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Abstract 

Transcriptomics or transcriptome profiling emerged as one of the major powerful approaches in the science of 

medicine and clinical practices. Over the last decades, the application of transcriptome has been significantly 

applied in oncology, cardiology, gastro infection, and pathogenic diseases. Advancements in sequencing 

technologies like RNA sequencing, biomarkers, gene signature, expression profiling of genes, and their aberrant 

expression affect disorders. Further, the application of transcriptomics also includes the discoveries of molecular 

targeted therapies for numerous disorders. The contribution of transcriptomics in medicine and clinical sciences 

has revolutionized the understanding of the nature of the disease, biological and molecular pathways, and insight 

into personalized medicine and therapies for many disorders.   This essay could explore the current state of 

transcriptome technology in medicine and clinical sciences. It could discuss the techniques, such as RNA 

sequencing, and their potential applications for understanding diseases and developing new treatments. 

Additionally, the essay could delve into the ethical considerations surrounding transcriptome technology and its 

use in research and clinical practice. Furthermore, advancement in transcriptomics application may allow 

standardization and cost reduction analysis which should make transcriptomics one of the significant 

contemporary in the field of medicine and clinical sciences. 
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Introduction 

The science of transcriptomics including the analysis 

of products and pathways involved in the cell, it 

include the expression of mRNA, Non-coding RNA 

(Sendinc and Shi, 2023). In other words it is the 

measurement of products like amino acid, nucleotides 

co-factors and fatty acid. In molecular sciences the 

transcriptomics and its development from last 15 

years play critical role. 

 

Although whole transcriptome including mRNA, and 

other non-coding RNA and the expression 

mechanism and analysis through bioinformatics 

approaches. Various bioinformatics tools are used to 

quantify and functional analysis of the different 

transcripts of the cells (LaRossa, 2013). 

 

The central phenomenon of molecular biology is 

understanding the structure of proteins, the 

expression of genes and the pathways of gene 

expression. Modern biological techniques have 

helped the scientific community to understand 

gene expression and its function (Tian et al., 

2023). The main functional study of genes is to 

study the type of genetic codes in genes for amino 

acids that make phenotypes (Tian et al., 2023). 

Transcriptomics dramatically revolutionized the 

study of gene expression. Transcriptome makes it 

easier to study the genome, RNA and gene 

expression (Wang et al., 2023). Transcriptome is 

the term used for the RNA produced by a single cell 

or tissue (Miranda et al., 2023). Recent 

developments in technology significantly unveiled 

the complexity of transcriptome. In the study of 

genome function, transcriptome is the primary 

product of the genome (Fig. 1). 

 

The human genome sequencing was done a long 

time ago, but the research on the genome continues. 

Now, the researchers are trying to understand better 

the mechanisms of gene expression, that is, how? 

When? The gene is expressed in healthy individuals 

and patients. Recently, much effort was carried out 

to measure gene expression. The term transcriptome 

is used for the total RNA expressed. In clinical and 

medical sciences, transcriptomes play a key tool in 

understanding the mechanism of gene expression. 

The study of gene expression in pathogenesis, 

cancer, cardiovascular disorders and genetic 

disorders is the key to understanding the molecular 

mechanism at cellular, tissue and organ levels 

(Wheeler and Wang, 2023). 

 

 

Fig. 1. Schematic view of gene expression in eukaryotic cells 
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The DNA or heredity materials are present in the 

nucleus; the coding region of DNA is known as genes 

with information for a protein molecule. The DNA 

molecule is transcribed into mRNA, and ribosomes 

translate the RNA into Protein. Development in 

genomic technologies provides possibilities to 

understand the variation that occurs in DNA/RNA 

over time or in response to a challenge. Genomic 

information is the fundamental tool to understand 

the blueprint of cell tissue and organs (Li et al., 

2023). Transcriptomics technology provides 

significant information about gene expression and 

phenotypes. Medicine and clinical studies around the 

globe mostly lack molecular information. However, 

recent advances in transcriptome have changed the 

terminology of clinical and medical practices 

performing analysis at the molecular level (Fan et al., 

2023). Transcriptomics in basic clinical and medical 

sciences provide the development of targeted 

medicine, clinical diagnosis and production and 

enhancement of precise medicine in multiple 

disorders (Long and Du, 2023). This review was 

designed to study the current application of 

Transcriptome technology in medicine and clinical 

sciences. 

