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 ABSTRACT 

Introduction: Cystic fibrosis (CF) is a hereditary genetic disorder primarily affecting the respiratory 
system and is caused by mutations in the CFTR gene. These mutations impair chloride ion transport 
across epithelial cells, leading to thick mucus accumulation in the lungs. Although CF has been 
extensively studied, the characterization of expressed genetic variants at the transcriptomic level remains 
limited. Advances in next-generation sequencing, particularly single-cell RNA sequencing (scRNA-seq), 
enable the detection of gene expression and expressed variants at single-cell resolution, providing new 
insights into disease mechanisms. 

Methods: Publicly available scRNA-seq datasets in FASTQ format were retrieved from the European 
Nucleotide Archive and analyzed using the Galaxy platform. Quality control of sequencing reads was 
performed using FastQC. High-quality reads were aligned to the human reference genome (GRCh38) 
using Bowtie2. Variant identification was conducted using FreeBayes, followed by functional annotation 
using Ensembl Variant Effect Predictor (VEP). Identified variants were visualized using the UCSC 
Genome Browser, and corresponding rsIDs were assigned through comparison with reference databases. 
Variants in additional expressed genes were also screened to explore broader transcriptomic variation. 

Results: A limited number of single nucleotide variants (SNVs) and insertion–deletion (indel) events 
were identified within the CFTR gene locus. The detected variants included both coding and non-coding 
changes, reflecting transcript-level genetic variation captured through scRNA-seq data. Visualization and 
annotation confirmed the genomic positioning and functional classification of these variants. Additional 
expressed genes also exhibited variant patterns, indicating broader transcriptomic variability. 

Conclusions: This study demonstrates that publicly available scRNA-seq datasets can be effectively 
utilized for identifying and functionally annotating expressed genetic variants in cystic fibrosis. Despite 
the limited number of variants detected due to transcriptomic constraints, the approach provides valuable 
insights into expressed genomic alterations and highlights the potential of single-cell transcriptomics in 
variant analysis and disease research. 
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INTRODUCTION 

Cystic fibrosis (CF) is an autosomal recessive 
disorder caused due to mutation in the CFTR 
(Cystic Fibrosis transmembrane regulator 
conductance) gene1. The disease is primarily 
caused due to ΔF508 mutation which causes 
deletion of phenylalanine at 508th position in 
CFTR protein leading to misfolding of the protein 
within the endoplasmic reticulum2,3. As a 
consequence, the misfolded CFTR protein is 
recognized by cellular quality-control 

mechanisms and degraded   prematurely before 
reaching the surface of the cell3 which leads to 
failure of functional CFTR channels to localise to 
the plasma membrane which leads to reduction in 
transport of chloride ion (Cl-) across the epithelial 
cells which maintains proper fluid balance on 
epithelial surfaces1. Through the CFTR channel, 
chloride movement drives water transport across 
cell membranes, keeping mucus thin and 
hydrated1. In addition to chloride transport, the 
CFTR protein also regulates the movement of 
bicarbonate ions (HCO₃⁻) across epithelial cell 
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membranes which is essential for maintaining 
proper pH and mucus hydration in the airways4. 

Symptoms of CF vary by age and severity but 
commonly include persistent coughing with thick 
mucus production, wheezing, shortness of breath, 
and frequent lung or sinus infections like 
pneumonia or bronchitis5. Digestive issues often 
involve bulky, greasy stools that are foul-smelling 
and float, chronic constipation, stomach pain, 
bloating, poor weight gain despite good appetite, 
and failure to thrive in children. Other signs 
feature salty-tasting skin, nasal polyps, clubbing 
of fingers or toes, infertility in males, and fatigue 
or exercise intolerance1,5. 

Single-cell RNA sequencing (scRNA-seq) is an 
advanced next generation sequencing technique 
that allows us to analyse the expression of gene at 
the resolution of individual cell6,7. Unlike bulk 
RNA sequencing, which measures average gene 
expression across a mixed population of cells, 
scRNA-sequencing preserves cellular 
heterogeneity by profiling thousands of 
individual cells separately6. This allows the 
identification of distinct types of cells, cellular 
states, and transcriptional differences that may be 
masked in bulk analyses7. 

