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ABSTRACT 

Obesity is one of the major health concerns globally, which is increasing the burden of other 

lifestyle diseases. This study involves genome-wide finding of potentially deleterious variants 

in an obese individual using NGS technology. The annotation of the sequencing data with 

ANNOVAR, CADD, and VEP tools, emphasized multiple genetic risk factors for obesity, 

Hyperlipidemia, and associated comorbidities. These analyses showed 425 missense SNVs 

predicted as deleterious by SIFT, Polyphen2, and CADD, including a novel homozygous SNV 

in obesity-associated 5-methyltetrahydrofolate-homocysteine methyltransferase reductase 

(MTRR). Two protein truncating SNVs, heterozygous rs328 (p: Ser474X) in lipoprotein lipase 

(LPL), and homozygous rs885985 (p: Glu37X) in Claudin 5 (CLDN5) were also found.  By 

comparing population allele frequencies, 11 predicted deleterious missense SNVs were found 

to have higher allele frequency in South Asians compared to global populations of 1000 

Genomes Project. 
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INTRODUCTION 

Obesity is a highly prevalent metabolic 

disorder worldwide [1]. Obesity is 

associated with many lifestyle disorders 

including cardiovascular diseases. Large 

cohort studies have shown a genetic 

predisposition to obesity e.g., abdominal 

obesity-metabolic syndrome 3 

(OMIM#615812). 

 

Whole genome sequencing by next-

generation DNA sequencing (NGS) 

technology followed by bioinformatics 

analysis provides an opportunity to identify 

genomic variants involved in genetic 

disorders. In this study, we sequenced the 

genome of an obese Pakistani citizen with 

coronary heart disease and hyperlipidemia 

using the NGS technology. We analyzed 

the generated data for the identification of 

deleterious genetic variants and their 

corresponding mutational load analysis 

related to hyperlipidemia and coronary 

heart disease. 

 

MATERIALS AND METHODS 

For this study, a Pakistani individual with 

obesity and comorbidity of hyperlipidemia 

and type-2 diabetes was selected for whole-

genome sequencing (WGS) and its 

subsequent analysis. The individual was 

obese with a body mass index (BMI) of 

38.3. The study was conducted after the 

informed consent of the subject. WGS was 

carried out using Applied Biosystems 

SOLiD® 5500xl next-generation genome 

analysis sequencer. 
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The detailed methodology is given below: 

Sample Collection and DNA Isolation 

About 2 mL blood of the subject was 

collected in K2-EDTA blood collection 

tubes. The genomic DNA was isolated from 

the whole blood immediately after 

collection, using the QIAamp DNA Mini 

Kit (Qiagen Inc. USA). The isolated 

genomic DNA was assessed by 1% agarose 

gel electrophoresis and quantified with 

Qubit® Fluorometer (Thermo Fischer, 

USA). The A260/A280 ratio was 

determined using a nanodrop instrument 

(Jenway Inc.) to assess the purity of 

genomic DNA. 

Library Preparation and DNA 

Sequencing 

A mate-paired library with an insert size of 

1,300 bps was prepared for whole genome 

sequencing as per the SOLiD® Mate-

Paired library preparation guide. For this, 

fragmentation of 5 µg genomic DNA was 

carried out by the Covaris™ ultrasonication 

machine followed by gel electrophoresis. 

The quality of the sequencing library was 

checked by Bioanalyzer 2100. The size 

selection of the library was carried out on 

2% agarose gel using E-Gel® 

Electrophoresis System.  

The emulsion of the template library was 

performed in SOLiD® EZ Bead™ 

Emulsifier (Life Technologies Inc., USA) 

using the SOLiD® EZ Bead™ Emulsifier 

E80 reagent kit (Life Technologies Inc., 

USA). The emulsion was subjected to 

emulsion PCR in the SOLiD® EZ Bead™ 

Amplifier (Life Technologies Inc., USA), 

followed by the enrichment of beads with 

amplified fragments using the SOLiD® EZ 

Bead™ Enricher (Life Technologies Inc., 

USA). The beads were loaded onto the flow 

chip as per the manufacturer’s instructions, 

and 60x2 bp co-forward sequencing of the 

mate-paired library was carried out using 

the SOLiD® 5500xl Genetic Analyzer 

(Life Technologies Inc., USA). 

Analysis of Short Reads and Variant 

Calling 

The raw sequencing reads in ‘XSQ’ 

(eXtensible SeQuence) format was 

converted into ‘csfasta’ (color-space fasta) 

format using the XSQ Converter tool (Life 

Technologies, USA). The filtered csfasta 

formatted reads were aligned with the 

human reference genome version hg19 

(http://hgdownload.cse.ucsc.edu/goldenPat

h/hg19/bigZips/) using the LifeScope 

genomic analysis software. 

