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Abstract

Muscles are responsible for the movement of body and take up roughly half of the
person’s body weight. Skeletal muscles are the only voluntary muscle tissue in human

body, being controlled consciously.

Skeletal muscle cells form when many smaller progenitor cells lump themselves together
to constitute long, straight, multinucleated fibers. The proliferating muscle cells are called
myoblasts. Myoblasts fuse together to form multinucleated non-proliferating cells called
myotubes. The transition from proliferative to differentiated state involves a complete
shift of the cell’s transcriptome based on a network of regulation at the molecular level.
To uncover the intricacies of molecular activities involved in the process of muscle
differentiation it is essential to have deeper and through understanding of the
transcriptome in its entirety. RNA seq, which is a high through put sequencing

technology, gives us the opportunity to reach into the deepest level of the transcriptome.

By means of the RNA seq technology | obtained the in-depth view of the transcriptome of
human muscle cells from the proliferative to the differentiated stage. The analysis was
extended also to small RNAs, to have a full picture of the transcriptome. | performed the
analysis with the specific objectives of identifying the expressed genes and finding out
differential gene expression, of both mMRNA and miRNA. | also investigated the crosstalk
between mMRNA and miRNA, employing two separate methods : miRNA over expression
and Ago2 immunoprecipitation followed by RNA seq.

The over expression experiments were carried out with 5 different miRNAs and in all
cases | found more genes turned up than turned down. These results suggest that miRNA
might either have a role in mMRNA stabilization or it could play a part in a double negative
mechanism by inhibiting some negative factor. By comparing the genes down regulated
after miRNA over expression with Ago2-enriched genes we have found several candidate
genes which are most likely under the down regulatory control of miRNA.

Skeletal muscle has enormous plasticity and can endure a lot of stress. To study this
aspect of muscle we performed mechanical stretch of differentiating muscle cells. With
RNA seq we got the in-depth view of the transcriptome as a response to stretch. We

performed the analysis at two time points after stretch and found that stretch triggered



immune response genes soon after, but enhanced muscle structural-protein genes

expression over a prolonged course of time when the immune response takes a back seat.

| believe that our thorough transcriptome analysis, including miRNA and mRNA
interaction studies during myogenesis, contributes towards the better understanding of the

process regulating muscle development.



Riassunto

I muscoli sono responsabili dei movimenti del corpo e costituiscono circa meta del peso
di una persona. | muscoli scheletrici sono i soli tessuti muscolari volontari, essendo

controllati coscientemente.

Le cellule del muscolo scheletrico si formano quando diverse piccole cellule progenitrici
si conglobano tra loro per formare lunghe affusolate fibre multinucleate. Le cellule
muscolari proliferanti sono chiamate mioblasti. I mioblasti si fondono tra loro per formare
cellule multinucleate e non proliferanti, chiamate miotubi. La transizione dallo stato
proliferante a quello differenziato implica un completo cambiamento del trascrittoma
cellulare, basato su una rete di regolazione a livello molecolare. Per scoprire il groviglio
di attivita molecolari implicate nel processo di differenziamento muscolare e essenziale
avere una piu profonda ed estesa comprensione del transcrittoma nella sua interezza.
L'RNA seq € una tecnologia di sequenziamento massivo che ci offre I'opportunita di

accedere ai livelli piu approfonditi del trascrittoma.

Con la tecnologia del'lRNA seq ho ottenuto una precisa visione del trascrittoma delle
cellule muscolari umane, sia allo stadio proliferativo che a quello differenziato. Per avere
una visione completa del trascrittoma, I'analisi e stata estesa anche agli small RNA. Ho
svolto queste analisi con [I'obiettivo specifico di identificare i geni espressi e di
evidenziare in particolare quelli differenzialmente espressi, sia per quanto riguarda gli
MRNA che i miRNA. Ho anche analizzato il crosstalk tra mMRNA e miRNA, impiegando
due diversi metodi: sovraespressione dei miRNA e immunoprecipitazione di Ago2,

seguita da RNA seq.

Gli esperimenti di sovraespressione sono stati condotti con 5 diversi miRNA e in tutti i
casi ho trovato piu geni che hanno aumentato il loro livello piuttosto di geni che I'hanno
diminuito. Questi risultati suggeriscono che i miRNA potrebbero avere un ruolo nella
stabilizzazione degli MRNA, oppure potrebbero avere un ruolo in un doppio meccanismo
negativo, inibendo a loro volta fattori negativi. Confrontando i geni che diminuiscono di
livello dopo la sovraespressione di  miRNA con i geni arricchiti
dall'immunoprecipitazione con Ago2, abbiamo trovato diversi geni candidati per essere

sotto il controllo inibitorio dei miRNA.

Il muscolo scheletrico ha una grande plasticita e puo sopportare un notevole stress. Per

studiare questo aspetto del muscolo abbiamo sottoposto le cellule in differenziamento a



stiramento meccanico. Con I'RNA seq abbiamo ottenuto un'approfondita visione del
trascrittoma in risposta allo stiramento. Abbiamo effettuato queste analisi a due diversi
tempi dopo lo stiramento ed abbiamo trovato che nel periodo immediatamente successivo
allo stimolo vengono sovraespressi geni implicati nella risposta immunitaria, mentre
successivamente sono attivati i geni codificanti proteine muscolari strutturali, quando allo

stesso tempo la risposta immunitaria viene inibita.

Sono convinta che la nostra approfondita analisi del trascrittoma che include I'interazione
di mRNA e miRNA durante la miogenesi, possa contribuire ad una maggiore

comprensione di processi che regolano lo sviluppo muscolare.



Chapter 1

Introduction



1.1 Skeletal muscle

Skeletal muscle is one of the most highly organised structures in the biological world, and
is primarily involved in the execution of voluntary movement (1). Skeletal muscle is
composed of a number of muscle fibre types that differ with respect to their contractile,
metabolic and molecular properties (2). The characteristics of a skeletal muscle is its

contractile function
1.1.1 — Structure

Skeletal muscle is composed of many individual muscle fibres (3). Each fibre is covered
in endomysium and beneath this, resides the cell membrane or sarcolemma. Structurally,
each muscle fibre is composed of many protein bundles called myofibrils, which in turn
comprise of alternate dark and light staining filaments (3). The sarcomere is composed of
the thin (actin) filaments, the thick (mostly myosin) filaments, and the giant filamentous
molecule titin. Titin alos known as connectin is the molecular spring that is responsible
for the passive elasticity of the muscle. It connects the Z line to the M line in the
sarcomere. The thin filaments are anchored in the Z-line, where they are cross-linked by
a-actinin. The thick filament is located centrally in the sarcomere and constitutes the
sarcomeric A-band. The myosin heads, interact with actin during activation. In the A-
band titin is inextensible due to its strong interaction with the thick filament. The distance
from one Z-line to the next is defined as one sarcomere, the smallest integral contractile
unit (2).

1.1.2 Myogenesis

The formation of skeletal muscle involves a series of steps in which multipotential
mesodermal precursor cells become committed to a muscle cell fate and then proliferate
as myoblasts until they encounter an environment lacking mitogens, at which point they
exit the cell cycle and differentiate (4). Skeletal, cardiac, and smooth muscle are each
derived from mesodermal precursor cells in different regions of the embryo. Although
these three different muscle cell types express many of the same muscle-specific genes,
each type is unique with respect to the spectrum of muscle genes they express, their
morphology, their ability to divide, and their contractile properties. Therefore, if any
shared myogenic program exists it must be modified by different regulatory factors to

generate the diversity of three muscle cell types.



Adult myogenic cells are derived mainly from muscle satellite cells that are specialized
myogenic cells found during late fetal development. In mice the myogenic precursors in
the dermomyotome express Pax3, Pax7 and low levels of the myogenic determination
factor Myf5. The paired-domain transcription factors Pax3 and Pax7 act upstream of the
primary myogenic basic helix—loop—helix (bHLH) transcription factors Myf5 and MyoD,
in myogenic specification. When myogenic determination genes MyoD and Myf-5 are
activated the muscle precursor cells are committed to become myoblasts and migrate into
the adjacent embryonic connective tissue, or mesenchyme and express other muscle
specific genes such as myogenin and MRF4, that after a period of proliferation, induce
the fusion of myoblasts into multinucleated and highly specialized skeletal muscle cells
called myotubes or myofibres (5). A typical myofibre is cylindrical, large (measuring 1-
40 mm in length and 10-50 um) and multinucleated (containing as many as 100 nuclei).
Muscle fiber is a cylindrical multinucleate cell composed of numerous myofibrils that
contracts when stimulated. Muscle fibres are the basic contractile units of skeletal muscle
and are individually surrounded by a layer of connective tissue and grouped into bundles to

form skeletal muscle (6, 7).
1.1.3 Differentiation

Skeletal muscle development involves an initial period of myoblast replication followed by a
phase where some myoblasts continue to proliferate while other undergoes terminal
differentiation. The process of differentiation involves permanent cessation of DNA
synthesis, activation of muscle specific gene function and fusion of single cells into multi
nucleated muscle fibers (51). Skeletal muscle differentiation is a tightly regulated process
that requires the coupling of muscle-specific gene expression with the terminal withdrawal
from the cell cycle. The MyoD family of basic helix-loop-helix (bHLH) skeletal muscle
specific transcription factors plays a pivotal role in initiating skeletal muscle differentiation.
MyoD and Myf-5 are the most important members of this protein family and are
expressed in proliferating and undifferentiated cells, whereas the expression of other
bHLH transcription factors such as myogenin and MRF-4 occurs only during
differentiation or in adult mature skeletal muscle, respectively. These four myogenic
bHLH proteins are known as myogenic regulatory factors (MRFs). The MRFs are able to
bind DNA both in the form of homodimers as well as in the form of heterodimers with
ubiquitously expressed transcription factors called E proteins. Their binding sites, called

E boxes, share the consensus sequence CANNTG. The binding of the bHLH/E protein to



DNA is essential for the activation of the muscle specific differentiation program (8). The
differentiation process starts during embryogenesis, when the appropriate environmental
stimuli are encountered. In the myotome of the embryo, the MRF’s present in determined
myoblasts (MyoD and Myf-5) initiate a cascade of events that leads to the activation of
other transcription factors, the MEF2 family, which are necessary for the transcription of
myogenin and other skeletal muscle specific genes. Myogenin itself can also activate
MEF2, creating a positive regulatory loop that ensures the maintenance of appropriate
levels of these proteins in differentiating skeletal muscle (8, 9). Amongst the earliest
muscle genes to be expressed in the myotome are desmin, Titin and a-actin. The
expression of the myosin heavy chain gene occurs almost a day after the accumulation of
the a-actin protein. Committed myoblasts initiate their transformation into differentiated
myotubes by first expressing all the major structural proteins. Then, the other muscle
genes are activated following a strict temporal regulation during the embryonic, fetal and
postnatal development (10). At the same time a system intervenes to allow the cell to exit
from the cell cycle thus permitting tissue specific gene expression, cell fusion and the
formation of multinucleated myotubes (8). These events involve both muscle specific
transcription factors and ubiquitous cell cycle regulatory proteins. In fact MyoD, that
represents the major coordinator of skeletal muscle differentiation, is also able to induce
the expression of p21, a potent inhibitor of Cyclin-Dependent Kinases (Cdks), thus forces
the cell cycle withdrawal (11). This event inhibits the Retinoblatoma protein (pRDb)
phosphorylation thus promoting its activation and allowing it to sequester the E2F
transcription factor, thus blocking cell cycle progression (12). Moreover MyoD and pRb

can directly interact with each other (13).

Many other cell cycle regulatory proteins are involved in this complex picture. In fact the
p53 tumor suppressor protein is essential in the process of skeletal muscle differentiation,
since p53-impaired cells fail to differentiate (14, 15) even though cell cycle withdrawal
takes place in a p53-independent manner. Indeed the p53 tumor suppressor is crucial to
elevate un-phosphorylated pRb levels to a threshold sufficient to terminally maintain the
cell in GO/G1 (17) and to activate together with MyoD the expression of late muscle
differentiation markers (18, 19). The last step in the differentiation process is represented
by myoblasts fusion. This event correlates with fibronectin secretion onto the
extracellular matrix, to which differentiating cells attach using the a5p1 integrin. After

that, myoblasts start aligning. This step is mediated by several cell membrane



glycoproteins, including several cadherins and CAMs. Ultimately cell fusion occurs,
mainly through the action of a set of metalloproteinases called meltrins and

multinucleated differentiated myofibres are formed (20).

1.1.4 Skeletal muscle contraction

Muscle contraction consists of a cyclical interaction between myosin and actin driven by
the concomitant hydrolysis of adenosine triphosphate (ATP) (21). Myosin and actin, the
components which respectively form the thick and thin filaments were amongst the first
proteins to be purified with reference to muscle function (22). The hexametric protein
myosin comprises two heavy chains (220 KDa) and four light chains (20-25 KDa), and
forms the thick filaments. The terminus of myosin forms a globular head region required
for the hydrolysis of ATP and binding of actin. The four light myosin chains are located
between the globular head and the carboxy-terminal rod region (1). Thin muscle filaments
are comprised of several proteins; however actin (43 KDa) is by far the most abundant
constituent. Thick and thin regions of physical overlap form in which globular myosin
heads project from the thick filaments to interact with thin actin filaments. ATP
hydrolysis mediates a conformational change in the globular myosin heavy chain head
region, resulting in an interaction between the globular head and actin further along the

filament and inducing a shortening of the muscle fibre.

Multiple isoforms of myosin heavy chain (MHC) exist, which comprise a family of
molecular motors able to modulate the speed of skeletal muscle contraction (23). The
contractile speed of a particular muscle fibre may therefore be determined, in part, by the
isoform of MHC protein which it expresses. The sarcomeric MHC family consists of at
least eight known isoforms, each encoded by a distinct gene located in two multigenic
regions on two separate chromosomes (24). Six genes are encoded by a 300 — 600Kb
segment on human and mouse chromosomes 17 and 11 respectively, in a cluster
arrangement in the order MyH3/MyH2, MyH1/MyH 4, MyH 8/ MyH13 (5° — 3°). The
MyH2, MyH1 and MyH4 genes encode the protein isoforms commonly termed MHC
A, 11X and 11B. Of the eight sarcomeric isoform genes of MHC, four are known to be
expressed in adult skeletal muscle: one “slow-twitch” (Type I) muscle associated MHC
isoform 1s encoded by the MyH7f gene and three “fast-twitch” (Types IIA, I1IX and 1IB)

muscle associated isoforms, associated with increasing contractile speed. A combination

10



of the latter “fast-twitch” isoforms account for over 90% of MHC in adult skeletal muscle

(25).
1.1.5 Skeletal muscle metabolism

Muscle contraction is driven by the hydrolysis of adenosine triphosphate (ATP) (21)
which may be derived from the metabolism of fatty acids (-oxidation) or carbohydrates
(glycolysis). The B-oxidation of fatty acids takes place in the mitochondria of muscle
fibres. Endothelial lipoprotein lipase (LPL) is involved in the transport of fatty acids from
the circulatory system into the myocellular compartment (26). Hormone sensitive lipase
(HSL) liberates free fatty acids from the intramyocellular lipid (IMCL) pool which are
transported into the mitochondrion for B-oxidation by carnitine palmitoyltransferase 1
(CPT-1). The production of ATP via the B-oxidation of fatty acids is an oxygen-

dependent process.

Carbohydrates reach the myofibre from the circulatory system and may be stored as
glycogen, converted to triglycerides, or metabolised via glycolysis. In contrast to -
oxidation, the metabolism of carbohydrates via glycolysis is an oxygen independent
process; however metabolism under these conditions leads to the production of lactate
(26).

1.2miRNA and its role in general

A microRNA is a small non-coding RNA molecule (22 nucleotides) found in plants,
animals, and some viruses, which functions in transcriptional ans post-transcriptional
regulation of gene expression. Encoded by nuclear DNA in plants and animals and by
viral DNA in certain viruses whose genome is based on DNA, miRNAs function via base
pairing with complementary sequences within mRNA molecules, usually resulting in
gene silencing via translational repression or target degradation. The human genome may
encode over 1000 miRNAs, which may target about 60% of mammalian genes and are

abundant in many human cell types.
1.2.2 miRNA biogenesis

MIRNAs are transcribed into long transcripts mainly by RNA polymerase 11, although
there are also evidences implicating RNA polymerase 11l in the transcription of some

MiRNAS (27). Most of them are polyadenylated in its 3’end and capped at its 5’extremity,
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like mRNAs. In the canonical pathway (Fig 10) these primary-miRNAs (pri-miRNAS)
folds into a stem loop structure that will be further processed by two RNAse IlI
endonuclease, Drosha and Dicer. In the nucleus, the hairpin structure is cleaved from the
flanking regions originating the precursor-miRNA (pre-miRNA) that is =70 nucleotide
long. This first processing step is catalyzed by Drosha that is helped by a cofactor,
DGCRS8 (DiGeorge syndrome critical region gene 8) (Pasha in Drosophila). This complex
is called the Microprocessor. DGCRS8 contains two dsRNA-binding domains that directly
interact with the stem-loop and with the flanking region, serving as a molecular anchor to
Drosha that carries out the cleavage reaction. The cleavage produces highly exact
extremities and is highly regulated. The production of pre-miRNAs not always requires
the participation of the microprocessor complex. In fact, a rare alternative pathway has
been identified initially in fly and nematodes, but also present in mammals (28, 29, 30).
This pathway uses the splicing machinery to liberate introns that mimic the features of
pre-miRNAs. These structures are called mirtrons. After being spliced they enter the

normal miRNA processing pathway.

Pre-miRNAs are then exported to the cytoplasm by Exportin-5 in a Ran-GTP dependent
way, where they will be further processed. In the cytoplasm the terminal loop of the pre-
miRNA is cleaved originating a mature dsRNA of approximately 22 nucleotides of
length. This step is carried out by Dicer. The PAZ domain of Dicer binds to the
3’overhangs of the pre-miRNAs and this binding determines the cleavage site since that
Dicer’s catalytic sites are located precisely two helical turns away from the PAZ domain
(bound to the pre-miRNA). In this step, Dicer is assisted by the Tar RNA Binding Protein
— TRBP (know as Loquacious in Drosophila), another dsSRNA binding protein. At the end
of this last processing step Argonaute 2 is recruited to the complex Dicer/TRBP leading
to the unwinding of the duplex. At this stage one of the strands, the mature miRNA, is
preferentially incorporated into the complex that will repress target gene expression — the
RNA-Induced Silencing Complex (RISC). The choice of the mature strand is based on the
thermodynamic stability of the two ends of the duplex. The complementary strand
(miRNA*) in most cases is degraded. However there are growing evidences that both
strands can be incorporated into the RISC complex in a functional way (31).

The key proteins of the RISC complex are the Argonautes (AGO). These proteins contain
three highly conserved domains, PAZ, MID and PIWI domains, that interact with the

MIiRNAs. In mammals there are four AGO that function in miRNA repression (Agol to
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Ago4). Different AGO proteins seems to have different specificity to the miRNA or
siRNA pathway. Another crucial factor for miRNA-repression is the GW182 protein.
This protein interact directly with AGO proteins and are thought to be the effectors of
AGO. There are other proteins interacting with RISC to modulate miRNA function. This
is the case of Fragile X Mental Retardation Protein (FMRP), which binds RNA molecules
and might modulate translation. Also RNA Helicase RCK/p54, which is a p-body
component, is thought to be essential to induce repression. Finally TRIM32 was recently
seen to bind the RISC components enhancing in this way its activity. However further
studies are required for a better understanding of the proteins that modulate this complex

process of MiIRNA-mediated repression (32, 33, 34).
1.2.3 mRNA degradation

There are two mechanism for mRNA degradation, the first being when mRNAs undergo
endolytic cleavage by Ago2 (37) and the second is when mRNAs undergo poly(A)
removal by deadenylases (38).

1.2.4 Translational activation

Some studies indicate that miRNAs can stimulate translation under specific conditions.
Two proteins are important for this ability of miRNAs to activate growth arrested
mammalian cells. One is Ago2, the other one is FXR1, an RNA binding protein
homologus to fragile X mental retardation protein FMR1/ FMRP. Surprisingly it was
found that human Ago2 activates translation of target mRNAs on cell cycle arrest caused
by serum starvation or contact inhibition, while it normally repressed translation of same
target MRNAs in proliferating cells. FXR1 associates with Ago2 and helps to mediate the
positive influence of miIRNAS on translation (35, 36). Like translational repression, such

activation requires base pairing between mRNA and seed region of miRNA.

1.3  miRNA target prediction

One of the most critical part in the study of miRNAs is the identification of the target
genes they regulate. The study of the molecular mechanism implicated in target
recognition, together with computational approaches were soon translated into basic
principles used in the development of bioinformatic tools that could predict miRNAs

targets.
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The majority of animal miRNAs displays only modest base-pairing to their targets in
contrast to what happens in plants, where the base pairing is perfect. Historically,
mIiRNAs are known to regulate the 3’UTR of the target genes. This was experimentally
demonstrated with the first miRNAs identified and it was also assumed as an in silico
convenience that was further confirmed experimentally. But the use of these predictive
algorithms has left underestimated the possibility that miRNAs might regulate other
regions, such as the 5’UTR or even the coding region of the mRNAs. In fact, experiments
involving artificial and natural mRNAs have shown that their 5’UTR can be targeted by
miRNAs (39). Recent reports have also started to address the possibility that miRNASs can
target the Open Reading Frame (ORF) of certain genes.

The interaction between miRNA and mRNA are through base pairing - most of the times
imperfect base pairing. The most important region of the miRNA is the so called “seed”
region. According to the seed “rule”, the interaction between miRNA and mRNA requires
a contiguous and perfect (or nearly perfect) Watson-Crick base pairing of the 5’
nucleotides 2-8 of the miRNA. Another point to take into consideration when discussing
the miRNA/mRNA interaction is the presence of multiple sites in the same 3’UTR. In
fact this seems to lead to a more efficient mMRNA repression. Some algorithms also take
into account the conservation between related species of the miRNA-binding site. Finally
one must consider that mRNAS have a secondary structure that might block miRNAs
binding (40, 41, 42).

Giving different weight to each of these parameters, several algorithms were developed to
predict miRNAs targets. The most known and robust ones are: TargetScan, PicTar,
Miranda and PITA.

Although the principles used for target recognition are quite well established and
accepted, and considering that different algorithms have different sensibilities, validation

of the predicted targets is always required.

1.4 miRNA in skeletal muscle tissue

One of the first evidences that miRNAs might play a crucial role in adult skeletal muscle
came from a study in sheep (43). The aim of the study was identifying the gene
responsible for the hypertrophic phenotype of the Texel sheep. The authors found a point
mutation in the 3’UTR of the myostatin gene that creates a new binding site for the

MIiRNA-1 and miRNA-206. In these breed of animals, myostatin, a negative regulator of
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muscle growth, is down-regulated by these two muscle-specific miRNAs inducing an
exacerbated muscle growth.

Important evidence highlighting the essential role that miRNAS play in muscle came from
loss-of-function experiments. In this case, O’Rourke et al (44), generated a muscle
specific conditional knock-out of Dicer, the RNAse Il enzyme required for miRNA
maturation. In these mice, the expression of Cre recombinase was under the control of
MyoD regulatory elements, and therefore started to be expressed from embryonic day 9.5.
All Dicer skeletal muscle mutants died just after birth. They showed severe defects in
skeletal muscle embryonic development that was mainly translated in muscle hypoplasia
with hypertrophy of the few remaining fibers. This hypoplasia was attributed to an
increase apoptosis rather than a defect in myofibers formation. These results are similar to
the ones obtained by (45, 46) in which the knock-down of the muscle specific miRNA-1
in Drosophila caused arrest in embryogenesis with disorganized muscle development and
aberrant expression of muscle-specific genes. Altogether these results anticipate a

fundamental role of miRNAs in different aspects of skeletal muscle biology.

1.5 RNA seq and Transcriptome analysis

The transcriptome is the set of all RNA molecules, including mRNA, rRNA, tRNA, and
other noncoding RNA produced in one or a population of cells. In multicellular
organisms, nearly every cell contains the same genome and thus the same genes.
However, not every gene is transcriptionally active in every cell. Different cells show
different patterns of gene expression. These variations underlie the wide range of
physical, biochemical, and developmental differences seen among various cells and
tissues and may play a role in the difference between health and disease. Thus, by
collecting and comparing transcriptomes of different types of cells or tissues, researchers
can gain a deeper understanding of what constitutes a specific cell type and how changes
in transcriptional activity may reflect or contribute to disease. RNA-seq is a new method
in RNA sequencing to study mRNA expression. By considering the transcriptome, it is
possible to generate a comprehensive picture of what genes are active at various stages of
development. Not until a decade back the enormous complexity of human genome has
been realized (47). Transcritome analysis has traditionally focused on cytoplasmic
poly(A)+ RNA, which excluded non coding part of the genome (eg, tRNA, linc RNA,
miRNA , siRNA) and hence a very large segment of important information remained
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inadequately considered. But now that the non coding part of the genome is emerging as
the most important regulatory population of the cell, advanced technique oriented towards
delving deeper inside the transcriptome with better sensitivity to trace minor changes in

gene expression and for discovering new transcripts.

Next generation sequencing provides the way for the much sought after need of
understanding the complexity of transcriptome. With a dynamic range to detect subtle
changes in expression level in a hypothesis-neutral environment, next generation
sequencing helps provide an understanding of biological response to stimuli or
environmental changes. The potential of RNA seq technology for studying transcriptome
has been described by Wang et al (48). The application of RNA seq technology is vast
from finding differential gene and transcript expression to revealing unannotated
transcripts (49, 50).

1.60utline of the thesis

In the present thesis, full transcriptome analysis of human skeletal muscle during
development, through proliferation to differentiation has been presented in four chapters.
Chapter 2 deals with the entire transcriptome sequence of human myoblast and myotube
cells along with adult skeletal muscle tissue. The transcriptome analysis includes
miRnome sequencing also. Entire list of differentially expressed genes has been
presented. miRNA candidates have also been found. Genes of specific protein families
with substantial expression has been shown. To understand the biological meaning of the
genes, GO and pathway analysis results have been presented. Argonaute 2
immunoprecipitation has been performed to capture the genes bound to Ago2 and hence
supposedly bound to the RISC complex,that gave us the probable candidate genes under
miRNA repressing action.

In Chapter 3 differentially upregulated miRNA in myotubes presented in chapter 1 have
been analyzed for their functional role. Genes enriched with Ago2 IP (chapter 1) were
used for the analysis of target recognition of the miRNA.

Chapter 4 shows the transcriptome behaviour of myotubes differentiated under 3D culture
conditions and their similarity and difference in comparison with muscle tissue and 2D

culture has also been presented.
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In Chapter 5 The response to mechanical stretch of differentiating muscle cells have been

presented. Prompt response and delayed response of the transcriptome to mechanical

stretch has been studied and presented in this chapter.
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Myoblast, myotube and skeletal
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dynamics and functional profiling
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2.1 Introduction:

Understanding the dynamics of muscle transcriptome during muscle growth and
development is necessary to uncover the complex mechanisms underlying muscle
development. The formation of skeletal muscle during vertebrate embryogenesis requires
commitment of mesodermal precursor cells to skeletal muscle lineage, withdrawal of
myoblasts from cell cycle and transcriptional activation of dozens of muscle structural
genes. MyoD, myogenin, Myf5 and MRF4 act to establish myoblast identity and to
control terminal differentiation. Myogenic bHLH factors interact with components of the
cell cycle machinery to control withdrawal from the cell cycle and act combinatorial with
other transcription factors to induce skeletal muscle transcription. Elucidation of these
aspects of the myogenic program is leading to a detailed understanding of the regulatory
circuits controlling muscle development. Skeletal muscle differentiation entails the
coupling of muscle-specific gene expression to terminal withdrawal from the cell cycle.
Several models have recently been proposed which attempt to explain how regulated
expression and function of myogenic transcription factors ensures that proliferation and
differentiation of skeletal muscle cells are mutually exclusive processes.
Skeletal muscle is the dominant organ system in locomotion and energy metabolism.
Postnatal muscle grows and adapts largely by remodelling pre-existing fibres, whereas
embryonic muscle grows by the proliferation of myogenic cells.

The role of miRNA in muscle development is widely acknowledged now. Many groups
of researchers have shown the important regulatory roles miRNA play during muscle
development. miR-145 and 143 are known to regulate smooth muscle plasticity (7). Sun
et al have shown the involvement of miR-24 in skeletal muscle differentiation (8). miR-
181 has been shown to target Hox-A11l during myoblast differentiation (9). miR-1, miR-
133 and miR-206 are skeletal muscle specific miRNA and have been extensively studied
by many researchers (10, 11, 12).

To understand the complicated molecular networks working behind muscle development
we need to obtain a thorough knowledge of the transcriptome first before the interactive
networks are unravelled. We have attempted to do so by carrying out transcriptome
sequencing at a massive scale. We performed the experiments in replica to have more
reliable results.

The advent of next generation sequencing technology gives us the opportunity of

capturing the full transcriptomic panorama of a cell at a given point of time. We used
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NGS technology to our advantage and performed RNA seq of proliferating and
differentiating primary human muscle cells along with adult human skeletal tissue. The
functional significance of the genes differentially expressed from one developmental
stage to next was studied by using Gene Ontology and pathway analyses. We also
evaluated miR transcriptome profiles during the proliferative and differentiating stages of
primary human muscle development. Since muscle cells ultimately grow into skeletal
tissue we considered that it was worth to study the miRNA profile of adult human skeletal
muscle tissue also, to understand how the miRNA population modulates itself from the
cellular level to the tissue which is the ultimate functional form in the body. We were also
interested in understanding the regulatory roles played by miRNAs. But we wanted to do
it independent of any prediction algorithms as there are biases in prediction and also a
huge number of false positives. So, we performed Ago2-RIP (Argonaute 2 RNA
immunoprecipitation) experiments to capture the mRNA population that is associated
with Ago-2 protein. Since Ago2 is a component of RISC complex which carries the
miRNA and eventually chops off the mRNA or inhibits its translation, the mRNA
associated with Ago2 most likely presents the population which is controlled by miRNA.
We did the RNA seq of the immunoprecipitates and performed differential expression
analysis in comparison with non Ago2 pull down RNA population. The Ago2 RIP was
performed for myoblasts and myotubes. The mRNA population enriched with Ago2 was
compared with mRNA differentially down regulated in myoblasts and myotubes. We did
this to find out the population of genes repressed. The genes found in common were
subjected to GO analyses and we saw interesting results from the analyses. The schematic

representation of the experimental design is shown below:
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Schematic representation of experimental plan. All the RNA seq, miRNA seq and
Ago2 pull downs were performed in replica. Arrows in green show the comparison of
genes enriched in Ago2 pull down versus genes down regulated. The genes found
common from the comparison are most likely repressed by miRNA.
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2.2 Materials and methods:

2.2.1 Cell Culture (Human primary skeletal muscle cells (CHQ5B)):

CHQ5B primary human myoblasts were kindly provided by Dr. V. Mouly (URA, CNRS,
Paris, France) (24). CHQ5B human myoblasts were isolated from the quadriceps of a
newborn (5 days post-natal) without any sign of neuromuscular disorders and the
protocols used for this work were in full agreement with the current legislation on ethical
rules. This strain of cells can achieve 55-60 divisions before reaching proliferative
senescence.

Growth conditions: DMEM (Gibco - Invitrogen) supplemented with 20% Fetal Bovine
Serum (Gibco, Life Technologies) and 50ug/ml gentamycin.

Differentiation conditions: DMEM supplemented with 2% horse serum (GibcoBRL) and
50pg/ml gentamycin.

Differentiation of myoblasts into myotubes has to be induced by serum withdrawal
without letting the myoblast culture reach confluency, as that reduces the myoblast
population in the culture. Myotube formation can be observed after two days since serum
withdrawal.

2.2.2 RNA extraction from cells:
2.2.2.1. a Poly (A) extraction from cells:

Polyadenylated RNA was extracted directly from cells using QuickPrep micro mRNA
purification kit (Amersham Biosciences). Cells were scrape collected after PBS washing,
snap frozen in dry ice and stored at -80°C until use. 400ul extraction buffer (buffered
aqueous solution containing guanidium thiocyanate and N-lauroyl sarcosine) was added
to the pelleted cells and vortexed until homogenous suspension was achieved. This
suspension was diluted with 800 pl of elution buffer (10mM Tris HCI, pH 7.5, 1ImM
EDTA) and mixed using the vortex. The mixture was centrifuged at 12,000g for 1 minute
and the clear cellular homogenate was added to the Oligo(dT) beads (25mg/ml oligo dT
cellulose suspended in buffer) pellet. Cellular homogenate and oligo (dT) beads were
incubated together for 5 minutes at 70 -75 °C. This causes the denaturation of RNA and
enhances the binding of poly (A) tail of RNA with the oligo dT beads. The sample was

incubated at room temperature for 30 minutes with gentle agitation. Supernatant was
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removed by centrifugation at 12,0009 for 30 seconds. The oligo (dT) cellulose pellet was
washed 4 times using high salt buffer (L0mM TrisHCI, pH 7.5, 1ImM EDTA, 0.5M NacCl)
followed by washing with low salt buffer (10mM TrisHCI, pH 7.5, ImM EDTA, 0.1M
NaCl) for another 4 times. High salt conditions allow the annealing the poly(A) tail to the
oligo d(T). The low salf buffer removes the poly(A)- RNAs (eg. tRNA and rRNA). These
washings remove contaminating DNA, RNA proteins. The oligo dT beads were
transferred to the microspin column (polypropylene minicolumns) and suspended in pre
heated 100 -200 pl elution buffer (L0mM Tris HCI, pH 7.5, ImM EDTA) or pre heated
RNase free water (Sigma) which releases the poly(A)" RNA and the tube was centrifuged
at 12,000g for 30 seconds. The eluate contained poly (A) RNA which was stored at -80°C

until downstream processing.

2.2.2.1. b Poly (A) enrichment from total RNA:

Poly(A) was enriched from total RNA preparations using Dynabeads mRNA direct kit
which relies on the pairing between the poly(A)tail of mRNa and the oligo dT sequence
linked to the surface of the beads. Dynabeads oligo (dT),s are uniform, 2.8 um diameter,
superparamagnetic, polystyrene beads with 25 nucleotide long chains of
oligodeoxythymidine covalently attached to the bead surface via a 5’ linker group. RNA
extraction was performed accoding to manufacturer’s instructions. The resultant mRNA
was quantified using nanodrop and Qubit fluorometer. Quality assessment was performed

with agilent bioanalyzer.

2.2.2.2 Extraction of total ribonucleic acids (Total RNA):

Prior to extraction, all glassware was autoclaved to ensure sterility and inactivation of
contaminating proteins such as nucleases. When possible, sterile plastic was used instead
of glassware. To minimize the loss of nucleic acis, DNA Lobind molecular biology grade
1.5 ml tubes (Eppendorf) were extensively used. Total RNA was extracted from snap-
frozen cells. 1ml TRIzol reagent (Invitrogen) was used to lyse cells grown per 10cm?
dish. The lysates were incubated with TRIzol reagent at room temperature for 5 minutes
to allow complete dissociation of nucleoprotein complexes. TRIzol is a monophasic
solution of phenol and guanidine isothiocyanate which maintains the integrity of RNA
while disrupting cells and dissolving cell components. 0.2 ml chloroform was used per
1ml TRIzol reagent and tubes were shaken by hand for 15 seconds. This mixture was left

for incubation for 2 — 3 minutes at room temperature which was followed by
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centrifugation at 12,000g for 15 minutes at 4°C. Addition of chloroform followed by
centrifugation separates the solution into agueous phase and organic phase. RNA remains
exclusively in the aqueous phase. The colorless upper aqueous phase containing the RNA
is then transferred to a new 1.5 ml tube. An equal volume of 70% ethanol is added to the
aqueous phase to obtain a final ethanol concentration of 35% and this mixture is mixed
well by vortexing. This was followed by binding, washing and elution with the column of
PureLink RNA mini kit (Life Technologies). Colum binding, washing and elution was
performed according to manufacture’s instructions. RNA was extracted either in DNase,
RNase free water (Sigma) or Tris-EDTA buffer (10mM TrisHCI, pH = 7.5, ImM EDTA)

and stored at -80°C until analysis.

2.2.2.3 Small RNA enrichment from total RNA:

miRNA enrichment from total RNA sample was performed using PureLink miRNA
isolation kit. 20 -30 pg of total RNA was used for small RNA enrichment. Total RNA
was suspended in 90l Nuclease free water (Sigma) to which 300ul binding buffer (L3)
and 210pl 100% ethanol were added. This mixture was mixed by vortexing and then
loaded onto a spin cartridge. The spin cartridge was kept in a collection tube and spun at
12,000g for 1 minute. The flow through was collected in a fresh 1.5ml tube. 700ul 100%
ethanol was added to the flow through, mixed by vortexing and loaded onto another spin
cartridge in a collection tube and spun at 12,000g for 1 minute. The flow through was
discarded and the small RNA bound to the spin cartridge was washed twice using 500 pl
wash buffer (W5) and by spinning at 12,0009 for 1 minute.

Small RNA was recovered by placing the cartridge in a clean recovery tube to which 50
pl sterile, RNase free water (Sigma) was added and incubated for 1 minute. The spin
cartridge was then spun at 16,000g for 1 minute and the eluted small RNA was stored at -
80°C. The quality assessment of the small enriched samples was performed using Agilent
small RNA chip.

2.2.3 RNA guantification and quality assessment
2.2.3a. RNA quantification:

The concentration of RNA was determined using both Qubit fluorometer (Invitrogen) and
NanoDrop system (Thermo Scientific). Qubit fluorometer quantification method is based

on fluorescence dyes that bind specifically to DNA, RNA or protein where as NanoDrop
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quantification is based on UV absorbance measurements. Since all nucleic acids RNA,
sSDNA, dsDNA absorb at 260 nm, they will contribute to the total absorbance of the
sample. The degree of contamination in RNA sample preparation using NanoDrop is
estimated by Ageso/ Azgo and Azeol Azsp ratio. Azeo/Asggp ratio of ~2.0 is generally accepted as
“pure” for RNA. If the ratio is appreciably lower, it may indicate the presence of protein,
phenol or other contaminants that absorb strongly at or near 280 nm. Axgo/Axg ratio is a
secondary measure of nucleic acid purity. The 260/230 values for “pure” nucleic acid are
often higher than the respective 260/280 values. Expected 260/230 values are commonly
in the range of 2.0-2.2. If the ratio is appreciably lower than expected, it may indicate the
presence of contaminants which absorb at 230 nm.

However, NanoDrop suffers a drawback. UV absorbance readings indiscriminately
measure anything that absorbs at 260 nm, including DNA, RNA, protein, degraded
nucleic acids, and free nucleotides. Whereas, the Qubit® Quantitation Platform, in
contrast, utilizes specifically designed fluorometric technology using Molecular Probes®
dyes to measure the concentration of the specific molecules of interest. These fluorescent
dyes emit signals only when bound to specific target molecules, even in the presence of
free nucleotides or degraded nucleic acids. Samples were prepared for RNA assay
following manufacturer’s instructions. Fluorometric assay yielded quantification of

nucleic acids could be compared with the data obtained using the spectrophototmeter.

2.2.3b. RNA Quality assessment:

RNA integrity which is a critical first step in obtaining meaningful gene expression data
was determined using Agilent bioanalyzer and RNA Nano and Pico lab chip kits (Agilent
Technologies). The Agilent Bioanalyzer is a microfluidics-based platform for sizing,
quantification and quality control of DNA, RNA, proteins and cells. Profiles generated on
the Agilent bioanalyzer yield information on concentration, allow a visual inspection of
RNA integrity, and generate ribosomal ratios. Using electrophoretic separation on
microfabricated chips, RNA samples are separated and subsequently detected via laser
induced fluorescence detection. The bioanalyzer software generates an electropherogram
and gel-like image and displays results such as sample concentration and the ribosomal
ratio. The Agilent 2100 bioanalyzer provides a better assessment of RNA intactness by
showing a detailed picture of the size distribution of RNA fragments. The RIN (RNA
Integrity Number) software algorithm allows for the classification of eukaryotic total

RNA, based on a numbering system from 1 to 10, with 1 being the most degraded profile
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and 10 being the most intact. The labels in-between are used to indicate progressing
degradation states of the RNA sample.

RNA samples were run either on RNA 6000 Nano or RNA 6000 Pico chips and Small
RNA chip. Agilent small RNA chip detects RNA < 150 nucleotides long. All RNA
samples were diluted according to the concentration range of respective chips. Following

table gives the analytical specifications of the RNA chips.

2.2.4 Cell lysate preparation:

Cell lysate is a solution of cellular proteins resulting when cells are lysed (broken apart)
under conditions which preserve the protein’s structure and function. Cell lysae
preparation protocol is as follows:

The culture medium was removed and cells were washed twice with cold 1X PBS,
Thorough washing is essential as insufficient washing will contaminate lysate with media
components (especially serum/BSA) which may erroneously elevate protein
concentration. All PBS was removed completely to prevent unwanted dilution of the final
product. Cells were detached into 10 ml cold PBS with rubber policeman and the cell
suspension was transferred into 15ml tube. Cells were pelleted by centrifugation at 1350
rpm for 10 minutes. Supernatant was discarded. The pellet was snap frozen in dry ice.
Frozen cell pellets were used for cell lysate preparation. The frozen pellet of cells was
resuspended in 300 pl lysis buffer with protease and RNase inhibitors. Resuspended
pellet was homogenized by pipetting up and down, to break up the pellet thoroughly and
was allowed to stand on ice for 30 minutes with intermittent vortexing every 10 minutes.
The resulting mixture was centrifuged at 13,000g for 15 minutes at 4°C. This separates
the debris (pellet) from total protein (supernatant). The supernatant was collected in a new
1.5 ml tube.

Protein concentration was measure using A-280 absorbance of Nanodrop

(Thermoscientific).

2.2.5 Protein Analysis

2.2.5a SDS-PAGE

Protein samples were analyzed by SDS-PAGE. Resolving gels were made at 12% of a
37.5:1 mix of acrylamide/bis-acrylamide (Protogel) in 375 mM Tris HCI, pH 8.8, 0.1%
v/v SDS and and 4.9 ml water. Polymerization was induced by addition of 0.1% w/v APS
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and 15 pl TEMED. The separating gel was poured into a gel former. The stacking gel
comprised of 4% of 37.5:1 mix of acrylamide/bis-acrylamide (Protogel) in 125mM Tris
HCI pH 6.8, 0.2% v/v SDS and water. 0.1% w/v APS and 0.1% v/v TEMED were added
for crosslinking. Stacking gel was poured on the top of separating gel. A gel- comb of
corresponding thickness and desired number of wells was inserted in the stack gel and the
assembly was left until the gel was set. Protein samples were diluted in 5X gel loading
buffer and denatured at 95 °C for 5 minutes. Electrophoresis was carried out at 140V,
25mA in running buffer.

2.2.5b Western Blotting

Following electrophoresis, acrylamide gels were soaked in transfer buffer. Immobilon-P
Transfer membrane (0.45 um), two pieces of filter paper and two pieces of sponge cut to
the size of the gel were also soaked in transfer buffer. Immobilon-P Transfer membrane
was soaked in methanol and water briefly before being left in transfer buffer. The PDVF
membrane was placed on top of the pre-soaked gel and housed between two pieces of
filter paper and sponge in the western blotting cassette of Mini Trans-Blot Electrophoretic
Transfer Cell (Bio-Rad). The assembly was secured in a transfer tank (Mini-Protean IlI,
BioRad) filled with transfer buffer, ensuring the gel-side of the assembly was orientated
towards the cathode (and thus ensuring that proteins were transferred from the gel to the
PDVF membrane as the current passed through the apparatus). Proteins were transferred
to PDVF membrane at a current of 100mA for O/N. A magnetic stir-bar was placed into
the tank and the whole apparatus placed on a magnetic stirrer at moderate speed to
prevent the precipitation of glycine from the transfer buffer. Precipitated glycine is known
to adhere to the nitrocellulose membrane, increasing background signal.

Electroblotted PDVF membrane was blocked for 3 hours at RT in Bloking buffer
(Millipore) with gentle shaking. Membrane was incubated with Anti AGO2 antibody
(primary antibody) diluted 1:2500 in Bloking buffer (Millipore) for 3 hours with gentle
mixing. The membrane was first washed with TBS twice for 5 minutes each wash and
then with TBS-T for a total of 30 minutes, changing solution every 5 minutes. Following
washing, membrane was incubated with horseradish peroxidise conjugated anti Rat
antibody diluted 1:1000 in bloking buffer (Millipore) for 1 hour with gentle mixing.
Following 30 minutes of washing as mentioned before, immobilized protein-antibody
complexes were visualized by chemiluminescence using ECL plus kit (GE Healthcare)

following manufacturer’s instructions. The membrane was exposed to photographic film
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(Hyperfilm ECL, GE Healthcare) in a dark room, developed in developer (Kodak), rinsed
in water and fixed in fixer (Kodak). Molecular weights of the protein bands were

estimated by comparison with protein standards.

2.2.6 Antibodies:

Primary Antibodies: Anti Argonaute2 Rat monoclonal antibody (Sigma).

Secondary Antibodies: Anti - rat HRP (DAKO P0450, produced in rat): Anti rat
immunoglobulins conjugated with the horseradish peroxidase used in chemiluminescence
detection (ECL GE Healthcare Biosciences).

2.2.7 RNA Immunoprecipitation (RIP)

RNA immunoprecipitation (RIP) is a very powerful procedure for the study of RNA
binding proteins (RBPs) and their RNA targets in ribonucleoprotein (RNP) complexes.
Antibodies raised against specific RBPs are used to coprecipitate RNPs, i.e., the RBP
along with its RNA partner. The RNA can then be identified by next generation
sequencing, or if testing for a specific RNA, by RT-PCR.

RIP of AGO2 from CHQ5B myoblasts and myotubes were performed using the following
protocol:

Cell Lysis: Complete lysis buffer (containing protease inhibitor cocktail, RNase inhibitor
and DTT) was added to cell pellet and incubated on ice for 30 minutes. RIP lysis reaction

was centrifuged for 15 minutes at 13,0009 at 4°C.

