
i 
 

 

E X P L O R I N G  T H E  R O L E  O F  L O N G  N O N - C O D I N G  R N A  

I N  M E D I T A T I O N  

A THESIS  S UB MITTED TO 

THE UNIVERSITY OF TRANS-DISCIPLINARY HEALTH SCIENCES AND 
TECHNOLOGY 

 

F OR THE PARTIAL FULLFILL EMENT OF THE AWARD OF  T HE 
DEG REE O F 

M.Sc.  L IFE  SCIENCES (AYURVE DA BIOLOGY)  

BY 
 

- -SOURAVH THAKUR--  

 

UNDER THE GUIDANCE O F 

PROF.MITALI  MUKERJI  

INDIAN INSTI TUTE OF  T ECHNOLOGY,  JO DHPUR 

JUNE 2023  

THE UNIVERSITY OF TRANS-DISCIPLINARY HEALTH SCIENCES AND 
TECHNOLOGY 

Private University Established in Karnataka by ACT 35 of 2013 

BENGALURU - 560064 

 



ii 
 

 

THE UNIVERSITY OF TRANS-DISCIPLINARY HEALTH SCIENCES AND 
TECHNOLOGY 

Private University Established in Karnataka by ACT 35 of 2013 

BENGALURU - 560064 

 

DECLARATION BY THE CANDIDATE 

I declare that this thesis “Exploring the Role of long non-coding 

RNA in Meditation” submitted for the award of Master of Science to 

THE UNIVERSITY OF TRANS-DISCIPLINARY HEALTH SCIENCES 

AND TECHNOLOGY, Bengaluru, is my original work, conducted under 

the supervision of Prof. Mitali Mukerji (and co-supervision of Dr.Megha.).  

I confirm that no part of the work reported herein has been submitted for 

a degree or examination at any other university. References, funding and 

material obtained from other sources have been duly acknowledged, and 

no part of this dissertation has been plagiarised. 

 

Place:            

        Signature of the Candidate 

Date: 

 

Name of candidate: 

Reg. No.: 
  

IIT Jodhpur

07-07-2023

Souravh Thakur

2021MScAB12



iii 
 

THE UNIVERSITY OF TRANS-DISCIPLINARY HEALTH SCIENCES AND 
TECHNOLOGY 

Private University Established in Karnataka by ACT 35 of 2013 

BENGALURU - 560064 

 

CERTIFICATE FROM THESIS SUPERVISOR/S 

 

This is to certify that the work incorporated in this thesis “Exploring 

the role of long non-coding RNA” submitted by Souravh Thakur was 

carried out under my/our supervision. No part of this thesis has been 

submitted for a degree or examination at any other university. 

References, help, and material obtained from other sources have been 

duly acknowledged. I confirm the originality of the work and that there is 

no plagiarism in any part of the thesis. 

 

Name, Designation Role Signature, Date 

Prof. Mitali Mukerji 

Head of the Department of 

Bioscience and Bioengineering, 

IIT Jodhpur. 

Guide  

 

 

3rd July 2022



iv 
 

ACKNOWLEDGEMENT 

 

First and foremost, I would like to express my sincere thanks to my advisor, Prof. Mitali 
Mukerji, for believing in me and for giving me the opportunity to work under her fabulous 
guidance. I am very thankful to her for her constant support. 

I would also like to convey my sincere gratitude to my co-advisor Dr. Megha for recommending 
me and always supporting me. 

I express my gratitude to Ms. Aditi Joshi, a Ph.D. candidate, for providing guidance and 
mentorship throughout my master's project. Her unwavering support and guidance have helped 
me to overcome obstacles encountered during my work.    

I would like to express my gratitude to Ms. Jyoti Sharma, a Ph.D. scholar, and Deep Patil B. 
tech student for their invaluable assistance in facilitating my acquisition of proficiency in the 
R programming language.  

I would like to show my gratitude to all my lab members Shivangi, Sachin Rathod, Rishab Jain, 
Ashish Sharma and Shreya Sharma for their continuous support throughout my master’s 
project. 

I would also like to thank Shivatmak Tripathi (Joy) for consistently maintaining a harmonious 
atmosphere in the laboratory. 
  



v 
 

Summary  

 

Studies conducted on meditation and Mind-Body intervention have demonstrated that 
continuous engagement in then practice have led to alteration in gene expression profile, 
especially in those genes that are involved in stress response, immune function, and 
inflammation. 

Long non-coding RNA once considered as transcriptional noise, have been discovered to be 
involved in a number of distinct biological activities, including as the processes of 
development, differentiation, and illness.  

There has been very little direct study done to investigate the association between lncRNAs 
and meditation up to this point. However, meditation has been extensively studied for its effects 
on gene expression and epigenetic regulation, which could directly or indirectly be influenced 
lncRNA activity. 