 Cystic Fibrosis is characterized by significant 
genetic heterogeneity, with over 2,000 CFTR 
variants reported to date8. While DNA 
sequencing effectively catalogues these 
mutations, it does not confirm their active 
expression within specific cellular environments9. 
Because only expressed variants directly 
influence protein function, analyzing genetic 
variation at the transcriptomic level is essential 
for understanding disease mechanisms9. 

The expansion of next-generation sequencing 
(NGS) has provided vast transcriptomic datasets, 
yet the use of single-cell RNA sequencing 
(scRNA-seq) for variant identification remains 
underutilized7,10. Unlike bulk RNA sequencing, 
scRNA-seq captures high-resolution data from 
individual cells, bypassing averaging effects that 
often mask critical molecular signals6. 
Identifying variants within these specific cellular 
contexts provides a more accurate reflection of 
functional alterations in CF-associated genes  

Leveraging publicly available scRNA-seq data 
offers a robust, cost-effective framework for 
exploratory genetic analysis10. This study applies 
a computational bioinformatics workflow to 
existing CF datasets to identify expressed genetic 
variants. By focusing on the CFTR gene region, 
this research establishes a foundation for the 
functional annotation and interpretation of 
transcript-level variations in cystic fibrosis.      

MATERIALS AND METHODS 

This section describes the datasets, computational 
tools, and bioinformatics workflow used to 
identify genetic variants from scRNA sequencing 
data related to Cystic Fibrosis.  

Data Selection  

Publicly available single-cell RNA sequencing 
data was retrieved from the European Nucleotide 
Archive (ENA) under the project accession 
PRJNA983213. 
https://www.ebi.ac.uk/ena/browser/view/PRJNA
983213 .This dataset was chosen due to human 
single-cell transcriptomic data generated from 
peripheral blood mononuclear cells (PBMCs) and 
directly relates to cystic fibrosis–associated 
conditions. The study focuses on transcriptional 
profiling in people with cystic fibrosis, making it 
suitable for transcriptomic variant analysis in the 
CFTR gene region. 

The selected dataset was generated utilising high-
resolution scRNA-seq technology. The ENA was 
utilized as the primary repository due to its 
standardized curation of next-generation 
sequencing (NGS) data and comprehensive 
metadata. Selection criteria were restricted to 
datasets with clearly defined experimental 
contexts and accessible raw sequencing files. 
Based on these criteria, four samples were 
finalized for the identification of expressed 
genetic variants. Specific accession numbers and 
subject characteristics are detailed in Table 1. 

From this project, four samples were finalized. 
These samples were selected for the identification 
of expressed genetic variants The accession 
numbers and detailed characteristics of the 
selected samples are provided in table 1. 

  

 

Table 1 – Summary of PBMC samples from Cystic Fibrosis (CF) subjects. Sample accessions and titles 
were retrieved from the European Nucleotide Archive (ENA). Each entry represents peripheral blood 
mononuclear cells (PBMCs) derived from a distinct CF patient, identified by the prefix ‘p’ followed by 
an individual subject number.  

S.No. Project ID Sample Accession 
Number 

Condition  Sample Title 
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1 PRJNA983213 
 

SAMN35722446 Cystic Fibrosis  PBMCs, CF, p5 

2 PRJNA983213 
 

SAMN35722443 Cystic Fibrosis  PBMCs, CF, p15 

3 PRJNA983213 
 

SAMN35722444 Cystic Fibrosis  PBMCs, CF, p14 

4 PRJNA983213 
 

SAMN35722445 Cystic Fibrosis  PBMCs, CF, p6 

 

Computational Platform: Galaxy Server 

All bioinformatics analyses in this study were 
performed using the Galaxy web-based 
bioinformatics platform (https://usegalaxy.org). 
Galaxy provides an accessible and reproducible 
environment for next-generation sequencing data 
analysis without the need for command-line 

programming. The platform integrates multiple 
well-established bioinformatics tools and allows 
transparent tracking of workflows, parameters, 
and intermediate results. Galaxy was selected for 
this study due to its suitability for undergraduate-
level computational research and its support for 
large-scale NGS data analysis. 

