,, 2019) for constructing the circular representation of the entire
mitochondrial genome. MEGA X (Kumar et al., 2018) was used to construct a
phylogenetic tree following the Neighbor-Joining method (Saitou et al. 1987) where the
bootstrap value was 500 (Felsenstein J. 1985).
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Result and Discussion
Gene organization and base composition

The complete mitogenome of L. calbasu (From Halda) was 16,620 bp in length
containing 37 genes in total. In those 37 genes, 13 protein-coding genes (68.66%), two
ribosomal RNA genes (15.90%), 22 transfer RNA (9.44%) genes were found (Table 1 &
Table 2). The overall nucleotide composition of A= 5427 (32.65%), T= 4087 (24.59%),
C= 4559 (27.43%), and G= 2528 (15.32%) were determined. From this analysis, it was
clear that the relative order of nucleotide composition corresponds to the nucleotide
pattern of other fish A>SC>T>G (Wang et al., 2008). Out of 37 genes, 28 genes were
found to be encoded in the F-strand except for nad6 and 8 tRNA (trnQ, trnA, trnN, trnC,
trnY, trnS2, trnE, trnP) were encoded in the R-strand of the mitochondrial genome of L.
calbasu. The structural organization and location of the different features of these
mitogenomes were consistent with the common vertebrate mitogenome genome model
(Liu & Cui, 2009). The whole mitochondrial genome showed a positive A-T skew (0.14)
and a negative G-C skew (-0.28). AT and GC content of the total mitogenome were
observed to be 56.94% and 43.06% respectively, indicating that the overall nucleotide
composition was biased toward adenine and thymine.

mA
BT
nG

mC

Figure 1. A, T, G, C Content of whole Labeo calbasu Mitochondrial Genome

Copyright 2021 @ Halda River Research Lab



B PCGs

B tRMNAS

B rRMNAS

B Cantrol region
m Other

Figure 2: PCGs, tRNAs, rRNAs, Control Region and Other content of whole Labeo
calbasu Mitochondrial Genome
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Table 1: Mitochondrial genome organization in pure wild stock Labeo calbasu. Here ‘F’
and ‘R’ represent forward and reverse strands respectively.

Gene Direction | Location Size Anticodon Intergenic
nucleotides

ATPS F 1-165 165 - -7

ATPG6 F 159-842 684 - -1

COX3 F 842-1627 786 - 0
tRNA-Gly F 1628-1699 72 ucc 0

ND3 F 1700-2048 349 - 0
tRNA-Arg F 2049-2118 70 UCG 0

NDA4L F 2119-2415 297 - 0

ND4 F 2416-3796 1,381 - 0
tRNA-His F 3797-3865 69 GUG 0
tRNA-Ser 1 F 3866-3934 69 GCU 1
tRNA-Leu 1 F 3936-4008 73 UAG 3

ND5 F 4012-5835 1,824 - -4

ND6 R 5832-6353 522 - 0
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tRNA-Glu 6354-6422 69 uucC 5
CYTB 6428-7569 1,142 - -1
tRNA-Thr 7569-7641 73 uGU 0
tRNA-Pro 7642-7711 70 UGG 2
tRNA-Phe 8649-8717 69 GAA 0
s-rRNA 8718-9673 956 - -1
tRNA-Val 9673-9744 72 UAC 0
[-rRNA 9745-11431 | 1,687 - 1
tRNA-Leu 2 11433-11508 | 76 UAA 1
ND1 11510-12484 | 975 - 3
tRNA-lle 12488-12560 | 73 GAU 0
tRNA-GIn 12561-12630 | 70 uuG 1
tRNA-Met 12633-12701 | 69 CAU 0
ND2 12702-13746 | 1,045 - 0
tRNA-Trp 13747-13819 | 73 UCA 1
tRNA-Ala 13821-13890 | 70 uGC 1
tRNA-Asn 13892-13967 | 76 GUU 32
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tRNA-Cys 14000-14068 | 69 GCA 0
tRNA-Tyr 14069-14139 | 71 GUA 1
COX1 14141-15691 | 1,551 - 0
tRNA-Ser 2 15692-15762 | 71 UGA 3
tRNA-Asp 15766-15837 | 72 GUC 15
COX2 15853-16543 | 691 - 0
tRNA-Lys 16544-16619 | 76 Uuu 1
D LOOF 7714-8645 932 - 3

Protein Coding Genes (PCGs) and Their Base Composition

13 protein coding genes constituted 11,412 bp in the whole mitogenome of Labeo
calbasu which accounted for 68.66% of the total mitogenome. Out of 13 PCGs, 12 of
them were encoded in the F-strand (nadl, nad2, coxl, cox2, atp8, atp6, cox3, nad3,
nad4l, nad4, nad5 and cob) where nad6 (5832-6353) was encoded in the R-strand of
the mtDNA (Table 1).

The AT and GC content of the total PCGs was 57.4% and 42.6% respectively (Table 2).
A-T and G-C skews of PCGs were 0.12 and -0.36 respectively reflecting the fact that
adenine content is comparatively higher than thymine while cytosine content is higher
than guanine which was also observed in the case of the whole mitochondrial genome
(Table 2). The size of the PCGs was ranging from 165-1824 bp where nad5 (1824 bp)
being the longest and atp8 (165 bp) being the shortest among all the PCGs (Table 1).
Overlapping was observed between three adjacent pairs of PCGs (atp8-atp6, atp6-cox3
and nad5-nad6) (Table 1). This sort of overlap is common in most vertebrate
mitochondrial genomes (Broughton et al. 2001). No overlapping had been observed
between PCGs and other genes (tRNA and rRNA) except Cytb and tRNA-Thr
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rRNAs, tRNAs and Their Base Composition

The total size of the rRNA was 2643 bp and formed by two subunits are 12S rRNA (956
bp) and 16S rRNA (1687 bp) which constituted 15.90% of the total mitochondrial
genome (Table 1 and Table 2). A-T and G-C skew of total rRNA were 0.29 and -0.10
respectively. AT and GC content of the total rRNA were 54.6 and 45.4 respectively. In
individual analysis, both 12S rRNA and 16S rRNA showed biasness towards AT
content. So it could be concluded that the occurrence of adenine and cytosine were
higher than thymine and guanine in the rRNAs, as observed in the whole mitochondrial
genome of L. calbasu. Single overlapping of base pairs at 12S rRNA- tRNA-Val had
been detected (Table 1). No other overlapping is detected between the rRNAs with their
adjacent tRNAs.

Labeo calbasu
Complete Mitochondrial Genome

16,620 bp

Figure 3: The circular representation of the whole mitochondrial genome of Labeo
calbasu (Hamilton 1822).