 

Profiling of transcriptome, transcriptomics  

In the field of genetics, transcriptome term is used to 

understand the complete set of total RNA in a cell or 

tissue. In transcriptomics different types of RNA 

(mRNA, tRNA, rRNA, microRNA, non-coding RNA, 

etc.) are identified, and their function and expression 

pattern are investigated (Wang et al., 2023). 

Moreover, transcriptomics focus on the expression 

and regulation of transcripts at different levels in cell 

or tissue. Various methods are used in 

transcriptomics. Some common methods are RNA 

sequencing and genechips, which involve measuring 

gene expression on microarray (Wang et al., 2023).  

Genechip method mainly focuses on mRNA, which 

encodes a protein, genechips methods need to pre 

design means the content on the array is based on the 

preexisting knowledge about the exons, which can 

easily be detected in genome data (Zhao et al., 2023). 

 

 

Fig. 2. Illustration of transcriptomic approaches and analysis of transcription 

Genechips method provides us a snapshot of the 

transcriptional changes of mRNA, although the 

analysis of genechips method is limited.  Some 

advanced arrays, like transcript based and tiling 

arrays, give us more comprehensive information 

about the transcriptional changes. However, the 



 

43 Rehman et al.  
 

Int. J. Biosci. 2024 

arrays are limited to preexisting data and do not 

provide new information about the transcriptome and 

the sequence data (Fig. 2). Therefore, the informative 

data about the sequence is lost (Jang et al., 2023). 

Although some genechip methods provide 

information about alternative gene expression, more 

specialized chips are needed to design, which give us 

information about sequences such as micro-RNA 

(Jang et al., 2023). Most important sequences are lost 

in genechips method. Hence RNA sequencing is a 

significant tool to investigate the transcriptome in 

detail. Hence, RNA sequencing has become a 

significant method in Transcriptomics studies (Wang 

et al., 2023; Zhang et al., 2023). 

 

 

Fig. 3. Schematic view of different sources from where we can extract RNA, further the digram also shown the 

expression of genes in different parts of human bod 

 

Sources of the transcriptome 

Environmental changes enhance the cell's ability to 

express genes according to the stimulus threshold. 

The key medical transcriptomics factor is 

identifying the affected tissue or cell (Fig. 3). The 

easiest way to justify the tissue affected is on the 

assumption of knowing the targeted tissue. For 

this, we need to understand the timeline and the 

pathological changes in the tissue. Although the 

assumption may be wrong, it is difficult to identify 

the affected tissue in some disorders, and the 

symptoms may be late, like in the central nervous 

system. So, the tissue can be identified by 

postmortem examination of the brain rather than 

waiting for symptoms. It may take years (Shi et al., 

2023; Brokowska et al., 2023).    

 

Although the analysis of disease tissue is important 

during the pathogenesis of the disease, sample 

repetition during the disease provides a significant 

analysis of the disease.  Urine and blood sampling 

are important during disease diagnosis. Urine, 

blood, skin, and the microbiome enable us to study 

the transcriptomics during the treatment and 

diagnosis of the disorder (Magro et al., 2024; Mohr 

et al., 2024). 

 

In complicated cases, mostly for transcriptomics 

analysis, tissue is obtained from surgical 

procedures at hospitals; this option is mostly 

applied in oncology (Ludwig et al., 2023). Most of 

the samples for transcriptomics analysis were 

obtained from skin and blood. Studies have shown 

skin and blood are more significant than other 

tissues, even in complicated disorders like 

Parkinson (Hibi et al., 2023). Blood and skin show 

clear transcriptomics differences in case-control 

studies; this tissue could be useful for diagnosing 

and treating diseases. Urine can also be used for 

transcriptomics analysis, but the limitation is low-

quality transcriptomics due to the low 

concentration of RNA. Therefore, other fluids, like 

blood, are good sources of transcriptomics 

(Moufarrej and Quake, 2023). 
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RNA extraction and transcriptomics analysis from 

