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Genome assembly of indigenous Gaddi dog
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ABSTRACT

Dog is one of the oldest domesticated animals and the most familiar pet to mankind. The Gaddi dogs are robust 
and healthy and have been associated with herding and guarding for ancient times in the Himalayan vis-à-vis 
neighboring states like Himachal Pradesh, Uttarakhand, and Punjab. No information is available about the genetic 
architecture of these indigenous dogs. The present study was designed to sequence and assemble nuclear genome of 
Indigenous Gaddi dog for its genetic characterization.  The blood samples  were collected from five unrelated Gaddi 
dogs from the state of Punjab and Himachal Pradesh. The Illumina 150bp paired-end sequencing was done and 
491.9 G raw data was generated with an error rate of 0.03% for all five samples. The quality of data was checked by 
using FastQC and Fastp tools. The Q30 of the processed data ranged from 90.5% to 93.3% and %GC from 40.1% to 
41.5%. The genome assembly was done using Maryland Super Reads Celera Assembler (MaSuRCA). The number 
of contigs obtained for individual genome assemblies varied from 437250 to 455342, the N50 value ranged from 
10028 to 10839 and the average contig length ranged from 5118 to 5344 bases. The raw sequence reads have been 
submitted to NCBI Bioproject id PRJNA843534 (SRA Accession: SRR22387066 to SRR22387070). The genetic 
tapestry of the Gaddi dogs has been revealed through this sequencing shot. Further, the enrichment of the genome 
assembly and annotation can have a deeper insight into the Gaddi dog’s hidden potential and diverse adaptation 
behaviour. 

Keywords: DNA, Gaddi dog, Genome assembly, Indigenous, Sequencing

Present address: 1Guru Angad Dev Veterinary and Animal 
Sciences University, Ludhiana, Punjab-141002. *Corresponding 
author email: csmbioinfo@gmail.com

Dog (Canis lupus familiaris) is the most familiar pet 
to man. There are about 400 breeds of domesticated dogs 
that exhibit considerable variations in morphological, 
physiological, and behavioral characteristics (Vaysse et 
al. 2011). The Gaddi dog breed (INDIA_DOG_0600_
GADDI_19004) is robust and healthy and has been 
associated with herding and guarding for ancient times 
in the Himalayan vis-a-vis neighboring states like Punjab 
(Mukhopadhyay 2022). A healthy German Shepherd 
female genome was assembled by Field et al. (2020) as 
a reference genome to conduct disease and evolutionary 
studies in the future. The improved canid reference genome 
(CanFamGSD) was obtained using a combination of Pacific 
Bioscience, Oxford Nanopore, 10X Genomics, Bionano, 
and Hi-C technologies sequencing approaches ( English et 
al. 2012). The issues associated with short-read assembly, 
the different types of data produced by second-generation 
sequencers, and the latest assembly algorithms designed 
for these data were summarized by Schatz et al.  (2010). 
Zimin et al. (2013) evaluated the performance of Maryland 
Super Reads Celera Assembler (MaSuRCA) against two 
of the most widely used assemblers for Illumina data, 

Allpaths-LG and SOAPdenovo2, on two datasets from 
organisms for which high-quality assemblies are available: 
the bacterium Rhodobacter sphaeroides (Srikanth et al. 
2022) and chromosome 16 of the mouse genome (Linacre 
2021). Jung et al. (2020) summarised the approach  
genome assembly and annotation in time efficient manner. 
Leeb et al. (2022) highlighted the genetic factors related to 
skin disorders in dogs. Meadows et al. (2023) analyzed the 
genetic architecture and disease susceptibility (Kaur et al. 
2023)  in canine population through international Dog10K 
project. Sandhu et al. (2025) evaluated the microsatellite 
markers for breed identification in Gaddi dogs and other 
exotic dog breeds. Rana et al. (2025) uncovered the 
miRNAs from Gaddi dog genome.

Minimal information is available about the genetic 
architecture of indigenous dogs (Kalambhe et al. 2022, 
Tewari and Mukhopadhyay 2023). Sankhyan et al. (2022) 
documented the phenotypic characteristics of Gaddi dogs 
and highlighted the importance for Gaddi dog conservation 
and propagation. The indigenous Gaddi dog, being well 
adapted to the harsh terrains of the Himalayan region (Kaur 
et al. 2022a), has been the focus of this study. The genomics 
of these dogs have been unveiled for the first time through 
this effort.

MATERIAL AND METHODS
Sample Collection and DNA extraction: The five 
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unrelated Gaddi dogs were used for sample collection. 
Permission from the concerned Institutional Animal Ethics 
Committee (IAEC) was obtained for the same. The blood 
samples were aseptically collected into 0.5 M EDTA vials 
and were further processed for DNA isolation through 
the standard PCI DNA extraction method (Sambrook and 
Russel 2001). The quality and quantity of the DNA were 
checked using gel electrophoresis and Nanodrop method 
and were further sent for sequencing.

Whole genome sequencing: The quality checked DNA 
samples were used for further sequencing. 