Antibody binding to protein G sepharose: 10 pg of AGO2 antibody was prebound to
protein G sepharose beads by overnight incubation at 4°C with constant and gentle
rotation in a 1.5 ml tube. In order to remove excess antibody not bound to the protein G

beads, the beads were washed using washing buffer thrice.

Antigen binding to antibody: 200 ul of cell lysate was added to the precoated sepharose
beads and incubated for 1 hour at 4°C with constant rotation. This was followed by

washing with washing buffer.

RNA extraction: Total RNA from immunoprecipitated complexes was extracted using
Trizol and Purelink RNA Mini kit (Invitrogen). RNA was eluted in 50 pl RNase free
water and stored at -80°C. RNA was quantified by Nanodrop (Thermo sceintific) and
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Qubit fluorometer (Invitrogen). The quality of RNA was assessed using Agilent

bioanalyzer.
2.2.8 Transcriptome and miRnome sequencing using Applie Biosystem’s SOLiD and
lon proton technology:

First step of sequencing is library preparation. Whole transcriptome and small RNA
library preparation protocol are same for both the sequencing techniques. Following is the
description of library preparation procedure.

2.2.9 Commercial RNA:

RNA COMPANY
Total RNA isolated from adult human skeletal muscle tissues Amsbio/ Zyagen
Total RNA isolated from adult human skeletal muscle tissues Stratagene

2.3. Results:

To have the thorough picture of muscle transcriptomics we constructed mRNA and
mIiRNA libraries for both cultured primary skeletal muscle cells and skeletal muscle
tissue. We then compared the transcriptomic and miRnome profiles of myoblasts,

myotubes and skeletal muscle tissue. The findings are detailed in the following sections.

2.3.1 Human myoblast, myotube and skeletal muscle tissue differential gene
expression profile

Upon differentiation of myoblasts into myotubes a total of 1010 genes were significantly
(FDR=0.05) over expressed (>1.5 log, fold change) and 1593 genes were down regulated
(< -1.0 log; fold change). Skeletal muscle tissue showed considerable over expression of
2481 genes (> 1.6 log, fold change) and under expression of 2243 gens (< -1.5 log, fold
change) with respect to myotubes (figure 2-1).
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Figure 2-1: mRNA differential expression profile of myotube and skeletal muscle tissue.
Number of genes found differentially up and down regulated is shown by the bar plots. The
doughnut plot at the top of each bar plot shows the percentage of protein coding and non-protein
coding genes. (NPC- Non protein coding, PC- Protein coding, Upreg in MT- Upregulated in
myotubes, Dwnreg in MT- Down regulated in myotubes, Upreg in Sk Mus- Upregulated in
skeletal muscle tissue, Dwnreg in Sk Mus- Down regulated in skeletal muscle tissue).

We observed a correlation (R? value) of 0.775 between the transcriptome of myoblasts
and myotubes, whereas the transcriptome of skeletal muscle tissue showed a correlation
(R? value) of 0.562 with myotubes. Figure 2-2 (A&B) shows the plots of comparison
between myoblasts, myotubes and skeletal muscle tissue. As is apparent from the plots,
the degree of variance between the transcriptomes of skeletal muscle tissue and myotubes
is higher than the variance between myoblasts and myotube transcriptomes. The smear
plots in figure 2-3 (A&B) show that the differential expression of genes is much higher in

skeletal muscle tissue.

15% and 22.5% of protein coding genes showed more than 5X fold increase in myotubes
and skeletal muscle tissue respectively. The genes have been listed in supplementary table
S1-5 and S1-6. In myotubes MYBPC1, MYHS8, DPYSL5, CASQ2, ATP1B4, CACNG1
and MYH3 showed > 8X fold increase. Whereas HBB, MB, PDK4, THBS4, SMTNLZ2,
LBP, CD74, FABP4, C8orf22, CD93, LPL, RNASE1, RORC, CA3, PPP1R1A, DARC

and IDI12 were the most prominent over expressed genes showing > 9X fold increase in
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skeletal muscle tissues when compared to myotubes. However, 9% and 19% genes

showed > -4X fold and -6X fold decrease in myotubes and skeletal muscle tissue

respectively.

2 4 88 W0

24 08 1

z 4 8 B 0

2 4 8 8 10

Myoblasi_Replical

hyoblasi_Replicaz

Myolube_Replical

2 48 80

Myolube_Replicaz

A

"

240880

Myoiube_Peplcat

Myoiube_Replicaz

Skeklal_Peplicat

Skelketal_Peplicaz

0oz 48 8

B

12

Figure 2-2: (A) Pairs-plot between the transcriptome of myoblast and myotube. These plots
compare the transcriptome of myoblasts and myotubes. We performed the RNAseq in replica for
both myoblasts and myotubes, the comparison of the transcriptome of the replicas are also shown
here. (B) Pairs-plot between the transcriptome of myotube and skeletal muscle tissue. These
plots compare the transcriptome of myotubes and skeletal muscle tissue. We performed the
RNAseq in replica for both myotubes and skeletal muscle tissue, the comparison of the
transcriptome of the replicas are also shown here.
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Figure 2-3: (A) Smear plot showing differential expression of genes between myoblasts and
myotubes. (B) Smear plot showing differential expression of genes between myotubes and
skeletal muscle tissue. Log fold-change of gene expression is shown by the vertical axis or Y-
axis.Genes below the zero level (on negative scale) show genes differentially down regulated and
vice-versa. Red dots represent genes showing differential expression. Black dots represent genes
which are not differentially expressed between the two samples. (Log FC- log, Fold change,
Average log CPM —log of count per million)

2.3.1.1 Protein family genes upregulated in myotubes

Members of many protein families were over expressed together, upon myotube
formation. All those family specific genes have been listed in supplementary table S2-7.
We observed some ABC transporter genes of ATP binding cassette family (ABC
superfamily) were differentially over expressed. ABC transporter genes of ABCAL, 3, 6,
8 and 9 from ABCA subfamily and ABCG1 showed >1.5x fold increase. mMRNA for
apolipoproteins D, E and apolipoprotein L1, 3, 4, 6 were also upregulated. ABS 2, 4, 14
and 16 genes of ankyrin repeat and SOCS box-containing (ASB) family were over
expressed. Some sub units of voltage dependent calcium channels (VDCC) were found
upregulated. Alpha 1S subunit of L-type calcium channel (CACNALS), alpha 1H subunit
of T-type calcium channel (CACNALH), beta subunit isoform 1, 4 (CACNB1, CACNB4)
and gamma subunit genes CACNG 1, 4, 6 were >2x upregulated. Alpha and beta subunit
genes of voltage gated sodium channels showed >2x increased expression. Genes for
coiled coil domain containing proteins, CCDC141, 3, 39 and 69 also increased upon
differentiation. Cyclin dependent kinase inhibitors CDKN1A, 1C and 3B expression was
also found increased. Genes of collagen type I, 11, 1V, VIII, X, XI, XV, XVIII, XIX and
XXI1 were found upregulated. Genes for members of insulin like growth factor binding
protein family, IGFBP 2, 5, 7 were upregulated. A wide range of interleukins were also
turned up. Subunits of Voltage gated potassium channel genes and some other genes of
potassium channel subfamily were over expressed. Almost all the members of myosin
class Il, members of other myosin classes and many myosin light chain genes were
strongly upregulated. Some protocadherin genes of protocadherin subfamily of cadherins,
which have their role in homophilic adhesion and signalling, were also turned up. Many
members of Solute carrier family (SLC group), which are membrane transport proteins

had increase in their expression. Many zinc finger protein genes showed slight
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upregulation. Genes for FOX (Forkhead box) proteins which are a family of transcription

factors were upregulated.
2.3.1.2 Protein family genes upregulated in skeletal muscle tissue

Similar to myotubes many members of ATB binding cassette (ABC superfamily)
(ABCG1, ABCC 2, 6, 9, ABCB4, ABCA 5, 10) were > 2.5X fold increased in skeletal
muscle tissue. Acyl CoA synthetase long, medium and short chain fatty acid family
members (ACSL1, 5, ACSM5, ACSS1 and 2) were found to be >2 fold upregulated.
Adenylate cyclase isoforms (ADCY 2, 4, 5 and 9) and Aldehyde dehydrogenase 1, 2, 5, 8
family members (ALDH1A2, A3, L1 ALDH2, ALDH5A1 and ALDHB8A1) were also >2
fold over expressed. Members of ankyrin repeat and SOCS box-containing (ASB) family
members (ASB2, 8, 10, 11, 12, 15, 16) were > 3X fold increased. Isoforms of a-CA
(carbonic anhydrase) family (CA1, 2, CA3 muscle specific, CA4, 8, 11) showed > 3X
fold increase, with CA3 showing 9X fold over expression. Chemokine (C-C motif) ligand
8, 18, 21 were > 2.5X fold increased. 26 CD (cluster of differentiation) molecules showed
> 2X fold up regulation. Cluster of differentiation is defined as a subset of cellular surface
receptors (epitopes) that identify cell type and stage of differentiation, which are
recognised by antibodies. C-type lectin domain superfamily members (CLEC10A, 12A,
14A, 1A, 5A, 7A, 2B, 4E and 4G) which play diverse functions such as cell adhesion, cell
— cell signalling, glycoprotein turnover, roles in inflammation and immune response also
were upregulated. Cytochrome C oxidase (COX) is the terminal enzyme of the
mitochondrial respiratory chain. COX subunits (COX412, COX5A, COX6A2, COX6C,
COX7A1, COX7B and COX7C) were > 2X fold upregulated. CXC chemokine receptors
are integral membrane proteins that specifically bind and respond to cytokines of CXC
chemokine family. CXC chemokine is one of the subfamily of chemokines. Chemokines
are a family of cytokines or signalling proteins secreted by cells. CXC ligands (CXCL1,
2, 3, 14) and CXC receptors (CXCR1, 2, 4) were > 2X fold upregulated. DEAD box
proteins are involved in assortment of metabolic processes that typically involve RNAs.
DEAD box polypeptides (DDX11, 12, 51 and 59) also showed > 2X fold increase. Dual
specificity phosphatase is a form of phosphatase that can act upon tyrosine or
serine/threonine residues. Many DUSP enzymes (DUSP1, 13, 16, 2326, 27, 3 and 8) were
> 2X fold upregulated. Many Eukaryotic translation initiation factors (elF) which are
involved in the initiation phase of eukaryotic translation were upregulated in skeletal
muscle tissue. Hemoglobin subunit members (HBA1, 2, HBB, HBD, HBG1, 2) were
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found to be > 2.5X fold increased. Some genes of Troponin complex protein which is
integral to muscle contraction were also > 2X fold increased. Genes of some interleukins
(ILs), and interleukin receptors were upregulated.
The major histocompatibility complex (MHC) is a set of cell surface molecules that
mediate interactions of leukocytes, also called white blood cells (WBCs), which
are immune cells, with other leukocytes or body cells. MHC determines compatibility of
donors for organ transplant as well as one's susceptibility to an autoimmune disease via
crossreacting immunization. Many MHC genes were also found upregulated. Members
genes of Leukocyte Ig-like receptors (LIRs) which are a family of immunoreceptors
expressed predominantly on monocytes and B cells and at lower levels on dendritic cells
and natural Kkiller (NK) cells also showed increase in expression. NADH dehydrogenase
(ubiquinone) is anenzyme of the respiratory chains. It catalyzes the transfer
of electrons from NADH to coenzyme Q10 (CoQ10) and, in eukaryotes, it is located in
the innermitochondrial membrane. It is one of the entry enzymes of oxidative
phosphorylation in the mitochondria. Many NADH enzyme subunit genes were increased
in expression. Many Phosphoprotein phosphatase 1 (PP1) genes which belongs to a
certain class of phosphatases known as protein serine/ threonine phosphatases also turned
up their expression. PP1 has been found to be important in the control
of glycogen metabolism, muscle contraction, cell progression, neuronal activities,
splicing of RNA, mitosis, cell division, apoptosis, protein synthesis, and regulation of
membrane receptors and channels. A huge number of genes belonging to solute carrier
family (SLC) were over expressed. SLC group members transport diverse type of solutes
which include charged and uncharged organic molecules as well as inorganic ions. Many
zinc finger proteins were also upturned significantly. (Details to be found in

supplementary table S2-8).

2.3.1.3 Functional annotation and pathway analysis of differentially expressed genes

Using the online tool DAVID and KEGG pathways we found the GO terms and pathways
over represented in myotubes relative to the myoblast and in skeletal muscle compared to

myotubes.

Genes over expressed in myotubes were those involved in biological processes related to
skeletal muscle development (muscle system process, muscle organ development, muscle

contraction and other striated muscle specific activities). Whereas genes significantly
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down regulated were mainly associated with cell cycle regulation (nuclear division,

mitosis). For the upregulated genes in skeletal muscle tissue we identified, immune

response, defence response, inflammatory response were significantly over represented

GO biological process terms. Subsets of functional groups are shown in supplementary

tables (S2-1 to S2-4).

Differentially over expressed genes were, analysed using KEGG pathway. Pathways are

shown in table 2-1 and 2-2. Highest number of genes belonged to metabolic pathways,

which is described as a set of complex metabolic networks (1).

KEGG pathways

Number

of genes

Gene names

Metabolic pathways

48

ACSL1, ADC, ADH1B, AGL, AKR1C3, ALOX15B, AMPD1, AOC3, AOX1,
B3GALT2, CKB, CKM, CKMT2, COX6A2, CYP19A1, CYP2J2, DHCR7,
ENO3, GALNT16, GATM, GGT5, HMGCS1, HSD11B1, IDI1, INPP4B,
INPP5K, ISYNAL1, MANI1C1, MSMO1, ND3, ND5, NDUFA4L2, NNMT,
PGAM2, PHOSPHO1, PIK3C2B, PIPOX, PLA2G16, PLA2GA4C, PLCE1,
PTGDS, PTGS1, PYGM, SQLE, ST6GAL1, TM7SF2, TYMP, WBSCR17

Hypertrophic cardiomyopathy
(HCM)

30

ACTC1, CACNA1S, CACNB1, CACNB4, CACNG1, CACNG4, CACNGS6,
DAG1, DMD, IGF1, ITGAL, ITGA4, ITGAG, ITGA7, ITGB8, LAMA2, MYH6,
MYH7, MYL2, MYL3, PRKAA2, PRKAB2, PRKAG3, RYR2, SGCD, SGCG,
TGFB3, TNNC1, TNNT2, TTN

Pathways in cancer

30

ARNT2, BCR, CDKN1A, CDKN2B, COL4Al, COL4A4, DAPK1, DAPK2,
EGLN3, EPAS1, FGF13, FGF9, FOXO1, FZD4, FzZD9, IGF1, ITGA6, JUP,
LAMA2, LAMAS5, PAX8, PDGFA, PDGFB, RUNX1T1, RXRG, STATSA,
TGFB3, WNT10A, WNT11, ZBTB16

Dilated cardiomyopathy

29

ACTC1, ADCY1, ADCY2, CACNAI1S, CACNB1, CACNB4, CACNGI,
CACNG4, CACNG6, DAG1, DMD, IGF1, ITGAL, ITGA4, ITGA6, ITGA7,
ITGB8, LAMA2, MYH6, MYH7, MYL2, MYL3, RYR2, SGCD, SGCG,
TGFB3, TNNC1, TNNT2, TTN

Focal Adhesion

26

ACTN2, CAV3,CCND2, COL11A1, COL1A1, COL3A1, COL4Al, COL4A4,
COMP, IGF1, ITGAL, ITGA4, ITGA6, ITGA7, ITGB8, LAMA2, LAMAS,
MYL2, MYLK4, MYLPF, PDGFA, PDGFB, PDGFD, PPP1R12B,
RAPGEF1, SHC2

PI3K-Akt signaling pathway

25

BCL2L11; CCND2;, CDKNI1A; COL11A1; COL1Al1; COL3A1; COL4A1L;
COL4A4; COMP; DDIT4; FGF13; FGF9; IGF1; ITGAL;, ITGA4; ITGAG;
ITGA7, ITGBSLAMA2, LAMAS, PDGFA, PDGFB, PDGFD, PPP2R3B,
PRKAA2

Regulation of actin

cytoskeleton

21

ACTN2; ARHGEF6; CHRM4; CYFIP2; FGF13; FGF9; ITGALITGA4; ITGAG;
ITGA7; ITGBS; LIMK2; MRAS; MYH14; MYL2; MYLK4,MYLPF; PDGFA,
PDGFD; PPP1R12B

Arrhythmogenic right

ventricular  cardiomyopathy

20

ACTN2; CACNALS; CACNB1; CACNB4; CACNGI1,CACNG4; CACNGE6;
DAG1,DMD; ITGAL; ITGA4; ITGAG,ITGA7; ITGBS; JUP; LAMA2; PKP2;
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(ARVC) RYR2; SGCD; SGCG

HTLV-I infection 20 ADCY1; ADCY2; CCND2; CDKN1A; CDKN2B; EGR2; FZD4, FZD9; ICAM1;
IL15RA; IL1IR1; MRAS; PDGFA; PDGFB; STAT5A; TGFB3;
TP53INP1;VCAMI1; WNT10A; WNT11

MAPK signalling pathway 19 CACNA1H; CACNALS; CACNB1; CACNB4; CACNGL; CACNG4, CACNGE6;
DUSP4; FGF13; FGF9; GADDA45G; IL1B; IL1R1; MEF2C; MRAS;
PDGFA; PDGFB; PLA2G4C; TGFB3

Table 2-1: KEGG pathways enriched for genes differentially up-regulated in Myotubes. The
table shows the name of the enriched pathways, the number of genes involved in corresponding
pathways and the gene names.

KEGG pathways Number | Gene Name
of Genes
Metabolic pathways 153 ACACB; ACADM; ACADS; ACAT1; ACO2; ACSL1; ACSLS5;

ACSM5;ACSS1; ACSS2; ADH1A; ADHI1B; ADH4; ADHS5,
ADSSL1;AGPAT9;AKR1B10;AKR1C3;ALAS2;ALDH1A2;ALDH1A3;
ALDH2;ALDH5A1;  ALDOA;ALOX5;AMPD1; AMPD3;AMY1A,
AMY2A; AMY2B; AOC3;ARG1; ARGZ;ATPSE;

B3GALT4; B3GNT5; BAGALNT1;BDH1;CD38;CDO1; CES1;

CHDH; CKM; CKMT2; CMBL; CMPK2; COX17; COX4l12;

COX5A; COX5B;COX6A2;COX6C;COX7B;COX7C;CYP1AL,
CYP27A1,DCXR;DGAT1;DGAT2;DGKG;DHRS3;DHRS4;EPHX2;
FBP2;FUTL;GALNT6;GAMT;GAPDH;GCNT2;GLUL;GOT2;GPT;
HADH;HADHA;HADHB;HK3;HMGCS2;HSD17B8;HSD3B1;HYALL,
IDH2;IDH3A;IDI2;1DOL;IMPA2, KL; KYNU;MAN2A2;MAOA,
MAOB;MGAT3; MGAT4A; MLYCD; MOCS1; NDUFA12,NDUFAZ2;
NDUFA3; NDUFA4; NDUFA4L2; NDUFAS5; NDUFAG;NDUFB1,
NDUFB10;NDUFB3;NDUFB4;NDUFB8;NDUFB9;NDUFS3;NMNATS3;
NNMT; NOS1; NT5C1A; NT5M; PCK1; PFKM; PGAM2; PGM1,
PIP5K1B;PLA2G2A; PLA2GAC; PLA2GAF; PLA2GS5; PLB1;

PLCB2; PLCD4; PLCG2; PNMT;POLR2I; POLR2J; POLR2J2;
POLR3GL; PRODH;PYCR1; PYGM; SDHB; SDHD; SHMT1;
ST3GALS3; ST6GALNAC1; ST6GALNACS3; TBXASL; TPO; UGP2;
UPP1; UQCRB; UQCRC1; UQCRFS1

Epstein-Barr virus infection 50 BCL2; CD38; CDKN1B; FGR; HDAC5; HLA-B; HLA-C; HLA-DPAL,;
HLA-DPB1;HLA-DQAZ2; HLA-DQB1;HLA-DRA; HLA-DRB4;

HLA-E; HLA-F; HLA-G; HSPA1A;HSPA2; HSPAG;IL10RA;

MAP2K6; MAP3K14; MAPK12; NEDD4; NFKBIA; PIK3CB;

PIK3RS5; PLCG2; POLR2I; POLR2J; POLR2J2;POLRSE;
POLR3GL;PSMCL1; PSMC4; PSMC5; PSMC6; PSMD12;PSMD13;
PSMD14; PSMD3; PSMD4; PSMD7; PSMD8; SHFM1; SPI1;

SYK; TNFAIP3; YWHAE

Cytokine-cytokine receptor | 47 AMHR2; CCL18; CCL21; CCL8; CCR1; CD40; CNTFR; CSFIR;
interaction CSF2RA; CSF2RB; CSF3; CSF3R; CX3CL1; CXCL1, CXCL14;
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CXCL2; CXCL3; CXCR4; EGF, EPOR; FIGF; FLT1; FLT4; GHR,
IL10RA; IL12RBZ2; IL15RA; IL17RB; IL18; IL18RAP;

IL1IR2; IL2RG; IL3RA, IL6R; IL8; INHBB; KDR; OSM;

PDGFB; RELT; TNF; TNFRSF14; TNFRSF1B; TNFRSF4; TNFSF10;
TPO

Alzheimer's disease

43

ATP2A1; ATP2A2; ATP5D; ATPSE; ATP5H; ATPSJ; COX412;
COX5A; COX5B; COX6A2; COX6C; COX7Al1;COX7B;COXTC;
CYCS; GAPDH; LPL;MAPT; NDUFA12; NDUFA2; NDUFA3;
NDUFA4;NDUFA4L2; NDUFAS; NDUFA6; NDUFB1; NDUFB10;
NDUFB3; NDUFB4; NDUFB8; NDUFB9;NDUFS3;NOS1; PLCB2,;
PPP3CC; RYR3; SDHD; SNCA; TNF; UQCRB; UQCRC1; UQCRFS1

MAPK signaling pathway

43

ARRB2; ATF4; CACNA2D3; CACNB2; CD14; DUSP1; DUSP16;
DUSP3; DUSPS8; ECSIT; EGF; FGF10; FOS; GADDA45A,

GADDA45B; GADDA45G; HSPA1A; HSPA2; HSPAG; IL1R2; MAP2KG6;
MAP3K14; MAPK12; MAPKAPK3; MAPT; MKNK2;

NFATC1; NR4AL; NTRK1; NTRK2; PDGFB; PLA2G4C;

PLA2GAF; PPM1B; PPP3CC; PRKCB; PTPN5; RASGRF2;

RASGRP2; RASGRP3; RPS6KAL; TNF; ZAK

Huntington's disease

43

ATP5D; ATP5E; ATPSH; ATP5J; COX412; COX5A; COX5B;
COX6A2; COX6C; COX7AL; COX7B; COX7C; CYCS; NDUFAI12;
NDUFA2; NDUFA3, NDUFA4; NDUFA4L2; NDUFAS; NDUFAS;
NDUFB1; NDUFB10; NDUFB3; NDUFB4; NDUFB8; NDUFB9;
NDUFS3; PLCB2; POLR2I; POLR2J; POLR2J2; PPARGCIA;

PPIF; SDHB; SDHD; SLC25A4; SOD1;SOD2; TAF4B; UQCRB;
UQCRC1; UQCRFS1; VDAC1

PI3K-Akt signaling pathway

42

ANGPT2; ATF4; BCL2; CDKN1B; CHAD; COL4A3; CSFIR; CSF3;
CSF3R; EFNAL; EGF; EIF4B; EIFAEBP1; EPOR; FGF10; FIGF; FLT1;
FLT4; GHR; GNG5; IGF1;IL2RG; IL3RA; IL6R; INSR; ITGA9; ITGB4;
KDR; NR4Al; OSM; PCK1; PDGFB; PIK3CB; PIK3R5; PPP2R5A,;
PRKAAZ2; RHEB; SYK; THBS4; TLR2,YWHAE

Table 2-2: KEGG pathways enriched for genes differentially up-regulated in Skeletal muscle
tissue. The table shows the name of the enriched pathways, the number of genes involved in
corresponding pathways and the gene names.

2.3.2 miRNA expression profiling of myoblasts, myotubes and skeletal muscle tissue

miRNA are well conserved and evolutionarily ancient component of genetic regulation in

eukaryotic organisms >®. So, it was of significant interest for us to carry out an in-depth

study of miRNA expression profiles at each developmental stage of skeletal muscle (i.e.

from mono nucleated myoblasts to multinucleated myotubes to skeletal muscle tissue).

Differential expression of miRNA was found using edgeR software with an FDR (false

discovery rate) of 0.05. We performed the miRNA-seq in replica for each sample to have

more robust and reliable set of results.
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2.3.2.1 miRNA profile of myotubes

Using NGS we found that more than 400 miRNA were expressed at a substantial level in

myoblasts and myotubes. With edgeR software we found the differential expression of

miRNA between myoblasts and myotubes. The correlation coefficient (R? value) of

mMiRNA expression between myoblasts and myotubes was found to be 0.895, which

indicates high correlation between the two samples. We found 24 miRNA were over

expressed and 16 miRNA were under expressed in myotubes. Table 2-3 shows the list of

differentially expressed miRNA in myotubes.

hsa-miR-1, 133 and 206 (2,3,4) have their role very well documented in muscle growth
and differentiation. We found that along with miR-1, miR-133a and miR-206, miR-139-

5p and miR-4488 were > 5 log, fold upregulated upon differentiation into myotubes.

Over Expressed

Under Expressed

miRNA Log, FC P value miRNA Log, FC P value
hsa-miR-1 7.91 2.94E-18 hsa-miR-222-5p -3.59 1.74E-06
hsa-miR-133a 7.06 1.68E-15 hsa-miR-155-3p -3.56 1.33E-05
hsa-miR-139-5p 6.12 2.830E-11 hsa-miR-155-5p -3.51 2.18E-06
hsa-miR-4488 5.75 1.23E-11 hsa-miR-15b-5p -3.21 1.38E-05
hsa-miR-206 5.55 6.03E-12 hsa-miR-221-3p -3.09 1.74E-05
hsa-miR-133b 4.60 2.89E-09 hsa-miR-7p -2.67 0.00021
hsa-miR-95 3.94 0.00012 hsa-miR-15a-3p -2.57 0.0004
hsa-miR-486-5p 3.67 7.14E-05 hsa-miR-3065-5p -2.55 0.00208
hsa-miR-26b-5p 2.92 8.57E-05 hsa-miR-221-5p -2.48 0.00051
hsa-miR-668 2.89 0.00163 hsa-miR-154-3p -2.37 0.00086
hsa-miR-181a-5p 2.62 0.00021 hsa-miR-18a-3p -2.26 0.00199
hsa-miR-1264 2.52 0.00127 hsa-miR-1285-3p -2.16 0.00296
hsa-miR-378d 2.44 0.0036 hsa-miR-409-3p -2.14 0.00207
hsa-miR-501-5p 2.37 0.00092 hsa-miR-16-2-3p -2.09 0.00276
hsa-miR-660-5p 2.36 0.00075 hsa-miR-376b-3p -2.06 0.00339
hsa-miR-188-5p 2.34 0.00096 hsa-miR-29b-3p -2.01 0.00356
hsa-miR-128 2.33 0.00086
hsa-miR-362-5p 2.23 0.00152
hsa-miR-532-3p 2.22 0.00146
hsa-miR-26a-5p 2.05 0.00297
hsa-miR-664a-3p 2.05 0.00334
hsa-miR-188-3p 2.02 0.00439
hsa-miR-532-5p 1.94 0.00488
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Table 2-3: List of miRNA differentially over and under expressed in myotubes. All miRNA up
and down regulated in myotubes as compared to myoblasts are listed in the table.  Each miRNA
is shown with their log, fold change value and P-value. P value gives the reliability of the
analysis. Lesser the P-value, more reliable is the results.

logFC

Average logCPM

A B

Figure 2-4: (A) Pair-plot of miRnome between myoblasts and myotubes. Pairs plot compares
the miRnomes of myoblasts and myotubes. The plots show the extent of similarity and differences
between the samples compared. The pairs plot between replica of samples are also shown (MB_1
— Myoblast replica 1, MB_2 — Myoblast replica 2, MT_1 — Myotube replica 1, MT_2 — Myotube
replica 2). (B) Smear-plot between miRnome of myoblast and myotube. Smear plot shows the
differential expression of miRNA between myoblast and myotube. Dots above zero show
differentially upregulated miRNA and vice versa. (logFC- log, Fold change, Average log CPM-

........ )

log2 Fold change
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Figure 2-5: miRNA expression profile of myotubes. Shown are the differentially expressed
miRNA in myotubes as compared to myoblasts.

2.3.2.2 miRNA expression profile in skeletal muscle tissue

The miRnome expression profile of skeletal muscle tissue was quite different and distinct
from that of myotubes. The correlation coefficient (R? value) was 0.432, which indicates
a very poor correlation between the miRNA expression profiles of myotubes and skeletal
muscle tissue. Differential expression profile of miRNA in skeletal muscle tissue is

shown in figure 2-7 and by Pairs and scatter plots also (figure 2-6 A & B).

90 miRNA were significantly over expressed and 191 miRNA were considerably down
regulated in skeletal muscle tissue as compared to myotubes. The list of all these miRNA
is shown in supplementary tables S2-5 and S2-6.

Bar plot of figure 2-8 shows all those miRNA which showed > 5 log, FC in skeletal

muscle tissue as compared to myotubes.

logFC

5 10 15

Average logCPI

A B

Figure 2-6: (A) Pairs-plot between miRnome of myotubes and skeletal muscle tissue. Pairs plot
compares the miRnomes of myoblasts and myotubes. The plots show the extent of similarity and
differences between the samples compared. The pairs plot between replica of samples are also
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shown (MT_1 — Myotube replica 1, MT_2 — Myotube replica 2, SK_1 — Skeletal muscle replica 1,
SK_2 — Skeletal muscle replica 2). (B) Smear-plot between miRnome of myotube and skeletal
muscle tissue. Smear plot shows the differential expression of miRNA between myotube and
skeletal muscle tissue. Dots above zero show differentially upregulated miRNA and vice versa.
(logFC- log, Fold change, Average log CPM-average of count per million.)

15

=
o

(6]

log 2 Fold change
o

1
al

1
[y
o

-15

Figure2-7: miRNA expression profile in skeletal muscle tissue. Shown are all the differentially
expressed miRNA in skeletal muscle tissue as compared to myotubes.

Both -3p and -5p arms of miR-101, miR-126, miR-142, miR-144, miR-30b, miR-338,
miR-340, miR-378a, miR-486 and miR-499a were differentially upregulated in skeletal
muscle tissue. Many IsomiRs were differentially over and under expressed in skeletal

muscle tissue. Table 2-4 shows the list of those isomiRs.

IsomiRs Upregulated IsomiRs Downregulated
hsa-miR-133a, b hsa-miR-125a, b
hsa-miR-146a, b hsa-miR-130a, b
hsa-miR-208a, b hsa-miR-181a, b, ¢

hsa-miR-30a, b, ¢, d, e hsa-miR-193a, b

hsa-miR-378a, ¢, d, f, i hsa-miR-199a, b
hsa-miR-517a, b hsa-miR-27a, b

hsa-miR-301a, b

hsa-miR-323a, b

hsa-miR-34a, b, ¢
hsa-miR-376a, b, ¢
hsa-miR-487a, b
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hsa-miR-92a, b

hsa-miR-99a, b

Table 2-4: IsomiRs differentially up and down regulated in skeletal muscle tissue. Enlisted are
the isomiRs found over and under expressed in skeletal muscle tissue.

hsa-miR-133a
hsa-miR-135a-5p
hsa-miR-1
hsa-miR-944
hsa-miR-30d-5p
hsa-miR-20b-5p
hsa-miR-489
hsa-miR-208b
hsa-miR-150-5p
hsa-miR-378¢c
hsa-miR-144-3p
hsa-miR-126-3p
hsa-miR-195-5p
hsa-miR-885-5p
hsa-miR-126-5p
hsa-miR-3687
hsa-miR-95
hsa-miR-378a-3p
hsa-miR-3607-3p
hsa-miR-499a-5p
hsa-miR-142-3p
hsa-miR-3607-5p
hsa-miR-144-5p
hsa-miR-223-3p

miRNA

hsa-miR-451a

log FC

15

Figure 2-8: miRNA showing more than 5
log , fold increase in skeletal muscle tissue.
miRNA showing more than 5 log; FC in
skeletal muscle tissue as compared to
myotubes are represented in this bar graph.
Y-axis shows the miRNA and X-axis shows
log, fold change.

There are miRNA found commonly expressed differentially in both myotubes and

skeletal muscle tissue. Some of these miRNA were upregulated in myotubes whereas

down regulated in skeletal muscle tissue and vice versa. Those miRNA have been listed

in table 2-5.
mMiRNA Up regin Up regin Down reg in Down reg in
Myotube Skeletal Myotube Skeletal
(log2FC) muscle (log2FC) muscle
(log2FC) (log-FC)
hsa-miR-1 7.912101 5.948486 - --
hsa-miR-133a 7.058043 5.222945 - --
hsa-miR-139-5p 6.117224 2.454135 -- --
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hsa-miR-4488 5.748539 -- - -9.42245
hsa-miR-133b 4.597984 2.927984 -- --
hsa-miR-95 3.941105 7.256696 -- -
hsa-miR-486-5p 3.669232 4.304105 -- -
hsa-miR-26b-5p 2.918038 3.321551 - -
hsa-miR-181a-5p 2.615645 -- -- -4.66044
hsa-miR-378d 2.435125 3.44239 -- --
hsa-miR-501-5p 2.374571 -- -- -3.97934
hsa-miR-660-5p 2.356814 -- -- -2.11302
hsa-miR-188-5p 2.344865 -- -- -4.80874
hsa-miR-362-5p 2.230706 -- - -3.51081
hsa-miR-532-3p 2.225932 -- -- -5.49949
hsa-miR-188-3p 2.022257 -- - -5.83725
hsa-miR-532-5p 1.937058 -- - -8.57967
hsa-miR-222-5p - -- -3.58772 -4.49821
hsa-miR-221-3p - -- -3.08959 -4.10406
hsa-miR-15a-3p - -- -2.56554 -4.67183
hsa-miR-221-5p - -- -2.47864 -4.65151
hsa-miR-154-3p - -- -2.36679 -2.23824
hsa-miR-409-3p - -- -2.13655 -4.50168
hsa-miR-376b- - -- -2.05503 -2.57024
3p

Table2-5: miRNAs found common between myotube and skeletal muscle tissue. Listed are the
miRNA differentially expressed both in myotube and skeletal muscle tissue. miRNA highlighted in
blue are over expressed in myotube but under expressed in skeletal muscle tissue.

2.3.3 Ago2 associated mMRNA

We wanted to investigate the mRNA repertoire which is associated with argonaute 2
(Ago2) protein, which is a member of RISC complex in order to have a better idea of
MRNA pool which is likely under the regulation of miRNA. We performed Ago2-RNA
immunoprecipitation for both myoblast and myotube cells, in replica. The RIP sample
was enriched for poly(A) RNA using oligo dT column and sequenced using SOLiID
sequencing. We then compared these results with the non Ago2 pull down RNA
population from myoblasts and myotubes. The mRNAs which were enriched with Ago2
pull down as compared to non-pull down most likely are the sequences which are directly
under the control of miRNA regulation.

We found 1493 and 1979 genes were enriched with Ago2 pulldown in myoblasts and

myotubes respectively. The comparison between pull down and non pull down samples
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are shown by pairs plot of figure 2-9. Immunoblotting result of Ago2-RIP is shown in

figure 2-10.
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Figure 2-9: Pairs plot between Ago2 pull down and non-pull down RNA seq results for (A)
Myoblasts (B) Myotubes (Mb_replica+ mRNA_myoblast = name of non pull down myoblast RNA
seq, AGO2_MB_mRNA + AGO2MB1 = name of Ago2 pull dowm RNA seq for myoblasts,
Mt_replica+mRNA myotube = name of non pull down myotube RNA seq,
AGO2_MT_mRNA+AGO2MT1 = name of Ago2 pull dowm RNA seq for myotubes).

Figure 2-10: ECL image of Ago2 pull down
in CHQ5B myoblast and myotube cells. We
observed that the Ago2 concentration
seemed higher in myotubes than in
myoblasts.

Ago?2 [P samples Cell lysates

2.3.3.1 Ago2 enriched mRNA in myoblasts

To understand the list of genes better, we found out those genes which were enriched with
the Ago2 pull down in myoblast and genes which were under expressed in myoblasts.
Our rationale behind this is, genes down regulated by miRNA should be associated with
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Ago2 protein and hence should be enriched when pulled down with argonaute, when their
actual expression in the cell remains low if is down regulated by miRNA. We found 173
such genes in myoblasts. List can be found from supplementary table S2-11. We also
carried out biological process enrichment using online software DAVID for these genes
and found that they were skeletal muscle process associated biological terms like muscle
system process, muscle contration, muscle tissue development etc (supplementary table
S2-13).

2.3.3.2 Ago2 enriched mRNA in myotubes

Following the rationale mentioned in the above section, we did the similar analysis for
myotubes and found 134 genes down regulated in myotubes but enriched with Ago2 pull
down in myotubes (supplementary table S2-12). GO analysis of biological process terms
showed enrichment of DNA metabolic process, protein polymerization and carbohydrate

catabolic process terms (supplementary table S2-14).

Although there are a huge number of genes found enriched with Ago2 pull down, but we
do not have a convincing explanation for them, so we have only highlighted those genes
which our experimental evidence suggest to be the direct candidates under miRNA

regulation.

2.4 Discussion:

Aiming at understanding the molecular basis of skeletal muscle development, we report
the high-throughput sequencing analysis of mRNA and small RNA transcriptome of
primary human muscles. Transcriptome analysis is useful in understanding the relation
between genome and functioning of the cells (13). In this study we have addressed the
mRNA and miRNA constitution of primary human muscle cells at both the myoblast and
myotube stage of development. We did the profiling of mMRNA and miRNA for adult
skeletal muscle as well. The expression level of both mMRNA and miRNA displayed a
broad range. Our study provides the large scale characterization of the transcriptome and
its modulation during the stages of muscle cell proliferation and differentiation and of

skeletal muscle tissue.

We found far more number of genes differentially expressed between myotubes and
skeletal muscle tissue. The overlap between of transcriptomes of myotubes and skeletal

muscle tissue was less (R? value = 0.56) as compared to the extent of overlap between
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myoblasts and myotubes (R? value = 0.77). This was expected as the transition from a
cellular stage to next is not as complicated as from becoming tissue from cell. On
differentiation we found many genes for specific protein families were upregulated. ABC
superfamily members, which are transmembrane proteins and utilise the energy of ATP to
carry out biological process of substrate translocation, RNA translation and DNA repair
(14, 15) were upregulated in myotubes as well as skeletal muscles. Genes from ASB
family were also upregulated. Ankyrin and SOCS box containing proteins have their role
in fixing contractile apparatus to muscle membrane (16). VDCC subunit genes have their
role in skeletal muscle differentiation were also upregulated (17). Genes for Voltage
gated sodium and potassium channels were also turned up at this level of muscle
development. Some Fork head (FOX) protein genes showed upregulation. Role of FoxO
in preventing muscle wasting is well documented (18, 19). In skeletal tissue we found
members of troponin complex protein genes upregulated. Along with many protein
families whose role in muscle is known we found many chemokine family, interleukin,
interleukin receptors and major histocompatibility complex family member genes were
significantly upregulated in skeletal muscle tissue, but they were not turned up in

myotubes.

With the pathway analysis we found, metabolic pathways were the most pronounced
pathways with highest number of altered genes, after differentiation and at the tissue
level. This shows that cells undergo major metabolic changes at each stage of
development from proliferative stage to becoming tissue. Many altered genes in myotubes
and skeletal muscle belonged to PI13k-Akt and MAPK signalling pathways, which are
very well documented pathways in muscle (20, 21, 22). We performed GO analysis
separately for genes differentially up and down regulated. The Grouping into GO
functional classes provided insights into the function of differentially expressed genes.
GO analysis revealed several interesting classes. Genes involved in muscle system
process, striated muscle contraction, muscle organ development, contractile fiber, | band,
sarcomere, biological and cellular compartment terms were remarkable upregulated on
myotube formation. Significant cell cycle function terms like cell cycle processes like M-
phase, nuclear division, mitosis, cell cycle process, chromosome, condensed chromosome
contained genes down regulated upon myotube formation. So, the GO analysis reflected
the transition of entire transcriptome from proliferative phase of myoblast to muscle

specific non dividing state of myotubes. The interesting thing we found with gene
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ontology for skeletal muscle tissue was the marked enrichment of biological process
related to immune response, defence response, response to wounding, inflammatory
response along with other biological process of muscle contraction, cellular respiration,
electron transport chain. Muscle cells after differentiation although did not show any
immunogenic capacity. GO terms of extracelluar matrix organization, extracellular parts
were enriched for genes down regulated in skeletal muscle tissue. May be the
immunogenic capacity is only acquired after becoming tissue and not in the cells by

themselves.

miRNA analysis showed more miRNA were down regulated in skeletal muscle tissue in
comparison with myotubes than were in myotubes compared to myoblasts. We also
looked for miRNA common between myotubes and skeletal muscle tissue. We found
many miRNA which are differentially upregulated after myotube formation but are not
studied adequately yet. So we focused on their functional analysis, which is discussed in

the following chapter.

Since RNA seq gives a huge amount of data and a lot of aspects look very interesting as
well worth investigating further. But distilling down that vast amount of information into
one single interesting thing is extremely difficult. Here we had the entire knowledge of
muscle transcriptome from cells to tissue and we also had the knowledge of miRNA
expression which are important modulators of post transcriptional regulation. In order to
understand this huge amount of information in a biologically meaningful way, we wanted
to find out how the two set of RNAs (i.e mMRNA and miRNA) interact with each other.
The straight forward way to do so was by performing Ago2 RIP and then carry out RNA
seq analysis. This provides a simple and direct experimental method to identify mRNA
targets. We performed Ago2-RIP in myoblasts and myotubes. We then extracted the
poly(A) from the immunoprecipitated complexes and performed RNA seq analysis. To
find out the genes enriched with Ago2 we compared sequences with the total gene pool of
non Ago2 pull down. We found several genes enriched with Ago2. We then compared the
enriched genes, with the genes turned down in myoblasts and myotubes. We found 171
such genes in myoblasts and 132 genes in myotubes. We found many muscle structural
genes were enriched with Ago2 in myoblasts including MYOG which is a differentiation
marker. Since myoblast is still a proliferative state where in muscle specific genes are not
turned up (as we have shown with our RNA seq results), Ago2 enrichment of muscle

structural genes indicate them to be under miRNA regulatory control. With GO analysis
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of these genes we found them enriched for biological processes of muscle contraction,
muscle development, regulatory processes. Genes enriched with Ago2 in myotubes
consisted of transcription factors like PAX7, MYF5, MYF6, HOXA1land HOXA9. Pax7
is known to be down regulated for muscle differentiation (23). HoxA11l is known to be
under miR-181 regulation in muscle (9). GO of genes enriched with Ago2 showed
significant enrichment for DNA metabolic processes. Since the cells upon differentiation
cease to multiply, genes related to DNA replication, ligation or strand elongation are
probably turned down. Our experimental evidences and literature curation shows the
genes enriched with Ago2 pull down in myoblasts and myotubes are very likely to be
under miRNA control. Although, it will certainly need further more experimental
evidence to verify and validate which miRNA act on which mRNA. A transcriptome wide
gene comparison between cellular development stages and adult tissue has not been

described before to our knowledge.

In summary, we have demonstrated the total pool of differentially expressed genes in
human myoblasts, myotubes and adult skeletal muscle. We have also found differential
expression of miRNA and with Argonaute-2 pull down we have been able to find those
genes which are most likely under the control of miRNA regulation.
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Chapter-3

Functional analysis of hsa-miIR-139-
5p, hsamiR-532-5p, hsa-mIR-660-5p
and hsa-miR-92a-3p in human
skeletal myoblasts
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3.1 Introduction:

Based on the miRnome studies performed on skeletal muscle cells, we found out many
differentially expressed miRNA between myoblasts and myotubes. In this chapter | focus
on the functional analysis of hsa-miR-206, hsa-miR-139-5p, hsa-miR-532-5p, hsa-miR-
660-5p and hsa-miR-92a-3p. The reason behing selection hsa-miR-139-5p, hsa-miR-532-
5p and hsa-miR-660-5p is their differential upregulation in myotubes and they are less
studied miRNAs with regards to muscle biology. hsa-miR-206 however is widely
reported as an important and specific miRNA during muscle cell differentiation and
proliferation (1,2,3), so | chose to use hsa-miR-206 as a positive control for the
experiment. hsa-miR-92a-3p is upregulated in myotubes however not differentially, but
this miRNA is one of the highly expressed miRNAs thereby making itself a molecule of
interest for deeper functional analysis. The functional significance of miRNAs was
studied by creating transient transfectants with miRNA mimics. To investigate the
influence of miRNAs, we transfected miRNAs into human skeletal muscle cells (CHQ5B
cells) and performed the genome wide expression analysis using NGS. We decided to
perform the whole transcriptome analysis at two time points of 12 hours and 24 hours
after miRNA mimic transfection. At 12 h time point we wanted to see the immediate
impact and after 24 hours the prolonged effect of miRNA over expression. We had a
negative control with which we compared each miRNA to find out the differential
expression of genes caused by miRNA over expression. Our intention was not to find out
the likely targets for these miRNAS, but to observe the overall impact these miRNA cast
on the myoblast cells and if their over expression can induce any differentiation (since
they are upregulated upon differentiation), even when the cells are left under growing

conditions in 20% FBS medium.