blood samples  

The blood type of connective tissue is easy to access 

for transcriptomics analysis. Using blood for 

transcriptomics, a few basic decisions are needed to 

follow, like whole blood or particular parts of blood 

are used for transcriptomics analysis. PBMC or 

peripheral blood mononuclear cells are popular 

methods to isolate cells from blood and to use them 

for RNA analysis. But, only white blood cells are 

extracted in PBMC, not other types of cells. Therefore, 

using PBMC does not fulfil the need for 

transcriptomics analysis (Baliña-Sánchez et al., 

2023). Moreover, studies showed that whole blood is 

significant for transcriptomics analysis (Bamberg, 

2023). Whole RNA isolation from blood could give 

greater advantages than PBMC (Bamberg, 2023). 

 

Transcriptomics analysis generates huge amounts of 

data, so the complexity needs a suitable protocol for 

significant advantages. Moreover, sampling, storing, 

and transportation of tissue also needed proper 

protocol due to variation can be introduced. RNA 

extraction from biopsy, blood and other tissue need 

suitable methods. Transcriptomics analysis in clinical 

sciences needs proper gaudiness and standardized 

protocol. Other factors like storing also affect the 

quality of RNA, and recent studies have shown that 

RNA analysis from frozen tissue is more significant 

than formalin fixed paraffin embedded method 

(Schmøkel et al., 2023). RNA extraction from fluid 

biopsy samples needs more work and extra effort 

(Pais et al., 2023). Hence, proper methods and 

guidelines studies are needed to obtain significant 

results from transcriptomics analysis. 

 

Recent advances in transcriptomics in medical 

sciences  

According to research, about 93% of the human 

genome is transcribed into RNA, of which 2% is 

protein-coding RNA (Bai et al., 2023). These 

molecules have information called genetic codes for 

amino acids, essential protein components (Wang et 

al., 2024).  The remaining RNAs play various roles in 

synthesizing tRNA rRNA and controlling miRNA, 

snRNA and snoRNA (Shimizu et al., 2023). The study 

of these non-coding RNA could be useful for the 

treatment and diagnosis of many disorders. We have 

reviewed some recent transcriptomics studies in 

medical and clinical sciences here. 

 

Cholesteatoma is a condition that mostly originates 

from tympanic membrane self-denial and is 

characterized by intractable local bone erosion, which 

leads to hearing loss and abscess brain formation. 

Recent studies have been conducted to investigate the 

single-cell transcriptomics analysis of the disorder. 

The study findings showed that expression of inhibin 

βA in large amounts causes the erosion of bone. The 

activin A, a homodimer of inhibin βA promotes 

osteoclast differentiation. The finding of this study 

suggested that activin A- producing fibroblast in the 

tissue of cholesteatoma resulted in bone destruction 

(Wang et al., 2024). 

 

Bulk and Single-cell RNA sequencing methods 

were performed in a recent study to investigate the 

craniofacial disorders arising during pregnancy. 

Tissue was obtained from 4-8 weeks post 

conception.  Gene expression analysis was carried 

out to study the patterning of the craniofacial 

region. Other human tissue analyses revealed that 

239 genes are significantly expressed during 

craniofacial development. The study identified 539 

genes likely to contribute to craniofacial disorders, 

suggesting that high de novo mutation in these 

genes in orofacial clefting patients’ needs more 

studies (Yankee et al., 2023). 

 

Kidney failure due to diabetics is one of the major 

cause of renal failure. Transcriptomics approach was 

used in recent research for the identification of gene 

expression analysis in human diabetic kidney disease. 

Tissue samples from diabetic kidney disease patients 

were taken and expression analysis were performed. 

The differentially expressed genes in diabetics kidney 

disease was 1831 in diabetic tubuli, 1700 in glomeruli 

and 330 were differentially expressed in both 

glomeruli and tubuli (Woroniecka et al., 2011). Many 

glomerulus infection are caused due to injury in 
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Podocyte, glomerulus disease are also caused due to 

HIV, FSGS infection (Sakairi et al., 2010). 

Transcriptomics approach was used to investigate the 

gene expression in Podocyte (Okamura et al., 2013). 