The work done in the thesis explain how Lnc-RNA can be regulated during the meditative state 
and how regulation of these Lnc can be involved in several cellular processes.  

 

 
  



vi 
 

Personal Reflection 

 

During my Dissertation project in IIT Jodhpur, I had the opportunity to immerse myself in a 
challenging and rewarding journey. Upon reflection, I believe that this period has been an 
important phase in my academic and personal development. It provided me with valuable 
experiences, lessons, and a sense of accomplishment.   

One of the key aspects of this research was the opportunity to work independently during my 
dissertation. Initially, I felt a mix of excitement and nervousness about the scope and 
complexity of the project. However, as time progressed, I realized that the freedom to explore 
and develop deep into the subject matter allowed me to develop a strong sense of autonomy 
and self-motivation. 

Moreover, this 8-month period allowed me to develop and refine essential research skills. I 
acquired proficiency in data collection, analysis, and interpretation. Engaging with relevant 
literature and synthesizing findings helped me sharpen my critical thinking abilities and 
enhanced my ability to critically evaluate research studies. 

Overall, the 8-month period spent on this project was transformative. It instilled in me a deep 
sense of accomplishment and confidence in my abilities as a researcher.  

 

 

 

 

 

 

 

 

 

 

 

 
  



vii 
 

Table of Content 

 

S.no 

 

Description P.no  

1.  Introduction 01.  

2.  Literature Review             04.  

2.1. Long non-coding RNA             04. 

2.1.1.  Origin of Lnc-RNA             05. 

2.1.2.   CODING POTENTIAL OF LNC RNA             05.  

2.1.3.  Subcellular Localization of lncRNAs             06.  

2.1.4.   Lnc and Alu Content             06.  

2.2.  Transcriptome Profiling             07. 

2.2.1.  DNA Microarray             07. 

2.2.2.  RNA seq              08. 

2.3. Meditation             08. 

3.  Work Plan             10 

4.  Material Method             11 

4.1.1 Raw Data for Deseq2 Analysis             11 

4.1.2 Need of Data Normalisation             11 

4.1.3  DATA Normalisation by DESEQ2             13 

4.1.4 BASIC ALGORITHM FOR DE-Seq2 Data normalisation            14 



viii 
 

4.2  Obtaining Alu content from LNC RNA            15 

4.3 Resources used for Lnc Annotation             16 

4.3.1 NCBI-GEO             16 

4.3.2 UCSC-BROWSER             17 

4.3.3 LncHUB             18 

4.3.4 LncHub2             19 

4.3.5 DisGeNet             19 

4.3.6 LncRNA Disease2.0              20 

4.4  Methodology              21 

5.  Results              22 

5.1  Differential Gene Analysis            22 

5.2 Filtration of Differentially expressed LncRNA            24 

5.3 LncRNA and Alu content           25 

5.4 Functional Annotation           26 

6.  Discussion           27 

7.  References           28 

 

 

 

 

List of figures 

 



ix 
 

Figures  

Figure1: A large proportion of genome(blue) into RNA(Red) but only few percentages are 
translated into Protein (Green). 

Figure2: The increase in the number of studies related to Long-noncoding RNA published 

from 1975 to 2023 (data obtained by searching PubMed database). 

Figure3: Schematic workflow of RNA-seq data of Meditation and annotation of lncRNAs 

Figure4: Representing Data used for Transcriptome analysis.  

Figure5: Representing RNA-Seq Data with Difference in library size 

Figure6: Representing RNA-seq data with difference in library size 

Figure7: Representing the genomic location of LINC01775 and showing the Alu repeats 

(SINES) using Repeat masker. 

Figure8: Snapshot of homepage of NCBI-GEO 

Figure9: Snapshot of UCSC Browser home page   

Figure10: Snapshot of lncHUB home page  

Figure11: Snapshot of lncHUB2 home page   

Figure12: Snapshot of DisGeNET home page  

Figure13: Snapshot of LncRNADisease 2.0 home page   

Figure14: Result of Deseq2 analysis (T2 vs T3) 

Figure15: Volcano plot representing differentially regulated gene (Blue down regulated 

regulate and red upregulated.) 

Figure16: Results obtained from UCSC browser for Alu content in linc02574  

Figure17: Representing relation between pathways, long non-coding RNA and target 

genes.  