 

 

Figure 1 – The Workflow illustrating the methodology adopted. This includes selection of single-cell 
RNA-sequencing datasets from the European Nucleotide Archive (ENA), upload of raw FASTQ files to 
the Galaxy server, quality control using FastQC, read alignment with Bowtie2, variant calling using 
FreeBayes, variant annotation using Variant Effect Predictor (VEP) and visualization of variants using 
the UCSC Genome Browser followed by the interpretation of the results. 

Quality Control of Raw Sequencing Data 

Raw sequencing reads obtained in FASTQ format 
were subjected to quality was assessed using the 
tool FastQC (Galaxy Version 0.74+galaxy1) as 
per the workflow shown in Figure 1. FastQC was 
used to test per-base sequence quality, GC 
content, sequence length distribution, and the 
adapter contamination presence. This step 
ensured that the sequencing reads met with the 
acceptable quality standards. Only datasets that 
passed quality assessment without major quality 
concerns were retained for further processing. 

Read Alignment to the Reference Genome 

High-quality sequencing reads were then aligned 
to the human reference genome (GRCh38/hg38) 
using the Bowtie2 tool (Galaxy Version 
2.5.5+galaxy0) implemented on the Galaxy 
platform. The tool Bowtie2 performs efficient and 
accurate alignment of short sequencing reads to a 
reference genome suitable for transcriptomic data 
analysis. The alignment step resulted in 
generation of Binary Alignment Map (BAM) 
files, which store read alignment information in a 
compressed and indexed format. These BAM 
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files were used as input for subsequent variant 
identification analysis. 

Variant Identification 

Variant identification was carried out using the 
FreeBayes variant detection tool available on 
Galaxy (Galaxy Version 1.3.10+galaxy1) as per 
the workflow shown in Figure 1. FreeBayes11 is a 
haplotype-based Bayesian variant caller that 
identifies single nucleotide variants (SNVs) and 
small insertion–deletion mutations (indels) from 
aligned sequencing data. The BAM files 
generated from the alignment step were used as 
input, and variant identification was conducted 
using default parameters to ensure standardized 
detection of genetic variants. The output of this 
step was generated in Variant Call Format 
(VCF)12, containing information on positions of 
variants, the reference and alternate alleles, and 
the supporting evidence for variants. 

Variant Annotation 

The VCF files generated from FreeBayes were 
subjected to functional annotation using the 
Ensembl Variant Effect Predictor (VEP)13. VEP 
was used to determine the genomic consequences 
of identified variants, including coding and non-
coding effects, transcript overlap, and predicted 
functional impact. Variants were classified based 
on consequence types such as missense, 
synonymous, intronic, and frameshift variants 

Visualization of Identified Variants 

To validate coordinates and genomic positioning, 
VCF tracks were integrated into the UCSC 
Genome Browser. Identified variants were 
visualized alongside GENCODE gene models 
and ClinVar tracks14, permitting direct 
comparison between computationally detected 
loci and previously reported CFTR mutations. 

In summary, the computational workflow 
consisted of multiple steps including dataset 
retrieval from ENA, quality control using 
FastQC, alignment to the human reference 
genome using Bowtie2, variant identification 
using FreeBayes, the annotation using VEP and 
the visualization of variants using the UCSC 
Genome Browser. This integrated workflow 
enabled the identification and genomic 
contextualization of expressed genetic variants 
from scRNA sequencing data related to cystic 
fibrosis. 

RESULT  

This section presents the outcomes of the 
computational analysis and variant identification 
within the CFTR gene regions. It includes the 
Variant annotation using Variant Effect Predictor. 
The results are supported by visualisations and 
genome browser tracks. The results are 
interpreted in context of the biology of cystic 
fibrosis and characteristics of single cell RNA 
sequencing data. 

 

 

Figure 2 -VEP annotation summary for a sample showing the distribution of identified variants across 
genomic consequence categories, including intronic, non-coding transcript, and coding variants such as 
missense, synonymous, and frameshift mutations. 

Figure 2 shows Variant annotation using VEP 
processed a total of 820,551 variants. Among 
these, 58.8% were classified as novel and 41.2% 
corresponded to existing variants. Approximately 
49,913 genes and 401,279 transcripts showed 
overlap with identified variants. 