Both hsa-miR-660 and hsa-miR-532 belong to mir-188 family and their host gene is
located in X chromosome (table3-1). Upregulation of hsa-miR-660-5p, upon
differentiation has been reported in porcine skeletal muscle * and also in human primary
myoblasts (5). hsa-miR-660 also shows upregulation Facioscapulohumeral muscular
dystrophy (FSHD) as compared to normal human myoblast cells (6). However no
function of hsa-miR-660-5p in muscle development has been described yet. So we
wanted to investigate the role of this miRNA. hsa-miR-532-5p is also a poorly studied
miRNA with regards to muscle biology. It is however known to be expressed in

mesenchymal stem cells which promote tissue repair/regeneration through release of
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growth factors, cytokines and extracellular matrix molecules (7). Repair and regeneration

are very important aspects of muscle development.

MiRNA Genomic position / Coordinates Gene Family
hsa-miR-139 Chr 11: 72326107 — 72326174 [-] mir - 139
hsa-miR- 92a Chr 13: 92003568 — 92003645 [+] mir - 25
hsa-miR-206 Chr 6: 52009147 — 52009232 [+] mir - 1
hsa-miR- 532 chrX: 49767754 — 49767844 [+] mir — 188
hsa-miR- 660 chrX: 49777849 — 49777945 [+] mir — 188

Table 3-1: Genome context of miRNA

miR-92a which is a member of mir 17-25 cluster, has recently been shown to be involved
in post transcriptional regulation of Hand 2 gene in heart muscle (8). miR-92a has also
been found involved some primary muscular disorders (9). But in-depth knowledge of
role played by miR-92a in muscle development is lacking. Role of hsa-miR-139-5p

during skeletal muscle development has also not been investigated yet.

In this chapter | have tried to shed light on the functional impact of these miRNASs, which

remain poorly studied and investigated in human skeletal muscle development so far.

Experimental plan is depicted below:

RNA seq
mMiRNA transfected 7'y

Left for 12 hours

A 4

Myoblast \

cells

Left for 24 hours

A 4
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3.2 Materials and methods:

3.2.1 Cell culture

CHQ5B myoblast cells were cultured in 6cm petri dishes. 5.9%10° cells were cultured in

one dish. Cells were maintained in 20% FBS medium throughout.

3.2.2 Transient transfection with oligonucleotides

CHQ5B myaoblasts were transfected with miR-206, miR-139-5p, miR-532-5p, miR-660-
5p and miR-92a-3p mirVana mimics at a 40nM concentration, or with a non-targeting
negative control miRNA (miR-NC) oligos (Ambion) using Lipofectamine RNAiMax
(Invitrogen) according to the manufacturer’s instructions. Transfected cells were

harvested for in vitro studies after culturing for 12h and 24h.

3.2.3 RNA extraction and Whole transcriptome sequencing

Poly(A)" RNA was extracted from the cells after 12h and 24h of transfection using
Amersham kit (details has been mentioned in chapter I). Quality of RNA was tested using
agilent technologies and quantified using Qbit. The mRNA was then processed for
sequencing using manufacturer’s instructions and sequencing was performed using
Applied biosystem’s SOLiD technology.

Differential gene expression analysis was performed using edgeR software with a P value

of 0.1 considered statistically significant.

3.3 Results:
3.3.1 miRNA expression upon muscle differentiation

Upon differentiation of CHQ5B myoblasts into myotubes we found many miRNA
differentially expressed. In details this has been discussed in chapter 1. We found hsa-
miR-139-5p, hsa-miR-532-5p, hsa-miR-660-5p and hsa-miR-206 were differentially
upregulated upon myotube formation with an FDR Of 0.05. hsa-miR-92a-3p was
upregulated although not differentially, but its level of expression was very high and
prominent therefore we chose to study it. Table 3-2 shows log, FC for each miRNA. The
bar plot in figure 3-1 show the expression level of these miRNAs in both myoblast and

myotubes.
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miRNA Log, FC P value
hsa-miR-139-5p 6.12 2.83E-11
hsa-miR-532-5p 1.93 0.004881 Table 3-2: miRNA differentially upregulated
hsa-miR-660-5p 2.35 0.000749 : ; :
in myotubes with their log, fold change values
hsa-miR-92a-3p 0.96 0.152295 q g | 92 g
hsa-miR-206 5.55 6.03E-12 and rF-values.
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3.3.2 Transient miRNA over expression caused higher number of genes upregulated

and less genes down regulated

Differentially expressed genes for each miRNA transfection were found as compared to

negative control with an FDR of 0.1. Whole transcriptome analysis showed that, each

miRNA over expression caused both up regulation and down regulation of several genes.

We found that each over expression caused, higher number of genes differentially

upregulated as compared to the number of genes down regulated for both time points of
12 hours and 24 hours (figure 3-2).
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Figure 3-2: Bar plot showing gene expression after 12 and 24 hours of transfection. 139-
12H/24H = hsa-miR-139-5p transfection effect after 12h/24h, 206-12H/24H = hsa-miR-206
transfection effect after 12h/24h, 532-12H/24H = hsa-miR-532-5p transfection effect after
12h/24h, 660-12H/24H = hsa-miR-660-5p transfection effect after 12h/24h, 92a-12H/24H = hsa-
miR-92a-3p transfection effect after 12h/24h. The number of genes showing differential
expression is also shown in the boxes below the bars.

24 hours post transfection with miR-92a and miR-660, highest number of genes was
found affected, and miR-660 over expression showed highest number of genes

upregulated (table 3-3).

miRNA Up regulated Down regulated Total genes affected
hsa-miR-139 347 325 672
hsa-miR- 92a 427 271 698
hsa-miR-206 419 144 563
hsa-miR- 532 312 75 387
hsa-miR- 660 536 162 698

Table 3-3: 24h post miRNA over expression effect. Shown are the numbers of genes up and
down regulated for each miRNA. The last column shows the total number of genes altered after
24 h.

As a general expectation, far fewer genes were found affected after 12 hours of miRNA
mimic transfection. 12 hours post transfection with miRNA-206 showed highest number

of genes with altered expression (table 3-4).

miRNA Up regulated Down regulated Total genes affected
hsa-miR-139 48 15 63
hsa-miR- 92a 11 3 14
hsa-miR-206 153 86 239
hsa-miR- 532 102 26 128
hsa-miR- 660 0 2 2

Table 3-4: 12h post miRNA over expression effect. Shown are the numbers of genes up and
down regulated for each miRNA. The last column shows the total number of genes altered after
24 h.

3.3.3 Differential gene expression, Pathway and GO analysis for genes affected by
each miRNA

We used edgeR software for differential gene expression analysis. KEGG pathway

database (http://www.genome.jp/kegg/pathway.html) using the Homo sapiens reference
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pathway and DAVID online software (http://david.abcc.ncifcrf.gov) were used to
determine the cellular pathways and biological functions that could be influenced by over
expression of miRNAs in CHQ5B myoblast cells. The pathways and processes associated
with altered genes for each miRNA have been discussed in details in the following

sections.

3.3.3a) hsa-miR-139-5p analysis

We observed that after miR-139-5p transfection, a total of 63 and 672 genes were
affected post 12 and 24 hours of transfection respectively. After 12 hours of transfection,
15 snoRNA genes were found down regulated and only 48 genes were upregulated.
Genes found most repressed and considerably over expressed after transient transfection
have been listed in supplementary table S3-1. Targetscan database, predicts NRK,
MYCBP and HDX as targets of miR-139-5p, which we also found were -5.55, -5.77 and -
6.06 log, folds down regulated respectively after 24 hours. This observation is suggestive

that these three genes might be directly repressed by miR-139-5p.

For genes differentially regulated after 24 hours of miR-139-5p over expression, KEGG
pathways with > 7 differentially expressed genes have been listed in table 3-5, but in fact
many more pathways were detected by KEGG. The 7 pathways with at least 7

differentially expressed genes are listed along with their log FC values.

KEGG Pathways Differentially expressed genes (with their log FC)

hsa01100 Metabolic pathways | ALDHAAL  (-6.38), ALGY (5.42), AOC3(-6.76), ARG2(6.62),
(28) ATP6VIE2(5.77), B3GALNT1(-4.42), B4GALT6(5.39), BDH1(-5.91),
CBR3(6.64), CDA(5.48), COQ2(4.89), COQ3(-6.30), COXB6AL(-4.39),
DCXR(5.61), GCLC(5.24), HSD11B1(2.99), MGAM(-5.37),

NDUFA9(6.62), NDUFS6(4.41), PAFAH2(6.55), PIGH(-5.49), PIGV/(5.56),
POLR3K(5.24), PPT2(5.61), PTGDS(5.18), SHMT1(-5.37), UPRT(5.77),
ZNRD1(5.56)

hsa04151 PI3K-Akt signaling
pathway (10)

CCNEL(6.19), COL11A2 (5.70), CSF3 (5.73), FGF16 (-5.49), IGF1(5.39),
ITGAS(-5.61), LPAR6(6.19), NGFR(-3.93), PKN3(-5.77), TLR4(5.73)

hsa05203 Viral carcinogenesis

(©)

C3 (8.26), CCNEL(6.19), CDKN2A (5.94), HISTIH2BF (5.39), HISTLF2B]
(5.33), HIST1H2BN (5.84), HIST1HA4E (5.50), KAT2B (5.42), LYN (-5.33)

hsa04062 Chemokine
signaling pathway (7)

ADCY4 (4.78), CXCL3(6.45), CXCL5(6.73), CXCL6(4.18), GRK5(4.75),
ITK(-5.88), LYN(-5.33)

hsa05016 Huntington's disease

BBC3(5.98), COX6A1(-4.39), NDUFAY(6.62), NDUFS6 (4.41), PPARG(-
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@ 6.33), SLC25A4(6.00), TFAM (5.96)

hsa05322  Systemic  lupus | C3(8.26), CAA (:5.84), CAB(-5.40), HISTIH2BF(5.39), HISTIH2BI(5.33),
erythematosus (7) HIST1H2BN(5.84), HIST1H4E(5.50)

hsa05133 Pertussis (7) C3(8.26), CAA (-5.84), C4B(-5.40), CXCL5 (6.73), CXCL6(4.18), NOD1
(5.68), TLR4 (5.73)

Table3-5: KEGG pathways for genes found altered after 24 hours of hsa-miR-139-5p over
expression. The table shows the pathway names along with the genes involved. The LHS column
gives the pathway names with the number of genes involved mentioned with in the brackets. In
the RHS column, in bracket the log, Fold change values of corresponding genes are shown.
Values in negative show down regulation and vice versa.

Pathway and gene ontology analysis shows that hsa-miR-139-5p over expression after 24
hours, might influence genes involved in metabolism, PIK3-Akt signalling (which
regulates fundamental cellular functions such as transcription, translation, proliferation,
growth and survival), viral carcinogenesis, chemokine signalling, transcription regulation
and chemokine activity. However, after 12 hours hsa-miR-139-5p seems to affect
biological processes of regulation of coagulation, regulation of response to stimulus and
cellular response to stress. (supplementary table S3-6).

3.3.3b) hsa-miR-532-5p analysis

128 and 327 genes were found altered after 12 and 24 hours of miR-532 over expression.
Most prominently affected genes are listed in supplementary table S3-2. After 12 hours
only some snoRNAs were found down regulated but no protein coding genes were turned

down.

For genes differentially regulated after 24 hours of miR-139-5p over expression, KEGG
pathways with > 6 differentially expressed genes have been listed in table 3-6. The 7

pathways with at least 6 differentially expressed genes are listed along with their log FC

values.

24 HOURS

KEGG Pathways Differentially expressed genes (with their log FC)

hsa01100 Metabolic pathways (18) ALG10(5.32), ALG9(5.65), AOC3(-6.48), BPGM(5.86),

CBR3(4.52), COX7B(5.50), CYP2R1(5.21), GALNT12(4.27),
GCLC(6.01), IDI1(6.47), NDUFA9(5.65), NDUFS6(4.24),
PAFAH2(4.74), PIGV(4.77), POLR3F(5.21), QPRT (-4.07),
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SDHD(4.07), TH(-4.83)

hsa05203 Viral carcinogenesis (7) C3(6.56), CCNE1(5.62), CDKN2A(5.43), HISTIH2BD(4.93),
HIST1HA4E(6.28), KAT2B(5.21), REL(5.62)

hsa04060 Cytokine-cytokine receptor | ACVR2A(5.62), CXCL1(5.04), CXCL3(5.04), CXCL5(5.05),
interaction (7) CXCL6(4.82), EGF(5.36), IL15 (5.17)

hsa05016 Huntington's disease (7) BBC3(3.49), COX7B(5.50), NDUFA9(5.65), NDUFS6(4.24),
SDHD(4.07), SLC25A4(5.04), TFAM(5.65)
hsa05012 Parkinson's disease (6) COX7B(5.50), NDUFA9(5.65), NDUFS6(4.24), SDHD(4.07),

SLC25A4(5.04), TH(-4.83)

hsa04062 Chemokine signaling pathway | CXCL1(5.04), CXCL3(5.04), CXCL5(5.05), CXCL6(4.82),

() GRK5(5.56), ITK(-5.60)

12HOURS

KEGG Pathways Differentially expressed genes (with their log FC)

hsa01100 Metabolic pathways (10) ALG9(5.86), CBR3(5.70), DCXR(5.88), FUT4(5.91),

IDI1(4.56), NDUFA9(5.53), PAFAH2(6.07), POLR3F(5.76),
PTGS2(4.24), UPRT(5.93)

Table3-6: KEGG pathways for genes found altered after 12 and 24 hours of hsa-miR-532-5p
over expression. The table shows the pathway names along with the genes involved. The LHS
column gives the pathway names with the number of genes involved mentioned with in the
brackets. In the RHS column, in bracket the log, Fold change values of corresponding genes are
shown. Values in negative show down regulation and vice versa.

Genes for almost 22 zinc finger proteins, myosin heavy chain 15 (MYH15), some histone
cluster protein and chemokine ligand were upregulated after 24 hours of miR-532-5p over

expression.

Pathway and gene ontology analysis shows that hsa-miR-532-5p over expression after 24
hours, might influence (both by up regulating and down regulating) genes involved in
metabolism, viral carcinogenesis, cytokine-cytokine receptor interaction, regulation of
transcription, chemokine activity, response to hypoxia. However, after 12 hours hsa-miR-
532-5p seems to affect along with metabolic pathways, biological processes of regulation
of coagulation, regulation of response to stimulus and cellular response to stress.

(supplementary table S3-7).

3.3.3c) hsa-miR-660-5p analysis
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We observed that after 12 hours of miR-660-5p transfection, no alteration to gene

expression was caused. Only 2 genes were down regulated after 12 hours. However 24

hours post-transfection, 698 genes showed differential expression. Thereby, indicating

that miR-660-5p probably takes a gradual course of action into the cells, as compared to

other miRNAs which we have studied. Supplementary Table S3-3 lists the genes found

most significantly influenced by miR-660-5p over expression.

For genes differentially regulated after 24 hours of miR-660-5p over expression, KEGG

pathways with > 6 differentially expressed genes have been listed in table 3-7. The

pathways with at least 6 differentially expressed genes are listed along with their log FC

values.

24 HOURS

KEGG Pathways

Differentially expressed genes (with their log FC)

hsa01100 Metabolic pathways
@7)

AGMAT (-4.54), ALG14(4.80), ALG9(5.67), AOC3(-3.43), CBR3(6.23),
COX10(4.00), COX7B(4.34), CYP2R1(5.99), DCXR(6.09), FUT4(5.73),
GCLC(6.36), MCAT(4.69),  NDUFA9(4.55),  NDUFS6(4.71),
PAFAH2(6.56), PIGP(5.63), PIGV(4.48), POLR3K(5.57), PPT2(5.27),
SDHD(3.84), SLC27A5(-4.31), SMPD2(4.30), SORD(-4.60), SPR(-
3.41), TPK1(-5.47), UPRT(5.42), ZNRD1(4.85)

hsa05203 Viral carcinogenesis | C3(5.49), CCNEL(5.70), CDKN2A(5.85), HIST1H2BD(5.30),

©) HISTIH2BN(5.07), HIST1H4A(4.97), IRF9(4.91), KAT2B(5.85),
REL(5.46)

hsa05016 Huntington's disease | BBC3, COX7B, NDUFA9(4.55), NDUFS6(4.71), SDHD(3.84),

) SLC25A4, TFAM(5.99)

hsa04151 PI3K-Akt signaling | CCNE1(5.70), FGF16(-5.03), NGF(4.74), PPP2R2B(5.67),

()

PPP2R5A(3.37), TLR4(5.99), VWF(-4.66)

hsa05200 Pathways in cancer

()

AXIN2(-3.58), CCNE1(5.70), CDKN2A(5.85), FGF16(-5.03), FLT3LG(-
4.50), LEF1(5.38), MITF(5.02)

hsa05012 Parkinson's disease

(6)

COX7B(4.34), NDUFA9(4.55),
SLC25A44.74), SNCAIP(5.34)

NDUFS6(4.71),  SDHD(3.84),

hsa03010 Ribosome (6)

FAU(3.84), MRPS14(5.41), RPL18A(3.79), RPL41(4.55), RPS26(5.02),
RPS7(3.54)

hsa05010 Alzheimer's disease
(6)

APH1B(3.47), CASP7(-5.93),
NDUFS6(4.71), SDHD(3.84)

COX7B(4.34), NDUFA9(4.55),
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Table3-7: KEGG pathways for genes found altered after 24 hours of hsa-miR-660-5p over
expression. The table shows the pathway names along with the genes involved. The LHS column
gives the pathway names with the number of genes involved mentioned with in the brackets. In
the RHS column, in bracket the log, Fold change values of corresponding genes are shown.
Values in negative show down regulation and vice versa.

Pathway and gene ontology analysis shows that hsa-miR-660-5p over expression after 24
hours, might influence (both by up regulating and down regulating) genes involved in
metabolism, viral carcinogenesis, Huntington disease, PI3K-Akt pathway, regulation of
transcription, regulation of cell death and regulation of apoptosis (supplementary table
S3-8). hsa-miR-660-5p caused many zinc finger proteins upregulated after 24 hours, and
GO analysis indicate the positive effect miR-660-5p has on transcriptional regulation of
CHQ5B myoblast cells.

3.3.3d) hsa-miR-92a-3p analysis

Like hsa-miR-660-5p, has-miR-92a-3p also showed very little near negligible effect on
transcriptome after 12 hours as only 14 were found affected but after 24 hours of miRNA
over expression 698 genes showed differential expression. Genes found most affected
after 12 and 24 hours of miRNA over expression have been listed in table S3-4.

For genes differentially regulated after 24 hours of miR-92a-3p over expression, KEGG
pathways with > 8 differentially expressed genes have been listed in table 3-8. The 7

pathways with at least 6 differentially expressed genes are listed along with their log FC

values.

24 HOURS

KEGG Pathways Differentially expressed genes (with their log FC)

hsa01100 Metabolic pathways (27) AKR1B10(-4.81), ALG10(5.09), ALG3(-4.43),
ALG9(6.78), ATP6V1E2(5.39), ATP6V1G1(-4.25),
BPGM(4.20), COX6A1(-4.70), CTH(6.00),
CYP2R1(5.66), FUK(-5.99), GALNT12(5.87),
GCLC(5.92), ISYNA1(-5.52), MCEE(-5.47),

NDUFAB1(-5.52), NDUFS6(4.90), PAFAH2(5.87),
PIGL(-5.79), PIGV(4.34), POLR3F(4.78),
POLR3K(5.35), ST3GAL6(5.46), TGDS(-4.81), TPK1(-
5.54), UPRT(5.75), ZNRD1(6.27)
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hsa05203 Viral carcinogenesis (17) BAKZ1(-5.65), C3(8.55), CCNE1(5.35), CDKN2A(5.75),
GTF2B(3.84), HIST1H2BC(6.04), HIST1H2BJ(5.09),
HIST1H4E(4.72), HLA-F(4.45), HLA-G(5.87),
IRF9(6.07), KAT2B(5.46), LYN(-5.40), POLB(-5.56),
RBL1(-5.69), REL(6.20)

hsa04060 Cytokine-cytokine receptor | CSF3(7.14), CXCL1(3.71), CXCL3(5.23), CXCL5(5.44),

interaction (9) CXCL6(4.54), ILLORB(-5.03), ILL5(5.84),
TNFSF12(5.57), TNFSF4(-5.38)

hsa04510 Focal adhesion (9) BCL2(6.20), BIRC3(5.18), CAV3(-5.52),
COL11A2(5.09), IGF1(5.72), ITGA8(-6.13),
LAMB3(3.74), MYLK2(-6.03), PAK3(5.35)

hsa05166 HTLV-I infection (8) ADCY4(5.10), CDKN2A(5.75), HLA-F(4.45), HLA-
G(5.87), IL15(5.84), KAT2B(5.46), POLB(-5.56),
SLC25A4(6.00)

hsa04062 Chemokine signaling pathway (8) ADCY4(5.10), CXCL1(3.71), CXCL3(5.23),
CXCL5(5.44), CXCL6(4.54), GRK5(4.31), ITK(-5.50),
LYN(-5.40)

Table3-8: KEGG pathways for genes found altered after 24 hours of hsa-miR-92a-3p over
expression. The table shows the pathway names along with the genes involved. The LHS column
gives the pathway names with the number of genes involved mentioned with in the brackets. In
the RHS column, in bracket the log, Fold change values of corresponding genes are shown.
Values in negative show down regulation and vice versa.

Pathway and gene ontology analysis shows that hsa-miR-92a-3p over expression after 24
hours, might influence (both by up regulating and down regulating) genes involved in
metabolic pathways, viral carcinogenesis, cytokine-cytokine receptor interaction, focal
adhesion, regulation of transcription, mitochondrial transport, protein targeting to
mitochondrion and mitochondrion organization (supplementary table S3-9.).

3.3.3e) hsa-miR-206 analysis (Positive control)

Compared to rest of the miRNAs, hsa-miR-206 showed highest genes having changed
their expression after 12 hours, with 239 genes found influenced. After 24 hours of
MIRNA over expression 563 genes showed altered expression. Genes most prominently

influenced are shown in tableS3-5.

For genes differentially regulated after 24 hours of miR-206 over expression, KEGG

pathways with > 8 differentially expressed genes have been listed in table 3-9. The 7
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pathways with at least 6 differentially expressed genes are listed along with their log FC

values.

24 HOURS

KEGG Pathways

Differentially expressed genes (with their log FC)

hsa01100 Metabolic pathways (21)

ALGY(5.04),  AOC3(-5.35),  CDA(4.99),  CKM(5.48),
COX10(4.90),CYP2R1(2.50), DCXR (5.96), GALNT3 (5.55),
GCLC(5.82),  GK(5.19),  IDI1(3.69),  NDUFA9(5.61),
PAFAH2(5.76), PIGH(-4.08), POLR3F(5.51), POLR3K(6.04),
PPT2(4.58), PYGM(4.99), SMPD2(5.11),  UPRT(6.28),
ZNRD1(6.38)

hsa05203 Viral carcinogenesis (8)

C3(7.09), CASP8(-3.52), CCNEL(5.19), CCNE2(6.28),
CDKN2A(6.09), KAT2B(5.19), LYN(-4.38),REL(5.04)

hsa05200 Pathways in cancer (8)

CASP8(-3.52), CCNE1(5.19), CCNE2(6.28), CDKN2A(6.09),
FGF16,PPARG, TGFB2(3.72), WNT3(5.28)

hsa05166 HTLV-I infection (7)

ADCY4(4.02), CDKN2A(6.09), CHEK2(-4.80), KAT2B(5.19),
SLC25A4(5.04), TGFB2(3.72), WNT3(5.28)

hsa04110 Cell cycle (7)

CCNEL(5.19), CCNE2(6.28), CDC14A(6.57), CDK7(5.02),
CDKN2A(6.09), CHEK2(-4.80), TGFB2(3.72)

hsa04151 PI3K-Akt signaling pathway
@)

CCNEL(5.19), CCNE2(6.28), CSF3(5.04), FGF16(-4.08),
PPP2R2B(6.04), SGK3(4.75), TLR4(4.99)

hsa04020 Calcium signaling pathway
(7)

ADCY4(4.02), CACNALH(5.04), CHRM3(5.48), PTGER3(5.19),
SLC25A4(5.04), TBXA2R(5.48), TNNC2(5.28)

12 HOURS

KEGG Pathways

Differentially expressed genes (with their log FC)

hsa01100 Metabolic pathways (13) ALG9(5.45), CBR3(6.00), COX7B(4.65), GALNT3(5.58),
GCLC(6.21), IDI1(4.40), NDUFS6(5.04), PAFAH2(6.25),
POLR3F(5.07), PTGS2(3.98), QPRT(-5.35), TPK1(-5.65),
ZNRD1(5.42)

hsa04151 PI3K-Akt signaling pathway | CCNE1(5.45), CCNE2(5.72), COL11A2(5.61), JAK3(-5.22),

) TLRA4(6.07)

hsa05203 Viral carcinogenesis (5) C3(6.27), CCNE1(5.45), CCNE2(5.72), HIST1H2BC(5.42),
JAK3(-5.22)

Table3-9: KEGG pathways for genes found altered after 12 and 24 hours of hsa-miR-206 over
expression. The table shows the pathway names along with the genes involved. The LHS column
gives the pathway names with the number of genes involved mentioned with in the brackets. In
the RHS column, in bracket the log, Fold change values of corresponding genes are shown.
Values in negative show down regulation and vice versa.
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GO analysis for genes turned up after 12 hours showed that biological process terms of
positive regulation of smooth muscle contraction, muscle contraction and BP terms of
transcription, transcription regulation, muscle contraction were enriched for genes turned

up after 24 hours (supplementary table S 3-10).

hsa-miR-206 has a very well documented role in muscle developmental biology. With our
transient over expression studies, we found out the repertoire of genes which got effected
by the over expression of this miRNA for 12 and 24 hours. Genes which were over
expressed at 12 hours, showed enrichment for biological processes specific for muscle
development like, positive regulation of muscle contraction, positive regulation of smooth
muscle contraction, electron transport chain. This result stands in parallel to the well-
established involvement of miR-206 in muscle development, as the over expression of

miRNA enhanced muscle developmental processes.
3.3.4 Common effects exerted by all mMiRNAs

We observed that number of genes with altered expression after 12 hours of transfection
were considerably low than those affected after 24 hours for each miRNA, as shown in
the bar graph of figure 3-3.

Genes down regulated after 12 hours of each miRNA over expression were mostly
snoRNAs, as shown in the pie chart (figure 3-4 A). A greater percentage of over
expressed genes were protein coding, others were either non protein coding genes or
genes coding for uncharacterized proteins. The bar plot (figure 3-4 D) shows the %age of
protein coding genes among all over expressed genes.

We were interested to find if there are any genes commonly perturbed by two or more
miRNA of all the five miRNAs we have investigated. We found that almost ¥4 th of the
total genes upregulated after 24 hours of each miRNA over expression, were commonly
affected by either all five miRNA or by any two miRNAs (figure3-4 B). The genes which
are affected by only any one miRNA largely comprised of non-coding genes. The
observation remained almost similar for genes down regulated after 24 hours (figure3-4
C). Since very limited number of genes was differentially affected after 12 hours, we
focused on results of 24 hour transfection to find out common affect exerted by all the
miRNAs together.
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We also looked for genes which remained either supressed or over expressed through 12h

and 24h. We found limited number of genes remained common between both time points

for each miRNA.
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Figure3-3: Bar plot comparing the effect on gene expression after 12h and 24h of miRNA over
expression. X-axis gives the number of genes altered and y-axis gives the name of miRNA.
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Figure3-4: (A) Pie chart showing percentage of snoRNA amongst total genes down regulated
after 12 hours of miRNA over expression. (B) Doughnut plot representing proportion of
upregulated genes, commonly perturbed by more than one miRNA. (C) Doughnut plot
representing proportion of downregulated genes, commonly perturbed by more than one
miRNA.(D) Percentage of protein coding genes amongst up regulated after 24h of miRNA over
expression. 139-24H = hsa-miR-139-5p transfection effect after 24h, 206-24H = hsa-miR-206
transfection effect after 24h, 532-24H = hsa-miR-532-5p transfection effect after 24h, 660-24H =
hsa-miR-660-5p transfection effect after 12h/24h, 92a-24H = hsa-miR-92a-3p transfection effect
after 24h.

3.3.5 Comparison of miR down regulated genes with Ago2 enriched genes in

myoblasts

In the previous chapter, | have described the genes enriched with Ago2 pull down. Here |
have compared the genes down regulated by each miRNA after 24 hours with the genes
enriched with Ago2 in myoblasts. We found some genes common and they are listed in
table 3-10.

MiRNA Genes down | Protein encoded and function
regulated
hsa-miR-139-5p GYG2 Encodes the muscle glycogenin. Glycogenin is a self-

glucosylating protein involved in the initiation reactions of
glycogen biosynthesis.

MYH7 Myosins are a large family of motor proteins that share the
common features of ATP hydrolysis, actin binding and
potential for kinetic energy transduction.

COBL Plays an important role in the reorganization of the actin
cytoskeleton.

CDK18 May play a role in signal transduction cascades in terminally
differentiated cells

HRC May play a role in the regulation of calcium sequestration or
release in the SR of skeletal and cardiac muscle

MYBPH Binds to myosin; probably involved in interaction with thick

myofilaments in the A-band
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SHF

Adapter protein which may play a role in the regulation of
apoptosis in response to PDGF

HES6

This gene encodes a member of a subfamily of basic helix-
loop-helix transcription repressors. Members of this gene
family regulate cell differentiation in numerous cell types.

AQP3

Acts as a glycerol transporter in skin

VGLL2

May act as a specific coactivator for the mammalian TEFs.
May play a role in the development of skeletal muscles

MSC

Transcription repressor capable of inhibiting the transactivation
capability of TCF3/E47. May play a role in regulating antigen-
dependent B-cell differentiation

MY LPF

myosin light chain, phosphorylatable, fast skeletal muscle

CAV3

regulate voltage-gated potassium channels. Plays a role in the
sarcolemma repair mechanism of both skeletal muscle and
cardiomyocytes that permits rapid resealing of membranes
disrupted by mechanical stress

hsa-miR-532-5p

COBL

Plays an important role in the reorganization of the actin
cytoskeleton.

GMPR

Catalyzes the irreversible NADPH-dependent deamination of
GMP to IMP. It functions in the conversion of nucleobase,
nucleoside and nucleotide derivatives of G to A nucleotides,
and in maintaining the intracellular balance of A and G
nucleotides

LMOD3

GO annotations related to this gene include tropomyosin
binding. An important paralog of this gene is TMOD.

hsa-miR-660-5p

LMOD3

GO annotations related to this gene include tropomyosin
binding. An important paralog of this gene is TMODL.

ARPP21

Isoform 2 may act as a competitive inhibitor of calmodulin-
dependent enzymes such as calcineurin in neurons

hsa-miR-92a-3p

COBL

Plays an important role in the reorganization of the actin
cytoskeleton.

CDK18

May play a role in signal transduction cascades in terminally
differentiated cells

SHF

Adapter protein which may play a role in the regulation of
apoptosis in response to PDGF

VGLL2

May act as a specific coactivator for the mammalian TEFs.
May play a role in the development of skeletal muscles.

uCpP2

UCP are mitochondrial transporter proteins that create proton
leaks across the inner mitochondrial membrane, thus
uncoupling oxidative phosphorylation from ATP synthesis. As
a result, energy is dissipated in the form of heat

CAV3

regulate voltage-gated potassium channels. Plays a role in the
sarcolemma repair mechanism of both skeletal muscle and
cardiomyocytes that permits rapid resealing of membranes
disrupted by mechanical stress

hsa-miR-206

HRC

May play a role in the regulation of calcium sequestration or
release in the SR of skeletal and cardiac muscle

SHF

Adapter protein which may play a role in the regulation of
apoptosis in response to PDGF

AQP3

Acts as a glycerol transporter in skin
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Table 3-10: Genes down regulated by miRNA and enriched in Ago2 pull down. The gene names
and the function of proteins encoded by them (taken from Gene cards) have been shown in
corresponding columns.

With this analysis we found that hsa-miR-139-5p turns down genes like MYH7, MYBPH,
MYLPF, CAV3 and CDK 18 which are upregulated on myotube formation as they have
muscle specific roles. hsa-miR-532-5p caused down regulation of LMOD3 gene which
binds to tropomyosin. hsa-miR-660-5p also inhibits LMOD3 gene. hsa-miR-92a-3p is
found to bring under expression of COBL, CDK18, SHF, VGLL2, UCP2 and CAV3
genes all of which have muscle related functions. hsa-miR-206 inhibited or down

regulated HRC genes.

These results indicate that although they are turned up in myotubes, but in myoblasts they
have a role to keep down the expression of genes which have role in muscle

differentiation.

3.4 Discussion:

In this chapter I have tried to elucidate, the overall impact of hsa-miR-139-5p, hsa-miR-
532-5p, hsa-miR-660-5p, hsa-miR-92a-3p and hsa-miR-206 over expression on the
transcriptome of human skeletal myoblast cells. We chose to study these miRNA as we
found them significantly upregulated upon differentiation into myotubes. Also these
remain very little studied in human skeletal muscle. Our goal was not to study the target
genes specifically, but to find out the overall affect these miRNA have on skeletal muscle
development. The direct effect of one miRNA on a cell might be limited, but that little
impact actually is far wider at the molecular level, as the message gets conveyed from one
molecule to another. So, we considered studying the total impact at molecular level which
these miRNA have on the muscle cells. We chose to do the analysis of gene expression at
two time points of 12h and 24h post miRNA over expression to verify if the impact of

perturbation on transcriptome remains steady or changes with time.

The rationale of these experiments was based on the observation that some miRNAs are
found at a much higher level after differentiation of myoblasts into myotubes. Therefore,
the impact of each miRNA on gene regulation could be “dissected” by overexpressing it

in myoblasts and looking of the effect on the transcriptome. One of our

presumptions was that the over expression of some miRNAs could induce differentiation

of transfected myoblast cells (as these miRNA are upregulated upon muscle
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differentiation). However with the transcriptomic analysis that is not what we found. On
comparing the genes down regulated by each miRNA with the genes enriched with Ago2
pull down in myoblasts we found some common genes. These genes have muscle specific
function. So we found that although these miRNAs are turned up upon differentiation,
when they are over expressed in myoblast they do not induce differentiation, rather they
keep down genes which have a role in muscle development and differentiation. We can
infer that since from the surrounding (which has 20%FBS) the cells do not get the
message to undergo differentiation and mere upregulation of these miRNA was not a
strong trigger for the cells to differentiate. This also shows that even though they are
expressed at a much lower level in myoblasts, they still have a role in maintaining the

proliferative state of the cells, by keeping down genes involved in muscle differentiation.

Also, with each miRNA transfection we observed greater number of genes upregulated
than genes down regulated at both the time points of 12 and 24 hours. This finding of ours
goes very much in accordance with the review by Shobha Vasudevan, which talks about
the post transcriptional upregulation by miRNA (10). Also, recent research is showing the
role of miRNA in upregulation of genes (11,12,13). These findings make it more concrete
that miRNA have role in over expression of mRNA and not only in turning down gene
expression. It is difficult for us to ascertain if the genes found up regulated were directly
acted upon by the miRNA or whether what we observed was an implied effect, but it is
possible that there may be a direct effect of the miRNAs. Our whole transcriptome
analysis showed that, with each miRNA transfection and at both the time points of 12h
and 24h, higher numbers of genes were differentially turned up as compared to the total
number of genes differentially down regulated. This stands contradictory to the more
widely accepted concept for any miRNA, which is to down regulate genes. We however
do not know if prolonged time periods of observation would have changed the picture by
turning down more genes and less genes over expressed. We observed that total number
of genes altered after miRNA over expression escalated at 24 hours as compared to 12
hours, also very limited genes remained either over or under expressed throughout 12 —
24 hours, indicating that miRNA takes a gradual course of action inside the cells and the
effect changes with time. After 12h the overall change in protein coding gene expression
was very little to discern any biological meaning from them. So, our findings mainly

come from 24h time point.
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With pathway analysis for genes with altered expressions, we found that metabolic
pathways were majorly and consistently influenced by each miRNA over expression.
Also, genes over expressed after 24 hours of miRNA transfection were mainly involved
in biological process of transcription and transcriptional regulation. Genes over expressed
after hsa-miR-92a showed enrichment of “response to wounding” along with
transcriptional regulation. hsa-miR-206 is very well characterised for its role in muscle
development (1,2,3), we used it as a positive control for our experiment. We found that
genes over expressed after 12h and 24h of miR-206 over expression were enriched for
biological process terms of positive regulation of muscle contraction, positive regulation
of smooth muscle contraction, heart contraction, muscle contraction etc. This is a good
evidence to show reliability of our experiment and its results. But the interesting part is
that genes “upregulated” were enriched for muscle specific function terms after miR-206
over expression. This finding of our’s indicates that miRNA causes upregulation of genes.
The set of genes perturbed due to miRNA over expression was different for each miRNA,

but their over-all effect remained quite similar to an appreciable extent.

Our main finding from this experiment are: (1) Each of the 5 miRNAs caused more genes
turned up as compared to turned down after 12h and 24h of over expression, we however
cannot comment how many of these genes were directly affected and how many came out
as a secondary effect. (2) After 24hours, genes turned up by each miRNA were involved
on biological process of transcriptional regulation and transcription. Except for miR-206,
which showed enrichment of muscle specific processes. (3) Metabolic pathways mainly
and consistently were perturbed due to each miRNA over expression. (4) With the
comprehensive analysis for all the 5 miRNAs, we find that they all participate towards
transcriptional regulation. But we did not see the transcriptome of myoblasts shifting
towards myotubes after miRNA perturbation, except for hsa-miR-206 which is a well-
documented miRNA in muscle development and we used it as a positive control for our
study. (5) Comparison analysis of genes down regulated by these miRNA after 24h with
Ago2 enriched genes in myoblasts showed some common genes. We found these genes
were involved in muscle differentiation and development. Hence it shows that although
these miRNA are less expressed in myoblasts, they still have a role to play in maintaining
the cell proliferation by preventing upregulation of genes for muscle development. Mere

upregulation of miRNA did not cause the cells to differentiate.
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Chapter - 4

Whole transcriptome analysis of

differentiation of human skeletal

muscle cells on three-dimensional
scaffold
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This work was performed in collaboration with Professor Nicola Elvassore of
“Dipartimento Di Ingegneria Industriale, Universita Degli Studi di Padova”. The work
was carried out with Susi Zatti, a then PhD student who worked with Prof. Elvassore.
This work was undertaken mainly as an interest of prof. Elvassore to test the influence of
3D hydrogel matrix on human skeletal muscle cells. Our interest was to elucidate the

influence 3D culture exerts on the transcriptome of skeletal muscle cells.

With the next generation sequencing facility in our lab we performed the RNA seq of
muscle cells grown in 3D culture. The RNA seq result analysis was also performed by us.
The cell culture and immunofluorescence of cells in 3D culture were performed in the

Dipartimento Di Ingegneria Industriale. CHQ5B cells were used for this experiment.
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4.1 Introduction:

Myogenesis is the formation of muscular tissue, particularly during embryonic
cevelopment. Muscle fibers form from the fusion of myoblasts into multi-nucleated fibers
called myotubes. In the early development of an embryo these myoblasts will proliferate
if enough fibroblast growth factor (FGF) is present. Whne the FGF runs out, the
myoblasts cease division and secrete fibronectin onto extracellular matrix. The second
stage involves the alignment of the myoblasts into the myotubes. The third stage is the
actual cell fusion itself. In this stage, calcium ions are critical for development. Fusion is
mediated by a set of metalloproteinases called meltrins. Myocyte enhancer factors

(MEFs) promote myogenesis.

It is known that cells as classical 2D cultures loose many of the hallmarks of their in vivo
counterparts. In 2D cell culture, cells are grown on flat dishes made of polystyrene plastic
that is very stiff and unnatural. 3D cell-culture models have recently garnered great
attention because they often promote levels of cell differentiation and tissue organization
not possible in conventional 2D culture systems. In 3D cell culture, cells attach to one
another and form natural cell-to-cell attachments. The cells and the extracellular matrix
that they synthesize and secrete in three dimensions is the natural material to which cells
are attached. It is flexible and pliable like natural tissues. It is made of complex proteins
in their native configuration and so provides important biological instructions to the cells.
In this 3D cell culture environment, cells can exert forces on one another and can move
and migrate as they do in vivo. The close proximity of cells in 3D also enables surface
adhesion molecules and surface receptors on one cell to bind to surface adhesion
molecules and surface receptors on an adjacent cell. This coupling in 3D also maximizes
cell-to-cell communication and signaling that is critical for cell function. Not too
surprising, the phenotype or function of cells grown in 3D is more complex and closer to

the functions of native tissues than cells grown in 2D (1, 27).

Since cells grown in vitro are dramatically perturbed by their micro environment, genome
wide gene expression analysis is of paramount importance, as it provides the insight of
genes and pathways affected in cells as compared to their tissue of origin. We have
performed the transcriptome analyses of human skeletal muscle cells grown in 2D and 3D
culture models along with adult skeletal muscle tissue and identified differentially
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expressed genes, to develop a better understanding of how the cells adapt to in vitro

microenvironments.

4.2. Materials and Methods

4.2.1 Cell Culture
Human primary skeletal muscle cells (CHQ5B):

CHQ5B primary human myoblasts were kindly provided by Dr. V. Mouly (URA, CNRS,
Paris, France). CHQ5B human myoblasts were isolated from the quadriceps of a newborn
(5 days post-natal) without any sign of neuromuscular disorders and the protocols used
for this work were in full agreement with the current legislation on ethical rules. These
cells can achieve 55-60 divisions before reaching proliferative senescence.

Growth conditions: DMEM (Gibco - Invitrogen) supplemented with 20% Fetal Bovine
Serum (Gibco, Life Technologies) and 50ug/ml gentamycin.

Differentiation conditions: DMEM supplemented with 2% horse serum (GibcoBRL) and
50pg/ml gentamycin.

Differentiation of myoblasts into myotubes has to be induced by serum withdrawal when
the myoblasts are just below confluency.. Myotube formation can be observed after two
days after serum withdrawal.

2D culture was carried out in 10cm petri dishes. For 3D culture of cells, at day 0 cells
were initially suspended in matrigel 50% (v/v in DMEM) and injected inside the p-
channels (about 2x10* cells / channel). 24 hours after injection, the differentiation
medium was added and myoblasts began to fuse forming bundles of myotubes. 3D culture

was performed at the DIPIC (Engineering Department, University of Padova).

4.2.2 RNA extraction
4.2.2a Poly (A)" RNA from CHQ5B cells in 2D culture:

Polyadenylated RNA was extracted directly from cells using QuickPrep micro mRNA
purification kit (Amersham Biosciences). Cells were scraped and collected after PBS
washing, snap frozen in dry ice and stored at -80°C until use. 400ul extraction buffer
(buffered aqueous solution containing guanidium thiocyanate and N-lauroyl sarcosine)
was added to the pelleted cells which were vortexed until homogenous suspension was

achieved. This suspension was diluted with 800 pl of elution buffer (10mM Tris HCI, pH
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7.5, ImM EDTA) and mixed using the vortex. The mixture was centrifuged at 12,0009
for 1 minute and the clear cellular homogenate was added to the Oligo(dT) beads
(25mg/ml oligo dT cellulose suspended in buffer) pellet. Cellular homogenate and oligo
(dT) beads were incubated together for 5 minutes at 70 -75 °C. This causes the
denaturation of RNA and enhances the binding of the poly (A) tail of RNA with the oligo
dT beads. The sample was incubated at room temperature for 30 minutes with gentle
agitation. The supernatant was removed by centrifugation at 12,0009 for 30 seconds. The
oligo (dT) cellulose pellet was washed 4 times using high salt buffer (L0mM TrisHCI, pH
7.5, 1mM EDTA, 0.5M NaCl) followed by washing with low salt buffer (10mM TrisHCI,
pH 7.5, 1ImM EDTA, 0.1M NacCl) for another 4 times. High salt conditions allow the
annealing of the poly(A) tail to the oligo d(T). The low salt buffer removes the poly(A)-
RNAs (eg. tRNA and rRNA). These washings also remove contaminating DNA, RNA
proteins. The oligo dT beads were transferred to the microspin column (polypropylene
mini-columns) and suspended in pre heated 100 -200 ul elution buffer (10mM Tris HCI,
pH 7.5, ImM EDTA) or preheated RNase free water (Sigma) which releases the poly(A)*
RNA and the tube was centrifuged at 12,000g for 30 seconds. The eluate contained poly

(A) RNA which was stored at -80°C until downstream processing.

4.2.2b Poly (A)" RNA from CHQ5B cells in 3D culture:

Cells were collected from 3D hydrogel matrix in extraction buffer of QuickPrep micro
mRNA purification kit (Amersham Biosciences) after cutting open the matrix channels
under sterile conditions. Poly(A) RNA was extracted was carried out using the same

procedure as mentioned in section 3.2.2a.

4.2.3 RNA quantification, quality assessment and RNA seq

Same as mentioned in materials and methods section of Chapter 2. Sequencing produced

millions of short reads which were aligned on the human genome using PASS program

9).

4.3 Result:

Anchorage of muscle cells to the extracellular matrix is crucial for a range of fundamental

biological processes including migration, survival and differentiation. Three-dimensional
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(3D) culture has been proposed to provide a more physiological in vitro model of muscle
growth and differentiation than routine 2D cultures. We have characterized cell-matrix
interactions in 3D muscle culture and analyzed their consequences on cell differentiation.
Our goal was to develop a comprehensive understanding of how 3D culture modulates the

muscle differentiation using NGS technology.

4.3.1 Cell Observation in 3D culture

CHQ5B cells were grown on tissue culture plastic and matrigel surface. In 3D culture,
after 24 hours of differentiation medium addition myoblasts began to fuse forming
bundles of myotubes, which progressively aligned generating elastic, elongated structure.
In 3D culture, after the switch to the differentiation medium, cells fused to form long,
multinucleated myotubes that were well aligned along the longitudinal axis of the gel
(figure 4-2). This pattern contrasted with the large branched myotubes and random cell

orientation usually observed in routine 2D cultures (figure 4-1).

days differentiated.

human myoblasts
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Figure 4-1: Phase contrast image of myotubes cultured
and differentiated on 2D plastic surface. Cells were 10



Figure 4-2: Time course of human primary myoblasts culture inside the micrometric channels
and schematic representation of the experiment performed for analysing the differentiation
level of the 3D myoblasts culture. An overall image of a single bundle of myotubes within its
channel is reported; total length 15 mm.