In this study 22 tRNA genes were found in the mitochondrial genome which occupied
1569 bp and 9.44% of the total mtDNA. Out of 22 tRNA genes 14 tRNA genes were
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encoded by the F-strand (trnF, trnV, trnL2, trnl, trnM, trnW, trnD, trnK, trnG, trnR, trnH,
trnS1, trnL1, trnT) while the rest were encoded by the R-strand ( trnQ, trnA, trnN, trnC,
trnY, trnS2, trnE and trnP). Size variation among the tRNA coding genes were ranging
from 69-76 bp. Among the tRNAs, tRNA-His, tRNA-Ser 1, tRNA-Glu, tRNA-Phe, tRNA-
Met and tRNA-Cys were found to have the shortest (69 bp) while tRNA-Leu 2 and
tRNA-Lys exhibited the longest sequence (76 bp) in the mtDNA. The overall A-T and G-
C skews of these 22 tRNA was 0.10 and -0.09. No overlapping is observed between
tRNA. In secondary structure analysis, all of the 22 tRNAs exhibited cloverleaf structure

(Figure 4).
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Figure 4: Typical tRNA secondary structure for 22 tRNA coding genes.

Control Region

A control region of a total of 932 bp was detected between proline (trnP) and
phenylalanine (trnF), constituting 5.61% of the total mtDNA. The observed A-T skew of
the CR was positive (0.06) which followed the whole mtDNA while the G-C skew was
negative (-0.22) reflecting the whole mtDNA as well (Table 2). Again the control region
exhibited bias toward AT content which was 65.6% and also the highest AT-rich region
in the mitochondrial genome of L. calbasu. While GC content was found to be 34.4%,
the lowest GC containing region in the whole mitochondrial genome of L. calbasu.
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Table 2: Total percentage of PCGs, tRNAs, rRNAs and control region in the Labeo
calbasu along with their AT, GC percentage and A-T, G-C skew.

Name Length (A [T |G |[C A+T [G+C [A-T G-C [% in the
% % skew | skew | mtDNA

Whole 16620 |542 |408 |254 (455 |57.2 [42.8 (0.14 |-0.28 | 100

mitochondria 7 7 |7 9

| genome

PCGs 11412 |367 |287 |155 [330 | 57.4 |42.6 [0.12 |-0.36 |68.66
2 8 9 |3

tRNAs 1569 1484 (398 |311 [376 [ 56.2 |43.8 [0.10 |-0.09 |9.44

rRNAs 2643 1928 |514 |541 |660 |54.6 (454 (0.29 |-0.10 |15.90

Control 932 323 (288 [125 |196 | 65.6 | 34.4 |0.06 [-0.22 |5.61

region

Other 64 20 9 [11 |24 |- - - - 0.39
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Phylogenetic Analysis

The phylogenetic analysis was inferred using the Neighbor-Joining method (Saitou et al.
1987). The optimal tree is shown below (figure 5). The tree was made using bootstrap
tests (500 replicates) are shown next to the branches (Felsenstein J. 1985). The
evolutionary distances were computed using the Maximum Composite Likelihood
method (Tamura et al. 2004). This analysis involved 11 nucleotide sequences and an
out-group which is removed manually. All ambiguous positions were removed for each
sequence pair (pairwise deletion option). There were a total of 17958 positions in the
final dataset. Evolutionary analyses were conducted in MEGA X (Kumar et al. 2018).
Except for our own species, the rest of the 11 sequences of the mitochondrial genome
were taken from the NCBI database. In our analysis, Labeo calbasu of Halda river is
paired with another L. calbasu that is taken from NCBI. Other species of the family
Cyprinidae show a close relationship with our Kalibaus.

Labeo fimbriatus (KP025676.1)
Labeo gonius (KT001152.1)
Labeo dussumieri (AP011384.1)
Catla catla (JQO087872.1)
Labeo rohita (JQ231111.1)
Labeo pangusia (AP013340.1)
Labeo angra (AP011329.1)
Labeo calbasu (Halda River)
Labeo calbasu (JQ231113.1)
Labeo bata (AP011198.1)

Cirrhinus cirrhosus (NC 033964.1)

Figure 5: Phylogenetic analysis of Labeo calbasu (Hamilton, 1822)..
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Research Objective 9
Whole Genome Sequence of Platanista gangetica from Halda river of Bangladesh

Abstract

Objectives: The Ganges river dolphin, Platanista gangetica gangetica (Roxburgh 1801) ,
an essentially blind freshwater cetacean; endemic to the Ganges-Brahmaputra-Meghna
and Karnaphuli- Sangu river systems in South Asian countries, has been classified as
“‘Endangered” on the IUCN Red List of Threatened Species. Being a tertiary organism in
the food chain, it is an important indicator species of river ecosystem. The species bear
a special navigation mechanism through echolocation which helps in feeding,
locomotion, and sensory perception. To better understand the bioscience of the Ganges
dolphin, we sequenced the genome generated by employing the Illlumina Novaseq 6000
technologies and produced an assembly that contains ~95% of the genes known to be
highly conserved among eukaryotes. Here, we report the chromosome-level reference
genome of a healthy male adult Platanista gangetica, assembled de novo from an
individual originating in the river Halda of Chittagong,Bangladesh. River Halda, which is
known as the national fish treasury of Bangladesh, is very intimately linked in the
genesis of various carp species. In total, 22788799445 bases of raw reads were
generated by whole-genome sequencing, using an lllumina NovaSeq platform ; a draft
genome were assembled of 2.9 Gb, Genome annotation identified. Within the predicted
genes we have confirmed the presence of >20 genes or gene families that have been
associated with adaptive evolution in other cetaceans. Our genome assembly were an
irreplaceable resource for further genetic research on adaptive ecology and this will
enable comparative studies of natural selection in freshwater cetaceans. Overall, this
genome assembly and draft annotation represent a crucial addition to the genomic
resources currently available for the study of order Cetartiodactyla and Platanistidae
evolution, phylogeny, and conservation biology .

Introduction

Technical advancements in recent years have reduced sequencing costs and improved
access to sequencing data. Subsequent transformation in DNA extraction, preparation
and assembly algorithms facilitates the low-cost accurate de novo genome assembilies.
Such assemblies are indispensable for constructing haplotype diversity databases for
comparative biology,breeding,medicine, and conservation planning (Martinez-Viaud et
al., 2019). Without whole-genome sequencing, the genomic basis of key adaptations
remains difficult to identify and besides genome-wide resources are no longer limited to
a few model organisms. With these resourceful data, it is now accomplishable to detect
more subtle differences among species and populations and to extend their
investigation beyond nucleotide polymorphisms to larger structural variants, linkage
groups, and highly divergent genes and regions on a genomic scale (e.g., Autenrieth et
al., 2018 ,Gloss et al. 2017; Johannesson et al. 2017; Li et al. 2017; Willoughby et al.
2017). However, Genetic amenities available for cetaceans do not yet adequately cover
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the diversity of this group (Foote et al. 2016; Keane et al. 2015; Nery et al. 2013; Sun et
al. 2013; Yim et al. 2014; Zhou et al. 2013).Within the toothed whales (odontoceti)
species from five of the ten families (Phocoenidae, Physeteroidae, Lipotidae,
Monodontidae and Delphinidae) have been whole-genome sequenced to date
(Autenrieth et al., 2018).