Consequence analysis revealed that the majority 
of variants were intronic (54%), followed by non-
coding transcript variants (12%) and downstream 
gene variants (9%). Coding consequence analysis 
demonstrated that missense variants constituted 
43% of coding changes, followed by synonymous 
variants (26%) and frameshift variants (16%). 
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Figure 3- Visualization of Identified Variants in the CFTR Gene Region using UCSC Browser 

Visualization of Variants Identified from 
scRNA-seq Data 

Variants identified from aligned single-cell RNA 
sequencing data were visualized using the UCSC 
Genome Browser (GRCh38/hg38) across the 
CFTR gene region on chromosome 7 (Figure 3). 
Variant positions detected by the FreeBayes 
variant caller are represented as vertical bars 
aligned to the reference genome. Gene models 
derived from GENCODE annotation are shown, 
with exons represented as thick blocks and introns 
as connecting lines, providing genomic context 
for the detected variants. 

 A restricted number of high-confidence variant 
positions were detected within the CFTR locus. 
This aligns with the transcriptomic characteristics 
of scRNA sequencing data, which captures 
variants only from expressed regions and is 
characterized by sparse read coverage. The 
identified variants signify expressed genetic 
alterations present within the analysed samples 
and show the feasibility of variant identification 
from scRNA sequencing data using a 
computational workflow15  
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Figure 4 -Visualization of Clinically Annotated Variants in the CFTR Gene Region using UCSC 
Genome Browser 

Visualization of Clinically Annotated Variants 
in the CFTR Gene Region 

To contextualize the identified variants, ClinVar 
tracks within the UCSC Genome Browser were 
utilized to visualize clinically annotated CFTR 
mutations (Figure 4). The distribution of multiple 
ClinVar-reported variants across the CFTR gene 
region reflects the extensive genetic 
heterogeneity inherent to cystic fibrosis. This 
visualization captures a diverse range of single-
nucleotide variants and insertion–deletion 
mutations across various levels of clinical 
significance16. 

A primary ClinVar variant highlighted in this 
analysis corresponds to an insertion–deletion 
affecting a splice acceptor site within the CFTR 
transcript (NM_000492.4). Classified as 
pathogenic, these variant underscores the 

functional impact of splicing-related mutations on 
CFTR dysfunction. Furthermore, the dense 
clustering of ClinVar variants across both exonic 
and intronic regions illustrates the broad spectrum 
of disease-associated mutations reported within 
this gene17. 

These visualizations confirm that 
computationally identified variants from scRNA-
seq data can be successfully integrated with 
existing clinical databases. Although scRNA-
seq–derived detection typically yields fewer 
variants than DNA-based methods, the identified 
mutations originate from expressed genomic 
regions, offering direct biological insights. This 
integrated approach supports the utility of 
transcriptomic data for variant identification and 
clarifies the genomic context of CFTR-associated 
mutations18. 

Table 2 – Summary of cystic fibrosis–related genes and associated rsIDs identified through variant 
annotation and literature-supported modifier gene analysis 

S.No. Gene Symbol Gene Name rsIDs 
1 CFTR Cystic Fibrosis Transmembrane 

Conductance Regulator 
rs213950 ,  rs1800095, rs75789129 

 
2 LTBP4 Latent Transforming Growth 

Factor Beta Binding Protein-4 
rs2303729, rs34545902 
rs33937741, rs34299942 
rs1131620, rs1051303 
rs2077407, rs10880 
 

3 SCNN1A  Sodium Channel Epithelial 1 
Subunit Alpha 

rs2298771, rs61741123 
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4 MBL2 Mannose Binding Lectin 2 rs35805975, rs1800451, rs1800450, 
rs5030737 

5 TGFB1 Transforming Growth Factor 
Beta 1 

rs1800472, rs1800471, rs1800470 

6 SLC9A3 Sodium/Hydrogen Exchanger 3 rs41282627, 
7 CEP72 Centrosomal Protein 72 rs62001013, rs12522955, 

rs147312292, rs868649, rs62000998 
8 EHF Ets Homologous Factor rs144745038, rs9804460 
9 APIP Apaf-1 Interacting Protein rs17850327, rs1977420, rs61734605, 

rs2986429, rs3763930, rs2956114 
 

To further characterize the identified variants, key 
genes relevant to cystic fibrosis were examined in 
detail and the corresponding rsIDs were noted as 
shown in Table 2. In addition to the primary 
disease-causing gene CFTR, modifier genes 
including LTBP4 and SCNN1A were also 
analysed to assess their potential contribution to 
disease variability. The following tables 
summarize the annotated variants observed 
within these genes19. 