Myotube formation was assessed by immunostaining for the presence of myosin heavy
chain, a-actinin and dystrophin on 3D myotubes bundles obtained 5 and 10 days after
myoblasts injection in the micrometric channels and extracted from the hydrogel
scaffolds (figure 4-3).

Ii‘]

Figure 4-3: Confocal microscopic images of myosin heavy chain, a-actinin and dystrophin
staining of CHQ5B cells during the process of differentiation in 3D culture. Images show the
cross section through the middle of channels of matrigel for 5 and 10 days of differentiation.
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4.3.2 Transcriptome analysis of 2-D, 3-D cultivated myotubes and human adult
skeletal muscle tissue

We performed an extensive comparison of transcriptomes of 2D, 3D cultured myotubes
and human adult skeletal muscle to address two things, firstly to find out the
transcriptional variability that happen due to the change in culture conditions and
secondly to address the correlation, 2D and 3D cultured myotubes share with the skeletal
muscle tissue. Both cell culture conditions were compared with each other as well as with
the adult skeletal muscle tissue. By comparing the transcriptomes we found out

differentially expressed genes. Differentially regulated genes were identified using edgeR
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(2) combined with false discovery rate (FDR) method (3). A statistical significance of p <

0.05 was used for the comparisons.

We found 1053 genes (731 up, 322 down regulated) differentially expressed in 3D
myotubes when compared to 2D. 1570 genes (480 up, 1090 down regulated) and 4724
genes (2481 up, 2243 down regulated) were differentially expressed in skeletal muscle
tissue when compared to 3D and 2D cultured myotubes respectively (figure 4-4). Our
results showed that transcriptome of myotubes cultured under 3D conditions show greater
similarity to adult skeletal muscle tissue transcriptome, when compared to 2D cultured
cells, as can be seen from the smear plots shown in figure 4-5. The extent of overlap
between transcriptomes of two culture conditions and the skeletal tissue is shown by the
venn diagram of figure 4-6. Minimal overlap was found between 2Dvs3D and
3DvsSkeletal muscle. 248 genes were found in common between genes differentially
upregulated in 3D and skeletal muscle tissue when compared to 2D cultured cells.
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4500 -
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3500 1 m Total differentially expressed
Number 3000 - genes
of genes 2500 - = Upregulated genes

2000 -

1500 - Downregulated genes

1000 -

- I
0 - T T
3D vs 2D SKvs 3D SKvs 2D

Figure 4-4: Bar plot showing differentially up and down regulated genes in 2D, 3D culture and
skeletal muscle tissue. The bar plot shows genes differentially up and down regulated. The
differential expression of genes was found by comparing two samples. (3D vs 2D — 3D culture vs
2D culture, SK vs 3D — Skeletal muscle vs 3D culture, SK vs 2D — Skeletal muscle vs 2D).
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Figure 4-5: Scatter plot showing differential gene expression in 2D, 3D cultures and skeletal
muscle tissue. (A) 2D vs 3D culture (B) 2D vs Skeletal muscle tissue (C) 3D vs Skeletal muscle

tissue. The plots show that highest numbers of differentially expressed genes are found when 2D
culture is compared with Skeletal muscle tissue.

2D vs 3D 3D vs SkM

480 1 in SKM,
1090 4 in SkM

s

2D vs SKM

Figure 4-6: Venn diagram shows overlap between three sample pairs (2D vs 3D, 3D vs SKM,
2D vs SkM). Shown in red are the number of genes upregulated and shown in black are the genes
down regulated. Maximum overlap is found between 3D vs SkM and 2D vs SkM. (2D — 2D
cultured myotubes, 3D — 3D cultured myotubes, SkM — Skeletal muscle).
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4.3.3 Gene Ontology (GO) and Pathway analysis

To understand the underlying biological message, the differentially expressed genes were
subjected to GO and pathway analyses. DAVID (Database for annotation, visualization
and integrated discovery), a software which can cluster genes according to their
functions® was used to analyze all the differentially expressed genes.

The most significantly enriched biological process terms found by GO analysis for genes
differentially upregulated in skeletal muscle tissue compared to 3D and 2D cultured
myotubes, largely remained the same. The biological process terms showing prominent
enrichment (p value < 0.05) included immune, defence and inflammatory responses and
response to wounding. Up regulated genes in skeletal tissue compared to 2D culture, also
showed considerable enrichment of cellular respiration, respiratory ETC (electron
transport chain) and oxidative reduction. All the enriched biological processes, cellular
compartment and molecular function terms for genes differentially over expressed in
skeletal tissue have been listed in supplementary tables (S4-1A, S4-3A). For genes down
regulated in skeletal muscle tissue compared to 2D and 3D culture conditions, biological
process terms of cell adhesion, biological adhesion, extracellular structure organization

showed substantial enrichment (supplementary table S4-1B, S4-3B).

For genes upregulated in 3D culture compared to 2D culture, immune related response
and apoptosis regulation were the most prominent biological process terms enriched.
Genes down regulated in 3D culture were enriched for biological processes of cell
adhesion, biological adhesion and extracellular structure organization (supplementary
table S4-1A and B). Genes upregulated in 2D cultured myotubes compared to myoblasts
shows enrichment for biological processes of muscle process development, striated
muscle contraction and muscle cell differentiation (supplementary table S4-4A and B).
Upregulated genes found common between 3D and skeletal muscle as compared to 2D
culture showed enrichment for biological processes of immune, defense, inflammatory

responses and response to wounding.

Pathway analysis using KEGG database showed a common enrichment for metabolic
processes for genes upregulated in skeletal muscle tissue as compared to both 2D and 3D
cultured cells. A lot of genes were found participating in immune related pathways (table
4-1 A and B).
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Pathways Number of genes

Metabolic pathways 169

Epstein-Barr virus infection 57

Cytokine-cytokine receptor interaction 51

HTLV-I infection 46
Pathways Number of genes MAPK signaling pathway 46
Metabolic pathways 28 Huntineton's disease 46
Cvtokine-cytokine receptor interaction 19 PBK—;—:skt T — 45
Phagosome 19 Alrheimer's disease 45
Staphvlococcus aureus infection 17 Tuberculosis 44
Tuberculosis 16 Phagosome 40
Cell adhesion molecules (CAMs) 15 Ost;oclast differentiation 40
Osteoclast differentiation 15 Parkinson's disease 40
Systemic lupus ervthematosus 15 Pathways in cancer 38
PI3K-Alkt sipnaling pathway 15 Oxidative phosphorylation 36

A B

Table 4-1: (A) KEGG Pathways for gene upregulated in skeletal muscle tissue as compared to
3D cultured myotubes. The number of genes involved in each pathway is shown in the
corresponding column. (B) KEGG Pathways for gene upregulated in skeletal muscle tissue as
compared to 2D cultured myotubes. . The number of genes involved in each pathway is shown in
the corresponding column.

4.3.4 Transcriptome of 3-D compared with 2-D cultured myotubes

Some important differences were noted on comparison of the transcriptome of both
culture conditions. With a FDR of 0.05, we found 731 genes were up regulated and 322
genes were down regulated in CHQ5B myotubes differentiated in 3D culture system.
83% of the upregulated genes and 63 % of down regulated genes were protein coding
(Figure 4-7A). Genes found most significantly up regulated in 3D culture conditions were
known myokines, a variety of cytokines and other immunologically relevant molecules.

5% of upregulated genes showed a fold change of > 5x.

The most prominent group of genes showing upregulation were contraction induced
myokines, interleukins, cytokines and other immune related molecules under 3D culture
conditions. Genes showing strongest upregulation were CFS3, 1L8, CHI3L1, CXCL1 and
CXCL6 (table 4-3). 8% of significantly over expressed genes were of those producing

immune response molecules.

Genes of IL8 and IL24 showed highest fold increase of 8x. Other interleukin genes like
IL1A, IL1B, 1L24, IL32, IL33, IL6, IL8 and IL11 were also remarkably upregulated.
Chemokines like (C-X-C motif) CXCL1, CXCL12, CXCL2, CXCL3, CXCL5, CXCL6
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and (C-C motif) CCL2, CCL20 were also noticeably upregulated. Many other mRNAs for

immunologically relevant molecules were also differentially upregulated.

Terminal differentiation of muscle cells are governed by a network of four MRFs:
myogenic factor 5 (MYF5), muscle specific regulatory factor 4 (MRF4 also known as
MYF6), myogenic differentiation protein (MYOD1) and myogenin (MYOG). MRFs are
transcriptional factors that activate many downstream genes to initiate muscle cell
differentiation. MYF5 and MYODL1 act as determination genes, whereas myogenin is
essential for the terminal differentiation of committed myoblasts (10). Three of the four
MEF2 (myogenic enhancer factor) proteins (MEF2A, MEF2C and MEF2D) are
expressed in skeletal muscle®>. MEF2 directly interacts with MYOD (11). SMAD7 by
interacting with MYOD also, regulates differentiation of skeletal muscle cells (13). Under
3D culture condition, MYF6, MYOD1, MYOG, MEF2A, MEF2D and SMAD7 were
found upregulated (Figure 4-7B).
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53D
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Gene expression (log 2 value)
[«2]

100 -

0 - MYF6 MYOD1 MYOG MEF2A MEF2D SMAD7

Over Under
expressed expressed Gene name

A B

Figure 4-7: (A) Differential gene expression profile of 3D cultured cells when compared to 2D
culture. Doughnut curves show the distribution of protein coding (PC) and non-protein coding
(NPC) gene for differentially up and down regulated genes. (B) Muscle specific gene expression
2D and 3D culture conditions. From the bar curve it is seen that these genes are over expressed
in 3D culture as compared to 2D culture.
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Adhesion proteins like Integrin, ADAM12, CD9, CD81, M-cadherin and VCAM-1 play
important role in myoblast fusion and myotube formation®*. Integrins are transmembrane
receptors which have the dual function of attachment of cells to the ECM and signal
transduction from ECM to cells. Alpha and beta subunit genes of integrin were up
regulated. ITGA8, ITGB3, ADAM12 and CD81 showed upregulation whereas other
genes did not show any change. Collagen and laminin which play important role in
formation of muscle specific extracellular matrix™ were also found to be upregulated in
3D culture. Myoglobin showed 3x fold increase. Matrix metallopeptidases (MMP) have
their essential role documented in skeletal muscle healing and extracellular matrix
reorganization (16) were also found upregulated in 3D culture. Members of fibulin gene
family, which are secreted glycoproteins that become incorporated into a fibrillar
extracellular matrix when expressed by cultured cells, were turned up (24). Table 4-2

enlists all these genes.

Gene Symbol Discrymon — Iog:"(’f Gene Symbol  Description logFC
It R < z
COLIAL  colagen fpe SNIV,aha : Y, 3
- cotagen. type - - 2pa GIB2 gap junction protemn. beta 2. 26kDa 6
COL3A1 collagen, tvpe 111, alpha 1 2 LAMA4 Famiin. aloha 4 3
COL4A3 collagen, tvpe TV, alpha 3 3 : L .
5 R LAMB3 laminin, beta 3 2
COL7Al collagen, tvpe VII, alpha 1 3 i
; . MB myoglobin 3
ITGAS integrin, alpha § 2 —— - A tase 1 4
ITGB3 intesrin, beta 3 2 BBl A me:ﬂ"pmf‘dase ’ 1
ADAMI2  ADAM metallopeptidase domain 12 1 R marrs mETaﬂUIJEIJEEdEEE . X
CDs! CDS1 molecule 1 AMMP2 matris metatopeptidase - -
FMOD fbromodulin P MMP3 ma@ meta]lopepttdase 3 5
MMP? matrix metallopeptidase 2 8

Table 4-2: Genes upregulated in 3D cultured myotubes as compared to 2D cultured myotubes.
Corresponding columns give the description of each gene and their log, FC.
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Gene symbol Description logFC  PValue
CSF3 Colony stimulating factor 3 (granulocyte) 10 1 .86E-44
ILS Interleukin 3 9 1.90E-44
CA9 Carbonic anhydrase IX 9 1.17E-28
IL.24 Interleukin 24 9 1 60E-28
CXCL1 Chemokine {C-X-C motif) ligand 1 (melanoma growth stimulating activity, alpha) 8 4.32E-41
PCSK1 Proprotein convertase subtilisinkexin type 1 8 8.28E-34
CXCL6 Chemokine (C-X-C motif) igand 6 (granulocyte chemotactic protein 2} 8 2 84E-40
CHI3L1 Chitinase 3-like 1 (cartilage glvcoprotein-39} 8 I05E-42
ILIRN Interleukin 1 receptor antagomnist 8 2.09E-24
MNP Matrix metallopeptidase 9 (gelatinase B, 92kDa gelatinase, 32kDa type IV collagenase) 8 6.04E-24
TREM1 Triggering receptor expressed on myeloid cells 1 8 1.67E-22
SLCI6A6  Solute carrier family 16, member 6 (monocarboxvlic acid wansporter 7) 7 1.42E-20
CXCL3 Chemokine {C-X-C motif} igand 3 7 7.25E-26
COLEC12  Collectin sub-family member 12 6 1 43E-24
PTPEN Protein tyrosine phosphatase, receptor type, N 6 6.96E-26
TFFI2 Tissue factor pathway inhibitor 2 6 1.03E-2§
STC1 Stanniocalcin 1 6 2.52E-27
PTGES Prostaglandin E svathase 6 1.39E-21
TMEMI132B  Transmembrane protein 132B 6 1.97E-24
BDKRBE?  Bradvkinin receptor B2 6 2 05E-26
NR4A2 Nuclear receptor subfamily 4, group A, member 2 6 1.42E-20
ANO1 Anectamin 1, calcum activated chloride channel 6 2.35E-14
TNFRSFIB  Tumor necrosis factor receptor superfamily, member 1B 6 7.87E-17
GIB2 Gap junction protein, beta 2, 26kDa 6 3 99E-16
FAMG5C  Family with sequence similarity 65, member C 6 3.14E-19
CXCLs Chemokine (C-X-C motf) igand 5 6 2.13E-23
PTGS2 Prostaglandin-endoperoxide synthase 2 (prostaglandin G/H synthase and cyclooxygenase) 6 297E-24
FAIM3 Fas apoptotic nhibitory molecule 3 6 3.06E-11
CCL20 Chemokine (C-C motif) ligand 20 6 7.87E-17
BDKRB1  Bradvkinin receptor B1 6 1.52E-20
PDE4B Phosphodiesterase 4B, cAMP-specific (phosphodiesterase E4 dunce homolog, Drosophila) 5 9 33E-20
RAB2TB RAB27B, member RAS oncogene familv 5 1.38E-19
FAMSTB  Family with sequence similarity 57, member B 5 7.99E-12
IL1B Interleukin 1, beta 5 1.33E-1%
PENK Proenkephalin 5 2.65E-17
MMEP3 Matrix metallopeptidase 3 (stromelysin 1, progelatinase) 5 5.61E-19
LIF Leukemia inhibitory factor (cholinergic differentiation factor) 5 1.82E-19
IL11 Interleukin 11 5 §.20E-18
OLFM2 Olfactomedin 2 5 1.37E-17
ANKALD Annexin A10 4 2.02E-11
KCNI13 Potassium mwardly-rectifving channel subfamily J, member 15 4 4 84E-14
HSPAG Heat shock 70kDa protein 6§ (HSP70B''} 4 4 06E-06
PLA2ZG2A  Phospholipase A2, group ITA (platelets, synovial fluid}) 4 1.64E-07
CIQTNF1  Clq and twmor necrosis factor related protein 1 4 1.68E-16
RPS6KA1  Ribosomal protein S6 kinase, 30kDa, polypeptide 1 4 6.30E-09
MMP1 Matrix metallopeptidase 1 (interstitial collagenase) 4 1.19E-16
AJAP] Adherens junctions associated protein 1 4 1.85E-09
LS Interleukin 6 (interferon, beta 2) 4 3 58E-16
ADCYH4 Adenylate cyclase 4 4 7.00E-12
RFXS8 RFX familv member 8, lacking RFX DNA binding domain 4 1.06E-11
WNT7B Wingless-type MMTV integration site family, member 7B 4 1 45E-07
FER1L4 Fer-1-like 4 (C. elegans) 4 1.10E-13
FAM20A  Family with sequence similarity 20, member A 4 3 90E-14
CDCP1 CUB domain containing protein 1 4 1.16E-14
IRAK? Interleukin-1 receptor-associated kinase 2 4 1.28E-13
EREG  Epiregulin 4 9.73E-14
ATPZA3 ATPase, Ca+ transporting, ubiquitous 4 8.16E-12
NTN1 Netrin 1 4 4 87E-10
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Table 4-3: Genes showing > 4 log ,fold increase under 3D culture conditions as compared to
2D culture condition. Table gives the gene name with their description, log,FC and
corresponding P-Value.

4.4 Discussion

With this experiment of my PhD work, | have studied the modulation of the transcriptome
of human skeletal muscle cells under 2D and 3D culture conditions. The transcriptome
analysis shows that the transcriptome of 3D cultured cells shares a greater degree of
similarity with that of adult skeletal muscle tissue. By comparing the transcriptomes of
the two different culture conditions and adult skeletal muscle tissue we have identified all
of the genes that were differentially up- and downregulated. From this comparison we
found many immune related genes were prominently over-expressed under 3D culture
conditions. There is a growing set of evidence supporting the role of immune specific
molecules in muscle growth and regeneration (26). The elevated immunogenic response

of 3D cultured myotubes was of significant interest to us.

It is known that the process of myofiber formation requires precise regulation of myoblast
fusion (18, 19). Myaoblast fusion is a highly complicated event during which myoblasts
fuse with each other to form myotubes which in turn enlarge the myofiber. Our study
demonstrates the impact of a 3D culture environment on the differentiation of human
skeletal myoblast cells (CHQ5B cells). We addressed the influence of the 3D culture
system by comparing the entire transcriptome of myoblast cells differentiated under 2D
and 3D culture conditions. The whole transcriptomes were sequenced using NGS
technology. Muscle cell differentiation is a concerted process which involves a number of
events like myoblast proliferation, migration, elongation and fusion. Cells in tissue are in
a 3D micro-environment having characteristic biophysical and biochemical signals. The
normal function of most cells and tissues depend on interaction with neighbouring cells
and the extracellular matrix. It is difficult for 2D monolayer cultures to mimic the
physiological situation in vivo. Hence, recapitulating the function of ECM and 3D cell
interactions is an important aspect of investigating molecular mechanisms of

differentiation.

On comparing 2D and 3D cultures we found an upregulation of muscle differentiation
markers like MYOD1, MYOG, MRF6 (Figure 4-7B) under 3D culture condition, which
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is consistent with a previous report (17). Baeza-Raja and Munoz-Canoves demonstrated
the positive role of NFkB during skeletal muscle differentiation and its activation which is
required for IL6 production which is a promyogenic molecule (20). In C2C12 myotubes
the inflammatory cytokine IL-1 isoforms, IL-1a and IL-1B have been shown to stimulate
nuclear factor kB (NF «kB) signalling (22). We found two NFkB members NFkB2, RELB
and IL6, IL-1a, IL-1p all considerably upregulated under 3D culture conditions. Armand
et al. have shown the involvement of the Calcineurin/NFAT signalling pathway in
myogenin expression during skeletal muscle development. They showed the role of two
NFAT family members NFATc2 and NFATc3 and their synergistic cooperation with
MyoD during skeletal muscle development (21). We found NFATc2 and NFATc4 were
over expressed in 3D cultured myotubes along with MRF members. In primary mouse
muscle cells a large number of chemokines were found to be expressed during cell-cell
fusion and their role in cell migration and positioning myocytes in correct spatial pattern
necessary for cell fusion has been speculated by Griffin et. al (23). Although the in depth
knowledge of the role pf chemokines and their mechanism of action during muscle
development is lacking, high level of expression of chemokine ligands during muscle
development is a strong indication of that chemokines play some important role in
myogenesis. In accordance with the findings of Griffin et al, we also found several
chemokine ligands were overexpressed in 3D culture conditions (supplementary

information).

The most interesting finding of our work was the exclusive and prominent ove -
expression of genes for myokines, interleukins and several immunogenic response
molecules in 3D culture. Within the last decade skeletal muscle has been identified as a
secretory organ (6) and the cytokines secreted by muscle cells are collectively termed as
myokines (4). The role of interleukins and myokines are well documented in exercising
muscles. Myokines also have their roles in regulation of cellular expression,
differentiation, tissue regeneration and repair, as well as immunomodulation and
embryogenesis. Positive effects of myokines are associated with their transient production
and short term action (5). Pedersen and co-workers have recently shown the role played
by contractile activity in regulating the expression of cytokines by skeletal muscle (7). In
order to understand our findings better we compared the transcriptomes of both 2D and
3D cultures with the adult human skeletal muscle tissue transcriptome. We found that
myotubes cultured under 3D conditions shared greater similarity to the transcriptome of
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adult skeletal muscle tissue, as compared to 2D cultured cells (Figure 4-5). GO analysis
of genes differentially over-expressed in skeletal muscle tissue when compared to both
2D and 3D culture showed a common enrichment for the biological processes of immune
response, inflammatory response, defence response and response to wounding. Pathway
analysis showed, metabolic pathways dominated along with many immune related
pathways (Table 4-1). Our results of full transcriptome analyses of muscle cells cultured
under 2D and 3D culture systems and skeletal muscle tissue, show that development of
immunogenic capacity is a prominent process and an important aspect of muscle
development, as has been mentioned by Pillon et al that skeletal muscle undergoes
continuous repair as a result of contractile activity which requires the participation of

myokines and anti-inflammatory input (25).

GO analysis showed that genes responsible for muscle oxidative metabolism like cellular
respiration, electron transport chain, generation of precursor metabolites and energy,
oxidative reduction were under-expressed under 2D culture conditions. Whereas,
immune specific genes were over-expressed and immune related processes were enriched

for genes differentially over-expressed in 3D culture and skeletal muscle.

In summary, we have thoroughly studied the transcriptomic behaviour of CHQS5B cells’
differentiation under 2D and 3D culture conditions. We compared the transcriptomes of
both culture conditions with adult human skeletal muscle tissue and found that cells
differentiated under 3D conditions share a higher degree of similarity with the skeletal
muscle tissue transcriptome. Cells differentiated in 2D culture showed enrichment for
muscle specific processes like muscle development and contraction. Whereas, cells
differentiated under 3D culture conditions showed elevated immunogenic response, as
many cytokine, myokine, and interleukin genes were significantly over-expressed, which
indicates that the immunogenic capacity that is innate to skeletal muscle for both
development and regeneration is more pronounced in 3D culture conditions that 2D
conditions. Skeletal muscle tissue transcriptome also showed immunogenic response as
the most prominent biological process. Our study shows how 3D cultured myotubes
mimic actual skeletal tissue better than 3D culture systems. Our results demonstrate that
skeletal muscle cell differentiation is enhanced in a 3D culture system compared to 2D

culture system.
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Chapter 5

Stretching stress response of
differentiating human myotubes
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This work was also performed in collaboration with Professor Nicola Elvassore of
“Dipartimento

Di Ingegneria Industriale, Universita Degli Studi di Padova”. The work was carried out
with

Lia Prevedello, a PhD student working with Prof. Elvassore. We undertook this
collaboration mainly as our interest to elucidate skeletal muscle response to mechanical
stretch. We cultured the cells on PDMS membrane devices for stretching and with the
next generation sequencing facility in our lab we performed the RNA seq of muscle cells
after stretching. The RNA seq result analysis was also performed by us. PDMS
membrane device preparation and mechanical stretching were performed in the

Dipartimento Di Ingegneria Industriale. CHQ5B cells were used for this experiment.
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5.1 Introduction:

Skeletal muscle is highly adaptable and responds to changes in loading through exercise
or resistance training through a number of mechanisms resulting in increased muscle
mass and changes in contractile phenotype. The remarkable ability to adjust to changes in
physiological requirements involves a concerted control of transcription regulation.
Stretch stimulates skeletal muscle growth (5). Our study was aimed to investigate the
molecular events that happen as a part of adaptation in skeletal muscle cells to mechanical
stretch. We tried to decipher the process of adaptation by studying the changes in the
transcriptome using NGS technology. We tried to capture both the immediate response
and delayed response to mechanical stretch by investigating the transcriptome at two time
points: 3h post stretch and 40h post stretch. We compared the transcriptome of stretched
cells with unstretched controls. It is known that mRNA decay rates in human vary from
being as short as 2h to more than 50h (6). For example dystrophin transcript has a half-
life of 15 = 2.5h in human muscle (7). Our reason behind doing RNA seq analysis at 3h
and 40h post stretch was to capture short lived mRNAs which might be turned up as a
response to stretch and also we to assess the long lasting effect of stretch on skeletal
muscle cells. To have more confidence in our results we performed two replicas for each

time point.

Experimental plan: We cultured human primary myoblast cells (CHQ5B) on PDMS
membrane devices (described in materials and methods). Differentiation was induced by
serum withdrawal. 24 hours after initiation of differentiation, mechanical stretching was
performed for 30 minutes continuously (stretching conditions described in materials and
methods). Post stretch, cells were left under differentiating conditions for 3h and 40h. We
did mRNA extractions at these time points. So, our transcriptomic analyses were carried
out at 28h and 68h of myotube formation. We had controls i.e. non stretched cells
differentiated for 28h and 68h. RNA seq was performed for stretched and control cells.

Our experimental design is depicted in the following figure:
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5.2 Materials and Methods:

5.2.1 Cell culture and stretch

CHQS5B cells were cultured in Dulbecco’s modified Eagle’s medium supplemented with
20% fetal bovine serum and 100ug/ml gentamycin in a humidified incubator containing
6% CO, at 37°C. For stretching cells were then cultured for an additional 24 hours in 2%

horse serum.
PDMS membrane for stretching:

In order to carry out stretch, a special elastic surface made out of PDMS
(Polydimethylsiloxane), Sylgard 184 (Dow corning) in a 1:10 ratio of curing agent (cross
linking agent) and base (prepolymer) was fabricated for culturing the cells. The
membrane was very soft with high elasticity. The surface area of the membrane for cell
culture was 3*3cm?. Myotubes when cultured on plastic cell culture dishes acquire a
branched and spread out structure, but is not ideal to carry out a uniaxial stretch since the
cells are not aligned unidirectional. To obviate this, channels of 100pum diameter were
imprinted on the surface of the PDMS membrane. For cell culture, the PDMS membranes

were treated with laminin. Laminin treatment procedure was as follows:

For one cell culture, the membrane was treated with 4.5ug (0.5pug/cm?) of laminin
solution made in PBS. Each membrane was treated with 3ml of laminin solution and then
allowed to dry under laminar hood for overnight. The following day, after the PBS was
evaporated the membrane was washed once with PBS to remove any leftover salt crystals.

Cells were grown on laminin treated PDMS membranes for the purpose of stretching.

5 X 10° CHQ5B myoblast cells were cultured on one PDMS membrane, followed by their
differentiation (figure 4-1B).

Stretching conditions:

Cultured cells were subjected to uniaxial continuous mechanical stretch for 30 minutes in
strain providing instrument (ElectroForce Planar Biaxial 4 Motor TestBench, BOSE).
Cells were 10% stretched at 0.2 Hz. Stretching was performed under incubation at 37°C
with 5% COs.

(The stretching device with CO; incubator mounted is shown in figure 5-1A).
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grips for mechanical
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Figure 5-1: (A) ElectroForce Planar Biaxial 4 Motor TestBench instrument for stretching with
incubator mounted on it. Various parts are labeled. (B) PDMS membrane with cells fitted
between the clamps of the stretching instrument. Arrow shows the direction in which stretching

was carried out.
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Figure 5-2: (A) PDMS membrane device used for cell culture and stretching. (B) Cartoon of
assembly of the device. Microscopic image of CHQ5B cells growing on PDMS membrane with
channels (C) Image taken at 20X magnification. Multinucleated myotubes can be seen. (D) Image
taken at 10X magnification. Channels and unidirectionally aligned cells can be seen.

5.2.3 RNA extraction and transcriptome sequencing

We wanted to study the immediate and late response of the CHQ5B cells to mechanical
stretch by transcriptomic analysis. So, mMRNA was extracted using Amersham kit. mMRNA
were extracted at 3h and 40h post stretch. mMRNA was also extracted from corresponding
controls. After quantification and quality assessment, RNA samples were proceded with
RNA seq protocol (RNA seq procedure mentioned in details in materials and methods

section of chapter I).
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5.2.4 Immunofluorescence

Primary human muscle cells (CHQ5B) were grown on PDMS membrane and
differentiated for 3 days. Cells were washed 3 times with PBS then fixed with ice cold
methanol for 15 minutes. Then the membrane were treated with 0.1M glycine for 5
minutes and then 0.05% Tween-20 and 5% BSA (bovine serum albumin) for 1 hour to
permeabilize the cells and to block any nonspecific signals. All the washings and
antibody dilutions were performed in PBS with 0.1% BSA and 0.05% Tween-20. The
samples were incubated with following primary antibody for overnight: Myosin
monoclonal antibody (MF20)- (1:20 dilution). The secondary antibody was anti-mouse
fluorescein isothiocyanate (FITC) conjugated (Sigma, F 4018). The nuclei were stained
with 4',6-diamidino-2-phenylindole (DAPI) (0.33 ug/ml). Finally after several washes,
the coverslip was mounted on the membrane using glycerol-PBS (50:50) as the mounting
medium and examined under a fluorescence microscope (Leica) at both 10X and 20X

magnifications.

5.3 Results
5.3.1 Differential gene expression analysis

Analysis of differentially expressed genes after 3h of stretch in comparison with the
control identified 142 genes differentially expressed (88 up (> 1.4X), 54 down (< -1.4X)).
We observed 10 times more genes were affected after 40 hours of stretching when
compared to control. Total 1447 genes showed differential expression, with more genes
being down regulated (969) and 478 genes were upregulated (figure 5-3D). When 40h
post stretch was compared with 3h post stretch, highest numbers of genes (1980 genes)
were found altered (1093 up, 887 down). The scatter plots of figure 5-3A,B,C show the
effect of stretching on transcriptome at 3h and 40h post stretching.

Number of genes with differential expression between 27h and 65h of differentiation of

cells that were not stretched was far less than cells that were stretched. (figure 5-3E).
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Figure 5-3: Differential gene expression analysis shown through scatter and bar plots. (A)
Differential gene expression between 3h post stretch and control. (B) Differential gene expression
between 40h post stretch and control. (C) Differential gene expression between 3ha nd 40h post
stretch. Red dots represent differentially expressed gene. (D) Bar plot shows differentially up and
down regulated genes between two samples (3h PS vs control — 3h post stretch vs control, 40h PS
vs control — 40h post stretch vs control, 3hPS vs 40h PS — 3h post stretch vs 40h post stretch). (E)
Plot shows genes differentially expressed between 3h and 40h post stretch control samples and 3h
and 40h post stretch samples. (3h PS cont vs 40h PS cont — 3h post stretch control vs 40h post
stretch control, 3hPS vs 40hPS — 3h post stretch vs 40h post stretch)

5.3.2 GO and pathway analysis

To evaluate the biological functions of the observed transcriptomic changes, we searched
for enriched GO terms and also performed pathway analysis using KEGG database. For
genes upregulated after 3h of stretch in comparison with control, GO terms related to
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immune response, response to wounding, cell proliferation, taxis and chemotaxis were
enriched. Pathway analysis was done for all the genes differentially expressed and it
showed enrichment of cytokine-cytokine receptor interaction, TNF signaling pathway and
chemokine signaling pathway (figure 5-4A and supplementary table — S5-2 A & B).

Genes up regulated after 40 hours of stretching vs control showed enrichment for
biological process terms of L-serine metabolic process, response to nutrient levels,
cellular response to insulin stimulus. However genes down regulated after 40 hours were
enriched for biological processes of response to wounding, inflammatory response,
locomotory behavior, defense response (supplementary table — S5-3 A & B). Pathway
analysis of genes differentially affected after 40 hours showed a clear enrichment of

metabolic pathways (figure 5-4B).

Differentially expressed genes 40h after stretch in comparison with 3h after stretch,
showed enrichment of muscle specific biological process terms of muscle contraction,
muscle system process, muscle organ development (supplementary table — S5-4 A & B).
Pathway analyses showed most of the effected genes were involved in metabolic

pathways, followed by pathways in cancer, P13k-Akt pathway (fig 5-4 C).

GO and pathway analysis shows that initially after stretching immunogenic response if
triggered which goes down with the passage of time. The long term effect of stretching is

mostly reflected through the change in metabolic behavior of the cells.
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Figure 5-4: KEGG pathway analysis (A) Genes differentially affected after 3h of stretch
compared to control. (B) Genes differentially affected after 40h of stretch compared to control.
(C) Genes differentially affected after 40h of stretch compared to 3h post stretch. Percentage of
genes belonging to each pathway is shown.

5.3.3 Myokine genes over expression as an immediate response to stretch

RNA seq analysis performed after 3 hours of stretch to capture the immediate response to
stretching at transcriptome level showed many cytokine ligands and myokine genes
strongly upregulated: CXCL3(5x fold up), CXCL1, CXCLS6, IL1B and IL8 (>4x fold
up), IL11, IL24, IL6, CXCL5 and CCL2 genes were >2x fold increased. MYH15 and
MYH13 genes were >2x fold enriched. But these genes were found down regulated after
40h of stretch (table 5-1). However after 40h of stretch other set of myokine and
interleukin genes were turned up which were not found effected after 3h of stretch. These
genes with their log, fold change have been listed in table 5-1.
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3H 40H
log FC P value log FC P value

CXCL1 4.848795943 2.89E-23 -2.9852132 1.51E-26

CXCL2 5.512684907 3.19E-19 -2.687482 1.30E-16

CXCL3 4884179874 4.52E-12 -2.736439 1.18E-11

CXCL5 2.354070196 1.15E-06 -2.2668929 1.09E-11

CXCL6 4.19420982 1.56E-19 -2.454953 4.80E-20

IL11 2.792468051  7.03E-11 -2.7482501 3.75E-23

IL1B 4.769195706 1.97E-17 -2.0189763 3.54E-11

ILIRN 2977031682 1.72E-10 -2.2203845 4.57E-14

IL24 3.465339337 3.09E-07 -2.9086675 6.28E-09

IL6 2.910441617 3.10E-11 -1.8053958 1.45E-11

ILS_ 4.28280_:‘88 9.'? E-21 -4.5190076 2.09E-49 Table 5-1: Myokine, interleukin and
IRAK2 1948365024 1.56E-06 -- -- .

IGSF22 - - 3.10924783 4.36E-16 chemokine genes affected due to
IGSF3 : : 0.7216452  0.0037057 stretch. Shown are genes that were
IGSFSB B __ > 48386765 1.93E-12 over expressed after 3h of stretch but
IL16 . . 1.14243003 0.0003661 decreased Significantly after 40h of
IL17B - - 2 65482873 3.03E-13 stretch. Also shown are those genes
IL20RA = . 1.06653578 0.0015112 which were upregulated after 40h of
IL2RG -- -- 1.60235459 0.0002765 stretch but not differentially affected
IL32 - - 1.48386962 1.03E-09 after 3h. (colums left blank show no
L34 = - 1.03281938 2.51E-05 differential expression)

ILIR1 -- -- -0.7472284 0.0016459

5.3.4 3h post stretch response analysis

Transcriptome analysis showed CXL3, CSF3 and EDNRB genes most prominently
upregulated. They were > 5x up regulated. 88 genes were differentially upregulated after
3h of stretch. Genes upregulated >2x fold have been shown in supplementary table S5-5.
To figure out, if this effect of gene upregulation is long lasting or just transient, we
compared the genes upregulated after 3h of stretch with genes under expressed after 40
hours of stretch. The noticeable observation we made was, 72 genes out of 88 genes
significantly up regulated after 3h of stretch were considerably down regulated after 40h

of stretching. The list of these genes is shown in table 5-2.

Another interesting observation was that the myokine genes which were immediately
turned up following stretch were also found upregulated after almost 3 days of
differentiation of the cells which were not stretched. Meaning that, stretching caused
upregulation of myokine genes after 3h of stretch (i.e. 27 hours of differentiation) which
are turned up after around 65 hours of normal process of differentiation without any
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log2 of expression

stretching. We observed this for CSF and EDNRB3 genes also which were prominently

over expressed 3h after stretch. This observation is illustrated in figure 5-5.
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Figure 5-5: Plot showing pattern of gene expression between control for 3h post stretch (i.e 27
hours of differentiation), 3h post stretch, control for 40 h stretch (i.e. 67 hours of
differentiation) and 40 h post stretch samples. It is clear that these genes are over expressed 3h
after the stretch but goes down after 40h of stretch (A) CXCL2, CSF3, EDNRB genes are shown.
CXCL2 and CSF3 are highest expressed 3h post stretch (B) CXCL3, CXCL1 and IL1B are
optimally expressed after 40h of stretch (C) LINC00473 (linc RNA), IL8 and CXCL6 also show
similar pattern (3h con — 3h post stretch control, 40h con — 40h post stretch control.
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Genes 3h Post stretch 40h Post stretch Genes 3h Post stretch 40h Post stret
CXCL2 5.512684907 -3.026448191 CD70 2.030848184 -1.405430
CSF3 5.410659841 -5.350238613 MYH13 1.979979239 -1.446628
EDNRB 5.406211792 -2.57390689 GO0S2 1.964905042 -1.210100
CXCL3 4884179874 -3.941003866 [ER3 1.948697481 -1.56332
CXCL1 4.848795943 -4.01302678 IRAK2 1.948365024 -1.019333
IL1B 4.769195706 -2.98825512 C3 1.937700428 -2.969863!
LINC00473 4.529320167 -5.48352517 PCSK1 1.92302799%9 -2.693928
ILS 4.28280788 -5.234705151 SLC39AS8 1.905798494 -1.743416.
CXCL6 4.19420982 -4.314193355 TMEM217 1.901758556 -1.309088
SLCO4Al 3.84117393 -2.579578042 CTISS 1.890578066 -1.301174
FAMG65C 3.531013342 -2.441232228 NR4A3 1.875092886 -1.900732
IL24 3.465339337 -3.942528602 MMP3 1.873753184 -4.55649
C2CD4A 3.112784614 -5.470447947 UCN2 1.821017939 -1.899682
IL1IRN 2.977031682 -2.694581066 PDE7B 1.820773804 -2.032223)
IL6 2.910441617 -3.456590455 DRAMI1 1.812948779 -1.417751
EREG 2.793276793 -1.508141925 PTHLH 1.799682582 -2.923697
IL11 2.792468051 -3.841027878 NAMPT 1.795155491 -1.26747
BDKRBI1 2.712777687 -1.853560522 ASPHD2 1.793178718 -1.362912
SNTG2 2.627048854 -2.036966686 HSD11B1 1.790478209 -2.211390
SLCSA3 2.581017714 -1.177632932 PPARGCI1A 1.730702471 -1.001360
NR4A2 2.567804952 -3.875003835 MRPS6 1.644311168 -1.218310
TNFAIP6 2.538932341 -1.57285873 AKRIC1 1.639186131 -1.928805
BMP6 2.538381129 -4.539614282 TFPI2 1.614974588 -2477358
CXCLs 2.354070196 -3.910932972 PDGFRL 1.583593455 -2.117027
RNF144B 2.352708744 -1.26415099 RCAN1 1.574135016 -3.089265.
SLC7A2 2.328450642 -1.856775785 PDE4B 1.535515291 -1.925875
PRSS3s 2.259027876 -3.348193926 LIF 1.53041881 1.53041
PIGS2 222176717 -3.580656456 FGF7 1.501875197 -2.679617
SOD2 2.172065892 -1.390377426 RASD1 1.48353965 -1.084192
MYH15 2.170123588 -2.03077112 GFPT2 1.472341711 -1.105996
CCL2 2.129136483 -1.861376277 WTAP 1.470211441 -0.671087
NIN1 2.101380092 -1.21245295 SMOX 1.449895728 -1.895261
BDKRB2 2.076448304 -1.71212412% PGM2L1 441838463 -1.258429
GPR183 2.057097704 -2.660423737 PADI2 1.439834302 -1.039229
STC1 2.049768217 -3.216828029 NFKBIA 1.434852932 -1.153151
NAMPTL 2.045305703 -1.902067569 TMEMI158 1413559274 -1.298442

Table 5-2: Genes upregulated after 3h of stretch but significantly down regulated after 40h of
stretch.

We wanted to find, if stretching enhances the process of muscle differentiation. In order
to find that we compared genes upregulated after 3 hours of stretching with those genes

which were over expressed after almost 3days of differentiation. We found 50 common
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genes. The list can be found from supplementary table S5-1. The log, fold change for all
these genes were very similar, except for few genes like FGF7, MYH15, MMP3, BMP6,
RCANL1, CXCL5, CXCL6, HSD11B1 and PADI2 which were more upregulated after 3
days of differentiation as compared to 3h post stretch.

5.3.5 40h post stretch response analysis

We compared the transcriptome of cells after 40 hours of stretching with the control
transcriptome. 478 genes were upregulated. Genes more than 2x fold increased are shown
in supplementary table S4-6. GRIN2A, ANO1 and HRK were the most prominently
upregulated genes after 40h of stretch which showed >4x fold increase. Muscle specific
genes showed very little upregulation. Muscle specific genes with their descriptions and
fold change in bracket are mentioned below:

MYBPCL1 — Myosin binding protein C, slow type (1.29), MYL1 — Myosin, light chain 1,
alkali, skeletal, fast (1.41), MYLPF — Myosin light chain, phosphorylatable, fast skeletal
muscle (0.71), MYO1D - Myosin ID (0.80), MYO1G — Myosin IG (1.61), MYOM2 —
Myomesin (M protein) 2 (0.81), MYOZ2 — myozenin (0.90). Aldehyde dehydrogenase
genes (ALDH1L2, ALDH3A1, ALDH5AL) were up regulated. Integrin genes (ITGAG, 7,
ITGB6, ITBG1BP2, 3) were over expressed compared to 3h post stretched cells, however
these genes were not upregulated after 65 hours of normal differentiation. Genes for
collagen (COL15A1, COL4Al, COL6A6) and Insulin like growth factor (IGF2) were
turned up compared to control. Voltage gated sodium channel gene (SCN7A) was 2.2x
fold over expressed after 40h of stretch. Apolipoprotein genes (APOL5, 6) were >1.5x
and APOM gene was 3.3x upregulated. Many myokine, cytokine genes were prominently

down regulated as has been mentioned already.

C2CDA4A, CSF3, SDIM1 and IL8 were most prominently down regulated genes. Many
other interleukin and myokine genes were also found down regulated as has been

previously mentioned.

5.3.6 Stretching propels the process of muscle cell differentiation at transcriptomic
level

Aside from understanding the immediate and long term response of differentiating muscle
cells to mechanical stretch, we also tried to find if stretch enhances the process of

differentiation. To answer that, we compared the transcriptome of muscle cells 3h after
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stretch with that of 40h after stretch. The myokine gene expression alteration has already
been mentioned in previous section. As an obvious expectation we found after 40 hours
of stretch the differentiating cells which further advances into differentiation, turns up
many muscle specific genes. We found 24 muscle specific genes upregulated after 40h of
stretch, whereas only 14 muscle specific genes were turned up in the control cells for 40h
in comparison with 3h control cells. (data shown in table 5-3). Stretching caused
upregulation of muscle differentiation marker myogenin (MYOG), which was not found
upregulated in non-stretched cells.

Immunofluorescence showed upregulation of myosin light chain expression after 40h of
stretch (figure 5-6).

Up in 40h PS vs 3h PS Up in 40h con vs 3h con
log FC P value log FC P value
MURC 0.950714 8.01E-05 MTUSI1 2.487763 7.00E-05
MUSK 1.096964 7.86E-06 MYBPC2 3.376779 2.15E-09
MYBPCI1 2.117868 4.09E-11 MYBPH 2.539496 2.80E-06
MYBPC2 3.314625 6.67E-38 MYHI13 2.644173 2.73E-05
MYBPH 2.215364 1.58E-19 MYHI15 3.053119 7.74E-07
MYH2 1.55618 1.63E-08 MYH2 2.220217 6.94E-05
MYH3 2.719724 | 1.19E-27 MYH3 3.108129 2.10E-08
MYHS6 0.969583 0.000597 MYH7B 3.095218 7.11E-08
MYH?7 1.265555 1.40E-07 MYHS 3.349778 3.06E-09
MYH7B 3.416475 1.26E-35 MYL2 2.188593 5.97E-05
MYHS 2.592981 1.20E-24 MYL6B 1.743602 0.00096
MYL1 2.939824 1.40E-29 MYLPF 2.330874 1.47E-05
MYL2 1.545134 1.08E-09 MYOM!1 2.491142 6.65E-06
MYL3 1.874788 3.62E-06 MYOT 4.867177 2.51E-05
MYL4 1.787602 1.63E-13 MYO2Z2 2.663385 3.54E-05
MYL6B 1.728081 S.00E-13
MYLK4 1.320341 4.13E-05
MYLPF 2.960675 9.31E-32
MYOS5B 1.192062 2.22E-05
MYOG 0.707438 0.002681
MYOM!1 2.814417 1.02E-26
MYOM2 2.119037 5.55E-16
MYOM3 1.92738 | 3.21E-15
MYOT 1.573054 0.002911
MYO2Z2 3.261387 1.11E-24

Table 5-3: Muscle specific genes found upregulated after 40h of stretch vs 3h stretched cells
and in control for 40h stretch vs control for 3h stretched samples.
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Figure 5-6: Immunofluorescence analysis of myosin light chain on (A) control cells for 40h
post stretch-10X image (B) 40h post stretch- 10X image (C) Control cells for 40h post stretch —
20X (D) 40h post stretch — 20X image.