Ganges River dolphin, Platanista gangetica gangetica, is one of the three obligate
freshwater dolphins in the world, are distributed throughout the Ganges—Brahmaputra—
Meghna and Karnaphuli—-Sangu river systems of India, Bangladesh,Nepal and possibly
Bhutan ( Mohan et al. 1997; Sinha et al. 2000; Sinha & Kannan, 2014;Smith et al.
2001). One of the noteworthy features is, this species moves and feeds in a murky
riverine environment using echolocation. Similar to other freshwater cetaceans, who
have evolved these traits convergently, Ganges dolphin rely very little on eyesight
because of the muddy waters it inhabits, and as a result their vestigial effectively non-
functional eyes (even lack lenses) are only capable of distinguishing light from dark,
designating them as blind-river dolphin (Rice, 1998). This dolphin is almost identical to
its closest relative subspecies, Indus River Dolphin (Platanista gangetica minor) (Grill,
2000). Both subspecies are assigned to a monotypic family, Platanistidae ; one of the
most basal cetacean families which is very closely related to Kogiidae(dwarf and pygmy
sperm whales) and Physeteridae (sperm whales) (McGowen et al.2009; Zhou et
al.2011). This ancient cetacean family diverged approximately 29 Million Years (MY)
ago, 22 MY before modern marine dolphins arose (Xiong et al., 2009). Modern genetic
studies showed that Indus and Ganges dolphins diverged from each other
approximately 0.5 MY ago and, if they are shown to have morphological differences, the
two subspecies may be recognised as separate species in the future (Braulik et
al.,2014b).Although several marine dolphin species are commonly found in rivers far
upstream of freshwater ecosystems, Ganges river dolphins are morphologically and
phylogenetically distinct from marine dolphins (Sinha et al., 2010).

According to the IUCN Red List (Smith et al. 2012, IUCN-Bangladesh 2015), Ganges
dolphin is globally Endangered(EN) and Vulnerable(VU) in Bangladesh. The current
range of Ganges subspecies has been estimated about 1,200-1,800 individuals, but the
actual population is believed to be larger because some potentially crucial areas have
not been surveyed and at least some of the counting and estimations were considered
negatively biased (Khan, (2019),Smith et al. 2012, Braulik et al. 2012). As gangetic
dolphin mainly live in the human-dominated floodplain rivers in South Asia, they faces
threats on their survival from habitat loss and fragmentation due to damming of rivers for
hydropower and irrigation (Baruah et al. 2012; Choudhary et al. 2012; Braulik et al.
2012), incidental by-catch in fishing gear (Mansur et al. 2008), intentional killing for their
oil (Sinha, 2002), water pollution (Kannan et al. 1997) and population decline of their
prey (Kelkar et al. 2010). Even so it is a flagship species for river conservation and their
preservation can benefit other aquatic species to be conserved as well as wider local
communities for their subsistence(Sinha et al., 2010). Furthermore, Since Lipotes
vexilifer (Yangtze River dolphin) of China was declared extinct in 2006 this incidence
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implies a severe warning to the Ganges dolphin because both species have similar
environmental conditions (Turvey et al., 2007). Likewise, P. gangetica illustrates an
ancient lineage of cetaceans thus its extinction may lead to “missing link” for whole
mammalian class. The conservation demand of these charismatic aquatic mammal is
therefore paramount. Considering the importance of the Ganges dolphin, Genomic
information is imperative for understanding the evolution,adaptation and conservation of
the species. Although the morphology of the Gangetic dolphin has been studied
intensively because of its extraordinary features, the underlying genetics have received
attention to a lesser extent.

We have developed a high quality genome assembly for the Platanista gangetica; from
an individual originating in the river Halda of Chittagong,Bangladesh which river is home
to approximately 160 Ganges dolphins (reference). Among 720 rivers in Bangladesh,
the Halda is an incomparable river which acts as influential mother fisheries and natural
breeding ground for pure south asian carp fishes. This tidal River serves as the pure
natural gene bank of major Indian carps which is the only of its kind in the world from
where fishermen can collect fertilized eggs directly (Kibria et al., 2009). The ox bow
bends of this river, combined with various other chemical and biological features make it
unequaled. During seven years of study period (from September 2004 to December
2011) a total of 83 finfish species under 13 orders and 35 families and a total of 10
shellfish (9 prawns and 1 crab) under 1 order and 3 families were identified from the
river Halda (Alam et al., 2013). These varieties of fish and crustaceans make this river a
good home ground for the Ganges River Dolphin that feeds on fish and crustaceans.
However, the molecular data (nuclear and mitochondrial) of P. gangetica gangetica was
lacking and availability of first hand data on such pristine species can substantially aid in
resolving the taxonomic perplex and phylogenetic relationship of this clade within
cetaceans (Braulik et al., 2014)

In this paper, we present the first de novo assembly of the full genome of Platanista
gangetica gangetica, scaffolded and draft-annotated to predict its coding proteins and
their functions (Deposited at NCBI as BioProject: PRINA675309 with BioSample-ID:
SAMN16703806). We demonstrate a high level of completeness of the assembly,
showing that many of our scaffolds are near-chromosome-level, and identify a number
of candidate genes for future evolutionary analyses on adaptation in cetaceans.

The development of informative genetic assays would be a boon to P. gangetica
conservation, as the ability to identify individuals and family groups, delineate
populations, and track patterns of genetic diversity over space and time would result in
more informed management decisions. To usher this species into the era of genomics, a
high-quality reference genome is essential. It provides structure to catalogue diversity
within and between species at the whole-genome level.
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Methodology of the Study:
Sampling and DNA isolation:

Sampling and DNA isolation: Fresh sample of skin, liver and muscle tissues were
collected from an adult male Platanista gangetica which was found dead from Akbaria
point of Halda River under Hathazari upazila (Longitude / Latitude- 22.446661N,
91.861295E) on Thursday, December 5, 2019. Then, transported to the laboratory to
preserve at -70° C for further analysis during the period of December 2019. The liver
and muscle tissue was dissected and stored with 95% ethanol. Later for Sample
preparation, a high molecular weight genomic DNA isolation and purification were
performed following the AddPrep Genomic DNA extraction kit (AddBio, Korea) for future
evaluation of the quality as well as quantity of the DNA. All the methods had been
performed in accordance with the "Regulations for Animal Experiments in Chittagong
Veterinary and Animal Sciences University's unique feature, the Indian and GOB ethical
clearance" as required.