The study revolved that ribosomal pathways was one 

of the enriched pathways that contribute to the 

expression of APOL1 variant induced podocyte injury 

(Yoshida et al., 2023). 

 

Diabetic’s type I and II are the major cause of kidney 

failure (Thomas et al., 2015). Due to available 

treatment and management of diabetics the disease 

record is reduced over the past 30 years, although the 

risk of renal failure is remain higher. Recent studies 

showed that diabetic kidney disease is common in 

families in different population worldwide this is due 

to genetics (Alicic et al., 2017; , Zhang et al., 2023). 

Hence to deep understand the mechanism 

transcriptome application should be useful tool.  A 

recent transcriptomics study on DKD, revolved the 

gene expression which are enriched with urogenital 

system development, platelet alpha granule, kidney 

development and glycosaminoglycan biding pathways 

(Zhang et al., 2023). 

 

Leishmaniasis is one of the significant tropical 

infections distribute worldwide, effecting human and 

other animal (Zhang et al., 2023). There is no cure 

available although chemotherapy and other drugs are 

used, but in some patients resistant were observed to 

therapy.  Currently a study was conducted to 

investigate the gene expression in host cell THP-1 

after infection. The study showed that 58 

differentially expressed genes were observed in THP-1 

cell infected with leishmaniasis, the observed gene 

expression was similar to the other data published 

(Cheng et al., 2023). 

 

Liver fibrosis is one of the major caused of 

mortality worldwide. Many significant approaches 

were applied for the treatment and analysis of liver 

fibrosis (Addissouky et al., 2024; Parola and 

Pinzani, 2024). Transcriptomics analysis of liver 

tissue samples were performed in a recent study.  

The transcriptomics data were compared with 

NASH data, the analysis shows the significant 

correlation between expression of protein and 

regulated genes. Moreover the data also shows 

significant changes in plasma (Zhao et al., 2024). 

 

Transcriptomics analysis from blood is significant 

approach for the detail study of phenotype and nature 

of disease in medical and clinical sciences. Recently 

transcriptomics analysis were performed of 3388 

blood samples together with all other demographic 

factors. The results finds two major transcriptomics 

groups 1 and group 2. Group1 transcriptomics was 

common in men, elder and overweight individuals 

and the expression was associate with inflammation 

and heme metabolism enhancement. While type 2 

transcriptome was found common in woman immune 

response, cellular function and ribosome and 

mitochondria (Schmidt et al., 2020). 

 

Transcriptomics in oncology  

Mutation in some genes associated with cell 

division and cell growth causes cancer. Further 

epigenetic disorders also cause cancer (Stupp et al., 

2005; Hoogstrate et al., 2023). Changes in DNA 

methylation lead to the spreading of helicobacter 

pylori, and inflammation leads to DNA methylation 

disorders. In cancer, DNA mutation and 

epigenetics are the major factors of neoplasia. 

Genetic changes are either inherited or due to 

environmental changes. In both cases, the changes 

lead to impairment in the function of genes, 

including proto oncogensis, DNA repair genes and 

Tumor suppressor genes (Kraboth and Kalman, 

2020). Changes in these genes bring on cancer. 

Although each person has a unique genetic pattern, 

each person has a unique genetic variation related 

to cancer. Hence, cancer development in patients 

with unique characteristics. Therefore, for 

treatment and diagnosis, it is important to study 

the genetics of the patients (Fig. 4). Further, 

transcriptomics analysis of cancer could be a 

significant tool to study the mechanism and 

pathway of gene changes that lead to cancer. Some 

of the recent studies performed in cancer 

transcriptomics are as follows. 
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Fig. 4. Schematic view of cancer therapy, using RNA sequencing and Transcriptomics approaches 

 

Studies in a patient with ovarian cancer found that 

over-expression of the P53 gene with missense 

mutation exhibits resistance to some chemotherapy 

procedures like platinum (Roy et al., 2020; 

Draaisma et al., 2020; Weller et al., 2021). Another 

study suggested that over expression of collagen 

VI, XI alpha 1 and SUSD2 genes showed resistance 

to cisplatin chemotherapy (Wang et al., 2017; Bai 

et al., 2024). In breast cancer, studies have found 

that over expression of heat shock protein is 

resistant to drugs (Zhang and Bi, 2024). HER2, 

BARD1 and BARCA1 gene overexpression and 

genetic polymorphism in   ABCC2 and CYP2D6 

genes lead to resistance to tamoxifen drugs 

(Barthel et al., 2019; Hoogstrate et al., 2023). 