5.4 Discussion

The major aim of our study was to investigate the adaptation at transcriptomics level of
growing human myotubes when stretched. We performed the study at two time points of
3h and 40h post stretch. We found far more genes affected after 40h of stretching than
after 3hours. After 3hours mainly genes for myokines, chemokine liagnds and interleukin
were upregulated. 79% of genes upregulated after 3h of stretch were considerably down
regulated after 40h of stretch, indicating that immediate response to stretch was transient.
After 40 h of stretch however we found IL16, 17B, 20RA, 2RG, 32, 34 and 1R1 genes
upregulated which were not upregulated as an immediate response to stretch. IL1B and
IL6 genes which were upregulated after 3h of stretch declined after 40h. IL1B is known
to stimulate IL6 production in skeletal muscle cells (8) Despite their role in muscle
development, their down regulation after 40h of stretch might indicate that the usual
process of muscle development gets perturbed due to stretch. CSF3 gene was strongly
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upregulated shortly after muscle stretch. CSF3 gene encodes for cytokine. Colony
stimulating factor is known to enhance muscle proliferation and strength following
skeletal muscle injury (11). CXCL1, 2, 3 and 6 genes were also upregulated as a quick
response to stretch.

We observed that many more myosin family genes were upregulated after 40 hours of
stretch compared to its unstretched control (table 5-3). Brunello E et al, has shown that
skeletal muscle resists stretch by binding of myosin motor domain to actin(1). They have
shown that a stretch, strains attached myosin motor domain which promotes the
attachment of second motor domain, which in turn allows skeletal muscle to resist
external stretch without increasing the force per motor. This stands as a possible
explanation for our observation of more myosin family genes expressed after stretching as
that assists the cell to withstand the stress caused due to stretch. Although commenting
about it to be surely happening without the knowledge of what happens at the proteomic
level is difficult, but with Schwanhdusser et al. study performed on mammalian tissue
culture cell, showing that a good correlation between mMRNA and protein levels exists,
and that mRNA levels are the most important factor when predicting the protein levels
(10) does provide more confidence to our interpretations. Genes for membrane spanning
protein integrins and extracellular matrix collagen proteins were upregulated after 40h of
stretch compared to the control. Integrins are present at Z-line and have the capacity to
bind extracellular and intracellular molecules, which provides a link between basement
membrane and cytoskeleton (2). They play a role in force transmission to the contractile
apparatus of muscle (3). We found an upregulation of apolipoprotein genes after 40h of
stretch. Apolipoproteins’ have been shown to be derived from C2C12 myocytes (4),
however we do not know the correlation between stretching and upregulation of
apolipoprotein genes, but their over expression does indicate of some role being played
by them as a response to stretch.

With pathway analysis we found that metabolic pathways were most prominently affected
pathways as a long term response to stress. However after 3h of stretch cytokine-cytokine
receptor pathway was the most prominent pathway activated. We also observed PI3k-Akt
and MAPK signaling pathway enrichment after 40h of stretch. PI3K-Akt pathway
activation is known to stimulate muscle differentiation and has a role in muscle
hypertrophy (9). MAPK signaling pathway is stimulated upon exercise in human skeletal

muscles (12).
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In this chapter | have elucidated the changes that happen at transcriptomic level, of
differentiating myotubes shortly and 40h after stretching. Shortly after stretching limited
number of genes were found perturbed and also that effect was transient as after 40h of
stretch the gene expression land scape changed. Immunogenic response was an immediate
response to stretch as was found by gene ontology, pathway analysis and also by the
upregulation of chemokine ligand, myokine genes. We have also shown that some genes
which were turned up as a quick response to stretch (3h post stretch) were upregulated
after 68h of normal differentiation. This indicates that stretch stress hastens some
molecular aspects of muscle differentiation. The evidences we have presented here
suggests, that stretch is immediately perceived as an injury by differentiating muscle cells
and so its innate immune response is triggered. But at the same time, muscle growth
process is enhanced. Over a period of time the immune response goes down but muscle
structural protein genes are upregulated. Stretching affects cells’ metabolism over the
course of time. We have been able to pin point those genes which come out as an

instantaneous or long standing response to stretch.
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Summary and Conclusions

My PhD project was thoroughly focused on human skeletal muscle transcriptome. During
the three years of my PhD | have focused on understanding various aspects of muscle
development molecular level. First step towards that was having a thorough and
exhaustive idea of muscle transcriptome. Transcriptomic analysis included miRNA
profiling also. | have studied muscle development from the stage of myoblast where cells
are in their proliferative stage, and then they differentiate into myotubes when the
proliferation stops and cells fuse to become multinucleated specific muscle cells.
Although there is a lot of research already conducted on the various transcritomic
modulations that occur during the transition from myoblasts to myotubes, but not that
everything has been unraveled yet. Next generation sequencing is a more mature and
powerful technique for studying transcriptomics. NGS have been extensively for my PhD
project. Using NGS we have obtained the complete picture of the transcriptome as it
occurs in myoblasts and myotubes. Differential gene expression analysis was performed
using edgeR software. That gave the whole bunch of genes which change from one
developmental stage to another. By performing GO analysis, the functional aspects of
genes differentially expressed were studied. But the skeletal muscle tissue is the
functional form in human body. So to understand the difference that occurs from the cell
to the tissue had to be understood. Hence adult skeletal muscle tissue transcriptome were
sequenced and compared with myotubes followed by GO analysis. At this level the major
finding was, upon myotube formation, muscle specific genes and muscle structural genes
get strongly upregulated whereas cell cycle specific genes take a back seat, as after
myotubes do not have the proliferative capacity. The transcriptome of skeletal muscle
how ever showed upregulation of many interleukins, cytokines and histocompatibility
complex genes which were not up regulated at the myotube stage. Skeletal muscle is
known to have its own immunogenic capacity. However at this stage of my research work
it was difficult to know how and when exactly the muscle tissue acquires the
immunogenic capacity, because at the differentiated stage no immune specific genes were

noticeable expressed.
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More than thousands of genes were differentially expressed between myoblasts and
myotubes. It is very unlikely that all of them are under miRNA regulation. It was of
substantial importance to find out the genes which are directly under the control of
miRNA regulation. Our approach towards finding out these genes was by carrying out
Ago2-RNA immunoprecipitation. Argonaute 2 is a component of RISC complex, using
which miRNA exerts its regulatory control on mMRNA. By Ago-RIP, RNA bound to Ago2
in myoblasts and myotubes were immunoprecipiated and the RNA were then sequences
using NGS. Immunoprecipitation ameliorates genes bound to Ago2. | compared this pool
of immunoprecipitated genes with total genes expressed in myoblasts and myotubes. This
comparison showed many genes enriched with Ago2. Since argonaute 2 has also been
recently shown to have its role in stabilizing mRNA, it was not possible to accept that,
enriched pool of RNA were under down regulatory action of miRNA. To fish out the
most likely gene candidates associated with Ago2 and under miRNA down regulatory
control, the enriched genes were compared with genes differentially down regulated in
myoblasts and myotubes. This gave very interesting results. First of all out of the 1000
genes enriched, only 90 genes corroborated with genes which are turned down at either
stage of muscle development, which is a very small percentage suggesting that ago2
associated miRNA down regulates a limited population of genes. Secondly I found,
Genes enriched in Ago2 pull down in myoblasts were many skeletal muscle structural
genes. That is a reliable finding as myoblasts do not express muscle structural genes
prominently. In myotubes Ago2 enriched, transcription factor genes like Pax7, HoxA11l,
HoxA9 which are known to be down regulated upon muscle differentiation. There are
many other genes associated with Ago2 which have not been elucidated in muscle
biology. There is a need of further experiments to find the accurate interaction of miRNA
with these mMRNAs.

With the miRnome sequencing aside from obtaining the entire population of miRNA and
their differential expression in myoblasts, myotube and skeletal muscle tissue, | found
couple of miIRNA which were significantly turned up in myotubes as compared to
myoblasts. In literature very little information exists about these miRNA’s role in muscle
development. So, analyzing their functional role was of importance. | found miR-139,
miR-532, miR-660 and miR-92a very interesting due to the limited knowledge available
about them and the fact that they were differentially upregulated in myotubes. | used

miR-206 as a positive control because of its well documented role in muscle biology. A

116



scramble sequence was used as negative control. A large scale experiment was designed
to perform their functional analysis. Myoblast cells were transfected with each of these
miRNA mimics. The transfection was carried out for 12h and 24h. The time points were
to observe if the effect of mMIRNA intensifies with the passage of time or it changes. RNA
seq of transfected cells at 12h and 24h was carried out. This simple yet exhaustive
approach, gave bunch of interesting results again. The first observation was, very few
genes altered after 12h as compared to 24h after each miRNA transfection, indicating the
effect of miRNA intensifies with time. Another consistent observation was, more genes
were upregulated and less genes were down regulated at both the time points and with
each miRNA. With positive control miR-206, muscle structural genes were upregulated
after 12h and 24h. This is a very strong evidence to suggest that miRNA has a role in
stabilizing mRNA. We do not say all the genes found affected are being directly acted
upon by miRNA, but at large these miRNA were found to cause gene upregulation than
down regulation. Pathway analysis showed all of these miRNA perturbed metabolic
pathways. Genes upregulated after each miRNA over expression showed involvement in
transcription and transcriptional regulation. Distinct pool of genes was affected by each
miRNA. Comparison of genes down regulated after 24h of miRNA over expression with
Ago2 enriched mMRNA in myoblasts, showed that genes involved in muscle development
like transcription factors and structural genes were down regulated by these 5 miRNA in
myoblasts. | did not find any did not find any enhancement of differentiation after the
over expression of these 5 miRNA. Rather the results show that these miRNA although
expressed at a lower level in myoblasts have their distinct function in myoblast as they
keep genes involved in muscle differentiation and development, turned down. It could
also be hypothesized that the pool of genes down regulated by these miRNA in myotube
would be different from the genes kept down in myoblasts. Meaning that same miRNA at

different level of cellular development plays different roles.

Muscle cell development under 3D culture conditions was also studied. 3D culture
mimics the tissue environment and hence is known to be a comfortable niche for cells to
grow. Muscle cells were allowed to differentiate for 10 days under 3D culture condition.
After which RNA seq was performed. In order to understand the influence of culture
conditions, we compared RNA seq results of 2D and 3D cultured myotubes. In order to
see if 3D can mimic skeletal muscle tissue, we compared the RNA seq results of 3D

cultured myotubes with adult human skeletal muscle tissue. This experiment showed that

117



when cells are cultured under 3D conditions they show immune response by upregulation
of myokines and Interleukin genes. 3D cultured myotubes showed greater similarity to
adult skeletal muscle compared to 2D cultured myotubes. As mentioned earlier, adult
muscle tissue showed upregulation of chemokines, interleukins and major
histocompatibility genes. This is an indication that 3D culture provides cells with more
comfortable environment as compared to 2D culture and their transcriptome shifts more

towards the skeletal muscle tissue state.

Muscle is known for its remarkable plasticity. Lastly | studied the effect of mechanical
stretch on molecular events during differentiation process. Uniaxial stretch of cells early
in differentiation was performed continuously for 30 minutes. The cells were either used
for RNA seq analysis immediately after stretching or were left for 40h into differentiation
to study the long term effect of stretch. Immmediately after stretch interleukin, chemokine
and myokine genes were upregulated but that effect was transient as after 40h of stretch
these genes were prominently down regulated. Stretching caused a higher population of
myosin gene expression compared to non-stretched cells. So the finding from the
experiment was immunogenic response enhancement as a quick response to stretch and
muscle specific genes upregulation over a course of time post stretch.
Immunofluorescence showed upregulation of myosin light chain after stretching. Muscle

cells seemed to have developed a power of resistance and hence a quick differentiation.

During my PhD, | have tried to develop a comprehensive understanding of muscle
transcriptome during various developmental stages, miRNA regulation inferred from
miRNA over expression and Ago2-RIP experiments, effect of culture conditions and
finally response to mechanical stretch.
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Term Gene Count PVale Benjamini

GO:0003012~muscle system process 56 2.05E-31 5.89E-28
GO:0006936~muscle contraction 53 1.17E-30 1.68E-27
GO:0007517~muscle organ development 54 4.09E-24 3.91E-21
GO:0006941~striated muscle contraction 23 1.8%E-17 1.36E-14
GO:0007155~cell adhesion 80 831E-13 4.77E-10
GO:0022610~biclogical adhesion 80 8.65E-13 4. 14E-10
GO:0060537~muscle tissue development 2 5.81E-12 2.38E-09
GO:0044057~regulation of system process 47 6.83E-12 245E-09
GO:0014706~striated muscle tissue development 2 1.01E-11 3.23E-09
GO:0008016~regulation of heart contraction 22 5.03E-11 1.45E-08
GO:0055001~muscle cell development 18 5.59E-10 1.46E-07
GO:0030239~myofibril assembly 12 6.80E-10 1.63E-07
GO:0055002~striated muscle cell development 17 14E-09 3.19E-07
GO:0031032~actomyosin structure organization 13 212E-09 4.36E-07
GO:0042692~muscle cell differentiation 24 1.34E-08 2.56E-06
GO:0008015~blood circulation 30 2.00E-08 3.58E-06
GO:0003013~circulatory svstem process 30 2.00E-08 3.58E-06
GO:0051146~striated muscle cell differentiation 20 2.86E-08 4.83E-06
GO:000693T~regulation of muscle contraction 18 3.75E-08 5.99E-06
GO:0030029~actin fiament-based process 34 5.33E-08 §.35E-06
GO:0010927~cellular component assembly mvolved mn morphogenesis 13 6.12E-08 & 79E-06
GO:0060538~skeletal muscle organ development 17 6.34E-08 &.67E-06
GO:0007519~skeletal muscle tissue development 17 6.34E-08 &67E-06 |

Table S2-1A: GO terms of biological processes for gene differentially upregulated in myotubes.
The number of genes belonging to each term (gene count), enrichment (p-value) and false
discovery rate (benjamini value) are shown in the corresponding columns.
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Cellular compartment Term Gene Count PValne Benjamini

GO:0043292~confractile fiber 56 2.07E-39 7.99E-37
GO:0030016~myofibril 53 3.85E-38 7T.42E-36
GO:0044449-confractile fiber part 51 341E-35 4.39E-33
GO:0030017~sarcomere 47 6.82E-34 6.58E-32
GO:0031674~I band 27 9.06E-20 6.99E-18
GO:0015629%~actin cytoskeleton 56 1.34E-19 8.62E-18
GO:0031012~extracelllar matrix 61 1.07E-17 5.90E-16
GO:0005578~proteinaceous extracellar matrix 58 236E-17 1.14E-15
GO:0030018~Z disc 2 133E-14 5.67E-13
GO:004442 1 ~extracellular region part 104 6.79E-14 2.6JE-12
GO:0016459%-myosn complex 2 3.02E-13 1.06E-11
GO:0032982~myosh filament 3 8.65E-12 2.78E-10
GO:001652%-sarcoplsmic reficulum 17 1.79E-11 5.31E-10
GO:0016528~sarcoplasm 17 445E-11 1.23E-®
GO:0042383~sarcolemma i 5.03E-11 1.28E-(9
GO:0005839~muscle myosin complex 12 532E-10 1.28E-08
GO:0016460~myosin IT complex 2 204E-09 4.63E-08
GO:0005865~strinted muscle thin filament 10 7HME-09 1.60E-07
GO:0031672~A band 10 1.63E-08 3.30E-07
GO:0044420~extracelllar matrix part 23 7.17E-08 1.38E-06 |

Table S2-1B: GO terms of cellular compartments for gene differentially upregulated in
myotubes. The number of genes belonging to each term (gene count), enrichment (p-value) and
false discovery rate (benjamini value) are shown in the corresponding columns.

Term Gene Count PValue Benjamini
GO0000279~M phase 23 1.63E-53  5.7IE-30
GO0022403~cell cyvele phase 138 3.09E-53  544E-30
GO0007049~cell cyele 193 1.09E-52 1.27E-49
GO0022402~cell cyele process 150 412E-44  3.63E-41
GO0000087~M phase of mitotic cell cvele 92 838E-44  590E-41
GO:0000280~nuclear division 91 1.26E-43  738E-41
GO0007067~mitosis 91 1.26E-43 7.38E-41
GO0048285~organelle fission 91 645E-42  3.24E-39
GO:0000278~mitotic cellevele 114 541E-40  2.38E-37
GO:0051301~cell division 97 140E-36  549E-34
GO0006259~DNA metabolic process 28 4.00E-35 141E-32
GO0006260~DNA replication 69 5.83E-29  1.87E-16
GO0007059~chromosome segregation 41 935E-24 2.74E-21
GO0006281~DNA repafr 76 191E-11  5.16E-20
GO0D006974-~response to DNA damage stimulus 85 3.77E-20 9.49E-18
GO0051726~regulation of cell cycle 76 2.86E-18  6.71E-16
GO:0006323~DNA packaging 2 1.39E-17  3.07E-15
GO:0051276~chromosome organization 94 289E-17  598E-15

A

Table S2-2A: GO terms of biological processes for gene differentially down-regulated in
myotubes. The number of genes belonging to each term (gene count), enrichment (p-value) and
false discovery rate (benjamini value) are shown in the corresponding columns.
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Term Gene Count PValne Benjamini

GO:0005694~chromosome 140 1.15E-49  6.02E-47
GO:0044427~chromosomal part 126 3.06E-48  B.07E-46
GO:0000793~condensed chromosome &0 157E-32  2.73E-30
GO:0000775~chromosome, centromeric region 57 142E-30  1.86E-28
GO:0043232~mtracellular non-membrane-bounded organelle 330 322E-26 337E-24
GO:0043228-non-membrane-bounded organelle 330 322E-26 337E-24
GO:0000779~condensed chromosome, centromeric region 37 1.08E-23  940E-22
GO:0000777~condensed chromosome kinetochare 34 1.29E-22  961E-21
GO:0000776~kinetochore 38 864E-22  563E-20
GO:0005819~spmndle 50 540E-20 3.14E-18
GO:0000785~chromatin 52 3.51E-15  1.86E-13
GO:0000228~nuclear chromosome 46 5.05E-15  238E-13
GO:0015630~microtubule cytoskeleton 94 450E-14  1.96E-12
GO:0032993~proten-DNA complex 31 267E-13  1.08E-11
GO:0003856~cytoskeleton 175 L.18E-12  441E-11
GO:0005634~nuclophsm 124 5.83E-12  2.03E-10
GO:000565T~replication fork 17 1.76E-100  5.75E-09
GO:0044454~nuclear chromosome part 33 232E-10  7.13E-09
G0O:0031981~nuclear imen 173 159E-10 7.51E-09
GO:0000786~nucleosome 23 400E-10  1.10E-08
GO:0044430~cvtoskeletal part 125 458E-10 1.20E-08 |

Table S2-2B: GO terms of cellular compartments for gene differentially down-regulated in
myotubes. The number of genes belonging to each term (gene count), enrichment (p-value) and
false discovery rate (benjamini value) are shown in the corresponding columns.
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Tem Gene Count PValue Benjamini

GO0006955~immune response 145 22E-16 8.64E-13
GO0006952~defense response 123 1.91E-12 3.72E-09
GO0:0009611~response to wounding 109 6.97E-12 9.04E-09
GO0015980~enerey derivation by oxidation of organic compounds 46 8 16E-12 7.94E-09
GO0006954~mnflammatory response 77 1.20E-11 9.35E-09
GO0003012~nmmuscle system process 50 1.63E-11 L.OSE-08
GO0045333~celular respration 36 1.85E-11 1.03E-08
GO0022904~respiratory electron transport cham 2 5.76E-11 2.80E-08
GO0006091~generation of precursor metabolites and energy 73 9.43E-11 4.08E-08
GO0:0055114~axidation reduction 120 2.3E-10 9.88E-08
GO0006936~mmscle contraction 45 291E-10 LO3E-07
GO0022900~electron transport chain 36 2.87E-09 931E-07
GO0010033~response to organic substance 125 1.62E-08 4 85E-06
GO0042775~mitochondrial ATP synthesis coupled electron transport 23 1.69E-08 471E-06
GO0042775~ATP synthesis coupled electron transport 2 1.69E-08 471E-06
GO0009725~response to hormone stinmius 72 2.61E-07 6.76E-03
GO0007242~mtracellular sionaling cascade 187 4.74E-07 1.15E-04
GO0002684~positive regulation of mmune system process 52 5.53E-07 127E-04
GO0070482~response to oxygen levels 36 9.78E-07 211E-4
GO0:0034097~response to cytokine stimulns 25 LO7E-06 220E-04
GO0048878~chemical homeostasis 90 1.18E-06 230E-04
GO0009719~response to endogenous stmmlus 75 1.45E-06 269E-04

Table S2-3A: GO terms of biological processes for gene differentially up-regulated in skeletal
muscle tissue. The number of genes belonging to each term (gene count), enrichment (p-value)
and false discovery rate (benjamini value) are shown in the corresponding columns.
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Term Gene Count PValue Benjamini

GO:0005743~mitochondrial inner membrane 77 3.06E-13 1.58E-10
GO:0043292~contractile fiber 41 1.28E-11 3.28E-09
GO:0005740~mitochondrial envelope 91 1.43E-11 245E-09
GO:0019866~0rganelle mner membrane 77 149E-11 1.91E-09
GO:0005739~mitochondrion 182 4.05E-11 4.16E-09
GO:0031966~mitochondrial membrane 86 4.17E-11 3.57E-09
GO:0030016~myofibri 38 5.69E-11 4.18E-09
GO00T0469-respiratory chain 30 1.18E-10 7.58E-09
GO:0044429~mitochondrial part 1m 1.15E-09 6.54E-08
GO:0031226~mtrinsic to plasma membrane 192 1.59E-09 8.18E-08
GO:0005746~mitochondrial respiratory cham 2 1.75E-09 8.19E-08
GO:0044449-contractile fiber part 36 1.78E-09 7.61E-08
GO:003001 7~sarcomere 33 2.02E-09 5.00E-08
GO:0044459~phsma membrane part 308 8.94E-09 3.28E-07
GO:0044455~mitochondrial membrane part 37 24E-09 3.17E-07
GO:0005887~mtegral to plasma membrane 185 1.06E-08 3.40E-07
GO:0031967~organelle envelope 107 1.63E-07 4.93E-06
GO:0031975~envelope 107 1.93E-07 5.50E-06
GO:0005829~cvtosol 14 6.07E-07 1.64E-05

Table S2-3B: GO terms of cellular compartments for gene differentially up-regulated in
skeletal muscle tissue. The number of genes belonging to each term (gene count), enrichment (p-
value) and false discovery rate (benjamini value) are shown in the corresponding columns.
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Tem Gene Count PValue Benjamini

G0:0022610~biological adhesion 157 3.33E-29 1.17E-25
GO0007155~cell adhesion 156 9.20E-29 1.62E-25
GO0043062~extracellular structure organzation 59 1.17E-21 138E-18
GO:0030199~collagen fibril organization 22 1.18E-16 9.76E-14
GO0030198~extracellular matrix organization 39 5.03E-15 351E-12
GO0000902~cell morphogenesis 76 477E-13  2.80E-10
GO0016337~cel-cell adhesion 64 9.19E-13 4.61E-10
GO:0032989~celnlar component morphogenesis 81 9.28E-13 4.08E-10
GO0001501~skeletal svstem develapment 68 1.01E-11 3.93E-09
GO:0048858~cell projection morphogenesis 56 520E-11 183E-08
GO:0000904~cell morphogenesis involved in differentiation 55 1.38E-10 4.41E-08
GO0032990~cell part morphogenesis 56 3.04E-10 892E-08
GO0051960~regulation of nervous system development 46 6.89E-10 1.86E-07
GO0006928~cell motion 84 6.93E-10 1.74E-07
GO:0030030~cell projection organization 70 9.70E-10 227E-07
GO:0007156~homophilic cell adhesion 36 1.37E-09  3.02E-07
GO:0048812~neuron projection morphogenesis 48 241E-09 4.98E-07
GO0007409~axonogenesis 45 2.68E-09  5.24E-07
GO:0031589~cell-substrate adhesion 30 2.74E-09 5.07E-07
GO:0048667~cell morphogenesis involved in neuron differentiation 46 1.17E-08  2.07E-06
GO:0031175~neuren projection development 52 1.99E-08 3.33E-06
GO:00350767~regulation of neurogenesis 39 287E-08  4.59E-06
GO0060284~regulation of cell development 4 552E-08 E&44E-06
GO:0007411~axon guidance 2 9.75E-08  1.43E-035

|

Table S2-4A: GO terms of biological processes for gene differentially down-regulated in
skeletal muscle tissue. The number of genes belonging to each term (gene count), enrichment (p-
value) and false discovery rate (benjamini value) are shown in the corresponding columns.
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Temm Gene Count PValue B enjamini

GO:0031012~extracelnlar matrix 117 5.20E-37  2.60E-34
GO0005578~protemaceous extracelllar matrix 111 4.03E-36 1.01E-33
GO D02 0~extracellular matrix part 53 1.41E-23 2.35E-21
GO004442 1~extracellular region part 181 2.68E-21 3.34E-19
GO0D005581~collagen 23 B48E-15 8.42E-13
GOD005604~basement membrane 31 3.86E-12  3.21E-10
GO0005576~extracelilar region 275 442E-12  3.135E-10
GO0044459-phsma membrane part 281 5.77E-09  3.60E-07
GO0D042995~cell projection 108 1.27E-07 7.07E-06
GO0030054~cell unction 84 6.02E-07 3.00E-05
GO0045202~synapse 63 9.06E-07 4.11E-05
GO0005886~phsma membrane 427 1.06E-06  4.39E-05
GOD005583~fibrillar collagen 9 2.00E-06 T.69E-05
GO0D031224~mtirinsic to membrane 583 1.28E-05 4.57E-04
GOD005856~cytoskeleton 174 2.09E-05 6.94E-04
GO0D043005~neuron projection 57 2.21E-05 6.88E-04
GO0D031226~Mntrinsic to plasma membrane 156 2.31E-05 6.79E-04
GO0015629~actm cvtoskeleton 47 3.95E-05 0.001095806
GOD005783~endoplasmic reticulim 127 4.08E-05 0.001071897
GO0005887~mtegral to plasma membrane 151 S 44E-05  0.001356608
GO0D005911~cellcell unction 36 T.04E-05  0.001672679
GO0D016021~mtegral to membrane 558 8.50E-05 0.001926237
GO:0031594~newronuscular junction 10 B8.55E-05 0.001852799

Table S2-4B: GO terms of cellular compartments for gene differentially down-regulated in
skeletal muscle tissue. The number of genes belonging to each term (gene count), enrichment (p-
value) and false discovery rate (benjamini value) are shown in the corresponding columns.
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Gene symbol Gene Name logFC logCPM PValue
MYBPCL Mvosin binding protein C, slow tvpe 1052361963 6.55427022 333E-34
MYHS Mvosin, heavy chain 3, skeletal muscle, perinatal 0105050991 7.6%05291 2 90E-56
DPYSL3 Dihvdropyrimidinase-like 5 5.095176590% 5.125%0888 1.66E-41
CASQ2 Calsequestrin 2 (cardiac muscle) 8 447736933 7.71247102 5.36E-33
ATP1B4 ATPase, (Na— K~ wransporting, beta 4 polvpeptide §.243092299 4.81407202 9.50E-38
CACNGI Calcium channel, voltage-dependent, gamma subunit 1 8.19672089 4.76672992 2. 48E-17
MYH3 Mvosin, heavy chain 3. skeletal muscle, embryonic 8.125375304 11.183%4675 5 80E-56
BCASI Breast carcinoma amplified sequence 1 7782751149 529884052  2.05E-39
SLN Sarcolipin 7.758755566 5.01867456 9.20E-38
C10orf71 Chromosome 10 open reading frame 71 7568519904 362288972  998E-29
TWINC2 Troponin C tvpe 2 (fast) 7524757295 525165123 2.71E-38
ATFIL Allograft inflammatorv factor 1-like 7.509015939 5.24032444 3 42E-38
TAOD1 Tropomedulin 1 741793347 4.683676827 7.24E-35
MYLI1 Mvosin, light chain 1, alkal; skeletal fast 7331087183 7.11114121 1.07E-44
NEB WNebulin 7.25465497% 108380388 1.84E-48
PEHDI Polycystic kidney and hepatic disease 1 (autosomal recessive) 7227730871 3.81264343 2 88E-29
HSEST2 Heparan sulfate §-0-sulfotransferase 2 7.126533649 4.86267808 6.17E-35
SEL Sarcalumenin 7.118254804 6.17133235 1 45E-40
LAIOD2 Leiomodin 2 (cardiac) 7084187873 4 81445193 1.60E-34
SPARCL1 SPARC-like 1 (hewin) 7055105125 3.11993498 1.17E-24
ACTN2 Actnin, alpha 2 7.051418832 8.19387193 TATE-43
UNC45B Unec-45 homelog B (C. elegans) 7.02482815% 6.01108818 1.40E-39
CEM Creatine kinase, muscle 7.001967809 6.13203426 8.07E-40
WIPF3 WASWWASL interacting protein family, member 3 6.976161084 3.56487996 3.00E-27
NPT Nephronectin 6.872240864 6.40252798 3.27E-40
MYH7 Mvosin, heavw chain 7, cardiac muscle, beta 6.871043964 7.96534527 3.01E-43
CLSTIN2 Calsyntenin 2 68024353504 854362361 1.89E-43
SCN7A Sodium channel voltage-gated, type VIL alpha 6.765444442 4 68636724  §.60E-33
TIWINI2 Troponin I tvpe 2 (skeletal fast) 6.76366468%9 3.36331213 1 40E-25
COMP Cartilage cligomeric matrix protein 6.751676528 449307584  §94E-32
APOBEC2 Apolipoprotein B mRNA editing enzvme, catalvtic polvpeptide-like 2 6.733654232 3.71034726 1.59E-27
PACSINI Protein kinase C and casemn kinase substrate in neurons 1 6.695491572 4.22845672  3.17E-30
TNNT3 Tropomn T tvpe 3 (skeletal, fast) 6.691717312 622101377 2.01E-38
EGLN3 Egl nine homolog 3 (C. elegans) 6.673093423 6.21052328  2.47E-38
TN Titin 6.66281633 14.0134445 1.15E-43
FPDE2A Phosphodiesterase 24 cGMP-stimulated 6.610112061 3.59660777 1 42E-26
MYLPF Mvesin light chain, phosphorvlatable, fast skeletal muscle 6.590210234 8.30065327 1.69E-41
HRC Histidine rich calcium binding protein 6.577802837 5.7210592 3.11E-36
TRDN Triadin 0.361824442 264837753 6.00E-21
SDK2 sidekick cell adhesion molecule 2 6.540743622 46351138 1.05E-31
ACHE Acetylcholinesterase (Yt blood group) 6.313051704 2.5983779 1.35E-20
TERINMS4 Tripartite motif-containing 54 649922448 3.10655192 1.64E-23
SMYDI1 SET and MYND domain contaming 1 6.492638749 597123271 1.42E-36
RYR1 Rvanodine receptor | (skeletal) 6462874633 8.35480386 1 40E-40
ZBTBI16 Zinc finger and BTB domain containing 16 643894824 25271181 4 43E-20
ZBTB7C Zinc finger and BTB domain contaming 7C 6438572518 2.53559843 4 43E-20
MYBPC2 Mvosin binding protein C, fast type 643487569 396965004  437E-28
EEF1A2 Eukarvotic translation elongation factor 1 alpha 2 6423727913 3 4141413 4 62E-25
SMPX Small muscle protein, X-linked 6397576138 414038468  §22E-29
KLHL40 Kelch repeat and BTB (POZ) domain containing 3 6392006129  3.3809343 8 21E-25
GPRC:C G protein-coupled receptor, familv C, group 5, member C 6.306410363 3.39737211 9.26E-26
MYHG Mvosin, heavw chain 6, cardiac muscle, alpha 6.29333424 3.28371154 4 92E-24
NIRE2 Xin actin-binding repeat containing 2 6230066766 35.15247886 1 46E-32
MYOZ2 Myvozenin 2 6249661936 5.15142613 1 46E-32
TAMEMSC Transmembrane protein §-like 6233700197 5.04736%66  4.18E-32
BEST3 Bestrophin 3 6.228117804 3.76676942 2.07E-26
LDB3 LIM domain binding 3 6.198936955 6.54695102 3.32E-36
Clorfl0s Chromosome 1 open reading frame 103 6.161907578 2.78512925 5.88E-21

SEP4 Septin 4 6.147776331 4.64957682 3.54E-30
TSPANT Tetraspanin 7 6.095432115 447241738 3 30E-29
CACNAILS Caleium channel, voltage-dependent, L tvpe, alpha 18 subunit 6067787979 5096176776 4 .75E-34
C200rf166-A51 Chromosome 20 open reading frame 200 6.046403221 3.59187855  5.86E-23

127



Gene Symbol
NRAP
ARPP21
COX6A2
MYH2
MYBFH
TNNC1
CAPNG
IGFBP2
MYOT
CDK1§
SPTB
CASZ1
Clorf?s
PDGFB
KLHL31L
COBL
SERPINA3Z
KREMEN2
ASB4
C3
MYOM1
CCDC3
HFE2
ADHIB
COL15A1
FREM2
F13A1
TSPAN33
CARNS1
DCX
SCN3B
NEURL
TRIMG3
RATI2
TNNIIL
RBFOX1
CAMNEKIB
CACNGE
NDRG2
CEMP1
KCNQ4
SCN4A
APOL4
C200rfl66
TASIR1
MYOM3
NATSL
LMOD3
C7
RRAGD
PRKAG]
AIM
PPMIE
MYL4
CXCR4
KCNEIL
ACTAL
CHRIND
ONECUT2
GPER.123
XPNPEP2
TXLNB

Gene Name
Webulin-related anchoring protein
Cvclic AMP-regulated phosphoprotein, 21 kD
Cvtechrome ¢ oxidase subunit VIa pelvpeptide 2
Myosin, heavy chain 2, skeletal muscle, adult
Myosin binding protein H
Troponin C type 1 (slow)
Calpain 6
Insulin-like growth factor binding protein 2, 36kDa
Myotilin
PCTAIRE protein kinase 3
Spectrin, beta, ervihrocytic
Castor zinc finger 1
Chromosome 1 open reading frame 93
Platelet-derived growth factor beta polvpeptide (stmian sarcoma viral (v-sis) oncogene homolog)
Kelch-like 31 (Drosophila)
Cordon-bleu homolog (mouse)
Serpin peptidase inhibitor, clade A (alpha-1 antiproteinase, anfitrypsin), member 3
Kringle containing transmembrane protein 2
Anlovrin repeat and SOCS box-containing 4
Complement component 3
Myomesin 1, 183kDa
Coiled-coil domain containing 3
Hemochromatosis tvpe 2 (juvenile)
Alcohol dehvdrogenase 1B (class I), beta polvpeptide
Collagen, tvpe XV, alpha 1
FRAS! related extracellar matrix protein 2
Coagulation factor XIIL Al polvpeptide
Tetraspanin 33
ATP-grasp domain containing 1
Doublecortin
Sodium channel, voltage-gated, tvpe IIL beta
Neuralzed homolog (Drosophila)
Tripartite motif-containing 63
Retinoic acid induced 2
Troponin I tvpe 1 (skeletal, slow)
RNA binding protein, fox-1 homolog (C. elegans) 1
Caleium /calmodulin-dependent protein kinase II beta
Calequm channel voltage-dependent, gamma subunit 6
NDRG family member 2
Collapsin response mediator protemn 1
Potassium voltage-gated channel, KQT-like subfamilv, member 4
Sodium channel, voltage-gated, tvpe IV, alpha subunit
Apolipoprotein L, 4
Chromosome 20 open reading frame 166
Taste receptor, tvpe 1, member 1
Myomesin family, member 3
N-acetvltransferase 8-like (GCN3-related, putative)
Leiomadin 3 (fetal)
Complement component 7
Ras-related GTP binding D
Protein kinase, ANP-activated, gamma 3 nen-catalvtic subunit
Alpha-2-macroglobulin
Protein phosphatase 1E (PP2C dotnain conitaining)
Myosin, hight chain 4, alkali; atrial. embrvonic
Chemolkine (C-X-C motif) receptor 4
KCNE!-like
Actin, alpha 1, skeletal muscle
Cholinergic receptor, nicotinic, delta
One cut homeobox 2
G protein-coupled receptor 123
N-prolyl aminopeptidase (aminopeptidase P} 2, membrane-bound
Taxilin beta

logFC
5.86172242
5.94516413
5.90783981
589734875
5.89118148
5.88516375
5.88104873
5.87155565
5.85897236
5.80818322
5.50504174
5.78150037
573712146
5.73359044
5.71722695
571175686
571113908
5.66427737
5.65811696
5.657463
5.64626123
5.64431778
5.6418403
5.62593065
5.62682101
60554187
558558874
7542753
4951087
52784945
52690315
5.4983339
5.48547638
5.46937593
5.46086278
5.42283629
5.41388698
5.4026796
5.37838247

LhoLn

5
z
5
5
5
5

1

5.36400812

I R L IR

5.255%3031
8

MLh

5.28338148

5.09337917
09331464
5.07544361
06266164
05638209
04667902
5.03504277
5.01997749

I R Y R R R}

logCPM
208276922
6.35813268
291542504
5.04702777
8.05419447
6.67948196
2.00664143
3.63656735
1.97937269
480810424
451080108
4294598216
1.8693068
1.87210806
542121365
463244391
421350244
344424435
1.79432902
6.26096421
5.62564264
3.75721769
3.5946819
3.1809202
478505466
1.74380343
847213014
3.97315368
354445614
217857144
2.55227061
215285239
1.64074328
1.62968728
§.52238311
498626307
2.0788736
2.72956108
41145735
4 5454588
3.14588132

7 4.20105575

2.38623354
1.50031333
23718704
6.29147339
2.87553607
4.66880044
1.94723367
2.595551
3.04221108
5.27371068
1.52721004
6.85517061
1.29605446
2.15711582
6.51765936
45441715
347202822
3.03379001
1.23252285
4.46652157

PValue
8.68E-17
3.96E-34
4 00E-21
2.03E-30
7.76E-36
2.75E-34
3.13E-16
1.21E-24
4 35E-16
3.37E-29
3.19E-29
3.64E-27
2.85E-13
2.85E-15
1.34E-30
3.86E-28
1.39E-26
4.61E-23
8.38E-13
4.30E-32
1.21E-30
2.20E-24
1.20E-23
9.79E-22
3.23E-28
1.76E-14
1.24E-33
5.06E-25
3.73E-23
1.73E-16
2.19E-18
2.71E-16
% 98E-14
1.22E-13
1.30E-32
9.25E-28
9 26E-16
6.39E-19
1.04E-24
3.57E-26
1.07E-20
5.97E-25
4 39E-17
7.79E-13
5.72E-17
1.24E-29
2 G4E-19
4.23E-26
6.45E-13
6.60E-18
6.45E-20
4.29E-27
5.13E-14
9.32E-29
1.79E-11
1.93E-15
2 86E-28
2.39E-25
3.59E-21
3.30E-19
3.67E-11
4 55E-24
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Table S2-5: Genes up regulated > 5log, FC in myotubes as compared to myoblasts. The table
shows the gene names, their description, corresponding log, fold change and P value. Fold
change = value describing the average level of increase or decrease in gene expression.
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Gene Symbol Gene Name logFC logCPM P Value
HBB Hemoglobin, beta 12.47123082 8.858841053 2_10E-30
MB Myoglobin 12.06569951 9427084423 2.96E-24
PDE4 Pvruvate dehvdrogenase kinase, isozvme 4 1057340817 11792735026 9.16E-22
THBS4 Thrombospondin 4 10.43519147 8508393396 S 43E-21
SMTNL2 Smoothelin-like 2 10.38062652  6.765924324 221E-1%
LEF Lipopolvsaccharide binding protein 1016190804 6.553929019 7.29E-19
CD74 CD74 molecule, major histocompatibility complex, class IT invariant chain 9_B14947785 6.766449059 1.15E-18
FABP4 Fatty acid binding protein 4, adipocyte 9724925075 7.281185917 8.20E-19
CSorf22 Chromosome 8 open reading frame 22 9677300468 6.072002497 1.03E-17
CD93 CD%3 molecule 0.558594127 6.532219477 6.71E-18
LPL Lipoprotein lipase 9.552570827 6.52592294§8 G.93E-18
RNASE1 Ribonuclease, RNase A family, 1 (pancreatic) 9369074301 5.768535713 5.53E-17
RORC FAR-related orphan receptor C 933919356 6.313184680 2.22E-17
CcA3 Carbonic anhvdrase IIL muscle specific 0272824151 7.105442875 7.88E-18
PPPIR1A Protein phosphatase 1, regulatory (inhibitor) subunit 1.4 9230591275 7.515850874 5.35E-18
DARC Duffy bloed group, chemokine receptor 9170661329 5.572047025 2.66E-20
D12 Isopentenyl-diphosphate delta isomerase 2 9000731982 5.976259759 1 41E-16
HLA-DRA Major histocompatbility complex, class IT, DR alpha 8967118433 5370755946 4. 94E-16
NRAP Nebulin-related anchoring protein 8966507925 10.95605503 8.43E-23
RPL3L Ribosomal protein L3-like 8.954709543 5.931169296 1.81E-16
VWE WVon Willebrand factor 8.84626447 7887939801 2 46E-17
SLPI Secretory leukocvte peptidase inhibitor 8804188224 5.783788299 4.11E-16
ARHGEF13 Rho guanine nucleotide exchange factor (GEF) 15 8.755606132 5.159143082 4 88E-19
PLVAP Plasmalemma vesicle associated protein 8684552363 5.006837419 7.87E-16
TRIMGE3 Tripartite motif-containing 63 §.677230365 10.20928442 2 86E-17
PLAZG2A Phospholipase A2, group ITA (platelets, synovial fhod) 8637471489 5619632932 1.02E-15
UBE2ZQL1 Probable ubiquitin-conjugatng enzvme E2 FLIZ3076 8420121719 6.4759035977 5.88E-16
CXorf36 Chromosome X open reading frame 36 8402930471 4.817300806 1.06E-14
GIMNAPS GTPase, INAP familv member 5 §.355982153  4.768119%04 7.97E-18
CASQ1 Calsequestrin 1 (fast-twitch, skeletal muscle) 8340145347 6.606601119 6.18E-16
S100A% 5100 calcium binding protein A% 3263385568 4.6835524354 2.25E-14
HBA2 hemoglobin, alpha 2 8.249494194 4670537529 2 43E-14
PLIN4 KIAA1881 §.241009099 6.912255649 S.04E-16
ATDHIL1 Aldehvde dehwdrogenase 1 family, member L1 8239615404 465460834 2.56E-14
PPPIR27 Dsferlin interacting protein 1 8237884791 6.307123727 1 08E-13
ASBZ2 Anlvrin repeat and SOCS box-containing 2 8231732035  7.53142713 6.06E-16
STABI1 Stabilin 1 §.192430568 5.165661282 7.93E-15
VEIGH WV-set and immunoglobulin domain containing 4 8178776663 4.602967131 3.56E-14
TMEM140 Transmembrane protein 140 §.168695426 6.456532967 1.81E-15
S100A8 3100 calchun binding protein A8 8.157484513 4.581227059 3 99E-14
Cl1QB Complement component 1, q subcomponent, B chain 8150948215 457507432 4.14E-14
RBP7 Fetinol binding protein 7. cellular 8146153141 4.571682183 4.25E-14
HLA-DRB1 major histocompatibility complex, class II, DR beta 1 8.136590014 5.103369487 5.97E-18
MNMAOB Monoamine oxidase B 8.128065466 5.120925684 1.62E-14
PLINS Lipid storage droplet protein 3 8118111124 4535711133 4 94E-14
CLICS Chloride intracellular channel 5 8115175437 5.084609479 1.21E-14
TSPANS Tetraspanin 8 8047680317 4.47141372% 7T.24E-14
Clorfd Chromosome 8 open reading frame 4 8.02277163 6557926103 3.14E-15
SLCO4A1 Solute carrier organic anion transporter familv, member 441 7.980227589 4.955583524 2.50E-14
FAMNI134B Family with sequence similarity 134, member B 7.9492060214 8.281469739 1.90E-15
NOTCH4 Motch homeolog 4 (Drosophila) 7948844258 53287265951 G.80E-18
APOD Apolipoprotein D 7904334554 9376309176 1.96E-15
S100A1 S100 calcium binding protein Al 7.88898G354 6.493093942 5 45E-15
CNTFR Ciliary neurotrophic factor receptor 7.882565672 4.303228177 1.76E-13
PYGM Phosphorvlase, glvcogen, muscle 7.87810194 9.613524494 2.18E-15
IL6R Interleulkin 6 receptor 7857862095 7147592851 4 96E-15
GIA4 Gap junction protein, alpha 4, 37kDa 7837128776 4.284347776 2 53E-16
TIE1 Tvrosine kinase with immunoglobulin-like and EGF-like domains 1 7852526793 4283070675 2.07E-13
SMTNNLL Smoothelin-like 1 7.836414908 5221173358 3 1%E-14
ESAM Endothelial cell adhesion molecule 7.79205772 5.009751611 4.66E-14
GINMAP4 GTPase, INAP family member 4 7.787708881 4.219682772 2.94E-13
BTNLS Butyrophilin-lilke 9 7.766338812 4.768040763 1.15E-13
ANKRD?2 Anlkvrin repeat domain 2 (stretch responsive muscle) 7.762131262 6.71406599 9.71E-15
CDHS Cadherin 5, type 2 (vascular endothelium) 7.750879999 S 810271183 2.32E-14
MYHI14 Mwosin, heavy chain 14 7.746239362 7.075156732 S 42E-13
HLA-DPAL Major histocompatbility complex, class IT, DP alpha 1 7.735630377 4.165825665 5.89E-16
MPZL2 Myelin protein zero-like 2 7.717293343  4.15512168% 4 30E-13
SLC16A6 Solute carrier family 16, member 6 (monocarboxvlic acid transporter 7) 7.692615927 4.133025758 4 91E-13
HBAIL Hemoglobin, alpha 1 7.687427078 4.125397072 5.08E-13,
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Gene Symbol Gene Name logFC logCPM P Value
MYF6 Myvogenic factor 6 (herculin) 7663543898 7.756905545 9 26E-15
Coorf27 Chromesome 5 open reading frame 27 7643110036 5 504817284 2.13E-17
KRTaA Keratin 6.4 7633743229 4 056213689 1.19E-15
UCP3 Uncoupling protein 3 (mitochondrial proton carrier) T 625563712 7.552315592 1.25E-14
CYP4B1 Cvtochrome P450, familv 4, subfamilv B, polvpeptide 1 7.5397172156 4.028331552 8.22E-13
CPVL Carboxvpeptidase, vitellogenic-like 7577806355 4.022965147 9 07E-13
MYLEZ2 Nvosin light chain kinase 2 7.263104343 ©.2895839143 3.54E-14
ABRA A ctin-binding Rho activating protein 7.549433199 6.013811625 4.02E-14
SEPP1 selenoprotein P, plasma, 1 7.323062007 7.17924044 4 75E-18
MYHI11 Myvosin, heavy chain 11, smooth muscle 7.51426217 6.606042422 3 23E-14
TATINEL 2 TWINK lvsine deficient protein kinase 7494484099 3 927450505 1.43E-12
SMOC2 SPARC related modular calcium binding 2 T 473825218 4 485730386 5.54E-13
FCGR3A Fc fragment of IgG. low affinitv IIla, receptor (CD16a) 7419011628 3. 861184049 5. 23E-15
EANWES KIN motf and ankyrin repeat domains 3 7415057898 3.839156695 5 42E-15
PLIW Phospholamban 7.399094606 6.005273453 7.95E-14
IT™ZA Integral membrane protein 2.4 7.393008631 3 839477225 2 46E-12
FHL= Four and a half LIM domains 5 7.365682106 3_80873615 2. 84E-12
LY WVE1 Lymphatic vessel endothelial hvaluronan receptor 1 7.35234553 S5.088800037 2.84E-13
GPE.116 G protein-coupled receptor 116 7.350820527 5.966896021 1.19E-13
SHANEKS3 SH3 and multiple ankyvrin repeat domains 3 7.335427525 6.765479029 201E-17
ADCY 2 Adenvlate cvclase 2 (brain) 7.3353053367 ©.254138363 1.02E-13
EMCM Endomucin 7326200227 453128377 6. 68E-13
GIMLAPSE GTPase, INMAP familv member 8 7.305634295 3.75342028 3.93E-12
CP Ceruloplasmin (ferroxidase) 7.305582556 3.759774902 3 93E-12
NLAPT NMicrotubule-asseciated protein tau 7.294799141 6.575734228 1.00E-13
RGS5 Regulator of G-protein signaling 5 7.293433026 7.2528359649 7.61E-14
MNAOA Monoamine oxidase A 7.263321441 5 2448830106 2 .04E-16
SLC2Aa4 Solute carrier family 2 (facilitated glucose transporter), met 7.258021836 6.33238803 1 44E-13
FBEXO40 F-box protein 40 7.2321766%94 4. 63005885 5. 34E-132
SLC22A3 Solute carrier family 22 (extraneuronal monoamine transpo: 7.212206782 5 312664081 3.57E-13
GSTT1 Ghlutathione S-transferase theta 1 7205384542 4 202449564 3.B1E-15
Clorfl70 Chromesome 1 open reading frame 170 7.177085999 4. 173604939 4.13E-135
PTPN3 protein tvrosine phosphatase, non-receptor tvpe 3 7.167030051 H.52848554 1.91E-13
ClQA Complement component 1, g subcomponent, 4 chain 7.161653746 3.624002668 B 43E-12
KIHI38 Kelch-like 38 (Drosophila) 7.123685945 5. 985397535 3.19E-13
SLC11A1 schute carrier family 11 (proton-coupled divalent metaliont  7.120634514 3587300612 1.05E-11
GINLAPG GTPase, INMAP familv member 6 7080559199 3 543842278 1.26E-11
clQcC Complement compenent 1, g subcomponent, C chain 707911828 3545615209 1.31E-11
ICAN2 Intercellular adhesion molecule 2 7.074025574 4 485003703 1.93E-12
MYHI1 Mrvosin, heavy chain 1, skeletal muscle, adult 7041318515 8.353589383 2 14E-13
LRE.C38 Leucine rich repeat containing 38 7.04060791  3.48943618 1.61E-11
SHE Src homology 2 domain contaiming E 7039645661 3 4998484006 1.62E-11
ChIYAS cardiomvopathy associated 5 7.03185255% 11.15716203 1.86E-13
ECSCR endothelial cell surface expressed chemotaxis and apoptosi  7.029702298 4 042592869 1.14E-14
RINF157 Ring finger protein 157 7022872419 6.578906285 3.67E-13
RGL3 Ral guanine nuclectide dissociation stimulator-like 3 T O1B28485 4214928557 5.79E-15
STEAP4 STEAP familv member 4 7009831908 5.395104446 7.58E-13
TMMEMS2 Transmembrane protein 52 7004314001 3 999787185 4 81E-12