Library preparation

Purified genomic DNA was sent for library preparation and whole genome sequencing
(WGS) at BGI Group (Shenzhen, Guangdong, China). A total of 22.8 Gb of subread
bases with a read length of bp were generated using Next-generation sequencing
(NGS) technology on an Illlumina NovaSeq6000 platform. After sequencing quality of
raw sequence reads and trimmed sequencing reads were inspected using FastQC
version 0.11.8 (Andrews, S., 2010). Reads were quality controlled including removing
adaptor sequences, contamination and low-quality reads from raw reads using BFC
(Li,H. , 2015). A total of 20407880100 bp clean reads were included in the assembly
with 48X coverage.

Genome assembly:

For de novo assembly we used ABySS v. 2.2.4 (Shaun D Jackman et al., 2017),
SOAPdenovo2 (Luo, R et al., 2012) and MEGAHIT v1.2.9 (Li,D et al., 2015) assembler
to assemble the P. gangetica genome. Since there is currently no de novo assembler
assured to outperform others and as assemblers overall performance can differ relying
on the dataset, three unique assemblers had been used and an assembly evolution was
subsequently performed in order to choose the best assembler. All assemblers follow
the classic De Bruijin graph illustration even though the assembly algorithm differs
across methods. Finally BUSCO v.4.1.2 (Siméo, F et al. , 2015) was used to assess the
assembly quality in terms of gene completeness.
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SOAPdenovo assembly:

Information for assembly Scaffold (Kmer 27)

Size include N 1821064417
Size without N 1820439352
Scaffold Number 5308908
Mean_ Size 343
Median Size 212
Longest_Sequence 6498
Shortest _Sequence 100
Singleton_Number 5278877
Average_length_of break(N) in_scaffol | O
d
NAME NUMBERS PERCENTAGE
scaffolds>100 4549637 85.70%
scaffolds>500 1085559 20.45%
scaffolds>1K 282431 5.32%
scaffolds>10K 0 0.00%
Table: Nucleotide composition
NAME NUMBER PERCENTAGE
Nucleotide A 546224654 29.99%
Nucleotide C 376569646 20.68%
Nucleotide G 371969539 20.43%
Nucleotide T 525675513 28.87%
GapContent N 625065 0.03%
Non ACGTN 0 0.00%
GC_Content 41.12% (G+C)/(A+C+G+T)
NAME NUMBERS LENGTH
N10 1409 99942
N20 1044 252036
N30 823 449349
N40 661 696862
N50 528 1005575
N60 412 1396058
N70 306 1908590
N80 216 2618812
N90 142 3659324

Copyright 2021 @ Halda River Research Lab




Information for assembly Contig (Kmer 27)

Size includeN 1820560946
Size_withoutN 1820560946
Contig_Number 5330112
Mean_Size 341
Median_Size 211
Longest Sequence 6498
Shortest_Sequence 100
NAME NUMBERS PERCENTAGE
scaffolds>100 4570450 85.75%
scaffolds>500 1082708 20.31%
scaffolds>1K 279549 5.24%
scaffolds>10K 0 0.00%
Table: Nucleotide composition
NAME NUMBER PERCENTAGE
Nucleotide A 546440167 30.01%
Nucleotide C 376637156 20.69%
Nucleotide G 371971312 20.43%
Nucleotide T 525512311 28.87%
GapContent N 0 0.00%
Non ACGTN 0 0.00%
GC_Content 41.12% (G+C)/(A+C+G+T)
NAME NUMBERS LENGTH
N10 1399 100588
N20 1037 253650
N30 818 452159
N40 656 701161
N50 525 1011713
N60 409 1404529
N70 304 1920230
N80 214 2634519
N90 141 3679387

Number of contigs in scaffolds

51235

Number of contigs not in scaffolds(Singleton) 5278877
Average number of contigs per scaffold 1.7
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AbySS assembly:

n n:500 | L50 min N75 N50 N25 E- max sum
size
7976 | 2916 1040 | 887 621.5e6
14.42e6 | 46 00 500 617 776 8112
7972 | 2914 1041 | 889 621.7e6
84 65
7972 | 2914 1041 | 889 621.7e6
62 43

MEGAHIT assembly: (scaffold)

n

N:500 | L50 | minimum N75 N50 N25 E-size | max sum

692208 | 47283 |1 500 3592 1.267e | 1.267e | 742.5e | 1.267e | 2.162¢

2 9 9 6 9 9

Gene prediction and functional annotation :

The first step in genome annotation in a given genomic sequence is gene structure
prediction. Gene prediction was conducted using MAKER ver 3.01.03 (Campbell et al.,
2014) which defines probability distributions for the different sections of genomic
sequence. Gene prediction was performed ab initio with using both given and default
parameters. Functional annotation was obtained by InterProScan ver 5.46-81.0 (Jones
et al., 2014).The functional annotation report has been deposited at Figshare database

Conclusion

With a GC-content of 43.6% and 20.41 GBp bases in SRA reads, this sequencing data
is comparable to other high quality cetacean genomes. In summary, we generated and
analyzed the first whole genome assembly and annotation of Platanista gangetica
gangetica. This genome adds to available Cetacean genomes by supplying essential
resources for advance investigation within the Odontoceti and Cetacea.

The acquired data should facilitate further studies of the genetic basis of divergence
between two subspecies Indus and Ganges dolphin and of the molecular differences
between freshwater, marine, and terrestrial mammals. This data will also furnish
invaluable information for further genetic studies of this species,both for whole-genome
investigations into population structure and to denote key genes associated with local
adaptation.