Patients with triple negative breast cancer have a 

heterogeneous tumour lacking progesterone 

receptor expression, human epidermal growth 

regulator factor and estrogen receptor. This type of 

cancer lacks therapy and is not sensitive to 

hormonal therapy or targeted therapy except 

chemotherapy. The researcher worldwide focuses 

on TNBC targeted therapy. Hence, transcriptomic 

analysis is used to identify possible therapeutic 

goals to improve the survival of patients (Mundi et 

al., 2023; Glodzik et al., 2023). 

 

In oncology tumor heterogeneity is one of the major 

obstacle, and significant challenge for drugs discovery 

and development. Tumor identification its landscape 

and nature is the key factors provide useful tools for 

drug and treatment of cancer. In a recent research 

works a transcriptomics approach are applied for 

drug discovery profiling of four tissue sample and 

eighty thousand and twenty four different spot in 

different tissue (Fan et al., 2020; Cao et al., 2024). In 

cancer resistant to program cell death is one of 

hallmark. In drug discovery the PCD pathways and 

the molecule which crosstalk’s between PCD 

Pathways impeding the development of targeted drug 

therapy (Bansal, 2023). PANoptosis is recently 

identified signaling pathways in PCD pathways.  In a 

recent study gene expression and transcriptomics 

application were used to identify the gene expression 

in PANoptosis (Xiong, 2023). The result revolved 

high PANoptosis gene expression was found which 
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determined low grade glioma (LGG) and carcinoma of 

kidney renal cell (Wang et al., 2024).  The expression 

of ZBP1, CASP3, CASP4, ADAR, and CASP8and 

GSDMD showed negative effect on prognosis of LGL 

across multiple survival Models while CASP3, CASP4 

and TNFRSF10 have negative effect on kidney renal 

carcinoma. However the expression of PANoptosis in 

skin was beneficial for cutaneous melanoma. The 

study further suggest biomarkers from PANoptosis 

which could be used as targeted for cancer therapy 

(Ocansey et al., 2024). 

 

Kidney allograft dysfunction is caused due to 

interstitial fibrosis and tubular atrophy which is the 

major cause of kidney allograft loss (Peng et al., 

2024). Currently transcriptomics approached was 

applied in a study on kidney allograft loss and healthy 

patients total of 23, 980 nuclei from kidney 

transplant patients and 17, 913 nucleoli from healthy 

people were isolated and transcriptomics analysis 

were performed. The results suggested that MT1 in 

injured tubular cell activate fibroblast and 

myofibroblast markers activate ECM which enhance 

inflammatory cells and lead to fibrosis. The study 

further identified molecular markers which could be 

used to prevent fibrogenic in kidney transplant 

patients (Imle et al., 2024).  Transcriptomics 

investigation was performed in patients with kidney 

cancer was performed recently, the study suggest that 

transcriptomics approaches identified risk factors and 

prediction of controlling kidney cancer (Si et al., 

2024). 

 

One of the aggressive form of brain tumor is 

Glioblastoma in adults, the patients survival is for less 

than 15 months (Sabouri et al., 2024). Treatment like 

chemotherapy and radiotherapy and surgical 

methods are mostly used (Sadowski et al., 2024).  

There is no standard methods to care of disease 

progression although tumor are invariably recur 

(Melosky et al., 2024). However, the treatment lead 

to enhance the survival, but the treatment and 

therapeutic approach are limited but need more 

studies. Currently genetics studies have been 

conducted to study the molecular mechanisms and 

treatment Glioblastoma (Świątek et al., 2024). From 

the study of Glioblastoma tumor during treatment 

could be useful for the identification resistance 

related factors to therapy (Virtuoso et al., 2024).  To 

understand the nature of Glioblastoma recently 

transcriptomics approach was used. RN sequencing 

Glioblastoma was performed. The results of the study 

shows that genes are not significantly altered. 