1 
 

1. INTRODUCTION 

Long noncoding RNAs (lncRNA) are untranslated transcripts of size greater than 200 

nucleotides, that play crucial roles in gene regulation, chromatin structure, and epigenetic 

processes(Deniz & Erman, 2017)lncRNA was earlier considered the junk or transcriptional 

noise in the eukaryotic genome as the gene regulation was equitable to central dogma (DNA- 

mRNA-Protein), and the function of long noncoding RNA was still not known. The continuous 

advancement in transcriptomics technology has revealed the importance and potential of long 

non-coding RNA in several gene regulation and cellular mechanisms. Statistics from databases 

such as Human GENCODE describes that the human genome contains about 19,928 lncRNA 

genes but other estimates suggest that the number can be even higher(”Frankish A, et Al (2018) 

GENCODE Reference Annotation for the Human and Mouse Genomes”, n.d.; Uszczynska-

Ratajczak et al., n.d.). Long non-coding RNA are divided into five categories as per their 

location relative to the associated coding genes, these are namely: sense, antisense, intergenic, 

intronic and bidirectional lncRNAs(Mercer et al., 2009).   

Among the 85% of the transcribed genome, only 20% encodes for protein-coding genes and 

the rest are considered non-coding. Most of the lncRNA are transcribed by RNA polymerase 

II, hence the lncRNA shares a similar post-transcriptional fate as that of mRNAs such as 

capping, splicing, and polyadenylation(Guttman et al., 2009). Despite their functional role in 

several regulatory processes fewer than 1% of all known functional transcripts are 

experimentally curated as functional lnc(de Hoon et al., 2015).  

Recent development in transcriptomics has elucidated the role of long noncoding RNA in 

medicine and healthcare research. They have been found to target several genes which are 

associated with diseases such as cancer(Zhao et al., 2023)(Pourghasem et al., 2022)(Cardoso 

Alves et al., 2021), immune regulation(Zhang et al., 2021), cardiovascular diseases(Poulet et 

al., 2020), metabolic diseases, and infectious diseases(Goyal et al., 2018; Lovell & Anguera, 

2022). Long noncoding RNA also plays a role in plant immunity (Huang et al., 2023). Despite 

recent advancements in the field of Long non coding RNA discovery, very little is known about 

their role in therapeutics, disease prognosis and medicine. 

Long non-coding RNA has been found to exhibit high abundance within a distinct subset of 

sequence elements known as transposable elements, as per empirical observations. An 

increasing quantity of Alu-rich long non-coding RNA (LncRNA) have been experimentally 
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characterised, demonstrating their ability to function as binding domains for DNA, RNA, or 

proteins within the LncRNA(Gong & Maquat, 2011). 

FANTOM (Functional Annotation of the Mammalian Genome) is an international consortium 

establish in 2000, aiming to identify all functional elements of human genome. The recent 

edition of the Fantom the 6th edition is to elucidate the function of long non-coding RNA 

(lncRNAs) in the human genome.   

The practice of modern medicine is slowly approaching towards more holistic and 

individualised approach through integration with traditional knowledge based medicinal 

systems (Ayurveda, Yoga, traditional Chinese medicine). A framework of “Integrative 

medicine” where multiple systems could cross-talk and complement to treat a person most 

effectively is being developed. Several studies have shown the effectiveness of Integrative 

medicine in the management of several diseases such as respiratory conditions(Yeh & Horwitz, 

2017), neurological conditions(Rowin, 2019; Wells et al., 2017; Zhou et al., 2017), metabolic 

diseases(Dossett et al., 2017),cardiovascular diseases(Aggarwal et al., 2017),cancer(Ben-Arye 

et al., 2023) and pain management(Deng, 2019). “Mindfulness meditation” that includes 

practices of Yoga and meditation as a non-pharmacological intervention is being adopted in 

different parts of the world for management of many disease conditions. Several literature-

based evidence has shown that this type of intervention can alleviate stress-dependent 

symptoms in several disease such as cancer, neurodegenerative disease, cardiovascular disease. 

The effects of these interventions have mostly been seen through physiological measurements 

and in the recent times genome-wide expression changes have also been reported. The 

beneficial effects of meditation have primarily been seen through modulation of inflammation 

and immune axis.  

The role of Long non coding RNA in such traditional practices is still not clearly understood. 

Since lncRNA have been identified as biomarkers in a number of diseases, differential 

expression of these during the course of mindful meditation might not only provide objective 

basis of assessment of beneficial effect of these practices but also provide insights on the 

molecular mechanism of action.  To gain insights on this, this study was carried out to 

understand the potential involvement of  Long non coding RNA from mining and meta-analysis 

of  omics data on “Mindfulness meditation(Koka et al., 2021)”. This study will focus on the 

functional role of differentially expressed long non coding RNA present in meditation data 

with the help of some in-silico techniques.  
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The research question is to explore "Whether lncRNAs could have a potential involvement in 

the cellular processes that mediate the effects of meditation?"  

 

Fig1: A large proportion of genome(blue) into RNA(Red) but only few percentages are 

translated into Protein (Green).  
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2. Literature Review 

2.1 Long-noncoding RNA  

In recent years, the study on long non-coding RNAs (lncRNA) has exposed the role of long 

non-coding RNA in gene regulation and cellular processes which had been neglected and 

considered as a “transcriptomic noise” throughout the transcriptomic era as they are often 

expressed at lower levels and are tissue specific. Recent studies on long non-coding RNA have 

shown that long non-coding RNA plays a very important role in several metabolic processes, 

diseases, immune regulation etc. 