Table S2-6: Genes up regulated > 7log, FC in Skeletal muscle as compared to myotubes. The
table shows the gene names, their description, corresponding log, fold change and P value. Fold
change = value describing the average level of increase or decrease in gene expression.
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Gene Description log FC P Value
ABC superfamily
ABCAL ATP-hinding cassette, sub-familv A (ABC1), member 1 2 00652285 3.99E-07
ABCA3Z ATP-hinding cassette, sub-familv A (ABC1), member 3 3.01033754 1.29E-10
ABCAG ATP-binding cassette, sub-familv A (ABC1), member 6 3.212978429 1.36E-12
ABCAS ATP-hinding cassette, sub-familv A (ABC1), member § 1.122990965  0.00412888
ABCA®Y ATP-hinding cassette, sub-familv A (ABC1), member 9 168084996 2.83E-05
ABCGI ATP-hinding cassette, sub-familv G (WHITE), member 1 2937221445 0.0028%602
Apelipoproteins
APOD Apclipoprotein D 3951442744 1.43E-10
APOE Apclipoprotein E 4005260913 §.13E-11
APOL1 Apclipoprotein L, 1 1.354665%951  0.00072354
APOL3 Apclipoprotein L, 3 2.108419831 4 66E-06
APOL4 Apclipoprotein L, 4 5343376951 4 39E-17
APOLS Apclipoprotein L, 6 1.427253416  0.00049957
ASE family
ASB14 Ankyrin repeat and SOCS box-containing 14 3361238075 0.00024938
ASB16 Ankyrin repeat and SOCS box-containing 16 3158012684 0.00083551
ASB2 Ankyrin repeat and SOCS box-containing 2 2690931483 0.00184679
ASB4 Ankyrin repeat and SOCS box-containing 4 5658116963 8 38E-15
ATPases family
ATP1AZ ATPase, Na—K~+ transporting, alpha 2 (=) polvpeptide 4531382055 4.52E-23
ATP1B4 ATPase, (Wa+—)/ K~ transporting, beta 4 polypeptide 8.243092299 9.50E-38
ATP2AL ATPase, Ca++ transporting, cardiac muscle, fast twitch 1 3.85587447 4 01E-18
ATPSAL ATPase, aminophospholipid ransporter (APLT), class L tvpe 8A, member 1 1.999379667 4 34E-05
Voltage dependent calcium channels
CACNAIH Calcium channel, voltage-dependent, T tvpe, alpha 1H subunit 3.128384668 2.76E-13
CACNAILS Calcium channel, voltage-dependent, L tvpe, alpha 18 subumnit 6067787979 4 75E-34
CACNB1 Calcium channel, voltage-dependent, beta 1 subumnit 2.717803259 497E-11
CACNB4 Calcium channel, voltage-dependent, beta 4 subumnit 1.794493258 1.12E-05
CACNGI Calcium channel, voltage-dependent, gamma subunit 1 519672089 2 48E-37
CACNGY Calcium channel voltage-dependent, gamma subunit 4 3.845002792 3.33E-11
CACNGS Calcium channel voltage-dependent, gamma subunit § 5 402679597 6.39E-19
Coiled coil
CCDC141 Coiled-coi domain containing 141 3.796533274 3.06E-18
cCcDhc3 Coiled-coi domain containing 3 5644317781 2 20E-24
CCDC3g Coiled-coi domain containing 39 4.106459981 5 48E-13
CCDCGE% Coiled-coi domain containing 69 3.289532815 7.78E-10
CDK inhibitors
CDEN1A Cvclin-dependent kinase inhibitor 1A (p21. Cipl) 1.042024475 0.00617358
CDEWNIC Cyvclin-dependent kinase inhibitor 1C (p37. Kip2) 3.148407867 2.51E-13
CDEWNZB Cvclin-dependent kinase inhibitor 2B (pl3, inhibits CDE4) 2645930427 9.64E-11
Collagen
COL10AL Collagen, tvpe X, alpha 1 4.16218582¢% 1.18E-13
COL11A1 Collagen, tvpe X1, alpha 1 1.377232327 3.29E-04
COL15A1 Collagen, tvpe XV, alpha 1 5.626821006 3.23E-28
COL18A1 Collagen, tvpe XVIIL alpha 1 1.345534735 5.04E-04
COL1%A1 Collagen, tvpe XT3, alpha 1 4.660905862 2.58E-20
COL1A1 Collagen. type L alpha 1 1.051390897  5.65E-03
COL21A1 Collagen, tvpe XL alpha 1 2463083359 7.58E-0%
COL3A1 Collagen, tvpe II1, alpha 1 1.030148803 6.68E-03
COL4A1 Collagen, tvpe IV, alpha 1 1.043655096 6.04E-03
COL4A4 Collagen, tvpe IV, alpha 4 3.001945637 4 26E-08
COLBAZ2 Collagen, tvpe VIIL alpha 2 2.025984656 4.63E-07
Cytochrome oxidases
COX6EAZ Cvtochrome ¢ oxidase subunit Via polvpeptide 2 590783981 4.00E-21
COXTAL Cvtochrome ¢ oxidase subunit V1Ia polvpeptide 1 (muscle) 1.9666159983 1.30E-05
FOX family
FOXO1 Forkhead box O1 3.641978493 2.53E-16
FOXO04 Forkhead box O4 2 06747158 8.81E-07
FOXO0e6 forkhead box O6 3.270501254 5.72E-10
FOXS1 Forkhead box 51 4.506860662 8.37E-12,
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Gene
IGFBP family
IGFBP2
IGFBP3
IGFBP7
Interleukins
IL16
IL17B
IL18R1
IL1B
IL1R1
ILIRL1
IL20RA
IL32
IL34
Integrin family
ITGA4
ITGASG
ITGA7Y
ITGB1BP2
ITGBS
Myosin Family
MYHI1
MYHI14
MYHI5
MYH2
MYH3
MYHS
MYH7
MYHTB
MYHS
MYOIL18A
MYO18B
MYOG
MYOMI
MYOM2
MYOM3
MYOT
MYOZ1
MYOZ2
MYLI
MYL2
MYL3
MYTL4
MYLGB
MYLE4
MYLPF

Voltage gated porassium channels

KCNABI
KCNB1
KCNH2
KCNH3
KCNT11
KCNTI12
KCNI6
KCNK3
KCNQI
KCONQ4
KCNTI
KCNT2
KCTDI12

Description

Insulin-like growth factor binding protemn 2, 36kDa
Insulin-like growth factor binding protein 5
Insulin-like growth factor binding protein 7

Interleukin 16 (lvmphocyte chemoattractant factor)
Interleukin 178

Interleuldin 18 receptor 1

Interleuldn 1, beta

Interleuldn 1 receptor, tvpe I

Interleuldn 1 receptor-like 1

Interleuldn 20 receptor, alpha

Interleukin 32

Interleulin 34

Integrin alpha 4 (antigen CD49D, alpha 4 subunit of VL A-4 receptor)
Integrin, alpha §

Integrin, alpha 7

Integrin beta 1 binding protein (melsin) 2

Integrin, beta 8

Mvosin, heavv chain 1, skeletal muscle, adult
Mvosin, heavv chain 14

Mvosin, heavv chain 15

Mwosin, heavy chain 2, skeletal muscle, adult
Mwosin, heavy chain 3, skeletal muscle, embrvonic
Mwosin, heavy chain 6, cardiac muscle, alpha
Myosin, heavy chain 7, cardiac muscle, beta

Mwosin, heavy chain 7B, cardiac muscle, beta
Mwosin, heavy chain 8, skeletal muscle, perinatal
Myvosin XVIILA

Myvosin XVIIIB

Mrvogenin (mvogenic factor 4)

Mwomesin 1, 185kDa

Myvomesin (©V-protein) 2, 165kDa

Mvomesin familyv, member 3

MIvotilin

Mvozenin 1

Mvozenin 2

Mvosin, light chain 1, alkali; skeletal fast

Mvosin, light chain 2, regulatorv, cardiac, slow
Myosin light chain 3, alkali; ventricular, skeletal slow
Mvosin, light chain 4, alkali; awrial embrvonic

Mvosin, light chain 6B, alkali smooth muscle and non-muscle
Mvosin light chain kinase family, member 4

Mvosin light chain phosphorvlatable, fast skeletal muscle

Potassium voltage-gated channel shaker-related subfamilv, beta member 1

Potassium voltage-gated channel, Shab-related subfamilyv, member 1
Potassium voltage-gated channel subfamily H (eag-related), member 2
Potassium voltage-gated channel, subfamilv H (eag-related), member 3
Potassium mnwardlv-rectifving channel subfamily T, member 11
Potassium Inwardlv-Rectfiing Channel Subfamily I, Member 12
Potassium Inwardlv-Rectifying Channel Subfamily I, Member 6
Potassium channel subfamily ¥, member 3

Potassium voltage-gated channel KQT-like subfamily, member 1
Potassium voltage-gated channel, KQT-like subfamily, member 4
Potassium channel, subfamily T, member 1

Potassium channel, subfamily T, member 2

Potassium channel tetramerisation domain containing 12

log FC

5.87155565
1.13151663
1.35478777

281201577
428616711
4. 78285044
1.80204674
1.53200093
275750413
241081326
4.01357442
2.36307467

1.57974364
201021194
1.19872387

3.9410166
1.23157078

435781903
270469526
1.90419568
5.89734875

8.1253753
6.29333424
6.87104396
435299426
910505099
1.13349376
1.72915026
3.65975412
5.64626123
314670901
5.30979562
585897236
4.20231231
§.24506194
7.33108718
490131287
3.22475787
509854542
258926962

1.6450026
6.59021023

343735957
3.07806228
3.64872678
3.15520523
3.79872264
388551235
3.55194048
4. 27835168
354483705
536400912
3.91598402
1.116%2583
1.11785533

P Value

1.21E-24
0.0030116
000051494

1.03E-05
3 4SE-08
2.B8E-17
000010703
71.92E-03
3.83E-08
4.72E-03
2 48E-18
7.78E-06

4.58E-05
2.75E-07
0.00172607
§.21E-16
0.0024167

6.41E-11
000184679
1.34E-05
2.03E-30
5.90E-56
4 92E-24
3.01E-43
6.85E-14
2.90E-56
000283372
9.62E-06
5.3%E-18
1.21E-30
1.13E-10
1.24E-29
4 33E-16
3.73E-11
1. 46E-32
1.07TE-44
3.76E-21
% 32E-06
% 32E-25
1.93E-10
000356855
1.65E-41

1.57E-06
1.32E-12
1.06E-11
8.36E-04
1.20E-05
1.02E-14
7.02E-14
1 46E-07
7.76E-05
1.07E-20
4.10E-06
7.31E-03
3.64E-03
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Gene
Photocadherins
PCDH1
PCDHI10
PCDH19
PCDHEBEI10
PCDHBI11
PCDHB®
Sodium channel family
SCN3B
SCN4A
SCN3A
SCN7A
Solute carrier family
SLC12A7
SLC12A8
SLC15A3
SLC16A10
SLC22A15
SLC25A34
SLC2A4
SLC2AS
SLC44A3
SLC46A3
SLC4A11
SLCEALT
SLCTA7
SLCBEA3
Anion transporter family
SLCO3A1
SLCO3Al
Troponin
TNNC1
TWNC2
TINNI1
TWNI2
TWNNT1
TWNNT2
TININT3

Zinc finger protein family

ZBTB16
ZBTEB20
ZBTB46
ZBTB47
ZBTB7TC
ZEB2
ZFHX2
ZFP106
ZINF138
ZINF215%
ZNNF385B
ZINF474
ZINF556
ZINFT04

Description

Protecadherin 1
Protocadherin 10
Protocadherin 19
Protocadherin beta 10
Protocadherin beta 11
Protocadherin beta 2

Sodium channel voltage-gated, tvpe III, beta

Sodium channel voltage-gated, tvpe IV, alpha subumnit
Sodium channel voltage-gated, tvpe WV, alpha subunit
Sodium channel voltage-gated, tvpe VIL alpha

Solute carrier family 12 (potassium/chloride transporters), member 7
Solute carrier family 12 (potassium/chloride ransporters), member 8
Solute carrier family 15, member 3

Solute carrier family 16, member 10 (aromatc amino acid transporter)
Solute carrier familv 22, member 15

Solute carrier familv 25, member 34

Solute carrier family 2 (facilitated glucose ransporter), member 4

Solute carrier farmilv 2 (facilitated glucose/fructose twransporter), member 3
Solute carrier familyv 44, member 3

Solute carrier family 46, member 3

Sohte carrier family 4, sodium borate transporter, member 11

Solute carrier family 6, member 17

Solute catrier familyv 7 (cationic amine acid transpotter, v— svstem). member 7
Solute carrier familv § (sodium/calcium exchanger), member 3

Solute carrier organic amion transporter family, member 341
Solute carrier organic amon transporter family, member 341

Troponin C tvpe 1 (slow)
Troponin C tvpe 2 (fast)
Troponin I tvpe 1 (skeletal slow)
Troponin I tvpe 2 (skeletal fast)
Troponin T tvpe 1 (skeletal slow)
Troponin T type 2 (cardiac)
Troponin T tvpe 3 (skeletal, fast)

Zinc finger and BTB domain contaiming 16
Zine finger and BTB domain containing 20
Zinc finger and BTB domain containing 46
Zinc finger and BTB domain containing 47
Zinc finger and BTB domain containing 7C
Zinc finger E-box binding homeobox 2
Zinc finger homeobox 2

Zinc finger protein 106 homolog (mouse)
Zinc finger protemn 138

Zinc finger protein 219

Zinc finger protemn 3858

Zinc finger protein 474

Zinc finger protem 536

Zinc finger protemn 704

log FC

75606522
06018493
_78054673
42863768
79713389
81056918

e M ]

32650513
36155467
27143735
_To544444

(= O EF I e

1.0704181
1.45806763

1.9590115
275370367
232193842
1.56230581

2 9282485
4 80732433
12159942
29290053
_B5492284
13871697
64344258
_11093408

[ T A T S A )

—

16125544
54156986

[#%]

88516375
7.5247573
46086278
76366465
89446135
26848428
69171731

LM

[ = RN EN S I = SR

43994824
21856618
22763624
_14530513
43857252
50753684
_B8481832
86451808
_18044266
27876911
41439872
1.74503596
268892637
1.1976498

Fa = b o BR —  —

P Value

5.23E-11
000381171
2.64E-0%
000165714
0.00066847
0.00017762

2.19E-18
5.97E-25
1.17E-08
§.60E-33

0.00554857
JG3E-04
24E-05
JT5E-03
A7E-07
SEE-03
JS0E-03
13E-16
J01E-05
JGOE-08
ASE-03
SBE-17
J83E-0%
S3E-07

e B = R W PR ]

[ < I B ]

I2

h ©a

4. 11E-03
6.08E-10

2. 75E-34
2.71E-38
1.30E-32
1 40E-25
1.41E-12
S.T74E-23
2.01E-38

4 43E-20
000168255
0.00705204
0.00299628

4 43E-20

9 33E-05

8_00E-06

1.24E-12
0.0055102

3 41E-07

5.31E-07
000793409

9 25E-09
0.00218241

Table S2-7: Protein families and their member genes found upregulated in myotubes. Gene
names, their description, corresponding log, fold change and P Value are shown. Fold change =
value describing the average level of increase or decrease in gene expression.
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Gene
ABC family
ABCAILOD
ABCAS
ABCE4
ABCC2
ABCCE
ABCCS
ABCGL
Acyl CoA synthetase family
ACSL1
ACSL>
ACSENE
ACSS1
ACSS52
Adenylate cyclase family
ADCY?2
ADCY4
ADCYS
ADCYS
Adenylate dehydrogenase family
ATDHIAZ
ATDHI1A3Z
ATDHIL1
ATDH2
ATDH>AL
ATDHSAL
Ankyrin repeat and SOCS box
ASB10
ASB11
ASB12
ASB15
ASBl16
ASB2
ASBS
Carbonic anhydrase
CAl
CAll
CAZ
CAZ
cAd
CAS
Cluster of differentiation
CD14
CD163
CDI177
CDID
CD20%
CD247
CD300A
CD300E
CD300LG
CD33
CD34
CD36
CD37
CD38

Description

ATP-hinding cassette, sub-familv A (ABC1), member 10
ATP-hinding cassette, sub-familv A (ABC1), member 5
ATP-binding cassette, sub-familv B (MDR/TAP), member 4
ATP-hinding cassette, sub-familv C (CFTER/MEP), member 2
ATP-hinding cassette, sub-familv C (CFTE/MEP), member 6
ATP-hinding cassette, sub-familv C (CFTER/MEP), member 9
ATP-hinding cassette, sub-familv G (WHITE), member 1

Acvl-CoA svnthetase long-chain family member 1
Acvl-CoA svnthetase long-chain family member 3
Acyl-CoA svnthetase medium-chain family member 5
Acyl-CoA svathetase short-chain family member 1
Acvl-CoA svanthetase short-chain family member 2

Adenvlate cvclase 2 (brain)
Adenvlate cvclase 4
Adenvlate cvclase 3
Adenvlate cvclase 9

Aldehvde dehvdrogenase 1 familv, member A2
Aldehvde dehvdrogenase 1 familv, member A3
Aldehvde dehvdrogenase 1 familv, member 11
Aldehvde dehvdrogenase 2 familv (mitochondrial)
Aldehvde dehvdrogenase 5 familv, member Al
Aldehvde dehvdrogenase 8 familv, member Al

Ankyrin repeat and S0OCS box-containing 10
Ankyrin repeat and $0OCS box-containing 11
Ankyrin repeat and S0OCS box-containing 12
Ankyrin repeat and SOCS box-containing 15
Anlkvrin repeat and SOCS box-containing 16
Ankyrin repeat and S0OCS box-containing 2

Ankyrin repeat and $0OCS box-containing §

Carbonic anhvdrase I

Carbonic anhvdrase X1

Carbonic anhvdrase 1T

Carbonic anhvdrase IIT, muscle specific
Carbonic anhvdrase TV

Carbonic anhvdrase VIII

CD14 molecule

CD163 molecule

CD177 molecule

CD1d melecule

CD209 molecule

CD247 molecule

CD300a molecule

CD300e molecule

CD300 molecule-like family member g
CD33 molecule

CD34 molecule

CD36 melecule (thrombospondin receptor)
CD37 molecule

CD38 molecule

CD4 molecule

CD40 melecule, TNF receptor superfamily member 5
CD48 molecule

CD32 melecule

CD33 molecule

CD35 molecule, decav accelerating factor for complement (Cromer blood group)

CD68 molecule
CD72 melecule

CD74 melecule, major histocompatibility complex, class IT invariant chain

CD7%b molecule, immunoglobulin-associated beta
CD&4 molecule

CD&6 molecule

CD% molecule

CD9%3 molecule

logFC

29458942
2.59479069
280748421
2.48981292
3.02883646
3.22173142

7.33505337
492850141
385185914

2.1236003

4.38718616
434840649
8.2396154
239134661
23615759
252132673

5.70416324
6.89531559

3.682685
5.6%9148411
3.19378634
8.23173203
3.26022634

5.4109504
3.0805614
6.54816359
927282415
5.63979758
601705375

33670473

412453877
3.34367414
5.84980578
3.61007528
3.750311%2
282485639

4.1412272
311015215
4.30503652
5.17925012

3.2059943
3.07233296
5.52192082
475169334
461549752
235152105
S 81454778
3.70589459
3.530321359

428306447
2.00532849
955859413

P Value

3.14E-04
5.38E-04
2.64E-03
2.27E-03
1.20E-03
6.21E-05
1.03E-09

AQE-04

3
1_-'
2
3.2
1.

J02E-13
30E-08
3I6E-03
TOE-03

o L e

37E-07
43E-09
56E-14
L10E-03
75E-03
34E-03

e IR T B SV I = = Y

1.73E-08
1.24E-11
0.00023406
1.87E-08
1.26E-04
6.06E-16
5.04E-05

7.6TE-08
3_17E-04
5.49E-11
7.88E-18
2 41E-08
3_48E-09

6.24E-05
4.19E-11
8.38E-03
1.35E-03
1.13E-05
0.00925282
3.50E-03
0.00020939
8.34E-09
3.23E-04
6.23E-06
3.44E-04
3.33E-03
2.38E-03
4.85E-06
3.19E-08
0.00158057
0.00258542
4 40E-08
3.46E-10
1.05E-06
9.84E-03
1.13E-18
T40E-05
4. 51E-04
1.71E-05
8.99E-03
6.71E-18
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Gene Description logFC P Value
Chemokine
CCL18 Chemokine (C-C mouf) igand 18 (pulmonary and activation-regulated) 286718189 0.00522974
CCL21 Chemokine (C-C mouf) igand 21 533146316 1.15E-07
CCLs Chemeokine (C-C motif) ligand 8 2.99896228 3.34E-03
CX3CL1 Chemokine (C-X3-C motf) hzgand 1 6.11182873 1.29E-10
CHCL1 Chemokine (C-X-C motif) ligand 1 (melanoma growth stmulating actvity, alpha) 231960616 4 .07E-03
CHCL14 Chemokine (C-X-C motif) ligand 14 6.78958378 G6.10E-11
CXCL2 Chemokine (C-X-C motif) ligand 2 2.72980697 6.16E-04
CHCL3 Chemokine (C-X-C motif) ligand 3 253510313 (0.00248838
CHCR1 chemokine (C-3-C motf) receptor 1 3.58551361 3 69E-04
CHCR2 chemokine {(C-X-C motif) receptor 2 3.33910363 9. 93E-04
CHCR4 Chemokine (C-X-C motif) receptor 4 3.1301619% 0.00010446
C-type lectin domain superfamily
CLEC10A C-tvpe lectin domain family 10, member 4 5.00014548 5.91E-07
CLEC124 C-tvpe lectin domain family 12, member B 3.04420242 2 81E-03
CLEC144 C-tvpe lectin domain family 14, member 4 5.39662379 5 14E-09
CLEC1A C-tvpe lectin domain family 1, member A 6.16968176 1.58E-09
CLEC?B C-tvpe lectin domain family 2, member B 6.56528689 1.08E-11
CLEC4E C-tvpe lectin domain family 4, member E 3.46059763  0.00059599
CLEC4G C-tvpe lectin domain family 4, member G 3.1939359 1.71E-03
Cytochrome C oxidases
COX14 Cvtechrome C Oxidase Assembly Homolog 14 (3. Cerevisiae) 2.1255235  0.0059006
COX17 COX17 cvtechrome ¢ oxidase assembly homolog (3. cerevisiae) 2.83606514 0.00039046
COX412 Cytochrome ¢ oxidase subunit IV isoform 2 (lung) 4 25801031 1.96E-05
COXNSA Cvtechrome ¢ oxidase subunit Va 3.14715034 8§ HME-05
COXSB Cvtechrome ¢ oxidase subunit Vb 2.85479705 0.00030538
COXGAZ Cvtechrome ¢ oxidase subunit Via polvpeptide 2 29649563 0.0001942
COX6C Cvtechrome ¢ oxidase subunit Vic 201928513 8 39E-03
COXTAL Cytochrome ¢ oxidase subunit VIIa polvpeptide 1 (muscle) 4.26636426 4 22E-07
COXTB Cvtechrome ¢ oxidase subunit VIIb 242362431 1.82E-03
COoXTC Cytochrome c oxidase subunit VIIc 285942034 2 97E-04
DEAD box polypeptides
DDX11 DEADVH (Asp-Glu-Ala-Asp/His) box polvpeptde 11 298065259 2 95E-04
DDX12P DEADVH (Asp-Glu-Ala-Asp/His) box polvpeptde 12 271414394 0.00081472
DDX51 DEAD (Asp-Glu-Ala-Asp) box polvpeptide 51 2.08732987 2_16E-03
DD3X59 DEAD (Asp-Glu-Ala-Asp) box polvpeptide 59 213479023 5. 77E-03
Dual specificity phosphatases
DUSPL Dual specificity phosphatase 1 243103068  0.0017531
DUSPL3 Dual specificity phosphatase 13 346011274 2 10E-05
DUSPL6 Dual specificitv phosphatase 16 1.99087977 0.00976306
DUSP23 Dual specificity phosphatase 23 2.30930355 0.00325827
DUSP26 Dual specificitv phosphatase 26 (putative) 6377995 9_28E-12
DUSP27 Dual specificitv phosphatase 27 (putative) 1.806805 0.00680276
DUSP3 Dual specificitv phosphatase 3 201902904 8 33E-03
DUSPS Dual specificitv phosphatase 8 3.52743617 1.30E-06
Translation initiation factors
EIF2B3 Eukarvotic translation imnitiation factor 2B, subumnit 5 epsilon, 82kDa 1.92643186 1.17E-02
EIF3C Eukarvotic translation imitiation factor 3, subunit C-like 3.57334047 1.19E-05
EIF3ACL Eukarvotic translation imitiation factor 3, subunit C-like 3.6106506 1.00E-03
EIF31 Eukarvotic translation initiation factor 3, subumnit T 1.95292 1.05E-02
EIF3T Eukarvotic translation initiation factor 3, subunit J 20069088 8.78E-03
EIFIK Eukarvotic translation imitiation factor 3, subunit K 2 4377475 1.72E-03
EIF4B Eukarvotic translation initiation factor 4B 1.99480034 2_.09E-03
EIF4E3 Eukarvotic translation initiation factor 4E family member 3 3.55252127 1.42E-05
EIF4EEBF1 Eukarvotic translation initiation factor 4E binding protein 1 1.68729379 0.01131091
EIF4H Eukarvotic translation imitiation factor 4H 205500628 7.34E-03
Hemoglobin subunit family
HBAI Hemoglobin, alpha 1 768742708 5.06E-13
HBA2 Hemoglobin, alpha 2 §.24540415 243E-14
HEB Hemoglobin, beta 12.4712308 2_10E-30
HED Hemoglobin, delta 4 87187341 2 68E-08
HBG1 Hemoglobin, gamma A 252014407 0.00774347
HBG2 Hemoglobin, gamma G 33275386 0.0002329%2
Troponins
TINNC1 Troponin C tvpe 1 (slow) 258311056 S 3EE-04
TNNC2 Troponin C type 2 (fast) 3.12822565  §.99E-05
TIWNINI2 Troponin I tvpe 2 (skeletal, fast) 2.90419108 2 48E-04
TININIZ Troponin I tvpe 3 (cardiac) 2 55649888 6_80E-03
TININTI1 Troponin T tvpe 1 (skeletal slow) 206872013 6.93E-03,
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Gene
Human Leukocyte Antigens
HLA-B
HLA-C
HLA-DMA
HLA-DMB
HLA-DOA
HLA-DPAI1
HLA-DPBI1
HLA-DQAIL
HLA-DQAZ
HLA-DQBEI
HLA-DQBZ
HLA-DRA
HLA-DEB1
HLA-DEBS
HLA-DEB6
HLA-E
HLA-F
HLA-G
HLA-L
Interleukins and receptors
ILI10RA
IL12REB2
ILISRA
IL17RB
IL18
IL1ERAP
ILIR2
ILIRN
IL2RG
m33
IL3RA
IL6R
ILs

Description

Major histocompatibility complex, class L B

Major histocompatibility complex, class I C

major histocompatibility complex, class IT, DM alpha
major histocompatibility complex, class II, DM beta
Major histocompatibility complex, class II, DO alpha
Major histocompatibility complex, class II, DP alpha 1
Major histocompatibility complex, class II, DP beta 1
Major histocompatibility complex, class IL DQ) alpha 1
MMajor histocompatibility complex, class IL DQ) alpha 2
Major histocompatibility complex, class IL DQ) beta 1
MMajor histocompatibility complex, class IL DQ beta 2
Major histocompatibility complex, class IT, DR alpha
Major histocompatibility complex, class II, DR beta 1
Major histocompatibility complex, class IT, DR beta 3
Major histocompatibility complex, class II, DR beta 4
Major histocompatibility complex, class L E

Major histocompatibility complex. class L F

Major histocompatibility complex, class L G

Major histocompatibility complex, class I C

Interleukin 10 receptor, alpha

Interleukin 12 receptor, beta 2

Interleukin 15 receptor, alpha

Interleukin 17 receptor B

Interlenkin 18 (interferon-gamma-inducing factor)
Interleukin 18 receptor accessory protein
Interleukin 1 receptor, tvpe 1T

Interleukin 1 receptor antagomnist

Interleukin 2 receptor, gamma (severe combined immunodeficiency)
Interleukin 33

Interleukin 3 receptor, alpha (low affinitv)
Interleukin 6 receptor

Interleukin §

Leukocyte Ig-like receptor family

LILRA2
LILRAS
LILRASG
LILRBI1
LILRB2
LILRB3
LILRB4
LILRBS
Myosin family
MYF6S
MYHI1
NMYHI11
MYHI14
NMYH4
MYH7
MYLI2A
MYL2
MYL3
MYLK2
MYLK3
MYLEK4
MYO18A
MYOI1F
MYOLIG
MYO3C
MYOTA
MYOC
MYOMI
MYOM?2
MYOT
MYOZ1
MYOZ2
MYOZ3
MYPN

Leukocyte immunoglobulin-like receptor, subfamily A (with TM domain), member 2
Leukocyte immunoglobulin-like receptor, subfamily A (with TM domain), member 5

Leukocyte immunoglobulin-like receptor,
Leukocyte immunoglobulin-like receptor,
Leukocyte immunoglobulin-like receptor,
Leukocvte immunoglobulin-like receptor,
Leukocyte immunoglobulin-like receptor,
Leukocyte immunoglobulin-like receptor,

Mryogenic factor 6 (herculin)

subfamily B (with TM and ITIM domains), member 3
subfamily B (with TM and ITIM domains), member 1
subfamily B (with TM and ITIM domains), member 2
subfamily B (with TM and [TIM domains), member 3
subfamily B (with TM and ITIM domains), member 4
subfamily B (with TM and ITIM domains), member 5

Mvosin, heavy chain 1, skeletal muscle, adult

Mvosin, heavy chain 11, smooth muscle
Mvosin, heavy chain 14
Mvosin, heavy chain 4, skeletal muscle

Myosin, heavy chain 7, cardiac muscle, beta
Myvosin, light chain 124, regulatory, non-sarcomeric

Myosin, light chain 2, regulatory, cardiac,

slow

Myvosin, light chain 3, alkali; ventricular, skeletal, slow

Myosin light chain kinase 2
Myvosin light chain kinase 3

MIvosin light chain kinase familv, member 4

MIvosin XVIILA
Mvosin IF
Myosin IG
Myosin WVC
Myosin VILA

Myocilin, trabecular meshwork inducible glucocorticoid response

Mrvomesin 1, 185kDa

Myomesin (M-protein) 2, 165kDa
MIvotilin

Mvozenin 1

Myvozenin 2

Myozenin 3

Myopalladin

logFC

2.39862913
1.72053258
518046634
4. 48887743
5.07769502
7.73563038
5.96668282
4.91923047
2.47505837
5.12974277
5.68550507
596711843
£.13659001

5.8702923
581280454
2.75504509
3.58304928

3. 2867546
2.28899192

3.38160666
612619943
310050937
254681272
80755258
56031877
297712736
4.19829851
2.75906965
4 5470801
583202976
785786209
3.67620268

Fa Lh

2.69290824
442477924

4.2608665
2.74928357

4.5113071
38558934
31447795
69412072

PO}

L

7.6635439
7.04131852
51426217
74623936
76813628
96055373
83211066
83819325
15476784
56316434
495654399

-

-1

[ B B

—1 Lh

1.66587466
4.23454019

2.2434837
313202188
3142458982
4.56788326
2.32363182
4.03571908
6.20318803
683759375

22757978
587218868
2.09758356

P Value

0.00042481
0.00971183
1.23E-10
10E-07
T1E-08
89E-16
79E-12
79E-07
0897448
3.14E-07
5.82E-10
4. 94E-16
5.97E-18
1.80E-10
2.57E-10
6.60E-05
9.18E-07
9. 47E-06
0.0012913

[

L

2 o =

0.

3

1.64E-04
1.99E-0%
1.56E-04
33E-03
1.95E-0%
5.37E-03
0.00056251
2. 459E-05
1.60E-03
2.03E-07
2.26E-10
4.96E-15
1.08E-05

L

0.00380202
1.37E-06
3.53E-06
8 38E-03
6.15E-06

0.00018842
2 55E-06

_83E-08

26E-15
14E-13
23E-14
8.42E-15
0.0125641
0.00018805
0.00032911
5.32E-13

4. 93E-0%
3.54E-14
26E-07
1.70E-05
0.01214952
3.65E-06

£ 48E-03
1.60E-04
2.70E-04
4.67E-06
0.00263281
1.32E-06
1.83E-11
6.46E-13
3.21E-03
8.58E-10
0.00626124

[FERN SN
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Gene

Description

NADH dehysrogenase enzyme subunit genes

NDUFAIL2
NDUFA2
NDUFA3
NDUFA4
NDUFA4L2
NDUFA3
NDUFAG
NDUFB1
NDUFB10
NDUFB3
NDUFB4
NDUFBS
NDUFB?
NDUFS3
Phosphoprotein phosphatases
PPMI1B
PPM1J
PPMIL
PPPIR13B
PPPIRI4A
PPPIRI4C
PPPIRISA
PPPIR16B
PPPIRIA
PFPIR27
PPPIR3A
PPPIR3B
PPPIR3E
PPPIR3A
PPP3CC
Zinc finger proteins
ZNF331
ZNF358
ZNF366
ZNF367
ZNF3835A
ZNF385C
ZNF395
ZNF438
ZNF511
ZNF579
ZNF393
ZNF672
ZNF676
ZNFT03
ZNFT30
ZNF§53

NADH dehvdrogenase (ubiquinone) 1 alpha subcomplex, 12
NADH dehvdrogenase (ubiquinone)} 1 alpha subcomplex, 2, 8kDa
NADH dehvdrogenase (ubiquinone)} 1 alpha subcomplex, 3, 3kDa
NADH dehvdrogenase (ubiquinone) 1 alpha subcomplex, 4, 3kDa
NADH dehvdrogenase (ubiquinone) 1 alpha subcomplex, 4-like 2
NADH dehvdrogenase (ubiquinone) 1 alpha subcomplex, 5, 13kDa
NADH dehvdrogenase (ubiquinone) 1 alpha subcomplex. 6. 14kDa
WADH dehvdrogenase (ubiquinone) 1 beta subcomplex, 1, 7kDa
NADH dehvdrogenase (ubiquinone)} 1 beta subcomplex, 10, 22kDa
NADH dehvdrogenase (ubiquinone) 1 beta subcomplex, 3, 12kDa
NADH dehvdrogenase (ubiquinone) 1 beta subcomplex, 4, 15kDa
NADH dehvdrogenase (ubiquinone) 1 beta subcomplex, 8, 19kDa
NADH dehvdrogenase (ubiquinone) 1 beta subcomplex, 3, 22kDa
NADH dehvdrogenase (ubiquinone) Fe-S protein 3, 30kDa (NADH-coenzvme Q reductase)

Protein phosphatase 1B (formerly 2C), magnesium-dependent, beta isoform
Protein phosphatase 1] (PP2C domain contatning)

Protein phosphatase 1 (formerly 2C)-like

Protein phosphatase 1, regulatory (inhibitor) subunit 13B

Protein phosphatase 1, regulatory (inhibitor) subunit 144

Protein phosphatase 1, regulatory (inhibitor) subunit 14C

Protein phosphatase 1, regulatory (inhibitor) subunit 134

Protein phosphatase 1, regulatory (ithibitor) subunit 16B

Protein phosphatase 1, regulatory (inhibitor) subunit 14

Dysferlin interacting protein 1

Protein phosphatase 1, regulatory (inhibitor) subumnit 34

Protein phosphatase 1, regulatory (inhibitor) subunit 3B

Protein phosphatase 1, regulatory (inhibitor) subunit 3E

Protein phosphatase 2, regulatory subunit B\, alpha isoform

Protein phosphatase 3 (formetly 2B). catalvtic subunit, gamma isoform

Zinc finger protein 331
Zinc finger protein 358
Zinc finger protein 366
Zinc finger protein 367
Zinc finger protein 3854
Zinc finger protein 385C
Zinc finger protein 393
Zinc finger protein 438
Zinc finger protein 511
Zinc finger protein 579
Zinc finger protein 393
Zinc finger protein 672
Zinc finger protein 676
Zinc finger protein 703
Zinc finger protein 730
Zinc finger protein 833

logFC

222047163
2.12068273
2.27921037
234467426
1.66011784
242638674

2.0700131
2.19293298
2.05716028
2.10600554
2.48851985
1.56306269
3.04612433
1.95271668

235963164
3.37732176
331572684
3.04678475
3.65379696
6.39977333
1.55053464
541114356
9.23055128
8.23788479
4.26313%67
2.73168556
346540528
1.98693179
2.10618228

2.97573993
1.80603215

3.9257582
2.04682034
3.60676205
3.36088271
342011827
215631895
2.18256101
2.28203487
2.26192222
2.20348043
247603644
2.33614072

43598752
2.02053324

P Value

4.(4E-03
5.91E-03
0.00336536
2 48E-03
1.32E-02
1.85E-03
0.00703008
4.58E-03
7.35E-03
0.00646738
1.43E-03
0.01122256
1.31E-04
000370642

1.98E-03
2.09E-04
4.06E-05
1.63E-04
1.47E-05
2.64E-14
9.27E-03
T.67TE-08
3.33E-18
1.08E-15
8.33E-07
0.00381567
1.36E-06
9.62E-03
6.16E-03

0.00019328
0.00718559
1.62E-05
0.01143508
1.26E-03
1.88E-04
1.75E-06
0.00542706
0.00135746
0.00088703
3.83E-03
4.45E-03
0.00897448
2.58E-03
3.66E-06
000330575