The SAM files were processed by Samtools 

program [3]. The removal of duplicates, 

InDels realignment, and base quality 

recalibration was done by Picard and 

GATK [4]. The variants calling was done 

by HaplotypeCaller command of GATK. 

The false positive variants were checked 

GATK VariantEval. 

Characterization of Single Nucleotide 

Variants and InDels Associated with 

Obesity and Hyperlipidemia 

We analyzed the SNVs and InDels 

associated with obesity, hyperlipidemia, 

and related cardiac disorders according to 

the pipeline described earlier [5]. The 

variants were annotated with ANNOAR 

program. 

Three in-silico tools were brought into 

consideration for determining the possible 

damaging variants, i.e., SIFT [6], 

Polyphen2 [7], and combined annotation-

dependent depletion CADD [8]. The 

variants with SIFT score ≤0.05, PolyPhen2 

HDIV score ≥0.957, and CADD Phred 

score ≥15 were considered deleterious, as 

described previously [5]. To find the 

variants causing detrimental effects due to 

stop-lost, stop-gained, start-lost, and splice-

site-variant, the Variants Effect Predictor 

(VEP) tool was used. The data was also 

filtered by ClinVar [9], OMIM ([10], and 

GWAS catalog [11] to find already 

associated variants with these disorders. 

The ancestral and derived states of the 

variants were determined from CADD [12]. 
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The derived allele frequencies (DAF) of 

prioritized variants were compared among 

the continental populations to determine 

variants with significantly varying 

frequencies among populations. The 

comprehensive workflow for generating 

sequencing data and its analysis for 

potentially detrimental variants have been 

demonstrated in Figure 1. 

 

Figure 1: Workflow for next-generation 
DNA sequencing and variants analysis of 
the human genome. 

RESULTS AND DISCUSSION 

After the conversion of XSQ files into 

csfasta format, a total of 2.065 billion short 

reads of DNA was obtained. The filtration 

of low-quality short DNA reads improves 

the accuracy of alignment, and percentage 

of coverage thereby facilitating the calling 

of variants. After removing the reads with 

low-quality scores and missing calls, about 

1.340 billion (51.43%) short DNA reads 

with their matching mate pairs were 

retained. There were 312,849,478 short 

reads which aligned uniquely (after 

removing duplicates) with the human 

reference genome along with their mates. 

 

Applying the best practices of PICARD and 

GATK tools, 2,568,249 variants were 

called. Filtration of the low-quality variants 

(variants with quality score (QV) < 20), 

yielded a total of 2,167,161 variants. This 

included 2,055,524 single nucleotide 

variants (SNVs) and 111,664 InDels. The 

median depth of variants (DP) from the 

filtered VCF file was found to be 6. The 

transitions/transversions ratio (Ti/Tv) of the 

variants for the whole genome was 2.14, an 

acceptable ratio for the whole genome 

analysis [13]. There were 41,088 (1.90%) 

novel variants. The annotation of variants 

Carried out by the ANNOVAR program 

represents the number of variants at 

different genomic regions (Table 1).  

 

Table 1: Number of SNVs in gene and 
intergenic regions in obese Pakistani 
individual analyzed during this study. 
  

Gene region No. of variants 

Exonic 14,213 

Intergenic 1,190,116 

Intronic 771,143 

5’UTR 2,794 

3’UTR 17,434 

Upstream 12,997 

Downstream 15,046 

Synonymous 7,143 

Nonsynonymous 6,434 

 

The nonsynonymous to synonymous ratio 

was found to be 0.90, which is consistence 

with the ratio reported for South Asian 

populations (1000 Genomes Project 

Consortium, 2015). The annotations with 

SIFT, PolyPhen2, and CADD prioritized 

1,148, 730, and 29,960 variants as 

deleterious, respectively. Overall, there 

were 425 variants predicted as deleterious 

by all three tools (Figure 2) in 385 genes.  

 

This included a novel homozygous SNV in 

the gene MTRR (chr5:7897285A>T; 

p.Q626L). MTRR encodes 5-

methyltetrahydrofolate-homocysteine 

methyltransferase reductase is involved in 

the synthesis of methionine. A missense 

mutation in this gene has been linked to 

overweight and obesity in the Han Chinese 

population. 
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We found several deleterious variants in 

three genes i.e., KCNJ12, CDC27, and 

HYDIN (6 deleterious nonsynonymous 

variants in each gene). 