In 1980s, researchers focused on tissue specific and temporal pattern of gene expression using 

different differential hybridisation screen of cDNA libraries. The main focus was on the protein 

coding genes, an alternative approach was adopted by the researchers without taking into 

account the protein coding potential of RNA, resulting in the discovery of the first long non-

coding RNA H19.  

X-Chromosome inactivation 

LncRNA XIST is one of the most extensively studied lnc RNA that plays a key role in 

inactivation of one of the X-chromosomes in females that is essential to compensate for gene 

dosage imbalance. XIST spans17 kilobases (kb), and contains several tandem repeats, the 

repeats present in 5`end are evolutionary conserved and are important for Xist 

functioning(Brown et al., 1992). Xist is expressed from the inactive X-chromosome and leads 

to transcriptional silencing. Xist acts as a scaffold for the chromatin modifiers such as 

Polycomb repressive complex 2 (PRC2), causing methylation at histone H3 lysine27 residue 

leading to stable and heritable silencing of genes at X-chromosome(Wutz et al., 2002).   

The role of lncRNA Xist is one of the examples of how lncRNA plays a critical role in lncRNA 

in gene regulation.   
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WRAP53 

P53 gene is a tumour suppressor gene that plays a critical role in development of cancer(Reedy 

et al., 2001). WRAP53α is an antisense transcript that regulates the expression of p53 that is 

encoded by WRAP53 gene. WRAP53 gene overlaps the p53 gene in as head-to-head 

orientation. Knockout studies of WRAP53α shows decrease in p53 RNA levels(Mahmoudi et 

al., 2016).  

 

2.1.1 ORIGIN OF LNC RNA 

Non coding genes can rise through several mechanism such as duplication of the genomic 

sequence, mutation in the protein coding gene causing loss of protein coding potential and 

transposable elements. Homologous non-coding genes arise through duplications of previously 

existing lncRNA genes. 

Gene loss due to mutation can be seen in one the most studied lncRNA Xist. Xist gene is 

derived from ancestral lnx3gene. During the evolution of  placental mammals, there was a 

frame shift mutation in the primordial Lnx3 gene, that resulted in  loss of its protein coding 

ability leading to  lncRNA Xist(Duret et al., 2006).  

 

2.1.2 CODING POTENTIAL OF LNC RNA 

Long non-coding sequences, as their name suggests, do not include any protein coding 

potential, which means that they are unable to be translated into functional protein. There are 

some exceptions to given statement as some long-coding RNA have seen so have open reading 

frame and give rise to polypeptides, but in majority of the cases such translation does not code 

for functional and stable polypeptides. Lnc DWORF is an exception to such cases. Lnc 

DWORF is a muscle specific long non-coding RNA that encodes a 34 amino acid functional 

polypeptide. The 34 amino acid enhances the uptake of calcium (Ca2+) by the sarcoplasmic 

reticulum (SR) within myocytes through the displacement of inhibitory peptide from SERCA 

(sarco/endoplasmic reticulum Ca2+ -ATPase).  
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2.1.3 Subcellular Localization of lncRNAs 

The study of lncRNA function is still at its early stage. The subcellular localisation of lnc RNA 

is an essential factor in finding their specific function. LncRNAs have been found to engage in 

a wide variety of regulatory functions, according to their subcellular localization. LncRNA that 

are localised in the nucleus are mostly involved with epigenetic regulation, while the 

cytoplasmic LncRNA are involved with post-transcriptional processes. One lnc RNA can act 

through different mechanisms depending on their subcellular localisation. For example, the 

antisense lncRNA called PYCARD-AS1 supresses the expression of proapoptotic gene 

PYCARD by acting as a scaffold for DNA methylation enzyme such as DNMT1 and G9a, 

recruiting them to promotor region of PYCARD gene facilitating DNA methylation. While in 

the cytoplasm lncRNA PYCARD-AS1 interacts to the m-RNA of the PYCARD gene inhibiting 

its expression(Miao et al., 2019).  

2.1.4 Lnc and Alu Content 

Many experimental evidences have shown how transposable elements sequence acts as a 

functional domain of long non-coding RNA and can act as binding domain for DNA, RNA and 

protein.  

 

Figure2: The increase in the number of studies related to Long-noncoding RNA published 

from 1975 to 2023 (data obtained by searching PubMed database). 
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2.2 Transcriptome Profiling 

Each cell in the organism contains same set of genes that are inherited from the parents, but 

the gene expression patterns differ within the cell types and across the cell type depending 

on the stage of the cell cycle and the chemical cues. In the cell, some of the genes are very 

sensitive and are continuously regulated while others can remain dormant for the entire life 

cycle of the cell. Transcription is the first step in the central dogma where DNA is converted 

into RNA. Transcription refers to the copying of a part of DNA (i.e., a gene) into a single 

stranded chain of nucleic acids, also known as RNA.  