Variants Identified in the CFTR Gene 

Variant analysis of the CFTR gene identified three 
single nucleotide variants located within the 
chromosomal region 7q31.2. These included 
rs213950, rs1800095, and rs75789129, 
representing nucleotide substitutions with allelic 
combinations of G/A, G/A/C/T, and A/G, 
respectively as shown in the table 3. Functional 
annotation indicated that these variants 
correspond to missense, synonymous, coding 
sequence, and intronic variants, suggesting their 
occurrence across both coding and non-coding 
regions of the gene20. 

Table 3 –Characterization of expressed CFTR variants identified via scRNA-seq. Data include rsID, 
genomic coordinates, and allelic profiles. Clinical significance and functional classifications (missense, 
synonymous, and intronic) were assigned based on ClinVar and dbSNP annotations.  

S.N
O 

rsID Position Alleles Clinical 
Significance 

Functional effects 

1 rs213950 7q31.2 G/A  benign and/or 
likely benign. 

missense variant, coding sequence 
variant, intron variant 

2  rs1800095 7q31.2 G/A/C/T both benign 
and 
pathogenic  

missense variant, synonymous 
variant, coding sequence 
variant, intron variant 

3 rs7578912
9 

 

7q31.2 A/G both benign 
and 
pathogenic 
significance 

missense variant, coding sequence 
variant 

 

 

According to ClinVar annotations, rs213950 is 
classified as benign or likely benign, while 
rs1800095 and rs75789129 exhibit mixed clinical 

interpretations, being reported as both benign and 
pathogenic in different studies21. Although these 
variants are not consistently associated with 
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pathogenic outcomes, their presence within the 
CFTR locus highlights the genetic variability 
present in this region and underscores the 
relevance of transcript-level variant detection in 
cystic fibrosis-related analyses22. 

Variants Identified in the LTBP4 Gene 

Variant analysis of the LTBP4 gene identified 
eight single nucleotide variants located within the 
chromosomal region 19q13.2as shown in Table 4. 

These variants included rs2303729, rs34545902, 
rs33937741, rs34299942, rs1131620, rs1051303, 
rs2077407, and rs10880, representing nucleotide 
substitutions with various allelic combinations 
such as G/A, T/A/C, C/A/G/T, C/G, A/C/G, 
A/G/T, C/A/G/T, and C/T. Functional annotation 
indicated that the majority of these variants 
correspond to missense and coding sequence 
variants, suggesting that they occur within 
protein-coding regions of the gene23. 

 

Table 4 –Characterization of expressed LTBP4 variants identified via scRNA-seq. Data include rsID, 
genomic coordinates, and allelic profiles. Clinical significance and functional classifications (missense, 
synonymous, and intronic) were assigned based on ClinVar and dbSNP annotations. 11,12,13 

S.N
O 

rsID Position Alleles Clinical 
Significance 

Functional effects 

1 rs2303729 19q13.2 G/A  benign Missense variant, coding 
sequence variant 

2  rs34545902 19q13.2 T/A/C benign Missense variant, coding 
sequence variant 

3 rs33937741 19q13.2 C/A/G/T benign Missense variant, coding 
sequence variant 

4 rs34299942 19q13.2 C/G benign Missense variant, coding 
sequence variant 

5 rs1131620 19q13.2 A/C/G benign Missense variant, coding 
sequence variant 

6 rs1051303 19q13.2 A/G/T benign missense variant, coding 
sequence variant 

7 rs2077407 19q13.2 C/A/G/T Benign Missense variant, 
synonymous variant, 
coding sequence variant 
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8 rs10880 19q13.2 C/T Benign Missense variant, coding 
sequence variant 

 

According to ClinVar annotations, all identified 
variants are classified as benign, indicating no 
direct pathogenic association. Nevertheless, the 
presence of multiple coding variants within the 
LTBP4 gene24 highlights its genetic variability 
and supports its role as a potential modifier gene 
influencing cystic fibrosis disease severity, 
particularly in pathways related to extracellular 
matrix regulation and tissue remodeling25. 

