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INTRODUCTION 

The objective of this project was to analyze the whole exome sequence (WES) of a male 

Colombian of American ancestry in Medellin, Colombia. The aim is to identify a rare non-

synonymous pathogenic variant.  

Input files 

Human reference genome (hg38) obtained from the 1000 Genomes Project. 

Sequence of the individual under study also obtained from the 1000 Genomes Project: 

• Sample ID: HG01341 

• BioSample ID: SAME124859 

• Sequence ID: SRR080245  

o Forward read: SRR080245_1 

o Reverse read: SRR080245_2 

• Population: Colombian in Medellin Colombia (American Ancestry) 

• Sex: Male 

• Cell line source: HG01341 at Coriell 

WORKFLOW 

1. Downloading reference genome and sequences 

The reference genome, corresponding index files and the sequence for the study were 

downloaded from the links mentioned above. 

2. Mapping using bwa mem tool in the Ubuntu terminal 
bwa mem -M -R '@RG\tID:foo\tSM:bar\tLB:library1' 

GRCh38_full_analysis_set_plus_decoy_hla.fa SRR080245_1.fastq 

SRR080245_2.fastq > lane.sam 

3. Cleaning up read pairing information and flags using samtools on Ubuntu 

terminal 
samtools fixmate -O bam lane.sam lane_fixmate.bam 

4. Sorting from name order to coordinate order using samtools on Ubuntu terminal 
samtools sort -O bam -o lane_sorted.bam -T /tmp/lane_temp 

lane_fixmate.sam 

5. Variant calling using bcftools on Ubuntu terminal 
bcftools mpileup -Ou -f GRCh38_full_analysis_set_plus_decoy_hla.fa 

lane_sorted.bam | bcftools call -vmO z -o SRR080245.vcf.gz 

6. Variant annotation using wANNOVAR with the following parameters: 

a. Reference genome: hg38 

b. Gene definition: RefSeq gene 

c. Analysis: Individual 

7. Filtering the annotated variants using MS Excel with the following filters 

a. ExonicFunction = non-synonymous SNV 

b. ExonicFunction = synonymous SNV 

c. ExonicFunction = frameshift deletion, frameshift insertion 

d. ExonicFunction = early stop 

e. ClinVar_SIG = Pathogenic, likely pathogenic 

f. ClinVar_SIG = Pathogenic, likely pathogenic, 1000G_ALL < 0.1 

http://ftp.1000genomes.ebi.ac.uk/vol1/ftp/technical/reference/GRCh38_reference_genome/
https://www.internationalgenome.org/data-portal/sample/HG01341
https://www.ebi.ac.uk/biosamples/samples/SAME124859
http://ftp.sra.ebi.ac.uk/vol1/fastq/SRR080/SRR080245/SRR080245_1.fastq.gz
http://ftp.sra.ebi.ac.uk/vol1/fastq/SRR080/SRR080245/SRR080245_2.fastq.gz
https://www.internationalgenome.org/data-portal/population/CLM
https://catalog.coriell.org/0/Sections/Search/Sample_Detail.aspx?Ref=HG01341&Product=CC


8. Protein modelling using the AlphaFold Database and Swiss-Model 

Analytical Pipeline for WES 



RESULTS AND DISCUSSION 

Summary table 

Genome ID: HG01341 Columbian in Medellin, Columbia (Male) 

Total # of variants 8330 

Total # of non-synonymous variants 4533 

Total # of synonymous variants 3514 

Total # of protein-truncating variants 232 

Total # of frameshifts 10 

Total # of clinically significant variants 5 
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Total # of protein-truncating variants = 232 

 

Total # of frameshifts = 10 

 

Total # of pathogenic variants = 5 

 

Pathogenic variant with RAF < 0.1 = 1 

 