Data availability
The lllumina raw reads have been deposited in the SRA (Project ID : PRINA675309)
under the Accession numbers SRR13005646 . This Whole Genome Shotgun project
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has been deposited at DDBJ/ENA/GenBank under the accession SRX9456846.
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Research Objective 10

Complete Mitochondrial Genome Sequence of Platanista gangetica from Halda
river of Bangladesh

Abstract :

Platanista gangetica (Roxburgh 1801) Ganges River dolphins are an evolutionarily
ancient cetacean threatened with extinction in the near future due to the absence of
necessary conservation action.This genus is the solitary member of its family,
Plantanistidae. Yet the phylogenetic relationships of this peculiar and poorly known
dolphin among extinct and extant cetaceans and river dolphins has been the subject of
conjecture for long. Therefore it becomes an obligation to sequence the mitochondrial
genome of Ganges River dolphin. Mitochondrial genome (mitogenome) plays some
influential roles in evolutionary and ecological studies. It becomes routine to utilize
multiple genes on mitogenome or the entire mitogenomes to investigate phylogeny and
biodiversity of focal groups with the onset of High Throughput Sequencing (HTS)
technologies. Here, we describe the complete mitogenome of Platanista gangetica
gangetica, derived from an animal stranded on Halda river, Bangladesh. Using an
lllumina platform, we shot-gun sequenced the complete mitochondrial genome of
Ganges river dolphin to an average coverage of 152X. We performed a de novo
assembly using Novoplasty and determined the total mitogenome length to be 16,347
bp. The nucleotide composition was asymmetric (33.3% A, 24.6% C, 12.6% G, 29.5% T)
with an overall GC content of 37.2%. The gene organization was similar to that of other
cetaceans with 13 protein-coding genes, 2 rRNAs (12S and 16S), 22 predicted tRNAs
and 1 control region or D-loop. Among the 37 genes, 28 were positioned on the H-
strand and 9 were positioned on the L-strand.The entire mtDNA showed a slight AT rich
bias (56.94%) with positive A-T skew (0.15) and negative G-C skew (-0.29).The
phylogenetic relationships of 15 Odontoceti species were reconstructed based on the
13 protein-coding genes using the Bayesian inference method.No evidence of
heteroplasmy or nuclear copies of mitochondrial DNA were found in this individual.
These data will provide an insight into the genetic structure; besides contribute to
resolving the phylogeography and population ecology of this sole living representative of
Platanistidae family.

Inroduction:

Ganges River dolphin , Platanista gangetica gangetica( Superfamily Platanistoidea,
Infraorder: Cetacea ), belonging the order Artiodactyla, is one of the most charismatic
and iconic species; which is endemic to one of the world's most biodiverse river basins
The Ganges—Brahmaputra—Meghna and Karnaphuli-Sangu (GBMK River Basin) in
India, Bangladesh and Nepal. These river dolphins prefer areas that create eddy
countercurrents, such as small islands, river bends, and convergent tributaries (Moreno,
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2003).Unfortunately, various anthropogenic and natural factors jeopardize the future of
this relict freshwater cetacean.Modification of river streams (particularly from dams),
alterations in sediment and nutrient fluxes, habitat destruction, river water contamination
from urbanization and agriculture, boat traffic, illicit intentional hunting, and over
exploitative fisheries are known to threaten the habitats of this species in South Asia
(Payne and Temple 1996, Bannerjee 1999, Dudgeon 2000a, 2000b, 2005; Manel et al.
2000, Gergel et al. 2002). Thus, Platanista gangetica is categorized as endangered
species as per IUCN global redlist (Braulik et al. 2017), is on appendix | of the CITES
(CITES 2020).

The P. gangetica has been classified into two subspecies by different researchers
elucidating ambiguities in their taxonomy. According to Smith and Braulik (Smith and
Braulik, 2012; Braulik et al. 2014), The South Asian river dolphins ( Ganges river
dolphin: Platanista gangetica gangetica and Indus river dolphin: P. g.minor ) are two
closely related but geographically isolated, endangered freshwater cetaceans, currently
classified as subspecies in a monotypic family (Platanistidae). An assessment of
divergence rates in low mtDNA Diversity of the two subspecies indicates the long-term
absence of gene flow and clear genetic differentiation between them and also shows
that they diverged from a common ancestor around 550,000 years ago(95 % posterior
probability 0.13—-1.05 million years ago), possibly when dolphins from the Ganges
dispersed into the Indus during drainage capture. This ancestor is thought to have been
a marine Platanistid occupying the epi-continental seas in Southern part of Asia amid
the sea level rises in the middle Miocene (Braulik et al., 2014).

Although there is very less physical similarities, molecular analyses demonstrated that
the Platanistidae family is most closely related to the Kogiidae (dwarf and pygmy sperm
whales) and Physeteridae (sperm whales) (McGowen et al. 2009; Steeman et al. 2009;
Zhou et al. 2011). Among the four river dolphin families, the Platanistidae was the
earliest divergent clade, the Lipotidae was the next, and then the Iniidae and
Pontoporiidae(Kaiya, 1999). Since no affinity was revealed between the Platanistidae
and the other river dolphin families; so, the freshwater cetaceans are paraphyletic, and
genus Platanista Wagler, 1830 as well as Platanistidae got place at superfamily level.
Although, Lawrence, G. B. (2006) stated that,the concept of superfamily Platanistoidea
has become dramatically emended presently. However,In spite of several endeavors of
utilizing paleontological, morphological and molecular approaches for the task of exact
taxonomic position of this dolphin clade this issue remained still slightly uncertain
(Kasuya, 1973; Milinkovitch et al., 1994; Arnason and Gullberg, 1996; Messenger and
Mcguire, 1998; Cassens et al., 2000; Nikaido et al.,2001; Hamilton et al., 2001).

In this study, we disclosed the complete mitochondrial genome sequence of a healthy
male adult Platanista gangetica gangetica, an individual originating in the tidal river
Halda of Chittagong,Bangladesh.This river is the claimant of the country's national fish
breeding heritage for being one of the most important natural carp spawning grounds in
Bangladesh and has long been the major source of naturally produced carp fry for pond
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culture in much of the country. A total of 83 finfish species under 13 orders and 35
families and a total of 10 shellfish (9 prawns and 1 crab) under 1 order and 3 families
were identified from the river Halda within study period September 2004 to December
2011 (Alam et al., 2013).This immensely biodiversed ecosystem make the river a good
home ground for the Ganges River Dolphin that feeds on fish and crustaceans,where
the population is estimated to be 130-160 in number (reference). As Ganges River
Dolphin is the apex predator in the river system where it lives (Klinowska 1991, Culik
2003), their population remains low and can be a good indicator of the health of the
aquatic ecosystem where it inhabits (Gomez-Salazar 2012).