Although increase in gene expression in extra cellular 

matrix was examined. The decrease in tumor purity 

decreased over time and co increase in genes 

associated with oligodendrocyte and neuron and 

independently tumor macrophages. The result further 

revolved that Glioblastoma involved mainly the 

reorganization of microenvironment rather than 

molecular pathways in tumor cells (Boccacino et al., 

2024).    

 

Transcriptomics in cardiology  

Cardiovascular disorders are one of the leading causes 

of death worldwide. The use of transcriptomics can be 

significant in comprehending genetic mechanisms 

and finding treatments for heart-related conditions 

(Fig. 5). According to the literature, the transcriptome 

is a complex mechanism that includes total RNAs. 

Noncoding RNAs have not received much attention 

despite some research being conducted. Research 

shows that these RNA are key regulators in 

development, homeostasis, pathology and cardiology 

(Acharya et al., 2024). 

 

Recently, a transcriptomics study has been conducted 

on COVID-19 patients and cardiovascular infection. 

Biopsy tissue of the heart was collected, and 

transcriptomics approaches were used. The results 

revealed that COVID-19 was not detected in tissue, 

although host transcriptomics showed genes 

associated with DNA damage and repair, heat shock 

and M1 like macrophage were upregulated. Further, 

the results showed pH1N1 upregulation of interferon-

stimulated genes. 

 

Next-generation sequencing facilitates the 

identification of omic biomarkers for cardiovascular 

diseases (CVDs). RNA sequencing (RNA-seq) detects 
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differentially expressed genes by comparing gene 

expression profiles of CVD samples with those of 

control samples. B, Chromatin immunoprecipitation 

sequencing (ChIP-seq) identifies transcription factor 

activity by detecting peaks formed by mapping DNA 

sequence reads that bind to transcription factor 

proteins. Transcription factor activity correlates 

with gene expression. C, Exome sequencing detects 

genetic variants such as single nucleotide 

polymorphisms that may correlate with CVD 

phenotypes. D, Methyl-CpG-binding domain 

sequencing (MBD-seq) is similar to ChIP-seq, but 

identifies regions of DNA methylation, which can 

affect gene expression (Wu et al., 2014). 

 

 

Fig. 5. Illustartion of transcriptomic analysis, RNA extraction, cDNA library, Sequencing and analysis 

 

Transcriptomics analysis of left ventricle tissue of 

64 samples was analyzed. Genes were significantly 

expressed associated with heart failure (Drakos et 

al., 2023). Transcriptomics analysis of heart 

patients were performed in a study and were 

compared with healthy donors (Sweet et al., 2018). 

The study identified the expression of DCM and 

RCM for protein coding regions and long non-

coding RNAs. 5 genes encoding different members 

of the mediator complex were found differentially 

expressed. Furthermore, the study found 

significant results about genes that are never 

associated with heart failure and 27 non-coding 

RNAs significantly altered in heart failure patients 

(Sweet et al., 2018). In the tissue of the Right 

ventricle, a transcriptomics profile was carried out 

in a recent study. They also use Real-Time PCR 

analysis. 

Bioinformatics and gene enrichment analysis were 

also carried out. The result of the study showed that a 

total of 169 long non coding RNA were differentially 

expressed. Among them, 101 were upregulated, and 

68 were downregulated. 898 mRNA were expressed 

among them, 623 were upregulated, and 275 were 

found downregulated in the RV failure.  Further, the 

results were confirmed through qrtPCR.  The 

expression of long non-coding RNAs in RV 

myocardium of PAH rate with acute RV failure 

showed significant insight into the role of lncRNAs to 

heart failure in PAH model Cao et al., (2024).  

Transcriptomics analysis of heart failure was 

performed in a recent study. The result suggested that 

19 genes (AEBP1, CA3, HBA2, HBB, HSPA2, MYH6, 

SERPINA3, SOD3, THBS4, UCHL1) were 

differentially expressed in Disig and 15 genes were 

differentially expressed on IsSig  (AEBP1, APOA1, 
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BGN, CA3, CFH, COL14A1, HBA2, HBB, HSPA2, 

LTBP2, LUM, MFAP4, SOD3, THBS4, UCHL1). 