Variants Identified in the SCNN1A Gene 

Two variants were identified within the SCNN1A 
gene located at the chromosomal region 2q24.3, 
including rs2298771 and rs61741123. These 
variants correspond to nucleotide substitutions 
with allelic combinations C/G/T and A/G/T, 
respectively as shown in table 5. Functional 
annotation revealed that rs2298771 is associated 
with missense and coding sequence variants, 
whereas rs61741123 is linked to missense26, 
synonymous, coding sequence, and 5′ prime UTR 
variants, indicating potential involvement in both 
coding and regulatory regions of the gene27. 

Table 5 –Characterization of expressed SCNN1A variants identified via scRNA-seq. Data include rsID, 
genomic coordinates, and allelic profiles. Clinical significance and functional classifications (missense, 
synonymous, and intronic) were assigned based on ClinVar and dbSNP annotations11,12,13 

S.N
O 

rsID Position Alleles Clinical 
Significance 

Functional effects 

1 rs2298771 2q24.3 C/G/T  benign missense variant, coding 
sequence variant, nc 
transcript variant 

2 rs61741123 2q24.3 A/G/T  Benign, likely- 
benign, 
pathogenic 

Missense variant, 
synonymous variant, 
coding sequence variant, 5 
prime UTR variant, nc 
transcript variant 

 

Clinical interpretation based on ClinVar suggests 
that rs2298771 is classified as benign, while 
rs61741123 exhibits mixed clinical 
interpretations, being reported as benign, likely 
benign, or pathogenic in different studies28. 
Although these variants are not consistently 
associated with disease causation, genetic 
variation within the SCNN1A gene is biologically 
relevant because this gene encodes the alpha 
subunit of the epithelial sodium channel, which 
plays an important role in airway ion transport 
and fluid balance, processes that are closely 
linked to cystic fibrosis pathophysiology29. 

Variants Identified in the MBL2 Gene 

As shown in table 6, four variants were identified 
within the MBL2 gene located at 10q21.1, 
including rs35805975, rs1800451, rs1800450, 
and rs5030737. These variants represent 
nucleotide substitutions with allelic combinations 
such as G/A/T, C/T, and G/A/T. Functional 
annotation revealed that these variants correspond 
primarily to missense and coding sequence 
variants, with one variant also showing a 
synonymous consequence30. 

Table 6 –Characterization of expressed MBL2 variants identified via scRNA-seq. Data include rsID, 
genomic coordinates, and allelic profiles. Clinical significance and functional classifications (missense, 
synonymous, and intronic) were assigned based on ClinVar and dbSNP annotations  
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S.N
O 

rsID Position Alleles Clinical 
Significance 

Functional effects 

1 rs35805975 10q21.1 G/A/T (uncertain-
significance) 

 
missense 
variant, synonymous 
variant, coding 
sequence variant 
 

2 rs1800451 10q21.1 C/T Benign and likely 
benign 

 
missense 
variant, coding 
sequence variant 
 

3 rs1800450 10q21.1 C/T pathogenic  
missense 
variant, coding 
sequence variant 
 

4 rs5030737 10q21.1 G/A/T Pathogenic and 
risk factor 

missense 
variant, coding 
sequence variant 

 

Clinical significance classification indicates 
mixed interpretations: rs35805975 shows 
uncertain significance, rs1800451 is categorized 
as benign or likely benign, while rs1800450 and 
rs5030737 have been reported as pathogenic or 
associated with increased disease risk. The MBL2 
gene31 encodes mannose-binding lectin, a key 
component of the innate immune system, and 
genetic variations within this gene have been 
reported to influence susceptibility to infections 
and modify pulmonary outcomes in cystic 
fibrosis patients32. 