Library preparation and quality control: The genomic 
DNA was fragmented randomly through sonication and 
was end polished, A-tailed followed by Illumina adapter 
ligation. Further PCR amplification was done using P5 
and P7 index primers and final products were purified 
with AMPure XP systems. Final library constructs were 
analyzed by Agilent 2100 Bioanalyzer and quantified by 
real-time PCR.

Sequencing: The final libraries were loaded onto 
Novaseq 6000 sequencer for Illumina 150bp paired-end 
sequencing and the expected data volume was obtained. 
The raw data was obtained and subjected to further analysis.

Quality checking and processing of raw data: The raw 
data obtained through sequencing was further subjected to 
quality checking using the FastQC and Fastp tools onto the 
LINUX terminal. The quality of the raw data was further 
improved by trimming the adapter sequences and rejecting 
the low-quality reads.

Whole Genome Assembly: All 5 samples were 
individually assembled using MaSuRCA (Maryland 
Super Read Cabog Assembler) genome assembler. 
The Masurca toolkit uses QUORUM error corrector 
for Illumina data, Chromosome scaffolder, jellyfish 
mer counter, and MUMmer aligner. The MaSuRCA 
assembler combines the benefits of the de Bruijn graph 
and Overlap-Layout-Consensus assembly approaches 
for short Illumina reads (Lyu et al. 2021). Wang et al. 
(2019) had earlier sequenced and de novo assembled 
hog deer genome sequences using six different insert-
size libraries.

Relevant information is provided using the following 
parameters: Number of Bases in the assembly 2. N50 3. 
Number of Contigs 4. Maximum Contig size. Marcais 
et al. (2015) compared QUORUM against several 
published error correctors and found it suitable for large 
data sets. Marcais and Kingsford (2011) proposed a fast 
and memory-efficient, Jellyfish having a k-mer counting 
algorithm and associated implementation. In a study by 
Chen et al. (2020), MaSuRCA performed better resulting 
in contiguous genomes.

Genome Assembly Assessment: The clean raw data was 
used to assemble the individual genomes of Gaddi dogs. 
Further, the quality of the genome assembly was assessed 
using the QUAST (Quality Assessment Tool) (Gurevich et al. 
2013) (http://quast.sourceforge.net/quast), installed and 
used on the Linux terminal. 

The tool evaluates genome assemblies by computing 
various metrics. The CanFam6 dog assembly available at 
NCBI was downloaded and used as a reference genome 
for QUAST analysis.  The output files show comparative 
metrics i.e. GC content, N50, total nucleotide length, etc.

RESULTS AND DISCUSSION

Quality checking and filtration of Raw sequencing data: 
The raw data was obtained in Fastq format for the five 
whole genome samples. The quality of the raw data was 
checked using the Fastp tool. 

The raw sequence reads were checked by using Fastp 
tool and about 99.40% clean reads were obtained for the 
GKSn1 sample. The N-containing reads were minimal, 
20,720, and low-quality reads were 3362 in number. The 
adapter content observed was 0.60%. Again, the 99.40% 
clean reads were obtained for GKSp2 with minimal N 
containing and raw reads, 19666 and 3122 respectively 
with adapter content of 0.60%. The 99.43% clean reads 
were obtained in the GKNh3 sample i.e. 705119160 reads 
with 0.60% adapter content and minimum N containing 
and low-quality reads, 21534 and 3576, respectively. 
The GKG4 sample resulted in 99.36% clean reads with 
0.64% adapter content and minimum low-quality reads. 
For sample number five, GKC5, 99.36 % of clean reads 
were generated, and an adapter content of 0.63%. The 
N-containing and low-quality reads were again minimal 
i.e. 20104 and 2926, respectively. The average Q30 (Phred 
score) for raw sequences of five samples ranged from 
90.16% to 93.18%. The number of reads varied from 606 
M to 709 M.

Raw data processing summary: The raw data was 
processed using the Fastp tool and all the low-quality 
reads along with other contaminants were removed for 
five samples. Clean reads were obtained and no adapter 
sequences were observed after the adapter sequences were 
trimmed (Table 1).

Table 1. Raw data quality check (QC) summary obtained after 
whole genome sequencing

Sample ID Reads Yield (Bases) Q30
GKSn1 707.1 M 106.07 G 92.55%
GKSp2 648.7 M 97.3 G 92.97%
GKNh3 709.1 M 106.3 G 93.18%
GKG4 608.2 M 91.2 G 90.16%
GKC5 606.2 M 90.9 G 90.61%

The total clean reads obtained after data processing 
range from 596.2 M to 700.7 M reads. The GC content 
for five samples ranges from 40.1% to 41.5%, which was  
ideally near the theoretical GC content (Table 2).

Whole Genome Assembly: The raw data was filtered 
and again the quality of the raw data was checked using 
the FastQC tool. Clean reads without any contaminating 
sequences were selected for further analysis. The genome 
assembly was done using the Maryland Super Reads 
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Celera Assembler (MaSuRCA). The de novo approach was 
used to assemble the individual Gaddi dog genomes. The 
Masurca assembler produced a contig-level assembly. Five 
individual genome assemblies were obtained.