According to biological mechanisms, these genes 

were expressed in stress, extracellular matrix, and 

beta growth factors in heart muscles (Portokallidou 

et al., 2024). 

 

A transcriptomics analysis of 93 patients with heart 

problem were investigated in a recent research. The 

study was conducted to analyzed signal pathways 

operative in normal and failure heart patients. The 

analysis suggested that total 1341 transcripts and 288 

phosphopeptides were identified, which are 

differentially expressed in heart tissue with patient 

having heart failure. Further 29 transcripts and 93 

phosphopeptides were significantly identified in 

heart patients that are distinguished responder 

after LVAD unloading. Further analysis highlighted 

that these two pathways play key regulator in cell 

cycle regulation and extracellular matrix (Drakos et 

al., 2023). 

 

Transcriptomics application in infectious diseases 

A study analysed recent raw transcriptomics data 

obtained through next-generation sequencing. The 

transcriptomics data were obtained from 105 blood 

samples from patients having uncomplicated 

bacterial infections. The data analysis showed that 

gene expression occurs in patients responding to 

bacterial infection (Herwanto et al., 2021). Recently, 

a study investigated the genes in metabolic pathways 

associated with sepsis and Mets. The data was 

downloaded from GEO database. Differential 

expression analysis showed that 122 genes were 

upregulated and 90 genes were downregulated in 

sepsis and Mets. This study identified seven Hub 

genes that work as co diagnostic markers for sepsis 

and Mets. The results of this study also revealed that 

diagnostic genes play a key role in immune cell 

metabolic pathways (Tao et al., 2023). In another 

study, transcriptomics analysis of 72 septic-shock 

genes was carried out. Further, the study investigated 

that upregulated genes were enriched in neutrophil 

activation and T cell activation in septic shocks (Zhao 

et al., 2023). In another study, the transcriptomics 

analysis in septic patients identified 21 septic-

associated iron metabolic genes, which may play a 

vital role in the diagnosis and therapeutic biomarkers 

of sepsis. The findings of this study could be useful for 

future diagnosis and treatment of sepsis. The 

complement component C5a-C5aR1 axis is an 

important driver in more severe inflammation. The 

transcriptomics analysis from blood samples revolved 

around the expression of long non-coding RNAs and 

coding RNAs against the microorganism. In a recent 

study Alu-elements, which are important elements in 

cell inflammations, make fat trajectories which lead 

to severe disease. The bulk RNA method was 

approached, and the analysis revolved around 

immune genes containing 48 Alu- insertion. The 

results also showed that 1 of the 48 candidates was 

located in complement receptor gene C5aR1, which is 

a target for RNA therapeutics (Li et al., 2023).      

 

Many diseases, including cancer, AIDS, and 

neurodegenerative disorders, are difficult to treat in 

their early stages (Singh et al., 2024). Not all patients 

respond the same to cancer chemotherapy despite the 

availability of medicines. Some patients exhibit 

tolerance to certain treatments. Some treatments 

showed significant results, although sometimes, in 

some patients, the response of treatment failed. 

Further, these responses are due to genetics, 

environment and life style differences among the 

patients (Anand et al., 2023). 

 

Some diseases like diabetes and cystic fibrosis are 

caused by multiple factors, e.g., mutations (Putman et 

al., 2023). Therefore, the treatment needs different 

mechanisms to provide and obtain successful results. 

Scientists and researchers around the globe are trying 

to identify approaches for valuable and achievable 

results. This approach included the nature of the 

disease and the response of patients. Genetic 

advancements, particularly identifying SNPS, gene 

sequencing  and human genome sequence, have led to 

dramatic medical revolutions to access the disease 

(Khodadadian et al., 2020).  These advancements in 

genetics led to the development of a new field of 

medicine called precision medicine (Fig. 6).  
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Fig. 6. Illustration of personalized medicine. Transcriptomics application are used for the development of 

precision medicine 

 

This field designs personalized medicine that is not 

based on traditional procedures. These new methods 

try to minimize the cost and side effects. This 

method's common features are personalized 

genotyping, clinical records and lifestyle. In short, 

these techniques are used to understand the diseases 

in detail and design drugs and therapeutics. An 

example of this procedure is the development of 

ivacaftor and lumacafter for cystic fibrosis 

(Khodadadian et al., 2020). Another example is BiDil, 

which was certified in 2005 for heart failure, but only 

in African-Americans (Callier et al., 2022). 