Transcriptome refers to entire set of RNA transcripts produced by the genome present in 

the cell. Transcriptome include not only the coding region the mRNA but also includes the 

non-coding part such as Long non-coding RNA, microRNA, transfer RNA, ribosomal RNA 

and ribozymes. 

Transcriptome profiling refers to the analysis of the entire RNA transcript present in the 

cell. It helps us to capture the snapshot of complete transcriptome at a given point of time. 

Genome wide expression can be assessed using microarrays as well as next generation 

sequencing technologies (RNA-seq).  Transcriptome profiling techniques such as RNA 

sequencing enables identification and quantification of different RNA transcripts and 

provide valuable information about gene expression. 

Measuring the gene expression using the mRNA has some primary restriction since it is 

presumed that if the gene is transcribed, it will also be translated and there is a strong 

correlation between mRNA and protein synthesis but there are many other mechanisms 

controlling the translation of mRNA. Micro RNA (miRNA) is one of the example, miRNA 

is non-coding component of RNA that may cause post transcriptional alteration gene 

expression(Iorio et al., 2005).  

2.2.1 DNA Microarray:  

DNA microarray technology, which is often referred to as gene chip technology, is a 

sophisticated instrument that is used to investigate genome-wide patterns of gene 

expression as well as genetic variants. Researchers are able to do a single experiment that 

concurrently measures the expression levels of thousands or millions of genes thanks to 

this technology. 
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DNA microarrays consist of a solid support (usually a glass slide or silicon chip) on which 

thousands of short DNA sequences, called probes, are immobilized. These probes are 

designed to be complementary to specific genes or segments of genes. The microarray is 

then exposed to labelled DNA or RNA samples, and the binding of the labelled targets to 

the probes is detected and quantified. 

2.2.2 RNA-SEQ:  

RNA sequencing, also known as RNA-seq, is a high-throughput sequencing technology 

that is used to investigate the transcriptome. The transcriptome is the whole collection of 

RNA molecules that are present in a given cell or tissue at a certain point in time. RNA 

sequencing has brought about a major shift in the field of gene expression analysis and has 

emerged as an essential component of genomics research. 

The fundamental concept that underlies RNA-seq is that the abundance of a particular RNA 

molecule in a sample is correlated with the number of sequencings reads that correspond 

to it. Through the process of quantifying the reads that correspond to distinct genes or 

transcripts, scholars can ascertain the levels of expression of individual genes, make 

comparisons of gene expression across various samples, detect genes that are differentially 

expressed, and acquire a deeper understanding of the complexity of the transcriptome. 

2.3 Meditation  

Meditation and mind-body intervention has been grown in popularity and acceptance in the 

health sector, in the past decade. These interventions have been shown to have various 

psychological benefits among healthy and clinical populations such as reduction of 

stress(Chiesa & Serretti, 2009), decreases pain and anxiety(Strauss et al., 2014). However 

underlying molecular mechanisms for the relatively well studied clinically and physiological 

effects is still lacking. 

The very first study done to know the role of mind-body intervention on the gene expression 

profile was carried out in 2005 on six long-term Falun Gong Qigong practitioners and six 

healthy controls. In this study the gene expression profile was done on neutrophils using the 

microarray of 12,000 genes.  It was observed that Qigong practitioners had significant number 

of genes regulated compared to the control which were involved in some common pathways.  
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It was observed that Qigong practitioners have enhanced expression of genes involved in 

immune functions and downregulation of genes involved in apoptosis(Li et al., 2005).   

In 2008 a similar kind of study was done on the practitioners of Sudarshan Kriya. Practitioner 

of Sudarshan Kriya were compared to controls but only few numbers of genes were analysed.   

The hypothesis made here was that regular Sudarshan Kriya practice improves stress 

regulation, which should be reflected in Gene expression. The reverse transcriptase–

polymerase chain reaction was used to analyse the level of gene expression in white blood cells 

that had been separated from freshly drawn blood. The gene analysed were related to oxidative 

stress, DNA damage, cell cycle control, aging and cell death. The results suggested that 

Sudarshan Kriya may enhances the immune system by upregulating the genes that inhibit cell 

death(Sharma et al., 2008).  

A study from 2012 showed how mind-body intervention can show reversal of gene expression 

pattern in older adults. After the intervention the gene expression profile showed the 

downregulation of proinflammatory gene expression pattern which was upregulated before the 

intervention. 