Genome Assembly: The MaSuRCA assembler combines 
the benefits of the de Bruijn graph and Overlap-Layout-
Consensus assembly approaches for short Illumina reads. 
The Masurca toolkit uses QUORUM error corrector for 
Illumina data, Chromosome scaffolder, jellyfish mer 
counter, and MUMmer aligner.

Summary of five assembled genome:
The five individual assemblies of contig level were 

obtained through the MaSuRCA assembler. Contig level 
assemblies were obtained with approximately 0.4 million 
contigs per assembly and N50 ranges 10028 to 10839 
(Table 3). 

Genome Assembly Assessment: The assembled  Gaddi 
genome was assessed for its assembly quality using the 
Quality Assessment Tool (QUAST). The reference dog 
genome CanFam6 was downloaded from the ensemble 
and the comparative output was obtained from the QUAST 
output. The QUAST was installed locally on the Linux 
system and the Gaddi dog assembly was assessed along 
with the CanFam6 dog assembly.

The total genome length observed in the case of the 
Gaddi dog was 2337014036 while it was 231280198 
for CanFam6. The total size of the Gaddi dog genome 
obtained was 2.2G while 2.31G for the reference genome. 
The %GC content observed in Gaddi dog assembly 
was 40.70% whereas it was 41.26% for reference dog 
genome assembly.

The indigenous canine breeds have not been 
characterized at the molecular level. The genomic 
architecture of indigenous dogs has not been explored. 
No information was available about the genetic features 

of Indigenous dogs. Exotic canine breeds like German 
shepherd, Labrador retriever, Boxer, Basenji, etc had been 
well-characterized, assemblies are available on NCBI since 
the first genome availability of canine in 2004. 

The new GSD assembly was approximately 80 times as 
contiguous as the assembled canid reference genome and 
contained far lesser gaps (306 vs 23,876) and scaffolds 
(429 vs 3,310) than the CanFamv3.1. Using 10X Genomics 
linked reads, genome sequence was assembled resulting 
in 2.72 Gb in length (contig N50, 66.04 Kb and scaffold 
N50, 20.55 Mb), in which expected genes were detected 
up to 94.5%. The annotation of 22,473 protein-coding 
genes, 37,019 tRNAs, and 1,058 Mb repeated sequences 
were completed. Low-cost high-quality reference genomes 
for the African wild dog (Lycaonpictus) were generated 
(Armstrong et al. 2019). Kaur et al. (2023b) cariied out 
genetic diversity analysis through SNPs genome-wide 
association in exotic dog breeds and Gaddi dogs.

Dogs have been associated with humans for ages and 
served the humans in guarding and hunting activities. They 
have also well adapted to different geographical terrains 
resulting in diverse genomic architecture. In the present 
study, the Gaddi dog genome sequence was assembled 
de novo to the contig level, size 2.2Gb using Illumina 
short reads 150bp paired-end data. It had a genome size 
of 2.2 Gb which was comparable to the indigenous 
dog, Gaddi’s genome has been assembled for the first 
time. The already available exotic dog breed’s genome 
size varies from 2.3 to 2.4 Gb and assemblies up to 
chromosome level. The raw sequence reads for five 
whole genome samples have been submitted to NCBI-
SRA (Bioproject id: PRJNA843534) with SRA Accession 
Nos. SRR22387066 to SRR22387070. Various aspects 
of the Gaddi dog genome could be explored to study the 
evolutionary relationship and also disease association 
studies. Further validation studies for the predicted 
sequences can pave the way to getting a deeper insight 
into the Indigenous Gaddi dog genome. 
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Table 2. Data quality check statistics after raw data processing

Parameter GKSn1 GKSp2 GKNh3 GKG4 GKC5
Total_reads 697.6 M 640.7 M 700.7 M 597.5 M 596.2 M
Total_bases 97.5 G 89.6 G 98.03 G 83.5 G 83.4 G
Q20_bases 95.1 G 87.5 G 95.7 G 80.5 G 80.5 G
Q30_bases 90.5 G 83.5 G 91.5 G 75.7 G 75.8 G
Q20_rate 97.4% 97.6% 97.7% 96.3% 96.5%
Q30_rate 92.7% 93.1% 93.3% 90.5% 90.9%
GC_content 40.1% 40.1% 40.2% 41.0% 41.5%

Table 3. Assembly statistics for five whole genome sequencing (WGS) samples

Stats GKSn1 GKSp2 GKNh3 GKG4 GKC5
Contigs 437250 455342 449629 453466 443189
Bases 2337014036 2330501545 2341260274 2322267954 2320758305
Avg 5344.80 5118.13 5207.09 5121.15 5236.50
Max 96344 110282 119030 105899 129985
N50 10839 10141 10781 10028 10279
N60 8599 8053 8509 7954 8143
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