Comparative mitogenomic information has revolutionised several concepts of molecular
phylogeny and evolution across multiple taxonomic levels (Miya and Nishida,2015).Mt-
DNA is the ideal molecular marker for phylogenetic studies due to its conserved gene
content, maternal inheritance(shared by everyone in maternal lineage), Absence of
recombination, multiple copies in single cell, high rate of nucleotide substitution (Brown
et al., 1979; Curole and Kocher, 1999; Olivo et al., 1983). Genetic information coupled
with biological and behavioural data is pivotal for the preservation and management of
imperiled species just like the Ganges river dolphin. In order to provide a theoretical
foundation for the conservation strategy of P. gangetica within Platanistidae and new
sight for further studies of phylogenetically-informative sequence data; in the current
study the complete mtDNA of P. gangetica gangetica was sequenced, assembled and
annotated, afterwards compared with other freshwater odontocetes

Materials and methods

Collection of Sample and DNA Extraction

Sampling and DNA isolation: Fresh sample of skin, liver and muscle tissues were
collected from an adult male Platanista gangetica which was found dead from Akbaria
point of Halda River under Hathazari upazila (Longitude / Latitude- 22.446661N,
91.861295E) on Thursday, December 5, 2019. Then, transported to the laboratory to
preserve at -70° C for further analysis during the period of December 2019. The liver
and muscle tissue was dissected and stored with 95% ethanol. Later for Sample
preparation, a high molecular weight genomic DNA isolation and purification were
performed following the AddPrep Genomic DNA extraction kit (AddBio, Korea) for future
evaluation of the quality as well as quantity of the DNA. All the methods had been
performed in accordance with the "Regulations for Animal Experiments in Chittagong
Veterinary and Animal Sciences University's unique feature, the Indian and GOB ethical
clearance" as required.
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Figure 1. The circular representation of the complete mitochondrial genome of P.
gangetica. Direction of gene transcription is indicated by arrows in entire complete
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the average GC content of the entire sequence. GC-skew is plotted using a colored
sliding window (deep green and light green colour), as the deviation from the average
GC skew of the entire sequence.
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Sequencing, assembly and annotation of mitochondrial genomes

Purified DNA was sequenced using lllumina NovaSeq 6000 platform from BGI, China.
We used BWA V0.7.17 and SAMTOOLS V0.1.19 for separating the mitochondrial
genome reads from the whole genome sequence by mapping it against the reference
Platanista gangetica mitochondrial genbank accession (MF990206.1). The clean reads
were assembled by using the organelle assembler NOVOPIlasty V.4.0 (Dierckxsens et
al., 2017). For functional and structural annotation web servers MITOS (Bernt et al.,
2013) and GeSeq (Tillich et al.,, 2017) were used. The 22 tRNA genes secondary
structure and location were determined by using MITOS and tRNA scan-SE. The
circular image of mitochondrial genome was drawn by using online server CGView 29
(http://stothard.afns.ualberta.ca/cgview_server/). The length and locations of spacer
regions (overlapping and intergenic) of P.gangetica mitochondrial genome were
detected manually.. The nucleotide composition, codon usages, relative synonymous
codon usage (RSCU) was done by MEGAX (Kumar, et al 2018).. To calculate the
skewness, we used the formula: AT skew = (A-T)/(A+ T) and GC skew = (G - C)/(G +
C) (Perna et al., 1995).

Result and Discussion

Genome structure, organization and composition

P. g. gangetica complete mitochondrial genome (Submission 2405387) is 16,322 base
pairs (bp) in length. It included 37 genes: 13 PCGs, large and small rRNAs, 22 tRNAs
and one non-coding region (D-Loop) with the origin of light-strand replication (OL) (Fig.
1, Table 1). The majority strand contains 22 genes and minority with 15 genes (Table 1).
The AT and GC content of nucleotide was 60% and 40%, respectively (Table S6), like
other freshwater dolphin mitochondrial genomes. The highest AT content observed in
tRNAs (69.68%,), followed by PCGs (68.72%), rRNAs (68.66%), and CR (67.67%). The
mitochondrial genome showed positive AT (0.07) and negative GC (-0.36) skewness in
contrast to other odontocetes mitochondrial genome.

To compare the mitogenomes of P. gangetica and other related species, the
orthologous average nucleotide identity (OrthoANI) value was analyzed using ANI
calculator (http://www.ezbiocloud.net/tools/ani). The overall gene content and
arrangement in the P. gangetica mitogenome were almost identical to those from three
river dolphin species, and the highest OrthoANI value was obtained in the Indus river
dolphin (Platanista minor, NC_005275.1, 99.57%),then Yangtze river dolphin (Lipotes
vexilifer, NC_007629.1, 84.92%), La plata dolphin (Pontoporia blainvillei, NC_005277.1,
84.59%) whereas the Amazon river dolphin (Inia geofrensis, NC_005276.1 ) showed
the lowest similarity (84.27%).
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Protein-coding genes

The total length of PCGs was 11406 bp in P. gangetica similar length as Lipotes vexilifer
(NC_007629).All PCGs were encoded on the H-strand, except for ND6. Among the 13
PCGs, 12 genes had the typical ATG initiation codon, whereas the initiation codon GTG
was found in ND2. Three types of stop codons were detected: AGA ( CYTB), TAA (ND1,
COl, COll, ATP6, COIll, ND3, ND4, ND4L, ND5, and ND6), and TAG (ND2, ATP8).

Codon usage bias and mutations.

The use of codons or codon usage bias is a fundamental phenomenon in nature
(Chakraborty et al., 2017;Whittle et al., 2016). The main influencing forces for codon
usages are the mutation pressure and natural selection. Codon usage bias can be
triggered by a number of other factors such as the content of nucleotides, gene length
and their function, and the external environment (Whittle et al., 2016). We investigated
the GC content to study the nucleotide distribution of all three codon positions of PCGs
for Four river dolphin mitochondrial genomes (Fig. S1). The codon frequency ending
with A/T is higher than G/C due to the AT rich segments which leads to the high codon
bias (Mondal et al., 2017;Wei et al.,, 2014). The comparative study of river dolphin
mitochondrial genomes revealed 21 codons (9 with A-ending, 12 with U-, and none with
G- or C-ending) with high frequency (Table S8). This result suggested that
compositional constrain may play an important role in the codon usage patterns in
dolphin species.

Ribosomal and transfer RNA genes.