Recently a large-scale genome analysis has been carried out on more than 106 subjects in 2018 

who participated in an 8 days advanced inner-engineering retreat program. The blood was 

drawn from the practitioners at 4 different time points. The T1 samples were collected 5 to 8 

weeks before the retreat, T2 samples were collected on the day of retreat before starting the 

meditation method, T3 samples were collected immediately after the retreat, and T4 samples 

were collected 3 months after the retreat.  

Differential Gene Expression analysis was done by pair-wise comparison of all 6 permutation. 

Differential gene expression analysis identified 1,649 genes differentially expressed in total. 

Out of identified 1,649 differentially expressed genes,719 were seen to be differentially 

expressed in T3(44%), followed by 496 differentially expressed at T4(30%). The top 10 

differentially expressed genes at T3 were directly related to immune response including viral 

defence function. While the differentially expressed genes in T4 were involved in catalytic 

activity, localized to the mitochondrial membrane and translation elongation factor activity. 

These findings helped us to understand that meditation have immediate effect on immune cells 

and genes which are transient in nature followed by dynamically altered effect(Chandran et al., 

021).  
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3. Work plan 

 

Figure3: Schematic workflow of RNA-seq data of Meditation and annotation of lncRNA 
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4. Material Method 

4.1  Raw Data for Deseq2 Analysis 

The raw data for the Deseq2 gene expression was obtained from the paper “Large-scale 

genomic study reveals robust activation of the immune system following advanced Inner 

Engineering meditation retreat”. The RNA-seq data was submitted to NCBI-GEO under 

the accession number GSE174083. Data contained the transcriptome profile of 388 

specimens obtained from 106 individuals at 4 different time points. (T1= 97, T2= 105, T3= 

104, T4= 82; N= 388).  

 

 

Figure4:  Representing Data used for Transcriptome analysis (Figure according to 

Chandran et.al.)(Chandran et al., 2021). 

 

i.  Need of Data Normalisation 

Prior to estimation of differentially expressed genes, there is a need for normalization of 

data. This ensures that the expression levels of the genes are adjusted for to account for 

variations in sequencing depth, library size, and other technical factors, allowing for more 

accurate and meaningful comparisons between samples. The following two aspects are 

taken into consideration. 
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1. Library Size: the library size refers to the total number of sequenced reads or 

fragments obtained from the sample. 

 

Figure5: Representing RNA-Seq Data with Difference in library size 

2. Library Composition: Library composition refers to the relative abundance or 

composition of different RNA molecules within a sequencing library. 

 

Figure6: Representing RNA-seq data with difference in library composition 
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ii.  DATA Normalisation by DESEQ2  

DeSeq2 is a widely utilised package in R that is used to the of conducting differential gene 

expression analysis. The process of normalisation is an important step in the differential gene 

expression analysis of RNA-Seq data as it adjusts the variation in library size and library 

composition that may impact the measurement of gene expression. The normalisation process 

helps to mitigate the influence of the influence of sequencing depth on the gene count and 

accounts for potential biases. The DESeq2 approach employs the negative binomial 

distribution to establish a statistical model for count data and to compute estimations for the 

size factors that are important for normalisation.   

Steps in De-Seq2 Data Normalisation in R 

1. Counts Matrix: Counts matrix is obtained from the RNA seq DATA. Counts matrix 

contain raw counts of the transcripts in each sample.  

2. DeSeq data set: To create a DESeqDataSet object in R, one must utilise the raw count 

matrix along with relevant metadata related to each sample, such as experimental factors, 

treatment groups, or conditions. 

3. Estimate size factors: The calculation of size factors based on library sizes can be 

performed by utilising the estimateSizeFactors function in DESeq2. These factors explain 

variations in sample-to-sample sequencing depth. 

4. Normalize counts: Utilise the size factors acquired in the previous step to normalise the 

raw counts. 

5. Differential expression analysis: DESeq2 conducts differential expression analysis by 

utilising statistical models, such as the negative binomial distribution, to identify genes 

that exhibit differential expression between groups or conditions after normalising the 

counts. 
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iii. BASIC ALGORITHM FOR DE-Seq2 Data normalisation 
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4.2 Obtaining Alu content from LNC RNA  

Alu elements are the most abundant transposable elements that are widely dispersed throughout 

the human genome. Many lncRNA are said to be rich in Alu elements as they can play an 

important role in Lnc function.  

The Alu content in LncRNA was obtained from UCSC browser. UCSC browser uses Repeat 

Masker program, which screens DNA sequences for interspersed repeats and low complexity 

DNA sequences. 

 

 

Figure7: Representing the genomic location of LINC01775 and showing the Alu repeats 

(SINES) using Repeat masker. 

 

 

   

 

 

 

 

 

  



16 
 

4.3  Resources for functional annotation. 

4.3.1 NCBI-GEO:   NCBI-GEO (Gene Expression omnibus) is a public repository that 

stores and distributes high throughput gene expression data such as RNA-seq and 

DNA microarray data. NCBI-Geo database was launched in 2000, as repository 

for high-throughput gene expression Data.  