 

 

 

 
 
Figure 2: Venn diagram of deleterious 
variants showing deleterious variants 
prioritize by Polyphen2, SIFT, and CADD 
tools. 
============================== 

 

The gene KCNJ12 encodes a potassium 

voltage-gated channel subfamily J member 

12 which plays an important role in 

controlling rectifying current in cardiac 

cells whereby taking part in cardiac 

conduction. In a Chinese family, the gene 

was found to be associated with dilated 

cardiomyopathy [14]. The CDC27 encodes 

cell division cycle 27 protein which is a 

component of the anaphase-promoting 

complex (APC), and HYDIN encodes 

axonemal central pair apparatus protein 

which functions in cilia motility. 

 

Both these genes have not been previously 

reported in cardiac disorders. For 

comparison, the deleterious missense 

variations in these three genes were 

determined using 5 randomly selected male 

individuals from the PJL dataset of the 

1000 Genomes Project. The KCNJ12 and 

CDC27 genes contained, on average, 2 

deleterious missense SNVs, while HYDIN 

contains 8 deleterious missense SNVs in 

the selected male individuals from the PJL 

dataset. This gave a clue that HYDIN 

normally contains a high number of 

deleterious missense SNVs, while KCNJ12 

and CDC27 contained more deleterious 

missense SNVs than in normal individuals 

of the same population. 

 

These two genes can further be assessed in 

a large cohort of hyperlipidemic, obese 

individuals with cardiac disorders. 

 

Bioinformatics analysis revealed a 

homozygous stop-gained SNV rs885985 

(G>A, p.Q37X; ENST00000403084.1, 

ENST00000406028.1, 

ENST00000413119.2) in the CLDN5 gene.  

 

This gene encodes Claudin-5, a membrane 

protein that forms strands of tight junctions. 

The CLDN5 is expressed in fat tissues [15] 

and the decreased level of claudin-5 has 

been found to be associated with heart 

failure [16]. A heterozygous stop-gained 

SNV rs328 (C>G, p.S474X; 

ENST00000311322.1, 

ENST00000650287.1) was observed in 

LPL (lipoprotein lipase) gene which is 

implicated in hyperlipidemia ([17] and risk 

of CVD [18]. In addition, a single 

nucleotide variant rs2516839 (C>T) that is 

homozygous was identified in the 5' 

untranslated region of USF1. This variant 

has been linked to a doubled risk of sudden 

cardiac death. USF1 is responsible for 

coding the upstream transcription factor 1 

from the leucine zipper family and has been 

linked to the development of 

atherosclerosis and hyperlipidemia. 

 

The frequency of this variant is 0.53 in 

Pakistani dataset (PJL) of 1000 Genomes 

database, 0.44 and 0.45 in two neighboring 

populations Indian Telugu (ITU) and 

Gujrati Indian (GIH) respectively, 0.15 in 

African, 0.46 in American, and 0.63 in 

European populations. A homozygous 

single nucleotide variant rs71457130 

(C>T) was found in the 3´-UTR of LRP6 
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gene which encodes LDL receptor-related 

protein 6.  

 

This protein functions in receptor-mediated 

endocytosis of lipoproteins. Though several 

SNPs in LRP6 have been found to be 

associated with CVDs, this SNV has not 

been illustrated previously with the 

consequence of cardiac disorder.  

 

A comparison was made between South 

Asian (SAS) and global populations of the 

1000 Genomes Project to determine the 

derived allele frequencies (DAF) of 

predicted deleterious variants. The results 

revealed that 11 single nucleotide variants 

(SNVs) had higher DAF in south Asians 

than in global populations (Figure 3). 

 

CONCLUSION 

This study suggests that single nucleotide 

variants (SNVs) with derived allele 

frequencies (DAF) in South Asian (SAS) 

population compared to global populations 

could potentially be a risk factor for obesity 

and comorbidities specific to the SAS 

population. 

 

However, the presence of these variants 

alone does not necessarily mean that an 

individual with these variants will develop 

obesity or any comorbidities associated 

with it. However, the allele frequency in the 

SAS population suggests that this 

population may have a greater 

predisposition to these conditions. 

 

Further research is necessary to understand 

the functional implications of these variants 

and their role in the development of obesity 

and related comorbidities in the SAS 

population. This information could be 

useful in developing targeted interventions 

to prevent or manage these conditions in 

this population. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Deleterious SNVs with 
comparably higher allele frequency in 
South Asian (SAS) population than in global 
populations. 
============================== 
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