Pathogenic variant information 

• Chromosome: chr7 

• Gene: ATP6V0A4 

• Variant ID: rs28939081 

• ClinVar ID: RCV000005466.4 

• Exonic function: Non-synonymous SNV 

• DNA change: Guanine to adenine (G -> A) at position 2420 

• Protein change: Arginine to glutamine (R -> Q) at position 807 

• Variant frequency: 

o 1000 Genomes (All) = 0.0002 

o 1000 Genomes (American) = 0.0014 

o 1000 Genomes (African, European, East Asian, South Asian) = 0 

• The highest frequency is in the American population (0.0014) 

• Allele frequency: 

o Using hg19 as reference: 

 Total = 0.00003979 

 Latino/Admixed American = 0.0002540 

https://gnomad.broadinstitute.org/variant/7-138394378-C-T?dataset=gnomad_r2_1


o Using hg38 as reference: 

 Total  = 0.00001316 

 Latino/Admixed American = 0.00006576 

• Popmax filtering allele frequency (95% confidence): 

o Using hg19 as reference = 0.0001348  

o Using hg38 as reference = 0 

• SIFT score: 0 

• Polyphen2_HDIV score: 1 

• Polyphen2_HVAR score: 0.999 

• CADD_raw: 7.735 

• CADD_phred: 35 

Pathogenic variant analysis 

The gene ATP6V0A4 stands for ATPase H+ Transporting V0 Subunit A4. Vacuolar H+-

ATPases are involved in a variety of cellular functions in the kidney, such as protein 

endocytosis from the lumen in the proximal tubule [1], recycling of transport proteins such as 

the water channel AQP-2 [2], insertion of vesicles into the membrane, and lysosomal 

degradation of proteins. In humans, it is part of the proton channel of the V-ATPase that is 

involved in normal vectorial acid transport into the urine by the kidney. [3] 

This gene encodes a component of vacuolar ATPase (V-ATPase), a multisubunit enzyme that 

mediates acidification of intracellular compartments of eukaryotic cells. V-ATPase dependent 

acidification is necessary for such intracellular processes as protein sorting, zymogen 

activation, receptor-mediated endocytosis, and synaptic vesicle proton gradient generation. V-

ATPase is composed of a cytosolic V1 domain and a transmembrane V0 domain. The V0 

domain consists of five different subunits: a, c, c', c'', and d. This gene is one of four genes in 

man and mouse that encode different isoforms of the a subunit. Alternatively spliced transcript 

variants encoding the same protein have been described. [4] 

Mutations in the accessory ATP6V0A4 (a4 isoform) subunit have recently been shown to cause 

an inherited form of distal renal tubular acidosis (dRTA) in humans. [5] This form of dRTA 

may also be associated with sensorineural deafness in some cases. [6] 

Previous citations 

This mutation has been cited in a number of papers, a few of which have been referenced below. 

Stover et. al. identified mutations in genes encoding two different subunits of the renal α-

intercalated cell’s apical H+-ATPase that cause dRTA. It also showed that ATP6V0A4 is 

expressed within the human inner ear. These findings provide further evidence for genetic 

heterogeneity in rdRTA, extend the spectrum of disease-causing mutations in ATP6V1B1 and 

ATP6V0A4, and show ATP6V0A4 expression within the cochlea for the first time. [6] 

Stehberger et. al., examined the localization of the a4 subunit in mouse and human kidney and, 

using antigen retrieval techniques, demonstrated expression in most nephron segments. [5] 

This mutation was observed in a consanguineous Tunisian family suffering from dRTA. The 

diagnosis of dRTA in the child described in this study was suspected by clinical features like 

dehydration with polyuria, non-gap severe metabolic acidosis and inability to renal 

https://gnomad.broadinstitute.org/variant/7-138709633-C-T?dataset=gnomad_r3
https://gnomad.broadinstitute.org/variant/7-138394378-C-T?dataset=gnomad_r2_1
https://gnomad.broadinstitute.org/variant/7-138709633-C-T?dataset=gnomad_r3
https://pubmed.ncbi.nlm.nih.gov/12187318/
https://pubmed.ncbi.nlm.nih.gov/10662736/
https://www.phosphosite.org/proteinAction?id=15061&showAllSites=true
https://www.ncbi.nlm.nih.gov/gene/50617#summary
https://jasn.asnjournals.org/content/14/12/3027
https://jmg.bmj.com/content/39/11/796?ijkey=ac29d0f48d1897c1234e0cfe31b68caf3947ffe3&keytype2=tf_ipsecsha
https://jmg.bmj.com/content/39/11/796?ijkey=ac29d0f48d1897c1234e0cfe31b68caf3947ffe3&keytype2=tf_ipsecsha
https://jasn.asnjournals.org/content/14/12/3027


acidification, as shown by alkaline urine, hypokalemia and nephrocalcinosis. Their parents 

were also carrying this mutation at the heterozygous state. [7] 