GEO provides researchers with access to a vast collection of publicly available 

gene expression datasets, enabling them to explore and analyse gene expression 

patterns across different organisms, tissues, cell types, and experimental 

conditions.                          

Figure 8: Snapshot of homepage of NCBI-GEO 
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4.3.2 UCSC browser: The University of California Santa Cruz (UCSC) Genome 

Browser is a frequently utilised online application that facilitates the 

visualisation, examination, and evaluation of genomic information by 

researchers. The resource offers a comprehensive assortment of genome 

assemblies and their corresponding annotations for a diverse range of organisms, 

encompassing humans, animals, plants, and microbes. 

The UCSC browser helps us to find the chromosomal location of lncRNAs and                                        

their location with respect to protein coding genes. The browser also contains several 

tools like repeat masker that helps in finding Alu content in the gene or long noncoding 

RNA.                                                                                                              

Figure 9: Snapshot of UCSC Browser home page 
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4.3.3 LncHUB: 

lncHUB is a web base database developed by Mayan laboratory that provides known 

inferred knowledge about the 3,729 lncRNAs based on the data obtained from m-RNA 

co-expression. The gene expression data from 11,284 TCGA RNA-seq samples is used 

to make functional prediction about the lncRNA such as their involvement in biological 

processes.   

                                                                                                                             

     Figure10: Snapshot of lncHUB home page  
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4.3.4 LncHUB2: LncHUB2 is an upgradation to the lncHUB that provides the known 

and inferred knowledge about 18705 human and 11274 mouse lncRNAs. 

LncHUB2 produces a report that contains the secondary structure fold of the 

lncRNA, related publications, the most correlated coding genes, the most 

correlated lncRNAs, a network that visualizes the most correlated genes, 

predicted mouse phenotypes, predicted membership in biological processes and 

pathways, predicted upstream transcription factor regulators, and predicted 

disease associations. 

 

Figure11: Snapshot of lncHUB2 home page   

4.3.5 DisGeNET: DisGeNET is a discovery platform containing one of the largest 

publicly available collections of genes and variants associated to human diseases. 

The current version of DisGeNET contains 1,134,942 gene-disease associations 

(GDAs), between 21,671 genes and 30,170 diseases, disorders, traits, and clinical 

or abnormal human phenotypes, and 369,554 variant-disease associations 

(VDAs), between 194,515 variants and 14,155 diseases, traits, and phenotypes. 

 

Figure12: Snapshot of DisGeNET home page   
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4.3.6 LncRNADisease 2.0: LncRNADisease 2.0 represents a revised iteration of the 

LncRNADisease repository, serving as an exhaustive repository for diseases that 

are linked to long non-coding RNA (lncRNA). The resource offers an array of 

lncRNA-disease associations that have been experimentally validated, 

accompanied by corroborating evidence and functional annotations. 

 

    

Figure13: Snapshot of LncRNADisease 2.0 home page   
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4.4  METHODOLOGY 

1. Raw data: RNA sequencing DATA for the given study was obtained from NCBI GEO 

accession number GSE 174083[ref]. The study involved 106 individuals participating 

in a meditation retreat at 4 different time points (T1-T4) and obtaining their 

transcriptome profile. T1 sample obtained 5-6 weeks before retreat, T2 samples were 

obtained on the day of retreat, T3 samples were obtained immediately after retreat, T4 

samples were obtained after 3 months of the retreat. 

2. Data normalisation and Differential gene expression: For the normalisation of the 

raw counts Deseq2 package from R was used. DeSeq2 is a popular package in R used 

for analysing RNA-seq data. De Seq2 algorithm estimates variance-mean from the 

counts data and calculates the differential expression based on negative binomial 

distribution. 

3. Obtaining Alu Content from Lnc RNA: Alu content for the LncRNA was obtained 

from the repeat masker function in UCSC Browser.   

4.  Differentially Expressed long non-coding RNA: Differentially expressed long non 

coding RNA were filtered out from the list of DEG. Differentially expressed long non 

coding RNA were obtained by comparing 2 different time points (T2VST3 AND 

T2VST4). 

5.  Functional Annotation of long non-coding RNA: For the functional annotation of 

the long non coding RNA several data bases were used as each data base provides sone 

unique characteristics about the long noncoding RNA. 
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5. Results 

a.  Differential gene analysis: The differential gene expression analysis was 

performed on the dataset comprising of samples at different timepoints (T2 vs 

T3 and T2 vs T4). The obtained data set contained transcriptome profile of 106 

individuals at 4 different time points (T1 = 97, T2 = 105, T3 = 104, T4 = 82; N 

= 388). 