 

Alternative gene splicing is the function of a gene in 

which two or more rearrangements can occur in one 

mRNA in a cell. Hence, many proteins are formed by 

one mRNA without any change in the gene. Examples 

of alternative gene splicing, like nuclear pre RNA 

from the fibronectin gene, are converted into 20 

mRNAs and encode 20 different types of protein 

(Kretova et al., 2023). Thus 20 mRNA and 20 

proteins are formed without altering the gene 

sequence. Alternative splicing mostly affects 95% of 

exonic genes (Marasco et al., 2023). The error 

occurrence at this level may cause several disorders, 

such as in β+thalassaemia, in which β-globin protein 

level and anaemia (Marasco et al., 2023). Moreover, 

any disturbance in this pathway can lead to disorder.  

The gene variation and the effect of alternative gene 

splicing are not easily detectable in the genome. 

Hence, transscriptomics analyses are performed to 

investigate the expression of genes in a particular 

tissue or cell and organs.  The science of genomics 

revolves around information stored in DNA, while 

transcriptomics investigates the expression of RNA. 

Transcriptomics technology plays a vital role in gene 

expression analysis in a cell or tissue during disease 

or environmental factors. Transcriptomics, the study 

of a cell's entire set of RNA, is crucial in 

understanding the mechanism of a disease or 

environmental factors, including non-coding RNAs.  

Transcriptomics also involves post transcriptional 

analysis, which provides useful information about 

variation not provided in genomics. Hence, 

transcriptomics information helps to remove the gap 

between transcriptomics and genomics. The 

knowledge of transcriptomics is an excellent 

approach for developing personalized medicine and 

more reliable treatment. Transcriptomics include a 

variety of methods like single gene, small set of genes, 

or whole transcripts.   

 

Conclusion   

The sequence of the human genome is a milestone in the 

field of genetics, The human genome revolves around all 

the significant information about phenotypes and 
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genotypes of humans. The sequencing industry is rapidly 

advancing, which facilitates understanding the nature 

and mechanisms of diseases such as infection, 

inflammation, and organ failure. Technologies like 

transcriptomics revolutionized the field of medicine and 

clinical sciences. Many genes that play significant roles 

in disease development were identified and expressed in 

response to pathogenic interaction in tissue or cells. 

Hence, the current study was carried out to analyze 

transcriptomics' application and current status in 

medicine and clinical sciences. Further research is 

necessary as the conclusions drawn from these 

publications do not currently meet the criteria. 

 

Furthermore, modifications are needed in obtaining 

and selecting tissue or cells. Our analysis found that 

mostly single cell RNA transcriptomics was used 

more than other approaches. Most of the work done 

in oncology, infection mostly bacterial infection and a 

little bit on cardiology. Hence, we recommended 

more work on liver fibrosis, diabetics, acute organ 

failure and, most importantly, heart failure at 

younger age. We recommended a comprehensive 

study on younger heart failure, as we have studied in 

literature that the heart failure occurs mostly in older 

individuals. The question is, why does it occur in 

younger ages, like 21 to 30? So, detailed 

transcriptomics studies like whole transcriptomics 

could be significant for future treatment and control 

of this disease. Additionally, patients' bodies can react 

negatively to the operation when receiving treatment, 

medicines, or having organs transplanted. Thorough 

analysis is necessary for detecting diseases and 

developing effective treatments, which can be 

informed by studying genetics and molecular-level 

host-pathogen reactions. To achieve significant 

results and desired goals, transcriptomics data and 

genomic information about the diseases must be 

obtained, and to store and analyzed this data, we need 

more powerful systems and software. In Pakistan, 

most of the medical faculty are far from research, and 

medical doctors have very limited knowledge about 

genetics and research. To overcome this issue, we 

must establish research and expertise in medicine 

and clinical science to achieve our goals. 
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