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Areas of interest

Mˁeditation

Gˁene expression

Bˁioinformatics

Iˁmmunology

Sˁignalling pathways

Cˁovid-19

Mˁultiple Sclerosis



INTRODUCTION



Benefits of yoga and meditation

Rˁeducing stress

Aˁnxiety

Fˁatigue

Dˁepression

Cˁhronic pain

Iˁnflammatory bowel disease

Cˁardiovascular disease



Previous studies

ˁEpigenetics, gene expression, biomolecules and neurotrophins in response to yoga,Tai-chi, Qigong,QMT,pranayama,

mindfulnessand MBSR(Venditti et al., 2020)

ˁMindfulness, relaxation response,other MBI with with physical component; 81% of the studies found a reduction in the

inflammation related genes and/or transcription factors (Buric et al., 2017)

ˁDifferential expression relating to immune function and energy efficiency were most apparent in transcendental

meditation group all 49 genesassociatedwith inflammation were downregulated , while genesassociatedwith antiviral

and antibody componentsof the defense response were upregulated (Wenuganenet al., 2021)

ˁMeditation group showed 61 differentially methylated sites (DMS) in genes mostly associated with immune cell

metabolism and ageing and in binding sites for several transcription factors involved in immune response and

inflammation, amongother functions in comparison to peopleengagingin leisure activities (Chaixet al., 2020)



Limitations of the previous studies

1. Cross-sectional studies (evaluating only one time point) 

2. Done on highly experienced meditators 

3. Small sample sized 

4. Tested on handpicked nonspecific biomarkers 

5. Confounded with different lifestyle and diet



Need for the study

1. Unbiased gene expression analyses 

2. Different time points 

3. Large sample size

4. Controlling factors like diet and lifestyle

5. To show that meditative practices reflect significant differences in the intrinsic transcriptional 

networks rather than altered expression of a few genes



METHODOLOGY



Ethics and CTRI

ÁThis study was reviewed and approved by the Institutional Review Board (IRB) of the Indiana

University School of Medicine (IRB #1801728792). The genome-wide transcriptome analyses

part of the study was also reviewed and approved by the IRB of the University of Florida (IRB

#201802368)

ÁThis study was registered at clinicaltrials .gov (NCT04366544) and complied with the Consolidated

Standardsof Reporting Trials



Inclusion Exclusion

Áat least 18 y of age

Áat least 1 y of meditation experience

Áinability to read or comprehendthe consentform

Ásubjectswith medical conditions in which a blood

draw would be contraindicated (e.g., severe

anemia)

Áactive useof marijuana, opioids, or related drugs

Áuse of antibiotics or probiotic/prebiotic

supplementswithin 60 d of enrollment

Áparticipants living outside the country



Recruitment 

ÁInvitation letters with study information, including a link to the online survey, were sent

electronically to all registrants 2 to 3 mo prior to the program

ÁA study information sheetat the beginningof the online survey.

Á1) survey-only participation (no blood sampling)

Á2) survey and blood sampling (requiring two blood samplesprior to the Samyamaprogram and

two blood samplesupon completion of the program)

Á3) no participation .



Preparatory training

ÁSixty days before the program

ÁDietary restrictions including vegan diet and elimination of substances such as garlic, onion, chili, 

eggplant, asafoetida, coffee, tea, alcohol, cigarettes, and other stimulants

Á)ÎÔÁËÅ ÏÆ ÍÉÎÉÍÕÍ υπϷ ÎÁÔÕÒÁÌ ÆÏÏÄÓȠ ÁÎÄ ÆÏÃÕÓ ÏÎ ȰÌÉÖÉÎÇȱ ÁÎÄ ÕÎÃÏÏËÅÄ ÆÏÏÄÓ

ÁA daily yoga and meditation practice of 1 to 2 h per day before the retreat.



Yoga (1 ɀ2 hours per day) 

ÁHatayoga(SuryaKriya and Yogasanas; asanas,or postures,meant to kneadand strengthen the body),

ÁKriyas (Shakti ChalanaKriya and ShambhaviMahamudra; combinations of posture,breath, and sound that are

meant to purify and enhancethe flow ofÏÎÅȭÓenergieswhile simultaneously increasinggeneralstability)

ÁShoonya(conscious nondoing meant to bring stillness and stimulate the release of physical, mental, and

emotional blocks)

ÁPranayama (Sukha Kriya; regulation of breath, meant to facilitate overall stability, balance, and steady

attention)

ÁArdha Siddhasana(an asana in which one sits cross legged with the heel of the left foot placed at the

foundational junction ofÏÎÅȭÓenergy channels,meant to help participants sit in stillness with spine erect for

longer durations).



Samyamameditation

Ȱˁ-ÉÎÄ ÁÎÄ ÂÏÄÙ ÁÒÅ ÕÎÉÆÉÅÄ ÉÎ ÆÏÃÕÓ ÏÎ ÔÈÅ ÐÒÅÓÅÎÔ ÍÏÍÅÎÔȱ

Sˁeated meditation 

Aˁttention on the breath with eyes fully or partially open

Pˁassively observing thoughts in addition to watching the breath



Aˁpril 2018

Iˁsha Institute of Inner Sciences (McMinnville, TN)

Mˁore than 10 hours of meditation per day

Pˁarticipants completed 8 days in complete silence

Sˁtrict vegan diet

Rˁegular sleep wake cycle



Time line

1 year 

meditation 

experience

60 days before 

intervention

Dietary restrictions
Vegan diet

ȰÌÉÖÉÎÇȱ ÁÎÄ ÕÎÃÏÏËÅÄ ÆÏÏÄÓ

Yogasanas
Kriyas

Pranayama 
Meditation

42 days before 

intervention

T1

Blood sample

Day 0
Before 

intervention

Day 8
After intervention

T2

Blood sample

T3

Blood sample

Day 90
Before 

intervention

T4

Blood sample





Blood Sampling

Ḑˁ10 mL peripheral blood taken at four time points

Tˁ1 and T4 were collected at home by an in-home phlebotomist or at an Isha Center group

meditation by study personnel. The remaining sampleswere collectedat the Isha Institute of Inner

Sciencesbefore/after the meditation retreat.