Two rRNAs were observed in P. g. gangetica and other dolphin mitochondrial genome.
The large ribosomal rrL (16S RNA) placed between trnV and trnL1, was 1575 bp long;
the small rrnS (12S RNA) between trnl and trnV, was 975 bp long (Table 1). P.
gangetica has 22 tRNAs (total length 1519 bp), ranging from 60 bp (tRNA Ser(AGY ) to
75 bp (tRNA Leu(UUR)) ) in length. (Table S5).
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Figure 2: Comparative analysis of Nucleotide composition, AT and GC percentage and skewness of four
river dolphin species Yangtze River dolphin (NC_007629.1), franciscana or la plata
dolphin(NC_005277.1), Amazon river dolphin (NC_005276.1) and Ganges river dolphin)

The P. g. gangetica mitogenome (Submission 2405387) was 16,322 bp in length (60%
A+T content), and consisted of the typical set of 37 genes (two rRNAs, 22 tRNAs, and
13 PCGs) which were very similar to those of other freshwater dolphin species in the
Infraorder Odontoceti (Supplementary Fig. 1). The two rRNAs were 975 bp (12S rRNA)
and 1575 bp (16S rRNA) in length, and separated by tRNA Val (67 bp) . The size of the
22 tRNAs varied from 60 bp (tRNA Ser(AGY ) ) to 75 bp (tRNA Leu(UUR ) ), with a total
length of 1519 bp. Eleven intergenic spacers (1-7 bp), with a total length of 32 bp, and
eight intergenic overlapping regions (1-31 bp), with a total length of 68 bp were
detected (Table 1).
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Phylogenetic analyses

The phylogenetic analysis was performed with MegaX(Kumar, et al 2018) and edited on
timetree server using mitochondrial genome among all odontocete species. The
topological structure generated from both methods and analyses yielded similar results.
The tree revealed that Platanista clustered with Ziphiidae clade. Within cetaceans, the

tree

topology waslniidae,Pontoporiidae),(Delphinidaea,Phocoenidae,Monodontidae).
,Lipotidae),((Platanistidae,Ziphiidae),((Kogiidae,Physeteridae),Mysticeti). The two sub-

species of Platanista. gangetica and P.minor clustered together as subspecies.
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Figure : Phylogram of retained BIONJ Tree based on the available Odontoceti mitogenomes. The tree can
be viewed interactively or downloaded from https://itol.embl.de/tree/10323010512137731609177864%#
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Project activities in pictures

A ws -
Dolphin postmortem at Halda River Research Laboratory, University of Chittagong
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Rescued brood fish from Halda River

Handover program of one brood fish to Halda River Research Laboratory by Raozan Upaila
Administration (30" May, 2017)

i

Measurement of Catla (Catla catla)

. P
Measurement of Mrigel (Cirrhinus cirrhosus)

Measurement of Kalibaus (Labeo calbasu)
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Tissue, Liver and Scale collection from Sample preparation for DNA extraction
Carps

Processed samples for DNA extraction DNA extraction from fish specimen
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Picture: The Halda Fish Genome Research Team with Team Leader Prof. M M Kibria and
Prof. AMAM Zonaed Siddiki
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Whole genome data resources in NCBI
Catla catla

Bioproject - https://www.ncbi.nlm.nih.gov/bioproject/623322

Mitogenome Data - https://www.ncbi.nlm.nih.gov/nuccore/MT303069

Whole Genome Sequence - https://www.ncbi.nlm.nih.gov/sra/SRX8626849[accn]
https://www.ncbi.nlm.nih.gov/sra/SRX8063618[accn]

Whole Genome Assembly - https://www.ncbi.nlm.nih.gov/assembly/GCA 014525385.1#/st

Labeo ruhita

Bioproject — https://www.ncbi.nlm.nih.gov/bioproject/657820

Mitogenome Data - https://www.ncbi.nlm.nih.gov/sra/SRX9456401%5Baccn%5D
https://www.ncbi.nlm.nih.gov/bioproject/660899

Whole Genome Sequence - https://www.ncbi.nlm.nih.gov/sra/SRX8968640%5Baccn%5D

Whole Genome Assembly: https://www.ncbi.nlm.nih.gov/assembly/GCA 017311145.1

Cirrhinus cirrhosus

Bioproject — https://www.ncbi.nlm.nih.gov/bioproject/688724
https://www.ncbi.nlm.nih.gov/bioproject/690704

Mitogenome Data - https://www.ncbi.nlm.nih.gov/bioproject/660899

Whole Genome Sequence:

https://www.ncbi.nlm.nih.gov/sra?LinkName=biosample sra&from uid=18021126

https://www.ncbi.nlm.nih.gov/sra?LinkName=biosample sra&from uid=17187123

Whole Genome Assembly: https://www.ncbi.nlm.nih.gov/assembly/GCA 019207145.1#/st

Labeo calbasu

Bioproject — https://www.ncbi.nlm.nih.gov/bioproject/?term=PRJNA689123
Biosample - https://www.ncbi.nlm.nih.gov/biosample/?term=SAMN17199932
Mitogenome Data — Submitted at NCBI

Whole Genome Sequence:
https://www.ncbi.nlm.nih.gov/sra?LinkName=biosample sra&from uid=19333274
Whole Genome Assembly: Submitted at NCBI

Platanista gangetica

Bioproject — https://www.ncbi.nlm.nih.gov/bioproject/?term=PRIJNA675309
SRA Data - https://www.ncbi.nlm.nih.gov/sra/SRX9456846[accn]
Mitogenome Data - https://doi.org/10.6084/m9.figshare.13536764
Whole Genome Sequence -
https://www.ncbi.nlm.nih.gov/sra?linkname=bioproject sra all&from uid=675309
Whole Genome Assembly: https://www.ncbi.nlm.nih.gov/assembly/GCA 017311385.1
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Conclusion and recommendation

The genome sequencing and assembly of the Halda carps will provide a valuable tool for future
population genetics and fish genomics studies, which will allow for targeting specific genes and
particularly interesting regions of the specific genome. For instance, each species could be a
model organism in which to study inbreeding and aquaculture of major carps as it is the highest
common Indian major Carp (IMC) species. As shown in the recent special issue of Science,
sequencing new fish genomes can lead to a better understanding of crucial aspects of the
biology and ethology of fish. In the case of the different carp species, it could gather new
information on the genetic diversity of the species and infer the compelling population size of
each of the putative populations.

The availability of the draft genomes can offer assistance to gather the evolutionary history of
the species, i.e. how high and low have the population sizes been within the past. Besides the
estimation of genetic variability, this is typically a critical point because species that have
experienced low population sizes in the past might be more vulnerable to human threats and
more inclined to extinction.

At field level, to avoid genetic contaminations of the seed production, the genetic variability
within a population is extremely useful to gather the information on individual identity, breeding
pattern, degree of relatedness and distribution of genetic variation among them along with
evolutionary and adaptive behaviour. The present research project was intended at developing
the whole genome sequences of Halda riverine wild populations of several carp species to
explore fish genomics with a view to generate baseline datasets. These will eventually facilitate
conservation of genetic materials, crossbreeding along with avoiding intergeneric hybridization
among the wild species and to encourage pure gene strain of this indigenous species for
Bangladesh.