Table S2-8: Protein families and their member genes found upregulated in Skeletal muscle
tissue. Gene names, their description, corresponding log, fold change and P Values are shown.
Fold change = value describing the average level of increase or decrease in gene expression.
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Overexpressed in SK miRNA lagFC logCPM PValue
miRNA logFC |logCPM | PFalue hsa-mif -186b-3p 3.81 10.4843877 | 6.77E-10
hsa-miR 142 3p 13.00 [ 14.0424 [1.16E-24 hsa-miR -363a-3p 5.78 686110995 | 1.92E-08
hsa-miR-1323 12.76 [13.71834 [4.24E 24 hsa-mik -36143p 587190079 | 2.03E-08
hsa-miR-200c-5p 1233 [13.29039 [5.74E-23 hsa-miR-30b-3p 571 682142155 | 2.74E-08
hsa-miR-3064-3p 12.26 1321225 [8.60E-23 hsa-mik -440k-3p 5.70 § 80133338 1 86E-08
hsa-miR-2964a-3p 1223 13.20718 | 8.82E-23 hsa-miR -3691-3p 568 679889715 317E-08
hsa-miRk-450a-3p 12.11 14.71468 [ 1.69E-23 hsa-mif-376-3p 364 748804803 1.23E-08%
hsa-miR-2277-5p 11.14 [12.09485 |2.83E-20 hsa-miR -302¢-5p 5.53 6.64868037 | 6.66E-08
hsa-miR -12§2 10.60 11.56102 [4.32E-19 hea-miR -3193 352 663337525 § 0TE-Q8
hzsa-miR-3074-3p 10.21 11.48107 [2.41E-18 hea-mif-412 540 633073228 0 02E-08
hsa-miR-3617-3p 0.14 11.10631 [4.78E-18 hsa-miR-124-3p 5.38 5.351513875 1.37E-07
hsa-miR 844 1007 | 11.0518 |7.03E-18 hsa-miR-105-3p 5.36 6.51513495 | 1.52E-07
hsa-miR-1338 2.90 10.86742 | 1.66E-17 hsa-miR-141-3p 520 645238805 | 208E-07
s - - £.86  |15.21811 | 1.08E-18 hsa-miR-219-5p 5.19 633387743 | 3.32E-07
hza-miR -123b-2-3p 9.8l 1232 5.06E-18 hsa-miR -3003-3p 3.14 § 16001670 1 06E-07
e i e o i hsa-miR -1814-3p 510 | 627502359 | 5.00E-07
hsalet-/i3p 2.6 (1.aadl 15818 hsa-miR -216a-3p 5.06 621230719 [ 6.19E-07
hsa-miR 212-Jp 2.33 1128087 | T.86E-1 hsa-let-7d-3p 498  [10.52908418 | 3.40E-08
hsalet /f-2-3p 231 1281767 1 1LIJEIT hsa-miR -4336-3p 185 | 6.07037345 | 1.61E-06
hsamB-1.773p 2.0 110.59058 |8.662 18 hisa-mik -1769-3p 179 |6.01516482 | 2.07E-06
hsa-miR-2333-3p 8. 10 018 I LIBE-LD fisa-miR -1304-3p 178 | 5.96741286 | 2.14E-06
e FE T T CRreNe hsa-mik-13b-3p 161 923313184 | 2.41E-07
hsa-miR-2467-Jp .76 15 769882 | 3. 2081 hsa-miR-§76-3p 1353 |6.83839426 | 1.20E-05
Lofe beilbiai 6 10 eesr il OE-D hsa-miR-483-5p 138 | 922963738 | 287E-07
hhsa"“g"}ﬁ'fu'? 2: lljl-”lsgbs's- 1:; hsa-miR -1193 115 | 568178561 | S.31E-06
e = e hsa-miR-411-3p 448 802546063 | 7.14E-07
hsa-mif -27k-3p §.32 13,2299 165.54E-16 hsa-miR-2243p 15 033261596 | 481E.07
hsa-miR -101-3p 8.3 | 10.268 J192E-1° hsa-miR -20a-3p 142 |5.08272046 | 8.57E-06
hsa-miR-1814-3p 3.24 $.223042 [8.67E-14 heam 1273 o 53180019 | 15506
— - 5 = iT 15 54~ S g [ =.=u 0.1% 4 +. =30 -Ud

hhsaa'nlfi; s g"l% 111; f;_g,ﬁ f'?",‘i i hsa-m iR-94) 434 |35.88348215 | 1.21E-05
S8~ - U _13 IR a.i=bE-1= R fall.3 e  inEiane- . A
hsa-miR-2682-5p .10 |10.93546 | 1.64E-14 hsa-mR-28a-2-3p = 1061208 | S P1E-06
hsa-miR -206-5p - a0 12 36240 | 1.05E-12 hsa-miR-338-3p 4.0 5.34264943 5.14E-03
= FresMT - - g ca-miR -4746-5 403 53084592 5 75E-05
hsa-miR-376b-3p 751 | 114707 [1.33E-13 hsa-mR-4746-3p = 230842908 | 5. 10E- 00
hsa-miR-4762-3p 7.50  |8.509241 | 3.65E-12 LE L i e oL R e
hsamiR-3173-3p 7.45 [8.736212 |3.91E-12 hsa-miR 150 250 Jo.18405 708 1000010543
hsamR-2116.3p N FRITTITE EETRE hsa-m iR 636 3.82 568141933 | 0.2)E 03
o N _ﬂ'ﬁ_" T 70 £ ] Ll el N Nnn ANRKD
hea miB 181 3p 6.80  [8.952029 [217E-11 hsa-miR-876-3p 28 {5.1111325 10.0001606]
fsa-miR-196b-3p 6.78  |7.821687 | 1.39E-10 hsa-mif 3197 3.63 2277653 | 0.00031586
fisa-miR -100-3p 6.74 | 105801 |7.82E-12 hsa-miR-298-3p 338 1857131832 | 2 30E.03
hsam R 14459 s 3 17 g6 [1siz.10 hsa-miR -148b-3p 3.58 10.3116991 | 2.19E-05
hsamR-47505p 672 17765837 1878 10 hsa-miR 3188 3.38 196146078 | 0.00036433
hea-miB-148b-5p 661 |7.706938 | 2 46E. 10 hsa-miR -203a 3.58 4.92123844 | 0.00036433
hsa-miR -141-3p 6.64 7703408 |[2.81E-10 hsa-let-b-3p 55+ | 1L7190826 | 249E-03
hsa-miR-3603-3p §.55  [7.203095 [3.17E-10 e - e L
hsa-miR-f-Eﬂd—Sp §.32 7.591055 | 5.10E-10 hsa-mik -£302 Rt 494129445 | 0.00048874
hSﬂ.—l]liR—:::—fp 5.32 11.00305 | 53.05E-11 hza-miR-320f 348 485368733 0.00052693
hsa-miR -30a-3p 6.20 [12.13525 [7.29E-11 hsa-miR-193-3p 3.44 10.0041262 | 4.16E-03
hsa-mif -195-3p 6.16  [7.230134 [3.11E-00 - 3.41 e O T
hsa-miR-1247-3p 6 12 7.1%2334 | 3.62E 00 hsa-miR-103-3p 3.40 41.83340850 | 0.000774648
hsa-let-Ta-3p 6.12 13.24149 | 1.ODE-10 hsa-mik -376b-3p 3.40 9.13375734 | 5.38E-03
hsa-miF.-603 6.06 7.698992 |2.76E-09 hsa-miR-323-3p 3.34 475664757 | 0.00091184
hsa-mif-123a-3p 6.04 10.38741 | 2.35E-10 hsa-miR-348w 3.34 4735664737 | 0.00091184
hsa-miR-32-3p 6.03 8.208194 | 1.08E-09 hsa-miR -4761-3p 333 472001857 | 0.00098958
hsa-mif-4803 5.01 7.093563 | 6.38E-00 hsa-miR -146a-3p 3.30 6.1240587 | 0.00023464
hsa-miR-106a-3p 5.97  [8.665307 [9.77E-10 hsa-miR -3177-3p 3.27 194791704 | 0.00097859
hsami-147h 397 593464 | 4.64E 09 hsa-miR-373-3p 3.25 469590584 [ 0.00127066
hsa-miR-§10 503 [7.012017 [9.31E-09 hsa-miR-420-3p 3.18 161892687 | 0.001643538
hsa-mik-1303 5.8 591801 | 1.64E-0 hsa-miR-25-3p 3.10 12.5013113 | 0.00015943
hsa-miR -221-3p 582 |10.86312 [5.98E-10 hsa-miR -3330 3.08 154366434 | 0.00235532
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miRNA4 logFC logCPM PValue

hsa-miR-47463-3p 3.02 4.5135573% | 000311738
hsa-miR-4798-3p 2.99 4.52364546 | 0.00311738
hea-miR -218-3p 1.9% §.355400863 | 0.00032927
hsa-mif-520a-3p 2.97 4.4538643 | 0.00343037
hea-miR -343-3p 1.96 445860896 | 0.00377922
hsa-miR-2116-3p 2.96 3.31316159 ) 0.00172101
hsa-mif-§83b 1.94 4.383213468 | 0.00343037
hsa-miR -154-3p 2.93 9.54978324 | 0.00032332
hsa-miR-1243a 1.04 1.4340613 [ 0.00377922
hsa-miR-1%3a-3p 2.94 9.35067821 | 0.000343%2
hsa-miR-4747-3p 1.93 4.40612353 | 0.00416833
hsa-miR -411-3p 2.93 §.50995357 | 0.00039916
hsa-mik -20b-3p 2.92 4.41452646 | 000416833
hsa-miR -139-3p 2.92 11.9744184 | 0.0003433
hsa-mik-7-2-3p 2.92 3.44126086 | 0.00139124
hsa-miR-1273d 2.91 437987168 | 0.00416833
hsa-miR -138-3p 1.86 4.30346331 | 0003509054
hsa-miR-133 2.86 441028034 | 0.00309034
hsa-miR -330-3p 1.84 3.043542207 | 0.002368389
hsa-miR-200b-3p 2.79 4.34432316 | 0.00624849
hsa-miR-12%3a 2.78 4.28063381 | 0.00693664
hsa-miR-86-3p 2.1 420087975 | 0.00858426
hsa-miR -23b-3p 2.69 3.35853039 | 0.00340837
hsa-miR -738-5p 2.63 3.79875871 )| 0.00227382
hsa-mik -434-3p 2.67 T.00824946 | 000138488
hsa-miR-1913 2.66 4247354557 | 0.00956994
hsa-miR-184 1.66 6.9224215 | 0.00130927
hsa-miR-4473 2.64 443716616 | 0.0090337¢
hsa-miR -631-3p 2.63 7.20621098 | 0.00135132

miRN A logF C log CPM PFalue
hsa-miRk-302d-3p 2.60 416630336 | 0.01194482
hsa-mif -19a-3p 2.37 411167819 [ 001337383
hsa-mif -204-3p 1.6 718688382 | 0.00206467
hea-miR-4789-3p 1.36 441551407 [ 0.01197636
hsa-mif -4§6-3p 1.34 4.50164863 | 0.00779749
hea-miR-31%:-3p 233 4.13879809 [ 0.01500604
hsa-mif -§38-3p 1.32 411354227 10.01500804
hsa-miR-4421 2.39 4.03283823 | 0.02138221
hsa-mif -708-3p 138 481472546 ] 0.00962028
hsa-mik-146b-3p 237 4.83249917 [ 0.01273943
hea-mik-421 2.22 11.2510407 ) 0.00526123
hea-mik-§27 2.20 311654294 | 0.01398088
hea-miR-378 2.12 312010694 | 0.01789134
hsa-mif -388-3p 2.10 4.07892531 | 0.04530914
hea-miR-108b-3p 2.09 8.49505139 | 0.00884037
hsa-mif -381-3p 2.06 4.42427274 [ 0.03458077
hsa-mif -423-Jp 2.01 733378433 | 001319238
hsa-mik-196a-3p 1.94 10.7862026 | 0.01347663
hea-mik-137 1.31 756360736 |0.02279336
hsa-mif -192-3p 1.73 331596361 | 0.04365033
hsa-mif -33a-3p 1.73 7.99642801 | 0.02747601
hsa-miR -337-3p 1.67 8.13303818 | 0.0340222
hea-miR-181b-3p 1.38 377642396 | 0.06090178
hsa-mif -378-3p 1.32 3.89138686 | 0.06715333
hsa-miR-1343 1.32 339861043 | 0.07189847
hsa-miR -628-3p 1.31 336714364 | 0.07691303
hsa-mif -23b-3p 1.44 12.8333726 | 0.06233363
hsa-let-Ti-3p 1.40 9.47544566 | 0.07208301

Table S2-9: List of miRNA differentially upregulated in human skeletal muscle. List has been
arranged in a descending order of log Fold Change (log , FC). Corresponding logCPM and P-
values are also shown. Fold change = value describing the average level of increase or decrease

in gene expression.
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Under expressed in 5K miRN A4 logFC log CPM PFalue

miRNA logFC | logCPM | Plalue hsa-miR-130b-3p| -7.053971 | 2.83533040 .26E-12

hsa-miR-103a-3p -14.6378 [14.89372 | 4.23E-28 hsa-miR-27a-3p | -7.0508714 | 10.9060383 34E-12

[ PR - T

hsa-miR -424-3p 13 6021 |14 05091 | 9 53E-26 hsamiR-382-3p | -7.0421208 | 7.90379294 | 1.13E-11
hsa-miR-199b-3p | -12 9183 | 14 27051 | 6 85E-25 hsa-miR-30e-3p | -6.8460587 | 703513571 | 1.1SE-10
hsa-miR-214-3p -12.8475 | 13.10246 | 4.50E-24 hsa-miR-305-3p | -6.868334 | 7.82152517 | 3.78E-11
hsa-miR-125a-5p | -12.5615 |14.81076 | 1.30E-24 hsa-miR-181b-5p| -6.8110374 | §.23529453 | 1.93E-11
hsa-miR-574-3p -12.553 |13.70111 | 6.7SE-24 hsa-miR-485-3p | -6.8077318 | 6.99073803 | 1.41E-10
hsa-miR-221-3p -12.1973 [12.68465 | 1.12E-22 hsa-miR-130a-3p| -6.6998161 | 12.015036 | 5.65E-12
hsa-miR-190a-3p | -11.9607 [ 1427068 |3.16E-23 hsamiR-152 | -6.6324753 | 9.2207852 | LI2E-11
hza-miR-29b-3p -11.8027 [12.28981 | 8. 63E-22 hsa-miR-T44-3p | -6.624483 | 6.80221158 3.48E-10
hsa-miR-181a-3p -11.7413 | 12.58434 | 1.25E-21 hsa-miR-323a-3p| -6.7883822 | §.9678063 | 4.47E-10
hsa-miR-21-3p -11.5562 [11.80935 [3.60E-21 hsa-miR-99b-3p | -6.5403172 | 8.27190208 | 5.05E-11
hsa-miF -484 -11.0288 | 11.281453 | 5.48E-20 hsa-miR-423-3p | -6.4983476 | 94327327 | 3.26E-11
hhsa-l_eFt—'li:-fp_ —19-2433 Fjs?ij 3-4115—-‘-1 hsa-miR-708-3p | -6.4060262 | 6.01657823 | 5.73E-10
sa-mik-100-3p -10.8334 ) 14 08163 |+ 12E-2 hsa-miR-374-3p | -6.4626235 | 8.39342254 | T.47E-11
hsa-miR-332-3p -10.688 |12.81028 }2.75E-20 hsa-miR-625-3p | -6.4535454 | 6.62402483 | §.20E-10
hsa-miR-20a-3p -10.6611 }1+.293:3 | 1.22E-20 hsa-miR-339-3p | -6.4270535 | 6.59472392 [ 9.38E-10
i -10.2599 110.90983 | 2.66E-18 hsa-miR-590-5p | -6.4104738 | 8.57603077 [ 7.18E-11
hsa-miR-199b-3p | -10.2004 | 11.43606 |8.19E-12 hsa-miR-7-1-3p | -6.3907748 | 680488681 | 9.85E-10
hsa-miR-148-3p L hsa-miR-400-3p | -6.3804432 | 846619824 | 1.25E-10
hsa-miR-22-3p 581718 110.06134 12,518 17 hsa-miR-30a-3p | -6.3488422 [ 7.23176042 | 3.13E-10
Tlsa-ilniR_-liﬁb 92543 PSQEE —gfgis hsa-miR-654-3p | -6.2808504 [ 7.73633186 [ 2.10E-10
sa_et 2 Jp 562877 | 1283068 12 TOF- hsa-miR-494 | -6.2617088 | 6.66986183 [ 1.84E-09
e -2.43337 19.891976 | LOSE-10 hsa-miR-330-3p | -6.2508895 | 834826011 | 1.47E-10
hsa-m@R-303a-3p |-9.20439 19.627139 |2 22816 hsa-miR-151a-3p | -6.2309262 | 6.39119778 | 2.48E-09
Ll Lo T 951973 1 9.96-78 |5.21E-16 hsalet7e-3p | -6.1356282 | 10.9348128 | 9.75E-11
hsa-mR-565b-3p | -9.01124 19.6272)7 1691E-18 hsa-miR-671-5p | -6.0754567 | 643364015 | 5.67E-09
e “p -2.07589 1 10.71898 | 1.7EE-16 hsa-miR-423-3p | -6.0554389 | 8.3395886 | 5.10E-10
hsa-miR-83.3 £.27678 11000087 | 8.34E-18 hsa-miR -15b-5p | -6.0334547 | 110433022 | 1.81E-10
hsa"“’?“l_g_{a‘j e [t et 2 hsamiR 343 5p | 60221161 | 659841745 | 2.70E 09
R I LW hsa-miR-500a-3p| -5.9236027 | 6.89611443 | 3.52E-09
ﬁ::::ig‘ig“; :gj‘gf zﬂ,gﬁbl ﬂﬁgi hsa-mR-134 | -5.8520218 | 8.88424154 | §.41E-10
—— T e hsa-miR-331-3p | -5.8475922 | 8.26468832 | 1.49E-09
e R TT T T P hsamiR 487b | -5.8216223 | 9.68088168 | 5.95E-10
hs_a-miRL-_‘-_S_a-Spp 556918 [ 12.93206 | 1.95E 16 hsam®-381.Jp -0 7615037 | 6110077 ) 2 672-08
E— TR TR TR EE TR hsa-miR-20a-5p | -5.7611216 |9.259011108 | 1.01E-09
hsa-miB-376a-3p -§.20765 [8.722363 | 7.55E-14 R — = E— P
nsa-miR-303-5p | 823974 |9.278344 |2 53E-11 hoamiB-li Lip) 001037 (SIS SL3E-00
p—— — hsa-miR-128 | -5.6989648 | 7.99920206 | 2.77E-09
hza-miR-143-3p -§.23165 [15.18352 | 1.98E-13 — - TS — —— A
E— N . hza-miR-300a-3p| -3.6730088 [ 581455132 | 3. 84E-D3F
hsa-miR-301a-3p | -8.22082 [8.446619 | 1.06E-13 T e R L BTl LT
hsa-miR-30c-3p 8 19711 |8 423203 |1 20E-13 BT ey et B
hsa-miR-362-3p 2797849 [ 8199896 | 3 66E-13 h“"“‘_F";’f';p '{"*:”S;{ ;'_?i‘_’s : ";”E'”S
hsa-miR 542-3p | -7.04824 | 5.863366 | 2.08E-13 hi’;’fﬂ;‘_;;p Ejgglij Sliﬂégg ﬂf%”f
hsa-miR-10b-3p -7.79731 | 11.60116 | 2.83E-14 S L
R 1003 SRS ER A EREERE hsa-miR-398 | -5.5954944 | 743327159 | §.51E-09
hsamiR 299 5p | 7.54233 | §.55231 |1.00E-12 hsam®-337.3p | 976327 |66.87 17 25308
hsa-miR 343 7.53372 | 7.942263 | 3.75E-12 e
hsa-miR-675-3p | -7.31507 | 7.926794 | £ 13E-12 hsa-m®-257-3p 1 79165671 19 78875502 | 2 80F-0F
hsa-miR-19b-3p 13007 19810735 12 20513 hsa-mR-615-3p | -5.4657113 | 584530873 | 9.06E-08
hsamiR -181a3p | -7.3854 | 872693 |1 63E-12 hea-mR-30dJp | -3.272 7997 | JP7601062 | 2. 9408
hea-mif342-5p 013 725720 [L20E11 hsa-miR-632-3p | -5.4144901 | 5.54205898 | 1.35E-07
heamiR 120 5 o m e o hsa-miR-379-5p | -3.375695 |6.66817342 | 4.02E-08
heamiB 181a2-3p | 702348 | 7073043 | 7.08E 12 hsa-miR-151a-3p| -5.3723332 | 8.17841438 | 1.01E-08
hsa-miR-342-3p [ -7.24226 [7.855416 [ 5.80E-12 heamR-2313p | 30270432 | 036915961 1 J90E.07
hsa-mik 127 3p 33107 | 7434752 | 1.63E-11 hsa-miR-17-5p | -5.2399584 [ 10.4158833 | 9.25E-09
hsa-miR-362-3p | -7.19029 [7.391078 [2.04E-11 hsa-miR-1307-3p] -3, 2133448 | 92283107 | 5.612-07
healetTa5p 17063 1325172 [282E.13 hsa-miR-424-3p | -5.1693924 | 52969699 | 4.19E-07
hsa-miR-191-5p -7.16077 [12.37941 | 5.54E-13 hsa-miR-431-Jp | -3.163788 | J.27929661 ] 4.39E-07
hsa-miB-21-3p 271479 | 8258272 |8 47E-12 hsa-miR-671-3p | -3.1168698 | 5.230355308 | 3.38E-07
hsa-miR-222-3p -7.05941 | 7.45586 |4.17E-11 hsa-miR-216z-Jp | -3.10308790 [ 129778481 ] 1.48E-08
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miRN A4 logF C logCPM PFalue
hsa-miR-361-3p | -3.0824249 | 540581306 6.74E-07
hsa-miR-106b-5p | -5.0711918 | 6.14209207 | 2.51E-07
hsa-mif-487a -5.0643608 | 5.60324902 | 2.85E-07
hsa-mif -224-3p -5.053432 | 5.16401764 | 7.52E-07
hesa-miR-348t-3p | -4 0573404 | 507008413 J4E-06
hsa-miR-2333-5p | -4.8001362 | 5.86108705 | 4.50E-07
hza-mif -425-3p | -4 8555008 | 3.81623046 | 35.68E-07
hza-miRf -26b-3p | -4. 8:13258 6.29346973 | 422E-07
hza-mif -136-3p | -4.7332613 | 6.38478843 | L 70E-D7
hza-miR -432-3p =4 _’555 j.0419412 3 49E-06
hza-mif -27bh-3p | -4 6962001 [ 8 84780086 1 42E-07
hsa-miR-378a-3p | -4.6763934 | 478833633 | 4.12E-06
hza-miR -433 46546460 | 476676912 | 4.69E-06
hsa-miR -382-3p | -4.6481578 | 4.96430551 | 3.14E-06
hsa-mif-17-3p | -4.6273339 [4.734183577 | 3.34E-06
hsa-miR-1226-3p | -4.5740076 | 4.6810644 6.53E-06
hsa-mif -361-3p 41.5400869 | 8.7815838 2.79E-07
hza-mif -143-3p 4. 435836 477718028 1.19E-03
hza-mif-1248 -4 4304337 [ 480177388 1.05E-03
hza-miR 345 3p | 44311671 [ 4.70703703 1.12E-03
hza-miR-323b-3p | -4 3828330 | 6.65519225 1.77E-06
hsa-miR -92b-3p | -4.3302284 | 8.50074117 | 8.23E-07
hsa-miR-1183-1-3p] -4 3508702 | 4 66773627 1.8BE-D3
hsa-miR-376c-3p | -4.3355093 | 11.7484071 | 6.27E-07
hsa-miR -6511a-3p| -4.35263548 | 464680402 | 217E-03
hsa-mik -127-3¢p —4.’95 074 | 4.663505611| 2.02E-03
hsa-mif -455-5p | -4.20129235 | 442011529 | 2.28E-03
hsa-miR -30e-3p —4.25.—8.—9: 4.30200013 | 2.68E-03
hsa-miR-1§-3p | -4.2450127 | 11.91153873 | 8.34E-07
hsa-miR-188-5p |-42142584 | 6.812409148 | 2.37E-06
hza-mik-83-3p -4.2021083 | 5.1384332 1.24E-03
hza-mik-31-3p -4.14203359 | 5.40521672 | T7.96E-06
hsa-mif -18a-3p | -4.1378828 | 7.68685401 | 2.72E-0§
hsa-miR-103a-2-3p] -4.1520333 [ 427835657 | 4.44E-03
hza-mif-1248 -4 1171014 [ 425266034 | 4 85E-03
hsa-miR -126-5p | -4 0703964 | 462626495 | 267E-03
hsa-miR.-7-3p -4.0338728 [ 437000617 | 7.75E-03
hsa-miR. - :-Sil 3 -4.0164108 4.98“359' 2.61E-03
hsa-miR -770-3p | -3.9867842 | 41306617 8§ 40E-03
hza-miR-28-3p -3.937177 | B.31677045| 5.59E-06
hsa-mif -300-3p | -3.623781 | 4.08006044)0.00011239
hsa-miR -126-3p |-3.9139226 | 5.52180678 | 2.58E-03
hza-mif -887 -3.8046874 [ 424175139 | 0.00014032
hsa-miR -324-3p | -3.8868113 | 7.65742652 | T.06E-06
hsa-let-Tf-1-3p -3.8802277 | 6.60838703 1 44E-03
hza-mik -370 -3.8780082 | 5.58863001 1.96E-03
hza-miR-16-2-3p | -3 86353822 [ 6.01450124 1.76E-03
hza-miR -040 -3.8357517 | 5.11585972 | 5.01E-03
hsa-mif -823-5p | -3.8282121 | 4399103557 T7.75E-03
hsa-miR-3603-3p | -3.78358177 | 4.14731811 | 0.00020146
hsa-miR -98b-3p | -3.75463635 | 10.0214088 | 1.035E-03
hsa-miR-12§7 -3.7048063 | 4.36388674 | 3.34E-05
hsa-miR-193b-3p | -3.703408% |4 66834646 | 00001073
hsa-mif -194-5p | -3.6019681 | 4.26404843 | 0.00012853
hsa-mif. -143-3p | -3.6910001 | 10.120633 1.28E-03
hsa-mif. -502-3p | -3.5841259 | 7.7333942 3.07E-03
hza-miR -2086 -3.541066 [ 13.5423221| 2.35E-03
hza-miR-320a -3.4863274 | 6.86131347 | 35.62E-03
hza-miR-348aa -3.4579727 [ 5.18820042 | 000012011

miRN 4 logF C logCPM Plalue

hsa-miR -1 -3.4263228 [ 11.9033278 | 3.83E-03
hsa-miR-193b-3p | -3.3921572 | 11.8054863 | 4.58E-03
hsa-miR-3607-3p | -3.280415 | 420414114 0.000868
hsa-miR -301-3p | -3.2787436 | 7.44660110 | 0.0001156
hsa-miR-133a |-3.3542741)8.90616484 | 3.27E-03
hsa-miR -409-3p | -3.2491316 | 5.1992339 | 0.00028542
hsa-miR -143-3p | -3.2367312 | 4.73032271 [ 0.00030462
hsa-miR -§60-3p | -3.2253454 | 7.03522196 | 0.00015064
hsa-miR -337-3p | -3.1942016 | 102970516 [ 0.0001124%
hsa-miR -493-5p | -3.1438040 ) 6.1515832 | 0.00026298
hsa-miR -140-3p | -3.106734 | $.62487336 [ 0.00016680%8
hsa-miR -186-3p | -3.0907646 | 6.01221161 | 0.00036704
hsa-miR -483-3p | -3.0147343 | 7.63056882 | 0.00028384
hsa-miR -101-3p | -2.0800050 ) 4.057647533 | 0.00183124
hsa-miR-19b-1-3p| -2.930788 | 4.57803088 | 0.001123146
hsa-miR -330-3p | -2.0500006 | 5.67380180 | 0.00039032
hsa-mif -328 -1.8377425 | 752033457 ) 000041354
hsa-mif -107 -2.8886188 | 11.5970033 | 0.00039004
hsa-mif -§36 -1.8837062 [ 427496898 ) 0.00225083
hsa-mR-301b | -2.8569973 | 4.05203064 | 0.0034303
hsa-miR -431-3p | -2.85083503 | 3.96613811 [ 0.00273743
hsa-miR -82a-3p | -2.7668653 | 11.2413357 | 0.00063893
hsa-miR-181c-3p | -2.7237204 | 3.07700745 | 0.0016883%
hsa-miR -132-3p | -2.639869 | 6.03614423 [ 0.00182438
hsa-miR-1306-3p | -2.6206418 | 3.95162387 | 0.0018706%8
hsa-miR -26b-3p | -2.6203074 | 5.17212359% | 0.00282873
hsa-miR-4321 | -2.6083779 | 7.3633329 | 0.00149038
hsa-miR -138-3p | -2.5986238 | 10.91259822 | 0.00124804
hsa-miR -27a-3p | -2.3753956 | 5.10251333 [ 0.002836%6
hsa-miR -369-3p | -2.5406883 | 4.50876178 | 0.00434414
hsa-miR -13a-3p | -2.323362 | §.52683457 [ 0.00184138
hsa-miR-154-3p | -2.4671008 | 5.42012383 | 0.00404492
hsa-miR-135b-3p | -2.4644771 | 305611483 | 0.00876831
hsa-miR -874 -2.4624864 | 3.95558918 | 0.008769831
hsa-miR -434-3p | -2.204814% | 5.05160827 [ 0.0082880%
hsa-miR-378a-3p | -2.2900303 | 7.02547541 | 0.00480233
hsa-miR -28a-3p | -2.26301353 | 3.00608018 [ 0.01327707
hsa-miR - ‘S Sp | -2.2583286 [6.471378096 | 0.00389333
hsa-miR -766-3p | -2.1727813 | 6.32136603 [ 0.00788287
hsa-miR -89a-3p | -2.1713613 | 12.5748641 | 0.00610864
hsa-miR -§60-3p | -2.113868 | 11.2272316 [ 0.00731843
hsa-miR -377-3p | -2.0197397 | 4.15870841 | 0.02910462
hsa-miR-3940-5p | -1.902829 | 5.80752043 | 0.02730017
hsa-miR -738-3p | -1.0156007 | 3.80403246 [ 0.03697784
hsa-miR -34b-3p | -1.803138 | 6.5315856742 [ 0.02574084
hsa-miR -33b-3p | -1.7872421 | 4.03850257 [ 0.04831827
hsa-mif-374b-3p | -1.7866574 | 423862524 | J.04836718
hsa-miR-24-3p |-1.6240624 | 15.9493567 | 0.03679894
hsa-let-Th-3p -1.5813615 [ 11.3879223 ) 0.04194731

hsa-miR -633 -1.5660858 | 4.82168213 | 0.06317489
hsa-miR-98-3p | -1.4883327 | §.20212116 | 0.05423831
hsa-miR-1301 | -1.4961872 | 5.30874268 | 0.07030603
hsa-miR -140-3p | -1.4466846 | 7.02176492 [ 0.0675759%
hsa-miR-664a-3p | -1.4543867 | 8.51871513 | 0.06613664
hsa-miR -333-5p | -1.4130192 | 748167157 [ 0.07267049




Table S2-10: List of miRNA differentially down regulated in human skeletal muscle. List has
been arranged in a ascending order of log Fold Change (log , FC). Corresponding logCPM and

P-values are also shown. Fold change = value describing the average level of increase or
decrease in gene expression.
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Term Count PValue  Benjamini
GO:0006259~DNA metabolic process 14 96TE-05  0.09834693
GO:0051258~protemn polvmerization 5 479E-04 022619436
GO:0016052~carbohydrate catabolic process 6 0.0013282 0.37751655
GO:0003996~monosaccharide metabolic process § 0.00133934 0.30301831
GO:0034621~celular macromolecular complex subunit organization 10 0.00138651 0.25689313
G0:0019320~hexose catabolic process 5 0.00174476 0.26759442
GO:00463635~monosaccharide catabolic process 5 0.00193882 (0.2566963
GO:0006260~DNA replication 7 0.00298152  0.3292604
GO:0046164~alcohol catabolic process 5 00031367 03116826
GO:0019318~hexose metabolic process 1 0.00313992 0.2857341
GO:0044275~cellular carbohydrate catabolic process 5 0.00373184 0.30488981
GO:0043589~developmental growth 5 0.00405623 030401117

Table S2-11: Genes found enriched with Ago2 pull down in myoblasts but which are under

expressed in myoblasts.
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ACTB
ACTGI
AGPATY9
ANAPCILS
ARID3B
ATOHS
AURKA
AURKEB
BCL2L12
BDHI1
BEX4
Cl17orf53
C19orfll
Clorf51
Clorf85
CALM3
CCDC167

CCDC3sB
CCNEI
CDC20
CDCAS
CDEN2C
CFL1
CLDN4
CLIC1
COLSA2
COLEC12
CPNE2
DCTFF1
DOLPP1
DEAPI
DUSE2
DUSP3
EDN1

EIF6
ELMODI1
ENO2
ETV4
EYA2
FANCE
FBL
FIBCDI
FLT4
FOSL1
FUCA1
GALE
GALNT15
GAPDH
GINS1
GINS2
GING3

GOT2
H3F3C
HMGAIL
HMGBIP1
HOXAIL1
HOXAS
HPCALI1
HSPB7Y
IER2

IERS
IGSF1
KIFC1
KRT34
KRTAPI-1
KRTAP2-3
LAPTMS
LCE3A

LDHAP3
LGALS]
MANBAL
MAPKAPK]
MPEP2
MSX2
MTIE
MUTYH
MYBL2
MYF>
MYTF6

NGF
NUAK?2
NUDTI
PAFAHIBS
PAXT
PGAMI1

PGF
PLCXD1
POLA2
POTEF
POTEKP
PPIA
PRELP
PRPSI
PSG4
PSGs
PTMA
PTTGI
RAB34
RANGAPI
BASD2
REEP4
RFC2

RPS6KAL
S100A2
SALL2
SECTMI
SEMAJF
SEMATA
SH3BGRL3
SLCI14A1
SLC37A4
SLC38AS
SMAP2
SNEPA
SNEPG
STMNI
STRAIZ
TAGLN?
TARBP2

TDP1

TK1
TMEM106C
TMEM246
TMSB4X
TMSB4XPS
TFIl
TSPANI1S
TUBAIB
TUBAILC
TUBA4A
TUBB
TUEBB4B

Table S2-12: Genes found enriched with Ago2 pull down in myoblasts but which are under

expressed in myotubes
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Term Count PValue Benjamini

GO:0003012~muscle system process 28 6.34E-26 8.20E-23
GO:0006936~muscle contraction 27 1.24E-25  8.01E-23
GO:000694 1~striated muscle contraction 15 4 54E-18 1.96E-15
GO:0007517~muscle organ development 23 4 59E-17 1 48E-14
GO:0014706~striated muscle tissue development 15 6.37E-12 1.65E-09
GO:0060537~muscle tissue development 15 1.26E-11  2.71E-09
GO:0044057~regulation of system process 20 1.00E-10  1.85E-08
GO:0055001~muscle cell development 11 1.07E-10  1.73E-08
GO:0055002~striated muscle cell development 10 1.28E-09  1.84E-07
GO:0042692~muscle cell differentiation 12 2.02E-08  2.62E-06
GO:000693 7~regulation of muscle contraction 10 252E-08  2.97E-06
GO:0030239-~myofibril assembly 7 3.23E-08 3 48E-06
GO:0051146~striated muscle cell differentiation 10 1 49E-07 1.48E-05
GO:0055008~cardiac muscle tissue morphogenesis 7 1.68E-07  1.55E-05

Table S2-13: GO terms of Biological processes for genes enriched with Ago2 pull down in
myoblasts but which are under expressed in myoblasts. The number of genes belonging to each
term (gene count), enrichment (p-value) and false discovery rate (benjamini value) are shown in
the corresponding columns.
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Term Count PValue Benjamini
GO:0006259~DNA metabolic process 14 967E-05 0.09834693
GO:0051258~protein polymerization 5 4 T9E-04  0.22619436
GO:0016052~carbohydrate catabolic process 6 0.0013282 0.37751655
GO:0003996~monosaccharide metabolic process g 0.00135934 0.30501831
GO:0034621~cellular macromolecular complex subunit organization 10 0.00138651 0.25689515
GO:0019320~hexose catabolic process 5 0.00174476 026759442
GO:0046365~monosaccharide catabolic process 5 0.00193882 0.2566963
GO:0006260~-DNA replication 7 0.00298152  0.3292604
GO:0046164~alcohol catabolic process 5 0.0031367 0.3116826
GO:0019318~hexose metabolic process 7 0.00313992 02857341
GO:0044275~cellular carbohydrate catabolic process 5 0.00373184 0.30488981
GO:0048389~developmental growth 5 0.00405629 0.30401117

Table S2-14: GO terms of Biological processes for genes enriched with Ago2 pull down in
myoblasts but which are under expressed in myotubes. The number of genes belonging to each
term (gene count), enrichment (p-value) and false discovery rate (benjamini value) are shown in

the corresponding columns.
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12H- Over expressed
Genes
LIMCE!
PAFAHD
L33
Clotf32
ED2
FRMFD3
EDNL
TLR4
CCNEZ
05TCPI
GDAP2
MEDS§

log FC

763753928

AETOVEQET
6.267826096

§.228803631

12H- Under expressed
Genes
SNORA
SNORDI4-23
SNORDI13-13
SNOED12C
SNORD11S-13
SNORD114-3
ML-TM
SNORD116-27
SNORATE
SNORDII4-23
SNOED114-8
SNORD9
SNORD113-4
SNORD114-26

log FC
03360662

53639775
1983183

30834131

.:

4.
f0ESE

£6.0636
§.0319
;
.

1
R
U
05
403
Y
M
-3 701693303
13457461
-1314878124
-1.420020833
-1360311442
-3.343508077
-1112762486
-4 78545548

-+ 477343318

24H-Over expressed
Genes
3
REPLS
BNFTZ
MRPL40
INFI3
INFiM
AMNDC
KCNGI
CXHCL3
LNP1
ACTR3B
LIMCEL
NDUFAFT
LRRC23
CEE3
RGAGI

logFC
826304323

TANINEIAT
..'u.'ll.l:'..\:-.'lﬁ

24H-Under expressed
Genes
SNRPGP1Y
MsC
CHAFIB
ZBTB26
PEX1IA
TRRVY
PIEN]
C120tf3
VWAT
ADC3
FAMI126B
ZNF69%
MRPS22
CEPT
LRECE6

log FC

073233

-1.343020789

=l SLES

-1.20413318

T ARG T

= LUy
-1.232402828

1030173427

Table S3-1: List of genes influenced by hsa-miR-139 over expression. Genes over and under

expressed after 12 and 24 hours of miRNA over expression have been listed.
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12H- Over expressed
Genes
LIMCH1
GDAP2
EDN1
TMEMI32D
FEMPD3
IL33
PAAF]
FOSE
LRRC4
PTGER3
TLR4
TMEMI28
ZNE343
FPPIRI4C
SRP?
SLC16A6
DHESTB
MEDS
SEPSECS
TMEMI18
ZNES04A
PAFAIR

log FC
1618074873
6.861940003

6.824176397

6.772236767

12H-Under expressed
Genes
SNORD116-12
SMORD113-23
TTLL7IT1
DICERI-AS1
MIR2333
C3AR1
SNOEDI12C
MI-TM
SNORDT)
SNORD114-3
SNORDS3
SMNORDI1T
SNORD116-29
SMORDEE
SNORD114-23
SMORDI114-23
SNORD116-1
SNORDS3
SNORD114-28
SNORD100
SNORD114-12
SNORD114-11

log FC

-6.330094845

== R

487592978
48308206
4574921569
4550883302
4414739085
1364763237
1328562751
4304427648
4234283201
4200843048
1126167885

-4.1268052428

24H-Over expressed
Genes
ESMI
ALGY
ZNF348
GABARAPL]
C3
FEL
ARHGEF
CCDCT4A
ABCAS
TEMT61B
TGEBE3
IDI1
NOD1
ZNF343
CRorf130
NE267
CDKT
HISTIH4E
CCRK
MYLIP
RFTN2
ATLL

log FC
8.157843403
7268234069

6.65382633

6.53200811
6.313909213
6453162233
6476231074
A
6.
A
6.

LTIANLATA
32604474

413330343
634418514
§.34418314

6.307233624

6.288423021

6269343379

6.230410007

6230410007

5.2

6.2

10342084

24H-Under expressed
Genes
VAT
AOC3
OGFOD2
LERCH6
MYLE2
MIR431
RGS14
MYO3C
HDHD3
TTLLIIT1
CST6
LAPTMS
SNOBA33
HLA-F-AS1
COEL
ITK
STONZ
BACHIIT2
CA9
PEG3

NIRE2

log FC
5.634679311
6481601477
5418111626
6.301912128
§.131

874172

3

S TS AN 204
3.754001304

573328283

i
[

i i
[T

-
[
s
=1
s
i
—
[
oo
[

=

[= TR~

60280114
69280114

47208036

&

»
[ R~ R~
-+
(i
bl
]

]

]
=]

—

Table S3-2: List of genes influenced by hsa-miR-532-5p over expression. Genes over and under
expressed after 12 and 24 hours of miRNA over expression have been listed.
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24H-Over expressed

24H-Under expressed

Genes log FC Genes
NOD1 6883875938 SNOED43
ZNESLE 6.860677143 SNOED94
PAFAHD 6.369373708 VIWAT
FEMPD3 6.382008316 FAMTSA
GCLC 6361861984 SNORA2D
KCNGL 6361861984 FNE6M
FAMISIB 6290674106 MYLE2
ZNE3H 6.290674105 CASBP7
UBE2D4 6.278334306 ISG20
BES12 6.236674316 BEGAIN
CDC14A 62366743516 TASPI
CEE3 23468437 PEP3
TMOSF1 6.180672241 ILIRL1
ZNETH 6.180672241 SNOBATIC
GDAP2 5.16662834 CSTS
MYLIP 5.16662834 IPE1
MEDS 6.143210579 ADAMNDD
DCXER 6.093202283 ITK
TEMT61B 6.093202283 TMENM10D
PAAF] 6.0703853332 STAGSLL
PECE 6.070583332 SHPK
12H- Over expressed 12H-Under expressed
Genes log FC Genes log FC
LIMCHI 7.7338483 SNOFD114-23 -5.5638624
EDM1 7.992112 SNORD114-11 -7.2383404
UPRT 7.2318248 SNORD16-1 -6.0513007
TFAM 6.3338833
C3 7.4192933
MED$
TMEM18
F2RL1
CEMP4EFP1
HIF1APL

24H-Over expressed
Genes
C3
MED
PHF16
FAMI162A
SBSN
CSF3
DHESTB
TEMTS1B
IL16
MYHIL
COL13A1
GDAP2
LIMCHI
KIAAL1377
LOC387763
ZNE3
ALGY
ZNES3
ATP3S
GREGPL
THAFP1
CDE20
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Table S3-3: List of genes
influenced by hsa-miR-660-
5p over expression. Genes
over and under expressed
after 24 hours of miRNA over
expression have been listed.

24H-U'nder expressed

lag FC Genes
8.358020843 SNOFD
7.826086434 SNOEDILE
7.575262204 SNORD118-13
426136879 SNORALS
300699137 TMEM203
140938768 FAMBSA
106773016 CDEL3
047932584 TYSND1
074002098 ATPSEL
974002098 UCN2
896077433 ZNEG§24
882670766 SNORD116-12
833477741 TPRKE
81370232 SLC23A19
799303969 ITGAS
799303969 PFDN$
785164485 SNORA2D
785164 ALS2CL
126337373 ARAPS
126337373 PQLC3
711248001 STONZ
680387368 MYLE2
.G80387368 ZNE287
633338813 TOMMY
600937773 FUK

leg FC
-1.0686335

-6.7217032

-5.3038313

62806527
-6.2557098
-6.2504309
62368239
-6.2230363
-6.1808435
51520307
-5.132050
-6.1374245
61374248
-6.092633

R
-5.077390

-6.0619833
-6.0619833
-6.0350898

A NINARART
=0 U000



Table S3-4: List of genes influenced by hsa-miR-92a-3p over expression. Genes over and under
expressed after 12 and 24 hours of miRNA over expression have been listed.