The hereditary forms of dRTA have received increased attention due to the advances in the 

understanding of the molecular mechanism, whereby mutations in the main proteins involved 

in acid–base transport result in impaired acid excretion. Dysfunction of intercalated cells in the 

collecting tubules accounts for all the known genetic causes of dRTA. [7] 

Structural model of the protein 

AlphaFold produces a per-residue confidence score (pLDDT) between 0 and 100. Some 

regions below 50 pLDDT may be unstructured in isolation. 

The colors indicate the model confidence.  

• Dark blue - Very high (pLDDT > 90)  

The structural model of ATPase H+ Transporting V0 Subunit A4 (ATP6V0A4) 

obtained using AlphaFold Database 

https://pubmed.ncbi.nlm.nih.gov/25572248/
https://pubmed.ncbi.nlm.nih.gov/25572248/
https://alphafold.ebi.ac.uk/entry/Q9HBG4


• Light blue - Confident (70 < pLDDT < 90) 

• Yellow - Low (50 < pLDDT < 70) 

• Orange - Very low (pLDDT < 50) 

Visualization of the altered amino acid on the protein model 

This position (807) has a pLDDT score (for 1 residue) of 94.22, which falls under the category 

of “very high”. This is considered to be a very good score. The regions surrounding this site 

also have pLDDT values over 90. This makes the structural model obtained reliable. 

Arginine is a positively charged amino acid, whereas glutamine is a charge-neutral polar amino 

acid. Arginine generally prefers to be on the surface of the protein, but its amphipathic nature 

Model of the protein highlighting (in pink) the 

region where the substitution occurs (807) 

Zoomed in view of the original amino acid (R) at position 807 



can mean that part of the side chain is buried. Since the change happens at one position and is 

not protein truncating, the protein structure does not get altered significantly. The substitution 

of a positive amino acid with a neutral one is likely to affect amino acid chain reactions and 

affect the secondary and tertiary structure of the protein.  

The confidence level is 0.75 at position 807 in the altered structural model. So it is considered 

confident. QMEANDisCo global score is the average per-residue QMEANDisCo score [8] 

which has been found to correlate well with the lDDT score. [9] The provided error estimate is 

based on QMEANDisCo global scores estimated for a large set of models and represents the 

root mean squared difference (i.e. standard deviation) between QMEANDisCo global score 

and lDDT (the ground truth). As the reliability of the prediction depends on model size, the 

provided error estimate is calculated based on models of similar size to the input. [10] Here, 

the QMEANDisCo global score is 0.66 ± 0.05, which indicates that this model is structurally 

sound. This is because the reliability of the model increases the closer this value gets to 1. 

There is not a lot of information available in literature about this particular amino acid 

substitution. However, it has been reported in the fourth module of Xenopus interphotoreceptor 

retinoid-binding protein in E. coli systems. [11] 

REFERENCES 

[1] Marshansky V, Ausiello DA, Brown D: Physiological importance of endosomal 

acidification: Potential role in proximal tubulopathies. Curr Opin Nephrol Hypertens 11: 527–

537, 2002 

[2] Gustafson CE, Katsura T, McKee M, Bouley R, Casanova JE, Brown D: Recycling of 