Variants Identified in the TGFB1 Gene 

Variant analysis identified three single nucleotide 
variants within the TGFB1 gene, located at 
chromosomal region 19q13.2 as shown in table 7. 
The detected variants included rs1800472, 
rs1800471, and rs1800470, with allelic 
combinations G/A, C/G/T, and G/A/C, 
respectively33. 

Table 7 –Characterization of expressed TGFB1 variants identified via scRNA-seq. Data include rsID, 
genomic coordinates, and allelic profiles. Clinical significance and functional classifications (missense, 
synonymous, and intronic) were assigned based on ClinVar and dbSNP annotations 

S.NO rsID Position Alleles Clinical 
Significance 

Functional effects 

1 s1800472 19q13.2 G/A Benign missense variant, coding sequence 
variant 

2 rs1800471 19q13.2 C/G/T benign missense variant, coding sequence 
variant 

3 rs1800470  19q13.2 G/A/C Benign and risk 
factor 

missense variant, coding sequence 
variant 
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Functional annotation indicated that these 
variants correspond to missense and coding 
sequence variants, suggesting potential 
alterations within the protein-coding region of the 
gene34. Clinical interpretation based on ClinVar 
annotations classified two variants as benign, 
while rs1800470 has been reported as benign with 
potential risk factor association. The TGFB1 gene 
is widely recognized as a modifier gene 
influencing pulmonary disease severity in cystic 
fibrosis, particularly through its involvement in 

inflammatory signalling and fibrotic responses 
within lung tissues35.  

Variants Identified in the SLC9A3 Gene 

Variant analysis also identified a single nucleotide 
variant within the SLC9A3 gene as shown in table 
8, located at chromosomal region 5p15.33. The 
detected variant rs41282627 exhibited an allelic 
combination of C/A/T36. 

Table 8 –Characterization of expressed SLC9A3 variants identified via scRNA-seq. Data include rsID, 
genomic coordinates, and allelic profiles. Clinical significance and functional classifications (missense, 
synonymous, and intronic) were assigned based on ClinVar and dbSNP annotations  

S.N
O 

rsID Position Alleles Clinical 
Significance 

Functional effects 

1 rs41282627 5p15.33 C/A/T (benign) missense variant, coding 
sequence variant, intron 
variant 

 

Functional annotation indicated that this variant 
corresponds to missense, coding sequence, and 
intronic variants, suggesting potential 
involvement in both coding and regulatory 
regions of the gene. According to ClinVar 
classification, this variant is reported as benign. 
The SLC9A3 gene37 encodes a sodium/hydrogen 
exchanger involved in epithelial ion transport, 
which plays a role in maintaining ion balance and 
fluid homeostasis in epithelial tissues, processes 
that are closely associated with cystic fibrosis 
pathophysiology38. 

CONCLUSION 

This work applied a computational workflow to 
examine expressed genetic variants in single-cell 
RNA sequencing data related to cystic fibrosis. 
Using publicly available datasets and established 
bioinformatics tools on the Galaxy platform, 
variants within the CFTR gene region were 
identified and examined in their genomic context. 
The number of detected variants was limited, 
which is expected given the transcript-based and 
sparse coverage nature of scRNA-seq data. 
Nevertheless, the analysis shows that 
transcriptomic datasets can be used not only for 
expression studies but also for exploratory variant 
identification. Further analysis, including detailed 
functional annotation and extension to additional 
datasets, may provide deeper insight into cystic 
fibrosis–associated genetic variation.     

The workflow also demonstrated the feasibility of 
integrating multiple bioinformatics tools within a 
unified platform to streamline transcript-level 
variant analysis. Quality-controlled read data 
enabled reliable alignment and subsequent 
identification of genetic variations within 
expressed regions. Variant calling followed by 
systematic annotation allowed classification of 
detected variants based on their genomic location, 
predicted functional impact, and clinical 
relevance. 

The annotation process provided insight into the 
distribution of coding and non-coding variants, 
including missense and synonymous changes, 
which may contribute to molecular heterogeneity 
in cystic fibrosis. Although most identified 
variants were categorized as benign or of 
uncertain significance, their presence highlights 
the complexity of interpreting transcript-derived 
genetic variation.             
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