12H- Over expressed 12H-Under expressed 24H-Over expressed 24H-Under expressed
Genes log FC Genes log FC Genes lag FC Genes log FC
LIMCHI 7.5190141 SNOFDI12C -6.9306323 PAAFI 7.3326133 SLC23A39P1 3.7370606
THGIL 6.9583401 SNOFD114-13 MED#6 73220525 VWAT -5.5111513
EDN1 6 VIWAT MYL4 1535 SNOFD116-13 -5.4999363
MEDS ] RNE207 ENE3M3 11174031 AOC3 -3.3380843
BBS12 ] C3AR1 C3 70927633 PRDMI1 -3.3203287
IL33 ] SNORD116-8 UNC43B 6.9897702 OGFOD2 -3.2843994
LOC344867 ] SNORATB RIN4IPL 6.9333772 SNOFD116-12 -5.2007487
GDAP2 G C1%0rf50 LOC344567 6.8643687 DEFDCIB 5172773
INFS04A ] SNORA20 SEPSECS 6.7896833 EIF4Al -3.1383
AQP1 6.2 SNORD? 6.774271 COAS -3.1442444
C3 ] SCN4A 6.774271 SNOFD114-13 -5.115248
CCRK ] SNORAIL 6.7109199 TTLL1 3
PAFAH2 ] MI-TV AQP1 6.6276067 AKAP] -3.0387026
TMEMI32D ] PEFP3 FAMIS2A 6.6276067 TRIM47 -4.9601016
WARS2 ] AKRIE2 WDSUBL 6.6276067 LIMD2 -4.9385268
ZNF343 6. SNORATIC LIMCHI 6.6103508 SNOFD115-23 -4.9269893
TFAM 6.2238164 SNOFD114-23 LOC284500 6.6103308 PPARG -4.8268883
GCLC 6.2183471 FABIIB-AS1 CDCl4A 3 PCDHGE2 -4.8030001
INSC 6.2183471 HLA-F-AS1 [K7F2 6.320832 SNORAIL -4.8930091
TFBIM 6.2183471 TPK1 EID2 64643273 ENF230 -4.8930991
CAIB2 6.1783341 LEAP2 CCDC107 64253893 LINCO0847 -4 8738307
NOD1 6.1579037 IQCH-AS] ZNED1 6.3833713 MRPE36P1 -4.8738307
SLEN12 6.1579037 MIR1183-2 HOXB3 §.3649381 SNOFD116-24 -4.83830934

Table S3-5: List of genes influenced by hsa-miR-206 over expression. Genes over and
under expressed after 12 and 24 hours of miRNA over expression have been listed.
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12H Over expressed

Term Count PValue
GO:0010558~negative regulation of macromelecule biosvnthetic process 6 0.00126
GO:0030193~regulation of blood coagulation 3 0.001401
GO:0031327-negative regulation of cellular biosvnthetic process 6 0.00141
GO:00098%0-negative requlation of biosvnthetic process 6 0.00155
GO:0050818~requlation of coagulation 3 0001813
GO:0046328~regulation of JTINK cascade 3 0.004301
GO:0010605~negative regulation of macromolecule metabolic process G 0.004582

24H-0Over expressed
Term Count PValue

GO:0050878~regulation of body fhud levels 6 0.017902
GO:0046942~carboxvlic acid transport G 0.020912
GO:0034622~cellular macromolecular complex assembly 9 0.021242
G0O:001384%9—organic acid transport G 0.021532
GO:0032103~positive regulation of response to external stimulus 4 0.031253
GO:0022900~electron transport chain 5 0.034176
GO:003462 1 ~cellular macromelecular complex subunit organization g 0.038417
GO:0043281~regulation of caspase activity 4 0.052902
GO:0001501~skeletal svstem development 3 0.056007
24H Under expressed

Term Count PValue
GO:0006942~regulation of striated muscle contraction 4 0.001563
GO:0044057~regulation of svstem process 11 0.00173
GO:0009266~response to temperanire stimulus 5 0.011823
GO:0045449~regqulation of transcription 19 0.02138
GO:0007517~muscle organ development 7 0.025336
GO:0050873~brown far cell differentiation 3 0.026643
GO:0051241-negative regulation of multicellular orgamsmal process 6 0.030834
GO:0006350~transcription i2 0.033887
GO:0006937~regulation of muscle contraction 4 0.041363
GO:0014741-negative regulation of muscle hypertrophy 2 0.041908
GO:0014819~regulation of skeletal muscle contraction 2 0041908

Table S3-6: Enriched Biological process terms for has-miR-139-5p. (12H over expresses —
genes over expressed after 12 hours of miRNA transfection, 24H Over expressed - genes over
expressed after 24 hours of miRNA transfection, 24H under expressed — genes under expressed
after 24hours).
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12H- Over expressed
Term

GO0030193 ~regulation of blood coagulation

GO:005081 8~regulation of coagulation

GO:0051240~positive regulaton of multicellular organismal process
GO0032101 ~regulation of response to external stimulus
GO:0070374~positive regulation of ERE.1 and ERKZ2 cascade
GO0070372~regulation of ERK] and ERK?2 cascade
GO:0006390~transcription from mitochondrial promoter

24H- Over expressed

Term

GO004544%—regulation of wanscription
GO:0006350~transcription

GO0032103~positive regulation of response to external stimulus

GO000633 5~regulation of ranscription, DINA -dependent

GO:0022%00~electron transport chain

GO0051232~regulation of RNA metabolic process

GO:0006%34~inflammatory response

24H- Under expressed

Term

GO:0001660~response to hypoxia
GO:0070432~response to oxvgen levels

GO0042462~eve photoreceptor cell development
GO:0001734~eve photoreceptor cell differentiation

GO:004246 1 ~photoreceptor cell development

Count

L L L

| e

Count

| S N S WK R W |

PValue
0.007486
0009632
0.0115%4
0.019783
0021541
0021541
0021541

PValue
3. 56E-04
0.002945
0.005774

000759
0.009238
0.010373
0011173

PValue
0.031119
0.034164

004062
0.042608

004835

Table S3-7: Enriched Biological process terms for has-miR-532-5p. (12H over expresses —
genes over expressed after 12 hours of miRNA transfection, 24H Over expressed - genes over
expressed after 24 hours of miRNA transfection, 24H under expressed — genes under expressed

after 24hours).
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24H- Over expressed

Term Count PValue

GO00063 30-ranscription 33 G6.38E-04
GO:004544%regulation of transcription §2 7.84E-04
GO:0051252~regulation of RINA metabolic process 45 0.002691
GO:0006355~regulation of transcription, DINA-dependent 44 0.00307
GO:001094 1 ~regulation of cell death 24 0.00564
GO-0007005~mitechondrion organization & 0.006676
GO:004298 1~regulation of apoptosis 23 0.009518
GO0042067regulaton of programmed cell death 23 0.010604
GO:003462 1~cellular macromolecular complex subunit organization 13 0.01238

24H- Under expressed

Term Count  PValue
0001243 8~aromatic compound bosvnthetic process 2 0.063268
GO0007267~cell-cell signaling 6 0.064888

Table S3-8: Enriched Biological process terms for has-miR-660-5p. (24H Over expressed -
genes over expressed after 24 hours of miRNA transfection, 24H under expressed — genes under
expressed after 24hours).
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24H- Over expressed

Term Count PValue

GO:000961 1~response to wounding 17 0002267
GO:0045449~requlation of transcription 30 0.00754
GO:00063 50~transcription 42 0.00857
GO:0060548-negative regulation of cell death 12 0.009907
GO0031668~cellular response to extracellular stimulus 5 0.010958
GO:0010841~regulaton of cell death 200 0.014399
GO:0007568~aging 6 0.016777
GO:0043066-negatve regulation of apoptosis 11 0.022297
GO:0001816-cviokine production 4 0.024157
GO:004306%-negatve regulation of programmed cell death 11 0.024276
GO:004298 1 ~regulaton of apoptosis 19 0.024488
GO:0043067-regulation of programmed cell death 19 0.0266%4
GO0051252~regulation of ENA metabolic process 35 0.028804

24H- Under expressed
Term Count PVvalue

GO:000683%~mitochondrial ransport 6 1.85E-04
GO:0006626~protein targetng to mitochondrion 4 0.002221
GO0070385~protein localizaton in mitochondrion 4 0.002221
GO:0017038~protein inport 6 0.003375
GO:0007005~mitochondrion organization 6 0.004215
GO:0006605~protein targeting 7 0.006271
GO:0045449-regulaton of wranscription 30 0.020093

GO:0006886~ntracellular protein ransport 8§ 0.025179

GO:0006350~transcription 25 0.027261
GO:0006355~regulaton of wranscription, DINA-dependent 22 0.027492
GO:001481%~regulation of skeletal muscle contraction 2 0030402
GO:0014741~negative regulation of muscle hvpertrophy 2 0030402

Table S3-9: Enriched Biological process terms for has-miR-92a-3p. (24H Over expressed -
genes over expressed after 24 hours of miRNA transfection, 24H under expressed — genes under
expressed after 24hours).
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12H- Over expressed

Term Count Pvalue

GO:00435887~positive regulation of smooth muscle contraction 3 0.004381
GO:0043933~positive regulation of muscle contraction 3 0.005949
GO:0051240~positive regulation of multicellular organismal process 6 0.011368
GO:0032101 ~requlation of response to external stitnulus 5 0.011708
GO:001922%-regulation of vasoconstriction 3 0.015172
GO:0030193~regulation of blood coagulation 3 0.016917
GO:0006940~regulation of smooth muscle contraction 3 0018744
GO:0050818~regulation of coagulation 3 0.021632
GO:0022800~electron transport chain 4 0.025383

12H- Under expressed
Term Count PValue

GO:0006873~cellular ion homeostasis 3 0.048626
GO:0055082~celhilar chemical homeostasis 3 0.050038
GO:0050801~ion homeostasis 3 0.057079
GO:0019725~cellular hotneostasis 3 007187
24H- Over expressed

Term Count PVale
GO:0006350~transcription 40 2 14E-04
GO:004544%-regulation of ranscription 56 4.81E-04
GO:000801 6~regulation of heart contraction 6 0.004232
GO:0051252~regulation of RINA metabolic process 39 0.005251
GO:0006936~muscle contraction g 0.005375
GO:0006355~regulation of transcription, DN A-dependent 38 0.006344
GO:0032874~positive regulation of stress-activated MAPEK cascade 3 0.006419
GO:0032872~regulation of stress-activated MAPK cascade 3 0.007951
GO:0007588~excretion 3 0.008381
GO:000301 2~muscle svstem process & 0008826

24H- Under expressed
Term Count Pvalue

GO:0007267~cell-cell signaling 8 0.00652
GO:0007268~svnaptic transmission 5 0025645
GO:0046203~secreton 53 0.026201
GO:0044057~regulation of svstem process 5 0.028791
GO:0033574~response to testosterone stirnulus 2 0.033432
GO:0048545~response to steroid hormone stimulus 4 0.03564

Table S3-10: Enriched Biological process terms for has-miR-206. (12H over expressed - genes
over expressed after 12 hours of miRNA transfection, 12H Under expressed - genes under
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expressed after 12hours, 24H Over expressed - genes over expressed after 24 hours of miRNA
transfection, 24H under expressed — genes under expressed after 24hours).
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Biulugiml process Termms %o of genes PValue

GO:000961 1~response to wounding & 426E-10
GO:0006934~infl ammatory response 592 861E-10
GO:0006955~imimme response 928 1.11E-09
GO:0006952~defense response 832 TO94E-09
GO:0010033~responseto organic substance 864 2.15E-07
GO:0043066-negatve requlation of apoptosis 528 8.70E-07
GO:0006916~anti-apoptosis 384 B8EEE-07
GO:004306%-negative regulation of programmed cell death 528 1.18E-06
GO:0042981~regulation of apoptosis 896 125E-06
GO:0060548~negative requlation of cell death 528 126E-06
GO:0043067regulation of programmed cell death 896 1.68E-06
GO:0010941~requlation of cell death 896 190E-06
GO:0001944~vascul ature development 416 230E-06
GO:0006959~-humoral immune response 224 3.18E-06
GO:0001568~blood vessel devel opment 4 330E-06
GO:0043944~positive regulation of transeription from ENA polvmerase II promoter 512 6.63E-06
Cdlular Compartment Terms %% of genes PValue

GO: 004442 1 ~extracellular region part 1504 971E-21
GO:000361 3~extracellular space 1168 363E-183
GO: 00055 76~extracellular region 2144 551E-15
GO:0002578~proteinaceons extracellular marrix P44 174E-08
GO:0031012~extracel ular matrix 56 325E-08
GO:0000267~-cell fraction 9982 B8.10E-05
GO:0005625~soluble fraction 416 827E-05
GO: 00444 20~extracel lilar marrix part 208 694E-04
Molecular Function Terms %% of genes PValue

GO:0005125~cytokine activity 448 533E-10
GO:0008083~growth factor activity 332 130E-07
GO:0008009--chemokine activity 144 144E-04
G0:0042379~chemokine receptor binding 144 227E-4
GO:0005509-calcium ion binding 8.16 6.J3E-04
GO 0043365 ~sequence-speci fic DINA hinding 576 0001707

Table S4-1A: Enriched GO terms for genes upregulated in 3D cultured myotubes
compared to 2D cultured myotubes. Terms for Biological processes, Cellular
compartments and Molecular functions are shown with %age of genes belonging to each
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category along with respective P values. The analysis was performed using DAVID
online software.

Biological Process T erms
S

03 of genes
=

PValue

GO:0007155~cell adhesion 1120689655 TA2EOS
GO:0022610~biological adhesion 1120689655 T.63E-0E
GO:0016337~cell-cell adhesion 6034482759 T20E06
GO:0043062~extracellular structurs organization 474137831 BE83E-06
GO:0016126~sterol biosynthetic process 2586206897 309E-05
GO:0051094~positive regulation of davalopmental process 3.1724137832 1 78E-04
GO:0030199—collagen fibril organization 2155172414 232E-04
Cellular compartment T erms %% of genes PValue

GO:0031012~extracellul ar matrix Q482758621 207E-10
GO:0005578~proteinaceous extracellular matrix 8.189655172 156E-08
GO 000357 6~extracallular region 1896551724 B 96E-06
GO:004442 ] ~extracellul ar region part 1163793103 1.79E05
GO:0044420~extracallul ar matrix part 3448273862 323E-04
GO:00055886~plasma membrans 2543103448 0.002537
GO:000558 1 ~collagan 1.724137931 0.006775
Molecular Function T erms 04 of genes PValue

GO:0005198~structural molecule activity Q482758621 202E06
GO:0005 201 ~extracellul ar matrix structural constiment 3879310345 282E-06
GO:0019838~growth factor binding 3.017241379 T354E04
GO 0005 509~caleium ton binding 8620689655 0.002793
GO:0030246~-carbohvdrate binding 474137931 0.003664
GO:0005272~s0dium channel activity 1.724137931 0.004285

Table S4-1B: Enriched GO terms for genes down-regulated in 3D cultured myotubes
compared to 2D cultures myotubes. Terms for Biological processes, Cellular
compartments and Molecular functions are shown with %age of genes belonging to each
category along with respective P values. The analysis was performed using DAVID
online software.
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B inlngic al Process Terms %o of genes Pvalue

GO:0006952~de fense response 106888361 1.06E-11
GO 0006893 3~immune response 109263638 132E-10
GO:0006934~inflammatory response 6650831334 G600E-09
GO 000861 1 ~response to wounding 5313530192 440E-08
GC.0001568~blood vessel development 3225653207 184E-07
GO:0003012~muscle svstatn process 4275334442 2 70ED7
GO:000 1944 ~vasculature development 3.225653207 2.78E-07
GO00015325~angiogenssis 3800475059 133E-06
GO:0048514~-blood vessel morpho genesis 4513064133 152E-06
GO:0006936~muscle contraction 3800473030 203E-DG
GO 0002684~positive regulation of immune system process 4. 730593824 210E06
GO:004 8384 ~—postive regulation of response to stitmulus 4513064133 7 30E-D6
Cellular Compartment T erms %o of genes PValue

GO:0044458~plasma membrane part 23 00040881 627E-11
GO:0003888~plazma membrans 3444180523 2.07E-10
G0:003 1226~intrinsic to plasma membrang 1567693962 B698E-10
GO:0002887~inregral to plastna membrans 1320180024 102E-09
GO:0009986~cell surface 6.175771971 133E-06
GO:0031224~infrinsic to membrans 41.09263638 5. 78E-0G
GO:0005615~extracellular space 8551068884 2359E-05
GO 0016528 ~zarcoplasmic reticulum 1.90023733 372E0:
GO:0043292~contractile fiber 3087883986 3. 8LIE-05
GO:0016528~zarcoplasm 190023753 3 21E03
00016021 ~integral to membrans 38.71733967 B.O09E-D3
Molecular Function T erm %o of genes PValue

GO:0019935~cviokine binding 3087883086 B.16E-DG
GO:0008092~cytoskeletal protein binding 6413301663 1.17E-04
GO:0004806~cvtokine raceptor activity 190023733 2 63E-04
G0:0019865~1immunoglobulin binding 1.187648456 3.16E-04
GO:0008307~structural constituent of mmscle 1662707838 3 84E-04
GO:0004089—carbonate dehvdratase activity 1187648456 4.13E-04
G0:0019864~12G binding 0930118765 634E-04
G0:0019838~growih factor binding 2375296912 736E-04

Table S4-2A: Enriched GO terms for genes up-regulated in Skeletal muscle compared
to 3D cultured myotubes. Terms for Biological processes, Cellular compartments and
Molecular functions are shown with %age of genes belonging to each category along
with respective P values. The analysis was performed using DAVID online software.
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Biological process Terms

%0 of genes

PValue

GO:0007155~cell adhesion 9.709821429 4.60E-18
G0:0022610~hiological adhesion 9709821428 S.03E-18
G O:0043062~extracellular structure organization 3459821429 3.58E-11
GO0:003019%~collagen fibril organization 15623 9.39E-11
GO:0001501~skeletal svstem development 4910714286 1.01E-10
GO:0030198~extracellular matrix organization 2 678371429 137E-10
GO:0007267~cell-cell signaling 7142857143 2 44E-10
GO:0032%63~collagen metabolic process 1450892857 9. 77E-10
GO:00442359--multicellular organismal macromolecule metabolic pr 1 4350892857 4 _00E-09
G0:0006928~cell motion 5691964286 1.80E-08
G0:0001503~ossification 2455357143 3 70E-08
GO:0044236~multicellular orzanismal metabolic process 1450892857 4.09E-08
G0:0031175~neuron projection develo pment 3794642857 481E-08
GO:0000902~cell morphogenesis 4 575892857 E§.81E-08
G0:0043812~neuron projection morphogenesis 3348214286 9.39E-08
Cdlular compartment Terms %o of genes PValue

GO:003101 2~extracellular matrix 9040178571 1.38E-31
GO:0003578~proteinaceous extracellular matrix 859375 1.04E-30
GO:004442 1~extracellular region part 1529017857 3.04E-29
GO:0005576~extracellular region 2198660714 291E-21
G 0:004442 0~extracellular matrix part 4017837143 4.01E-18
GO:0005581~collagen 2008928571 1.83E-13
GO:000261 5~extracellular space 8.147321429 3.73E-09
G 0:0044459-plasma membrane part 1830357143 2_60E-07
GO:0005383~fbnllar collagen .892837143 35.74E-07
G0:0031226~intrinsic to plasma memhbrane 11.16071429 1_83E-06
GO:0031224~mntrinsic to membrane 3794642857 2.19E-06
GO:0003604~basement membrane 1785714286 B 23E-06
Molecular function Terms %o of genes PValue

GO:0002201~extracellular marrix structural constituent 2678371429 1.32E-12
G O:0005509~calcium ion binding 9933035714 2.20E-12
GO:0005125~cvtokine activity 33482142806 8 31E-09
GO:0004222~metalloendopeptidase actvity 2232142857 1.19E-07
GO:0008083~growth factor activity 25069642806 2. 29E-00
GO:0008237-metallopeptidase activity 2678571429 5.75E-06
GO:0022843~voltage-gated cation channel actvity 234375 T.03E-06
GO:0005198~structural molecule activity 5.580357143 9.18E-05

Table S4-2B: Enriched GO terms for genes down-regulated in Skeletal muscle
compared to 3D cultured myotubes. Terms for Biological processes, Cellular
compartments and Molecular functions are shown with %age of genes belonging to each
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category along with respective P values. The analysis was performed using DAVID

online software.

Biological Process T erms %o of genes PVale

GO:.00069 353~immune response 7635397683 2 22E-16
GO:00068 52 ~defenze response 6477093207 191E-12
GO:0009611~response to wounding 5730863086 6.97E-12
GO:0013980~2nergv derivation by oxidation of organic compounds 2422327341 8.16E-12
GO:00069 34~inflammatorv response 40547636606 1.20E-11
GO:000301 2~muscle svstem process 2632064718 1.63E-11
GO:0043333~cellular respiration 1.895734597 1.83E-11
GO:0022004 ~respiratory electron transport chain 1474460242 3.78E-11
GO:0006091~generation of precursor metabolites and energy 3 844128480 043E-11
000531 14~oxidadon reduction 6310113324 2.34E-10
GO:0006936~musde contraction 2369668246 2.91E-10
GO:.0022000~2lzcron transport chain 1.895734597 2 87E-09
GO:0010033~response to organic substance 6582411796 1.62E-08
GO:00427 75~mitochondrial ATP synthesiz couplad electron transpott 121116377 1.69E-08
GO:0042773~-ATP synthesis coupled electron transport 121116377 1.69E-08
Cellular compartment T erms % of genes PVahe

GO:0005743~mitochondrial inner membrane 4.054763666 3.06E-13
GO:0043292~contractile fiber 2159031069 128E-11
GO:0005740~mitochondrial envalops 4701005787 143E-11
GO:00198 66~0rganelle inner membrane 4054763666 149E-11
GO:00057 39-mitachondrion 0583001375 4.03E-11
GO:0031966~mitochondrial membrane 4328699315 4.17E-11
GO:0030016~mvofibril 2001053186 3.69E-11
GO:0070469~respiratory chain 1579778831 1.18E-10
GO:00444 20-mitochondrial part 5845181675 1.13E-09
GO:0031226~intrinsic to plasma membrans 1011058452 1.59E-09
GO:0005746~mitochondrial respiratory chain 1369141654 1.73E-00
GO:0044449~contractile fiber part 1. 895734597 1.78E-09
GO:0020017~zarcomers 1737756714 2.02E-00
GO:00444 59-plasma membrans part 1621906266 8.94E-00
GO: 00444 55 ~mitochondrial membrane part 1 045303802 0 24E-00
Molecular Function T erms %o of genes PVale

GO:0019955~cviokine binding 1.632438125 3521E-07
GO:00166 55 ~oxidoreductasze achvitv 1.000226293  1.03E-06
GO:0030246~carbohydrate binding 3 528172722 2 37E-06
GO:0003954-WADH dehvdrogenass activity 0893208004 343E-06
GO:0008137-NADH dehydrogenase (ubiquinone) activity 0895208004 3.43E-06
GO:0030136~NADH dehvdrogenasze (quinons) activitv 0895208004 343E-06
GO:00166 51 ~oxidoreductase activity, acting on NADH or NADPH 1.263823065 9.38E-06
GO:0004896~cvtokine raceptor activity 0947867299 203E-03
GO:00469 83 ~protein dimerization activity 458135861 35 74E-05
GO:0008092~cvtoskeletal protein binding 4.318062138 304E-03
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Table S4-3A: Enriched GO terms for genes up-regulated in Skeletal muscle compared
to 2D cultured myotubes. Terms for Biological processes, Cellular compartments and
Molecular functions are shown with %age of genes belonging to each category along
with respective P values. The analysis was performed using DAVID online software.
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Biulugiml Function Terms %0 of genes PValue

GO:0022610-biological adhesion 8.855047941 3 33E-29
GO:00071 35 ~cell adhesion 8.798646362 9.20E-29
G0:0043062 ~extracellular structure organization 3327693175 1.17E-21
GO:0030199-collagen fibril organization 1.240834743 1.18E-16
GO:00301 98 —~extracellular matrix organization 2199661591 5.03E-15
GO:0000902~cell morphogenesis 4286520023 4.77E-13
GO:0016337~cell-cell adhesion 3.609701072 9.19E-13
GO:003298%~cellular component morphogenesis 4 368327919 9 28E-13
GO:0001501 ~keletal svstem development 3835307389 1.01E-11
GO:00485858~cell projection morphogenesis 31158488438 3 20E-11
G0:0000904 ~cell morphogenesis involved in differentiation 3102086858 1.38E-10
GO:0032990~cell part morphogenesis 3158488438 3.04E-10
G0:0051960~regulation of nervous svstem development 2594472645 6.89E-10
Cdlular Compartment Terms %% of genes PValue

GO:0031012 ~exrracellular marrix 6.398984772 5 20E-37
GO:0005578~protemaceous extracellular matrix 6.260575296 4.03E-36
GO:00444 20 ~exrracellular marrix part 2 9892837 141E-23
GO:00444 21 ~extracellular region part 1020868584 2.68E-21
GO:0003381 ~collagen 1.297236323 B8 A48E-13
00005604 ~hasement membrane 1. 748448957 3.86E-12
GO:00055 76 ~extracellular region 1531043429 4 42E-12
GO:00444 59-plasma membrane part 15 84884377 5.77E-09
GO:0042995 —cell projection 6.091370538 1.27E-07
GO:0030054~cell junction 4737732657 6.02E-07
GO0045202 ~svnapse 35333299492 906E-07
Alolecular Function Terms 29 of genes PValue

G0:0005509~calcinm ion hinding 8403835307 1.03E-14
G0:0005201 ~extracellular marrix structural constituent 1917653694 3 06E-14
00019838 ~growth factor binding 1 46644106 2.00E-06
GO:0043167~ion binding 24 42188381 4.06E-06
GO:00051 78 ~integrin binding 1.015228426 5.66E-06
GO:0004222 ~metalloendopeptid ase activity 1410039481 3. 71E-06
GO:0043169-cation binding 2402707276 6.30E-06
GO:0046872 ~metal ion hinding 23 80146644 7.16E-06
GO:00037 74~motor acuvity 1.692047377 8.51E-06
GO:000377%~acun binding 2932882121 1.84E-03
G0:0032403 ~protein complex binding 20304568353 2.35E-05
GO:0005518~collagen binding 0.73322053 2.69E-03

Table S4-3B: Enriched GO terms for genes down-regulated in Skeletal muscle
compared to 2D cultured myotubes. Terms for Biological processes, Cellular
compartments and Molecular functions are shown with %age of genes belonging to each
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category along with respective P values. The analysis was performed using DAVID
online software.

167



Biulugical function terms 2o of genes PValue

GO:0003012~muscle svstem process 6 263982103 2.03E-31
GO:0006936~muscle contraction 5928411633 1.17E-30
GO:0007517-muscle organ development 6.040268456 4.09E-24
GO-0006941 ~striated muscle contraction 2572706935 1.89E-17
GO:0007155~cell adhesion 5 945545861 8 31E-13
GO0022610-biclogical adhesion 8. 945545861 B.63E-13
GO:006053 7-muscle tissue development 3.243847875 5.81E-12
GO0044057~regulation of svstem process 5.257270694 ©_83E-12
GO:0014706~stnated muscle tissue development 3.131991051 1.01E-11
GO000E016~regulation of heart contraction 2460850112 5.03E-11
GO:0055001 ~muscle cell development 2013422819 S59E-10
GO:0030239—myvofibril assembly 1342281879 6_80E-10
GO:0055002~striated muscle cell development 1901565996 1 44E-09
GO031032~actomyosin strichre orgarization 1454138702 2.12E-09
GO:0042692~muscle cell differentiation 2 684563758 1 34E-08
Cellular compartment terms %o of genes PValue

GO:0043292~contractile fiber 6263982103 2.07TE-3%
GO:0030016~mvofibril 5928411633 3 83E-38
GO0044449—contractile fiber part 5704097987 3.41E-35
GO:003001 7~sarcomere 5257270694 6.82E-34
GO:0031674~1 band 3020134228 9S.06E-20
GO:001562%—-actin cvtoskeleton 6263982103 134E-19
GO:003101 2~extracelular matrix 6.523266219 1.07E-17
GO:0005578~proteinacecus extracellular matrix 6.487695749 2 36E-17
GO:0030018~Z disc 2 348993289 1.33E-14
GO:004442 1 —extracellular region part 11.63310962 6.79E-14
GO-001645%—-mvosin complex 2572706935 3.02E-13
GO:0032982—mvasin filament 1 454138702 B 63E-12
GO001852%-sarcoplasmic reticulm 1901565996 1.79E-11
GO:0018528~sarcoplasm 1901563996 4. 45E-11
GO:0042383~sarcolemma 2 348993289 3S.03E-11
GO:000585%--muscle mvosm complex 1342281879 5.32E-10
GO0 g460-myvoesin [T complex 1.34228187%9 Z2.04E-09
Molecular function terms %o of genes PValue

GO:0008307~structural constituent of muscle 2796420582 1.61E-21
GO-0008092 —cvtoskeletal protein binding 8 165548098 1.30E-17
GO-0003779—actin hinding 5928411633 7.39E-15
GO0005509--calcium ion binding 10.29082774 7.70E-12
GO:0019838—growth factor binding 2572706935 3.01E-09
GO:0005198~structural molecule actvity 6.935123043 5_74E-08
GO:0005261~cation channel activity 3 914988814 2 VTE-O7
GO0 2267--channel actvity 4921700224 9.07TE-07
GO:0022838—substrate specific channel activity 4 8098434 9.18E-07
GO0022803—passive transmembrane ranspotrter actviry 4 921700224 9.67E-07
GO:0005216--1on channel activity 4 697986377 1.04E-06
GO022843~voltage-gated cation channel activity 2572706935 1.55E-06
GO:0005244--voltage-gated 1on channel activity 3.020134228 1.72E-06
GO:0022832~voltage-gated channel actvity 3.020134228 1.72E-06,
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Table S4-4A: Enriched GO terms for genes up-regulated in 2D cultured myotubes
compared to myoblasts. Terms for Biological processes, Cellular compartments and
Molecular functions are shown with %age of genes belonging to each category along
with respective P values. The analysis was performed using DAVID online software.
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Biological process terms

kL

of genes

PValue

GO:0000279-M phase

9. 030837004

1.63E-53

GO:0022403~cell cvele phase 1013215859 3.09E-53
GO:0007049—cell cvele 1417033774 1.09E-32
GO:0022402~cell cvcle process 1101321386 4.12E-44
GO-0000087-M phase of mitotic cell cyele 6754772394 B8 3I8E-44
GO:0000280-nuclear division 6.681350934  1.26E-43
GO:0007067~mitosis 6.681350954 1 26E-43
GO0048285~organelle fission 6.681350934 6. 435E-42
GO:0000278~mitotic cell cvele 8370044053 3 41E-40
GO:0051301—cell division 7121879589 1 40E-36
Cellular compartment terms 2% of genes PValue

GO:00056%94~-chromosome 1027900147 1.15E-49
GO:00444 2 7~chromosomal part 9.251101322 3.09E-48
GO:0000793~condensed chromosome 4 405286344 1 37E-32
GO:0000775~chromosome, centromeric region 4185022026 142E-30
GO:004323 2~intracellular non-membrane-hounded organelle 24 22907489 3 22E-26
GO:0043228~non-membrane-bounded organelle 24 22907489 3.22E-26
GO:0000779~condensed chromosome, centromeric region 2716593245 1.08E-23
GO:0000777~condensed chromosome kinetochore 2 496328528 1.2%9E-22
GO:0000776~kinetochore 2790014684 B 64E-22
Alolecular function terms o of genes PValue

GO:003255%~adenvl nbonuclectde binding 12 48164404 9. 57E-09
GO:0008094-DIN A -dependent ATPase actvity 1 468428781 1.33E-08
GO0005524-ATP hinding 12.26138032 1.8%9E-08
GO:0001882~nucleoside binding 1299559471 5 34E-08
GO00305 54~adenvl nucleotide binding 12.701908%5 8.20E-08
GO:0001883~purine nucleoside binding 1284875184 B.89E-08
GO:0003677-DNA hinding 17.1071953  6.64E-07
GO:0032553~ribonucleotide binding 1395007342 1. .09E-06
GO:003255 5~purine ribormicleotde binding 1395007342 1.09E-06
GO:0000166~nucleotide binding 1622613803 4 57E-06,

Table S4-4B: Enriched GO terms for genes down-regulated in 2D cultured myotubes
compared to myoblasts. Terms for Biological processes, Cellular compartments and
Molecular functions are shown with %age of genes belonging to each category along
with respective P values. The analysis was performed using DAVID online software.
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Gene Description 3h PS up 05h differentiation

SLCTA2 solute carrier familv 7 (cationic amino acid transporter, v— svstem), member 2 2328450642 2.137481112
MYHI3 mvosin, heavy chain 13, skeletal muscle 1.97397823¢8 2644173183
FAMGSC family with sequence similarity 65, member C 3.331013342 3.051521466
PTGS2 prostaglandin-endoperoxide svithase 2 (prostaglandin G/H svithase and cvelooxve  2.22176717 2.951015151
CXCL2 Chemokdine (C-X-C motif) igand 2 5512684907 5067445613
PTHLH Parathvroid hormone-like hormone 1.799682382 2372029144
.11 Interleukin 11 2.792468051 3133896828
BDKERB!  Bradvkinin receptor Bl 2.712777687 2185771912
SLCO4A1  Sohxe carrier organic anion wansporter familv, member 441 3.84117393 3.761933979
PDGFRL  Platelet-derived growth factor receptor-like 1.583593455 1.851711302
CSF3 Colonv stimulating factor 3 (granulocvie) 3.410659841 5.031639087
CCL2 Chemokine (C-C motif) ligand 2 2125136483 2 671566168
PADI2 Peptidvl arginine deiminase, tvpe II 1.439834302 3.521512229
HSD11B1  Hvdroxysteroid (11-beta) dehydrogenase 1 1.73047820% 4286628487
TNFATIPS  Tumor necrosis factor, alpha-induced protein 8 2.538532341 2 944523678
GOs2 GO0/Glswitch 2 1.964905042 2 047837717
CXCL#& Chemolkdne (C-X-C motif) igand 6 (gramilocvie chemotactic protein 2) 419420982 5.218094397
EREG Epiregulin 2.793276793 1.974534511
IL1B Interleukin 1. beta 4.769195706 4 859993511
C3 Complement component 3 1.937700428 2736318121
DEAMI Damage-regulated autophagy modulator 1.81294877% 2.024651147
EDNRB Endothelin receptor tvpe B 3.406211792 6.823623593
IL§ Interleulan 6 (nterferon, beta 2) 2910441617 3778830002
ILIRN Interleukin 1 receptor antagonist 2 977031682 2.810853914
FGF7 Fibroblast growth factor 7 (keratnocvie growth factor) 1501875197 2.371632478
MYHIS Mvosin, heavy chain 15 2170123588 3.053119007
PRSS35 Protease, serine, 35 2259027876 2716687564
MMP3 Marrix metallopeptidase 3 (stromelysin 1, progelatinase) 1.873753184 3.535860852
BMPG Bone morphogenetic protein & 2 538381129 3.26537318
WNR4A2 Nuclear receptor subfamilv 4, group A, member 2 2 567804952 2776175814
STC1 Stanmiocalcin 1 2049768217 2080516736
RCAN1 Regulator of caleineurin 1 1.574135016 3.045071858
.24 Interleukin 24 3.465339337 3.55215553
CXCL3 Chemokine (C-X-C motf) igand 3 4.884179874 5422684782
CXCL5 Chemolkdine (C-X-C motif) igand 3 2.3540701%6 3444303802
CHCL! Chemolkdne (C-X-C motf) igand 1 (melanoma growth stimulating activity, alpha) 4 848795943 4 915784824
BDKERB2  Bradvkinin receptor B2 2 076448304 1.782412063
IL§ Interleukin 8 4 28280788 4. 0794845963
PDETE Phosphodiesterase 7B 1.820773804 2.053418149
SNTG2 Svotrophin, gamma 2 2627048854 2990883083
TMEM217  Transmembrane protein 217 1.901758556 2430629034
PCSK1 Proprotein convertase subrilisinkexin tvpe 1 1.923027999 2 362661379
PDE4B phosphodiesterase 4B, c AMP-specific 1535515291 1.872138117
AKRICI alde-keto reductase family 1, member C1 1.639186131 1.771265386
C2CD4A €2 calcumn-dependent domain containing 44 3.112784614 3.19213768
LINCO0473  long intergenic non-protein coding RNA 473 4.529320167 6.298072296
WAMPTL  nicotinarmide phosphoribosvliransferase-like 2 043305703 1914283881

Table S5-1: List of genes differentially upregulated after 3h of stretch and also after 65 hours of
differentiation without any stretching. The fold change is very similar for both the conditions.
Genes which had higher fold change after 65 hours of differentiation compared to 3h post stretch
have been highlighted in yellow.
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Biological process Terms Count PValue

GO:0009611~response to wounding 22 4.65E-14
GO:0006954~inflammatory response 16 4.16E-11
GO:0042127~regulation of cell proliferation 19 3.02E-08
GO:0042330~taxis 10 8.60E-08
GO:0006935~chemotaxis 10 8.60E-08
GO:0007626~locomotorv behavior 12 9.06E-08
GO:0006955~immune response 17 1.73E-07
GO:0006952~defense response 16 2.37E-07
GO:0007610~behavior 14 4.06E-07
GO:0008284~positive regulation of cell proliferation 13 7.52E-07
GO:00303595~leukocvte chemotaxis 6 9.87E-07
GO:0060326~cell chemotaxis 6 1.29E-06
GO:0002237~response to molecule of bacterial origin 7 4.03E-06
GO:0050900~leukocvte migration 6 8.79E-06
GO:0019221~cvtokine-mediated signaling pathwav 6 2. 42E-03
GO:0007267~cell-cell signaling 13 3.32E-05
GO:0032496~response to lipopolvsaccharide 6 3.84E-05
GO:0033135~regulation of peptidvl-serine phosphorvlation - 4.06E-05
GO:0051384~response to glucocorticoid stimulus 6 4.08E-05
GO:0031960~response to corticosteroid stimulus 6 6.19E-05
GO0:0030593~neutrophil chemotaxis - 8.98E-05,

Table S5-2A: Biological process terms for gene differentially up requlated after 3h of
stretch compared to control.

Biological process Term Count  PValue

GO:0001568~blood vessel development 5 0.0017461
GO:0001944~vasculature development 5 0.00190767
GO:0001525~angiogenesis 4 0.00380625
GO:0044092~negative regulation of molecular function 5 0.00532261
GO:0045763~regulation of angiogenesis 3 0.00799216
GO:0048514~blood vessel morphogenesis 4 0.01013978
GO:0007178~transmembrane receptor protein serine threonine kinase signaling pathway 3 0.02039152
GO:0051789~response to protein stimulus 3 0.02189858
GO:00434035~regulation of MAP kinase activity 3 0.03644919
GO:0045859~regulation of protein kinase activity 4 0.03682286
GO:0043549~regulation of kinase activity 4 0.04012315
GO:0051338~regulation of transferase activity 4 0.0444557
GO:0000165~MAPKKK cascade 3 0.05877736,

Table S5-2B: Biological process terms for gene differentially down regulated after 3h
of stretch compared to control.
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Term Count PValue

GO:0006563~L-serine metabolic process - 3.50E-04
GO:0015804~neutral amino acid transport 5 5.82E-04
GO:0031667~response to nutrient levels 12 0.00133158
GO:0032869~cellular response to insulin stimulus 7 0.0017778
GO:0043434~response to peptide hormone stimulus 10 0.00264518
GO:0032868~response to insulin stimulus 8 0.00287545
GO:00099%1~response to extracellular stimulus 12 0.003165%4
GO:0042060~wound healing 11 0.00347644
GO:0009719~response to endogenous stimulus 17 0.00448708
GO:0007584~response to nutrient 9 0.00515468
GO:0060284~regulation of cell development 11 0.00573151
GO:0043067~regulation of programmed cell death 27 0.00603367
GO:0010941~regulation of cell death 27 0.00630437
GO:0006869~lipid transport 9 0.00634503,

Table S5-3A: Biological process terms for gene differentially up requlated after 40h of
stretch compared to control.

Term Count PValue

GO:0009611~response to wounding 54 3.92E-12
GO:0006954~inflammatory response 35 1.12E-08
GO:0007610~behavior 42 6.09E-08
GO:0007626~locomotory behavior 30 1.07E-07
GO:0006952~defense response 48 3.67E-07
GO:0001501~skeletal svstem development 31 8.42E-07
GO:0006%935~chemotaxis 19 1.23E-05
GO:0042330~taxis 19 1.23E-05
GO:0008284~positive regulation of cell proliferation 33 2.30E-05
GO:0007204~elevation of cvtosolic calcium ion concentration 15 2.86E-05
GO:000971%~response to endogenous stimulus 32 3.73E-05
GO:0016477~cell migration 25 3.87E-05
GO:0048545~response to steroid hormone stimulus 20 4.38E-05
GO:0060326~cell chemotaxis 9 4.98E-05
GO:0043062~extracellular structure organization 18 5.68E-05
GO:0042127~regulation of cell proliferation 50 5.85E-05
GO:0051480~cvtosolic calcium ion homeostasis 15 6.30E-05
GO:0030198~extracellular matrix organization 14 6.65E-05
GO:0007267~cell-cell signaling 41 6.82E-05,

Table S5-3B: Biological process terms for gene differentially down requlated after 40h
of stretch compared to control.
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Term Count PValue

GO:0006936~muscle contraction 43 1.40E-23
GO:0003012~muscle svstem process 44 8.54E-23
GO:0007517~muscle organ development 39 9.40E-13
GO:0006941~striated muscle contraction 19 8.24E-14
GO:0014706~striated muscle tissue development 21 7.40E-08
GO:0060537~muscle tissue development 21 1.71E-07
GO:0007519~skeletal muscle tissue development 15 3.59E-07
GO:0060538~skeletal muscle organ development 15 3.59E-07
GO:0044057~regulation of system process 33 1.47E-06
GO:0030049~muscle filament sliding 6 1.27E-05
GO:0033275~actin-myvosin filament sliding 6 1.27E-05
GO:0070252~actin-mediated cell contraction 6 1.27E-05
GO:0008016~regulation of heart contraction 14 1.36E-05
GO:0030048~actin filament-based movement 8 2.63E-05
GO:0043462~regulation of ATPase activity 7 2.64E-05
GO:0006937~regulation of muscle contraction 13 3.32E-05
GO:0042692~muscle cell differentiation 17 3.50E-05,

Table S5-4A: Biological process terms for gene differentially up requlated after 40h of
stretch compared to 3h post stretch.

Term Count  PValue

GO:0000279~M phase 48 4.14E-14
GO:0000280~nuclear division 38 1.49E-13
GO:0007067~mitosis 38 1.49E-13
GO:0000087~M phase of mitotic cell cycle 38 2.64E-13
GO:0048285~organelle fission 38 5.32E-13
GO0:0022403~cell cvcle phase 51 4.35E-12
GO:0007049~cell cvcle 75 4.38E-12
GO:0000278~mitotic cell cvcle 44 5.07E-10
GO:0022402~cell cycle process 56 1.52E-09
GO:0051301~cell division 37  3.69E-09
GO:0007059~chromosome segregation 17 1.33E-07
GO:0009611~response to wounding 48 4.15E-07
GO:0000070~mitotic sister chromatid segregation 11 1.13E-06
GO:0000819~sister chromatid segregation 11 1.49E-06
GO:0051726~regulation of cell cvcle 34 1.91E-06
GO:0008284~positive regulation of cell proliferation 38  6.17E-06
GO:0000226~microtubule cvtoskeleton organization 20 8.13E-06
GO:0006954~inflammatory response 32  9.73E-06,

Table S5-4B: Biological process terms for gene differentially down requlated after 40h
of stretch compared to 3h post stretch.
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Gene name
CHCL2
CSF3
EDNEB
CXCL3
CXCL1
ILIB
IL§
RBPMS2
CXCLé
SLCO4Al
FAMGSC
1124
C2CD4A
ILIRN
IL6
EREG
IL11
BDKEB!
SLC16A6
SNTG2
SLC3A3
NER4A2
TNFAIPG
BMP6
MTIF
LERN3
CHCL3
RINF144B
SLCTAZ
PR.SS35
CH2:H
PTGS2
S0D2
MYHIS
CCL2
NTNI
BDKEB?
PDPN
GPR133
STC1
CD70
MYHI13

Description logFC
Chemokine (C-X-C motif) igand 2 5.512684907
Colony stimulating factor 3 (granulocvte) 5.410659841
Endothelin receptor tvpe B 5406211792
Chemokine (C-X-C mouf) ligand 3 4834179874
Chemokine (C-X-C motf) igand 1 (melanoma growth stmulating activity, alpha) 4848795943
Interleukin 1, beta 4.762195706
Interleukin 8 4232807838
RNA binding protein with multiple splicing 2 4218398729
Chemokine (C-X-C motf) igand 6 (granulocyte chemotactic protein 2) 419420982
Solute carrier organic anion transporter family, member 4A1 384117393
Family with sequence similarity 65, member C 3.531013342
Interleukin 24 3465339337
Family with sequence sitnilarity 148, member A 3112734614
Interleukin 1 receptor antagonist 2.977031682
Interleukin 6 (interferon, beta 2) 2.910441617
Epiregulin 2.793276793
Interleukin 11 2752468051
Bradvkinin receptor Bl 2712777687
Solute carrier familv 16, member 6 (monocarboxvlic acid wansporter 7) 2.638617028
Syntrophin, gamma 2 2627048854
Mitochondrial ribosomal protein S8 2581017714
Nuclear receptor subfamily 4, group A, member 2 2 567804932
Tumor necrosis factor, alpha-induced protein 6 2338532341
Bone morphogenetic protein § 2538381129
Metallothionein 1F 2522836927
Leucine rich repeat neuronal 3 2 435681283
Chemokine (C-X-C motif) igand 5 2.354070196
Ring finger protein 144B 2352708744
Solute carrier familv 7 (cationic amine acid transporter, v— svstem), member 2 2.3284500642
Protease, serme, 35 2.238027876
Chaolesterol 25-hvdroxvlase 2.239103642
Prostaglandin-endoperoxide svathase 2 (prostaglandin G/H svithase and cvclooxvgenase) 222176717
Superoxide dismutase 2, mitochondrial 2.1720658%2
Myosin, heavy chain 15 2170123588
Chemokine (C-C motf) ligand 2 2.129136483
Netrin 1 2101380052
Bradykinin receptor B2 2076448304
Podoplanin 2.06%010603
G protein-coupled receptor 183 2.057097704
Stanniocalcin 1 2.049768217
CD70 meolecule 2.030848184
Myvosin, heavw chain 13, skeletal muscle 1.979979239

PValue
3.19E-19
1.07E-25
6.43E-05
4.52E-12
2.8%E-23
1.97E-17
9.07E-21
0.000124
1.36E-19
5 45E-09
1.02E-13
3.09E-07
3.18E-08
1.72E-10
3.10E-11
223E-11
7.03E-11
1.15E-09
8.65E-07
9.13E-06
1.57E-10
2 46E-08
7.15E-09
2 95E-08
7.37E-05
9.63E-06
1.15E-06
1.14E-03
5.92E-07
2.79E-08
1.61E-05
1.34E-07
4 38E-08
1.10E-03
4 13E-07
7.835E-06
1 93E-07
6.49E-07
4 37E-05
4 47E-07
7.61E-03
0.00014

Table S5-5: Genes differentially up regulated (>2x fold) after 3h of stretch
compared to control.
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Gene name
GRINZA
ANO1
HRE
RAMP2
FOXS!
CRYM
FAN46C
SLC14Al
KIF17
APOM
HSD17B2
FCRLB
PLAGE
CLDN14
MMEN2
RAB3ISB
TRIB3
PCDHI
CHEM4
IGSF22
AKRIBIO
SUSD4
STEGAL2
LCE3A
RIMS4
ZDHHC22
0AS3
CCDC148
SH2D7
GID4
IL13RA2
ADM2
Clorfl4
ELOVL2
FAND11A
SIGLEC13
SLC47A2
SCNTA
LPAR4
SLN
CPCML
CPNET
SLCO4C
FAN129A
KN4
SPPI
ICAIL
IL17B

Description
Glutamate receptor, ionotropic, N-methvl D-aspartate 24
Anoctamin 1, caleum activated chloride channel
Harakiri, BCL2 nteracting protein (contains onlv BH3 domain)
Receptor (G protemn-coupled) activity modifving protein 2
Forkhead box S1
Crvstallin, mu
Family with sequence similaritv 46, metmber C
Solute carrier familv 14 (urea transporter), member 1 (Kidd blood group)
Kinesin family member 17
Apolipoprotein M
Hydroxvsteroid (17-beta) dehvdrogenase 2
Fc receptor-like B
Phospholipase A2, group III
Claudin 14
Multimerin 2
RAB39B, member RAS oncogene family
Tribbles homolog 3 (Drosophila)
Protocadherin 1
Cholinergic receptor, muscarinic 4
Imnunoglobulin superfamily, member 22
Aldo-keto reductase familv 1, member B10 (aldose reductase)
Sushi domain containing 4
ST6 beta-galactosamide alpha-2,6-sialviranferase 2
Late cornified envelope 34
Regulating svnaptic membrane exocviosis 4
Zinc finger, DHHC-tvpe containing 22
2V-3""-oligoadenvlate svathetase 3, 100kDa
Cotled-coil domain contaning 148
SH2 domain containing 7
Gap qunction protein, delta 4, 40.1kDa
Interlewkin 13 receptor, alpha 2
Adrenomedullin 2
Chromosome 3 open reading frame 14
Elongation of verv long chain farty acids (FEN1/Elo2, SUR4/Elo3, veast)-like 2
Chromosome 17 open reading frame 76
Sialic acid binding Ig-like lectin 15
Solute carrier familv 47, member 2
Sodium channel, voltage-gated, type VIL alpha
Lysophosphatidic acid receptor 4
Sarcolipin
Opioid binding protein/cell adhesion molecule-like
Copine VII
Sohrte carrier organic anion transporter family, member 4C1
Family with sequence similarity 129, member A

Potassium intermediate/small conductance calcm-activated channel subfamily N, member 4

Secreted phosphoprotein 1
Islet cell autoantigen 1,68kDa-like
Interleukin 17B

logfC
4.543056
4.503801
4.26102
3.886529
3.870176
3.680122
3.62994%
3.45698%
3.107831
3.072581
3.03926%
2.95%9371
2872284
2.814028
2.806173
277584
2.763747
274487
2.660895
2631733
2583304
2575234
2.56925
2.514626
2478178
247629
2.4689%4
2441424
2.43952%
2415563
2.405915
2.383414
2.351017
2313104
2.3115%01
2.303024
2.26658
2.262267
2248113
2.243661
2.216203
2178742
2170337
2.146806
2.145676
213923
2.125382

2.120046

PValue
6.39E-09
1.38E-07
2.15E-06
4.38E-05
8.77E-10
2 35E-06
0.000282
7.70E-12
0.000107
0.000107
0.000142
0.000189
4 49E-05
287E-13
0.000201
0.000257
3.89E-23
1.02E-19
0.0018%96
1.64E-09
211E-14
342E-10
4.22E-06
0.001482
0.001202
0.00244
2.30E-07
0.00244
0.00244
4 81E-15
0.003129
1.83E-15
2 50E-06
0.001252
0.001252
8 30E-05
0.000103
0.000103
0.002003
7.61E-10
0.002531
9 37E-06
0.000242
3.75E-16
1.67E-07
382E-14
0.000141
1.30E-07

Table S5-6: Genes differentially up regulated (>2x fold) after 40h of stretch
compared to control.
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