AQP2 occurs through a temperature- and bafilomycin-sensitive trans-Golgi-associated 

compartment. Am J Physiol Renal Physiol 278: F317–F326, 2000 

[3] https://www.phosphosite.org/proteinAction?id=15061&showAllSites=true  

[4] https://www.ncbi.nlm.nih.gov/gene/50617#summary 

Model of the altered protein obtained using Swiss-Model highlighting (in red) the 

position where the substitution has occurred (807) 

https://academic.oup.com/bioinformatics/article/36/6/1765/5614424
https://academic.oup.com/bioinformatics/article/29/21/2722/195896
https://swissmodel.expasy.org/docs/help#model_evaluation
http://www.molvis.org/molvis/v4/a30/
https://www.phosphosite.org/proteinAction?id=15061&showAllSites=true
https://www.ncbi.nlm.nih.gov/gene/50617#summary


[5] Stehberger, P. A., Schulz, N., Finberg, K. E., Karet, F. E., Giebisch, G., Lifton, R. P., 

Geibel, J. P., &amp; Wagner, C. A. (2003). Localization and regulation of the ATP6V0A4 

(A4) vacuolar H+-atpase subunit defective in an inherited form of distal renal tubular acidosis. 

Journal of the American Society of Nephrology, 14(12), 3027–3038. 

https://doi.org/10.1097/01.asn.0000099375.74789.ab 

[6] Stover EH, Borthwick KJ, Bavalia C, Eady N, Fritz DM, Rungroj N, Giersch AB, Morton 

CC, Axon PR, Akil I, Al-Sabban EA, Baguley DM, Bianca S, Bakkaloglu A, Bircan Z, 

Chauveau D, Clermont MJ, Guala A, Hulton SA, Kroes H, Li Volti G, Mir S, Mocan H, Nayir 

A, Ozen S, Rodriguez Soriano J, Sanjad SA, Tasic V, Taylor CM, Topaloglu R, Smith AN, 

Karet FE: Novel ATP6V1B1 and ATP6V0A4 mutations in autosomal recessive distal renal 

tubular acidosis with new evidence for hearing loss. J Med Genet 39: 796–803, 2002 

http://dx.doi.org/10.1136/jmg.39.11.796  

[7] Nagara, M., Voskarides, K., Elouej, S., Zaravinos, A., Riahi, Z., Papagregoriou, G., Kefi, 

R., Boussetta, K., Deltas, C., Abdelhak, S., & Tinsa, F. (2014). A novel splice-site mutation in 

ATP6V0A4 gene in two brothers with distal renal tubular acidosis from a consanguineous 

Tunisian family. Journal of genetics, 93(3), 859–863. https://doi.org/10.1007/s12041-014-

0450-4  

[8] Gabriel Studer, Christine Rempfer, Andrew M Waterhouse, Rafal Gumienny, Juergen 

Haas, Torsten Schwede, QMEANDisCo—distance constraints applied on model quality 

estimation, Bioinformatics, Volume 36, Issue 6, 15 March 2020, Pages 1765–1771, 

https://doi.org/10.1093/bioinformatics/btz828 

[9] Valerio Mariani, Marco Biasini, Alessandro Barbato, Torsten Schwede, lDDT: a local 

superposition-free score for comparing protein structures and models using distance difference 

tests, Bioinformatics, Volume 29, Issue 21, 1 November 2013, Pages 2722–2728, 

https://doi.org/10.1093/bioinformatics/btt473  

[10] https://swissmodel.expasy.org/docs/help#model_evaluation  

[11] Baer, C. A., Van Niel, E. E., Cronk, J. W., Kinter, M. T., Sherman, N. E., Braiman, M. S., 

& Gonzalez-Fernandez, F. (1998). Arginine to glutamine substitutions in the fourth module of 

Xenopus interphotoreceptor retinoid-binding protein. Molecular vision, 4, 30. 

 

 

 

 

https://doi.org/10.1097/01.asn.0000099375.74789.ab
http://dx.doi.org/10.1136/jmg.39.11.796
https://doi.org/10.1007/s12041-014-0450-4
https://doi.org/10.1007/s12041-014-0450-4
https://doi.org/10.1093/bioinformatics/btz828
https://doi.org/10.1093/bioinformatics/btt473
https://swissmodel.expasy.org/docs/help#model_evaluation