Analysis of DeSeq2 results takes into account the magnitude of log2Fold change, 

significance of p-value and the degree of stringency applied (adjusted p-value).  

Log2fold change: It indicates the magnitude of change in gene expression profile 

between two time points. 

p-value: The p-value represents the statistical significance of the observed difference in 

gene expression between conditions. 

Adjusted p-values: it takes into account the multiple testing problem and correct for the 

possibility of false positives. Adjusted p-values (also known as corrected p-values) take 

into account the multiple testing problem and correct for the possibility of false positives 
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 Figure14: Result of Deseq2 analysis (T2 vs T3) 

 

Figure15: Volcano plot representing differentially regulated gene (Blue down regulated 

regulate and red upregulated.) 
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b. Filtration of Differentially Expressed Lnc RNA: From the differentially 

expressed genens obtained from the Deseq2 results Differentially expressed 

Long non-coding RNA were filtered out for 2 different time points.  

  

 

T2vsT3: 

 

Table1: List of differentially expressed lncRNA at T2 vs T3 

 

 

T2vsT4: 

Ensemble Id base Mean log2FoldChange lfcSE stat P value P adj lnc name 

ENSG00000233975.2 174.5217539 1.851244726 0.221627845 8.3529429 6.66E-17 4.08E-13 LINC02574 

ENSG00000246223.10 33.44347751 -0.808535825 0.233686378 -3.459919 0.00054 0.073955 LINC01550 

ENSG00000234277.3 6.562572496 0.677255825 0.244764353 2.7669708 0.005658 0.238284 LINC01641 

ENSG00000260388.2 3.195381159 -1.147291232 0.416476228 -2.754758 0.005874 0.241598 LINC00562 

ENSG00000204650.14 8.144042176 -0.974388454 0.358669531 -2.716675 0.006594 0.253804 LINC02210 

Ensemble id 
base 
Mean log2FoldChange lfcSE stat P value P adj Lnc names 

ENSG00000204054.14 36.34939 0.5798396887 0.2215073698 2.617699309 0.008852477396 0.5140518744 LINC00963 

ENSG00000225226.2 0.87574 2.416433258 0.9198318287 2.627038098 0.008613169001 0.5069320891 LINC01795 

ENSG00000233559.2 35.75638 0.7526160857 0.2153412555 3.494992559 0.000474074971 0.1456739121 LINC00513 

ENSG00000233730.2 52.63710 -0.5166061089 0.1878125757 2.750647059 0.005947768796 0.4219544492 LINC01765 

ENSG00000264247.2 11.33081 -0.9711936313 0.3706491904 2.620250243 0.008786526481 0.5135399183 LINC00909 

ENSG00000271856.1 9.60658 -1.294436342 0.4115028679 
-
3.145631399 0.001657287302 0.2554292376 LINC01215 
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Table1: List of differentially expressed lncRNA at T3 vs T4 

 

 

 

 

c. Lnc and Alu-content: Alu content for the Differentially expressed long 

non-coding RNA was obtained using repeat masker from the UCSC database.  

 

Figure16: Results obtained from UCSC browser for Alu content in linc02574  

Alu Ratio = Total base pair of Alu/ Total length of LncRNA 

 

 

 

 

ENSG00000272888.8 45.70877 -0.7435953776 0.1997348514 
-
3.722912513 0.0001969377772 0.1101179487 LINC01578 
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d.  Functional annotation of lncRNA: With the help of data mining the lnc 

were annotated using data from different databases like ncpath for lnc-gene 

interaction, DisGnet2 and LncRNADisease 2.0 database for disease prediction 

and lnchub and lnchub2 for biological pathways and processes prediction. 

 

        Figure15: Representing relation between pathways, long non-coding RNA and target 

genes   
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6. Discussion:  

Long non-coding RNA have shown to play an important role in diverse biological processes, 

encompassing development, differentiation, and pathological mechanisms. The study on long 

non-coding RNA (lncRNA) have remain an active field of exploration for past few decades 

due to their potential application in human health and welfare. 

In contrast, meditation is a contemplative technique that as been mentioned in ayurvedic 

literature such as “Hatha Yoga Pradīpikā”, and has been practiced for centuries for physical and 

mental benefits. 

At present direct there are no direct research exploring the involvement of lncRNA with 

meditation, while number of publications have supported the change in gene expression pattern 

in response to meditation. 

This change in gene expression pattern could be directly or indirectly related to lncRNA 

regulation as both lncRNA and meditation are seen to be involved in biological process related 

to stress and inflammation. However, more research is needed to explore this relationship and 

uncover the specific mechanisms involved. 

In the present study, we tried to explore the role of long non-coding RNA in meditative state 

through in-silico analysis. This study in a preliminary investigation and cannot give conclusive 

evidence for the role of long non coding RNA in meditation but can provide an initial frame 

work for lnc-RNA analysis. 
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