The Platanista (River Dolphin) sequencing data is comparable to other high quality cetacean
genomes as reported elsewhere. Present study generated and analyzed the first whole genome
assembly and annotation of Platanista gangetica gangetica. This genome adds to available
Cetacean genomes by supplying essential resources for advance investigation within the
Odontoceti and Cetacea. The acquired data should facilitate further studies of the genetic basis
of divergence between two subspecies, Indus and Ganges dolphin and of the molecular
differences between freshwater, marine, and terrestrial mammals. This data will also furnish
invaluable information for further genetic studies of this species, both for whole-genome
investigations into population structure and to denote key genes associated with local
adaptation. Moreover, these data will provide an insight into the genetic structure along with
resolving the phylogeography and population ecology of this sole living representative of
Platanistidae family.
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Future research areas (projected)

Fish, as a highly diversified group of the vertebrate family, shares a range of
environmental conditions to which their physiologies, body shapes, and lifestyles have adapted
over the years. In their aquatic habitat, water is in direct contact with several tissues and internal
compartments of the animal, potentially inducing a high sensitivity to water-borne parameters
such as temperature, oxygen levels, salinity, and sometimes toxic chemicals. This intimate
relationship between an organism and a wide range of different environments has recently
prompted the view that fish could be used as models for “environmental genomics”, in other
words the study of the interface between an organism and its environment using genomic
approaches. The quality of Halda river water and habitats can be verified through such
novel research where fish genetics data can be employed.

Up to now fish genomics can be used to exploit the similarities and the differences
between mammalian and fish genomes to gain profound insights into the evolution of
vertebrate genomes in general, and into the function of individual genes often associated
with human disorders in particular. This is a new frontier of research and future studies will
certainly based on such facts where each genome can provide complementary information.

The Government of Bangladesh, as well as international communities, has a particular
interest in Halda river population conservation. Present study will provide a useful platform for
the functional genome and conservation research of Halda river carps and other aquatic
animals including Dolphins in the future. The knowledge will help develop a better policy for
their breeding, behavioral pattern analyses with a view towards their in situ conservation.

In the coming decades, technologies like the applications of genomic techniques such as
genome editing and genomic selection, along with the use of emerging intelligence systems, in
aquaculture and fisheries will contribute significantly to genetic improvements of farmed fish and
sustainable exploitation of fishery resources. Present research will be invaluable in
providing baseline molecular datasets (at genomic and proteomic level) for such future
research initiatives.

Molecular markers play an essential role in the selection and breeding programs in
aquaculture and have been broadly used to construct the linkage maps of important economic
phenotypic traits such as growth, sex determination, and pathogen resistance. Genomics has
brought new tools that can help address fundamental questions in fisheries management such
as stock identification, population structure, and adaptive response to environmental change.
The identification of SNP markers through NGS has enhanced the ability to trace fisheries
recourse or products to their original locations, allowing regulation enforcement in some
commercially important fish species. Therefore using population genomics, we can identify
markers of Halda carps towards their branding in the near future. This will also have
commercial implications to characterize high quality produce from Halda at national and
international level.
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ABSTRACT

Catla (Catla catfa) is one of the fastest-growing major carp found in South Asia as well as Bangladesh.
Catfa catla is the second most popular indigenous carp species in the freshwater aguaculture industry
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of Bangladesh due to its relatively good taste and high market price. In this study, we disclosed the

complete mitochondrial genome sequence of Bangladeshi Catla fish from Halda river located in
Chittagong. The circular mitogenome of Catla catla is 16,597 bp in length and nucleotide composition
is AT-based (72%), contains 37 genes including 13 protein-coding genes, 22 tRNA genes, 2 rRNA genes

and a D-loop (control region).

Introduction

Catla catla is a member of the Cyprinidae family, which is
endemic to the perennial river network of northern India, the
Indus plain and adjacent hills of Pakistan, Bangladesh, Nepal
and Myanmar (Reddy 1999). It has become one of the most
well-established fish populations of all the rivers, lakes and
reservoirs where they have been introduced. The Halda River
is located in South-East region of Bangladesh which is a
major tributary of the river Karnaphuli in Chittagong district
originated from the hilly Haldachora fountain at the
Patachara hill ranges of Ramgarh in the Khagrachari hill and
renowned for being the only natural spawning ground of
Indian major carp in Bangladesh (Tsai et al. 1981; Akter and
Ali 2012; Kabir et al. 2015). A major portion of the country’s
pond carp culture is dependent on these wild seed that has
an important and potential contribution in the agro-based
economic development, poverty alleviation, employment,
supplying of animal protein and earning the foreign currency
for the national sector (Azadi 1979, DoF 2005). C. Catla is one
of the "Four famous Indian carp” of Halda river which has
extensive demand in carp polyculture system among the fish
farmers due to it's higher productivity rate and compatibility
with other major carps, specific surface feeding habit that
help increase water quality, enriched protein and vitamin
content with lower calories, delicate flavor and consumer
preference (Shafi and Quddus, 1982). For being small in size,
high evolutionary rate, and matemnal inheritance mood, the
complete mitochondrial genome seguences provide insight
into the assessment of wide variation in animals and the

KEYWORDS

Catla coths; mitechondrial
genome; protein-coding
gene; tRNA; rRNA

comparison of sequence data contribute to the exploration
of improved markers for population ecological studies (Avise
1995; Zhou et al. 2009). Here we reported the entire mtDNA
sequences of Catla catla from the Halda river.

The specimen was collected from Halda river,
Chittagong  (geographic  coordinate:  22°33'347" N
91°50'41.8"E). Fresh tissue (from muscle) sample was stored
at —20°C until used to isolate genomic DNA using commer-
cial DNA extraction kit (AddBio, Korea) and the total DMNA
was stored with a voucher number (DPP/CVASU/2019-12-44).
Purified DNA was sent for library preparation and sequencing
through commercial suppliers. DNA was sequenced using
Ilumina NovaSeq 6000 platform from BGI, China. The mito-
chondrial genome reads were separated from the whole gen-
ome sequence by mapping it against the reference Catla
mitochondrial datasets (KY419138) using SAMTOOLS. The
organelle assembler NOVOPlasty V.2.7.2 (Dierckxsens et al.
2017) was used to assemble the clean reads. Web-based
tools like MITOS (Bernt et al. 2013) and GeSeq (Tillich et al.
2017) were applied to perform structural and functional
annotation. Another tool, OGDRAW was used to construct
the circular representation of the entire mitogenome (Greiner
et al. 2019). Finally, mtDNA sequences were aligned and a
phylogenetic  tree constructed by using CLC
Main Warkbench.

The complete mitogenome of Catla catla (NCBI accession
number MT302069) is 16,597 bp in length and consists of 13
protein-coding genes, two ribosomal RNA genes (rRNA), 22
transfer RMA (tRNA) genes, and a putative control region

was

CONTACT Amamz Siddiki @ zsiddiki@gmail. com g Genomics Research Group, Chittageng WVeterinary and Animal Sciences University (CVASL),

Chittagong, Bangladesh
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