Iˁndividuals who did not submit baselineblood sampleswere allowed to participate at T2 and T3

(but not T4).

Pˁeripheral blood was collected in PAXgenetubes and frozen before RNAextraction. Sampleswere

stored frozen at -80 °Cuntil analysiswas performed.



wikipedia

Gene expression = Transcription + translation

Gene expression



PAXgeneblood RNA 
tubes incubated 

overnight at room 
temperature

Samples randomized

RNA extraction and 
purification
estimation

Reverse transcription
&

DNA sequencing

Mapped to human 
transcriptome and 

quantified using STAR 
aligner



To determine where on the human
genomeour readsoriginated from, we will
align our reads to the reference genome
using STAR(SplicedTranscripts Alignment
to a Reference).

Teaching material from hbc training

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3530905/


Cˁellular deconvolution

Cˁell type proportion estimates

Dˁifferential expression analysis 

bˁatch and cell type composition corrected data

4ˁ time points ɀpairwise comparison of all 6 permutations and combinations
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(B) Heatmaps are depicting the expression of the top ten genes (rows) across samples (columns) for six different time point

comparisons (red corresponds to gene up -regulation and blue to down -regulation) . Mean gene expression levels are shown as

a bar plot . (Top and Bottom) The top 10 genes up -regulated at T3 (after meditation) and T4 (3 mo after meditation) are shown .

1649 differentially expressed genes

44% (719) genes altered at T3
30% (496) genes altered at T4

In comparison to T1 and T2



(C) Boxplot represents the variability in the

expression levels of the top two genes up -

regulated at T3 (Top) and T4 (Bottom) .

116 genes altered only in T3

Top 10 DE genes (IFIT1, HERC5, MX1, XAF1, IFIT3, IFI6, IFI44L,
RSAD2, ISG15, IFITM3) in T3 alone were directly related to
immune response including antiviral defensefunction influence of
meditation intervention on the genetic make-up of blood cells with
the early waveɀassociatedimmune-related changes

58 genes altered only in T4

Several up-regulated genes involved in catalytic activity (CAD, FADS1, FAXDC2, MAP2K3, PGLYRP1, and
UCK1), localized to the mitochondrial membrane (CISD2, NDUFAF1, and MRPS18A), and involved in
translation elongation factor activity (ELOF1 and ELOB)



Cold Spring HarborLaboratory Guglielmi, 2018
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Weighted gene coexpression network analysis 
(WGCNA)

Aˁ bioinformatics application for exploring the relationships between different gene

sets (modules), or between gene sets and clinical features (Langfelder and Horvath,

2008)

Fˁor understanding the modular network structure of the transcriptome, to organize the

meditation-related transcriptional changesin an unbiased manner. WGCNApermits the

identification of modules of highly coexpressed genes whosegrouping reflects shared

biological functions and key functional pathways and key hub geneswithin the modules

and hasbeenwidely applied to understanding disease-related transcriptomes



(D) Hierarchical clustering of WGCNA module eigengenes . (E) Module -trait associations . Each row corresponds to

a module eigengene and column to a trait . Each cell contains the corresponding correlation and P value . Red

and blue color denote positive and negative correlation with gene expression, respectively .



(F and G) A scatter plot of gene significance (GS) for T3 versus the module membership (MM) in the turquoise

(Top) and brown (Bottom) module . Intramodular analysis of the genes found in these two modules contains

genes that have a high correlation with meditation, with P < 1.3e65 and correlation >0.8. Heatmaps are

depicting the expression of top 25 hub genes (rows) across samples (columns) for four time points (red

corresponds to gene up -regulation and blue to down -regulation) in the turquoise (Top) and brown (Bottom)

module . Mean gene expression levels are shown as a bar plot . Hub genes have a high GS and MM value with T3

ü Immune function

ü Protein targeting

ü Localization 

ü oxidative stress

ü Cell cycle regulation

Gene ontology enrichment analysis 



Diet, sleep and gene expression
2ˁ5 vegetarian dietɀspecific geneswere compared with T2 and T3 samplesɀno significant changes

found

Sˁurveyresults : A vegandiet was reported in 90.3% (176/ 195) of participants at T2

Cˁhangesin T3 were not due to the vegandiet sinceT1 or T2 versusT3 changeswere not observedin the

T1 versusT2 comparison.

Tˁhe expressionlevelsof all the genesinvolved in the Kyoto Encyclopediaof Genesand Genomes(KEGG)

pathway circadian rhythm (hsa04710) before and after meditation were examinedand found to be non

significant



A transcription factor (TF) (or sequence-specific DNA-binding factor) is a protein that
controls the rate of transcription of genetic information from DNA to messengerRNA,by
binding to a specificDNAsequence.

Leiz et al., 2021


