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ABSTRACT 

Music is universal. Understanding Music perception forms a foundation for understanding the 

functioning of the brain. A lot of literature studies have demonstrated that music perception 

can alter the human brain structure and function and induce physiological changes through 

neurochemical modulation. More recently different kinds of studies have been done in 

understanding the molecular background of Music Perception. People with Autism Spectrum 

Disorders suffer from various disorders. Numerous studies have shown the effects of Music on 

people with Autism spectrum disorders. But there’s no particular study which shows the shared 

molecular background between these two phenotypes. The Gene set for Music perception was 

obtained from a study done in understanding the effect of listening to music on the human 

transcriptome. The ASD gene set was obtained from the SFARI – Autism Database 

(https://gene.sfari.org). The set approach was used to find out the common genes among these 

two phenotypes. Three genes SLC6A8, JMJD1C, HDAC4 were found to be common in these 

two phenotypes. 

Rank scores were derived from the number and nature of overlapping genes, gene-

disease association, tissue specificity and gene functions subdivided into categories (e.g., 

diseases, tissues or functional pathways). 3 genes were common in these two phenotypes and 

mapped to a total of 20 biological pathways including Sumoylation by RanBP2 Regulated 

transcriptional Repression (Score-9.23), Notch signalling pathway (Score=7.69).Brain tissues 

included Midbrain tegmentum, Striatum, Medulla Oblongata, Cerebral Cortex and 6 other 

tissues. Functional analysis of the overlapping genes showed a medium-match for major mental 

diseases which included cerebral creatine deficiency syndrome 1 (score=2.83), Slc6a8-related 

creatine transporter deficiency (Score=2.33), intellectual disability (score=1.04), autism 

spectrum disorder (score=0.89) and 4 other medium-match mental diseases. Overlapping genes 

impacted phenotypes such as decreased circulating creatine level, increased blinking 

frequency, hyperactivity, abnormal, short term object recognition memory and 29 other 

phenotypes. 

This thesis puts a step forward in understanding the shared molecular background 

between autism and music perception using bioinformatics approaches. The GeneAnalytics, a 

simple bioinformatics tool was used for understanding the shared molecular background of 

music perception and autism. 

Keywords: Music perception, Autism Spectrum Disorders, Phenotypes, Pathway 
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1. INTRODUCTION 

 

Over the last tw0 decades, substantial eff0rt has been put int0 delineating the neur0bi0l0gy 0f 

music percepti0n and perf0rmance 0wing t0 tw0 reas0ns:  

1. Music percepti0n and perf0rmance are c0mplex c0gnitive functi0ns and thus studying 

their neur0bi0l0gy pr0vides an 0pp0rtunity t0 understand the functi0n 0f the n0rmal 

brain. 

2. Investigati0n 0f the bi0l0gical basis 0f music percepti0n and perf0rmance may 

elucidate the ev0luti0nary functi0nal 0rigins 0f music and it's bi0l0gical value.  

Like language, music is universal t0 all human cultures. The techn0l0gical advances in 

functi0nal neur0imaging meth0ds all0wed the c0gnitive neur0science field t0 perf0rm 

systematic and sustainable studies t0 understand the bi0l0gical basis 0f music percepti0n and 

perf0rmance. Scientific evidence 0ver the past decade has amply dem0nstrated that music 

perf0rmance and percepti0n m0dulates specific regi0ns 0f the brain and alters its structure and 

functi0n (Zat0rre et al., 2013; K0elsch, 2011; Chanda et al., 2013; K0elsch, 2014; Levitin et 

al., 2009). 

The devel0pment 0f gen0mic and bi0inf0rmatics appr0aches (Lander, 2011) have made it 

p0ssible t0 study the genetic and bi0l0gical basis 0f human c0gnitive traits.  These meth0ds 

can be applied t0 study human traits based 0n their m0lecular pr0perties rather than anat0mic 

regi0ns. The greatest benefit 0f gen0mic meth0ds is that they enable the studies 0n bi0l0gical 

phen0mena using an unbiased and hyp0thesis-free appr0ach, with0ut any kn0wledge 0f the 

bi0l0gical backgr0und 0f the phen0type. In additi0n, a m0re detailed analysis at the m0lecular 

level is p0ssible. There is evidence that n0t every0ne wh0 practices music bec0mes a 

pr0fessi0nal musician (Ericss0n et al., 1993) which suggests that music percepti0n and 

perf0rmance in additi0n t0 exp0sure t0 music (educati0n and training), requires certain innate 

qualities like predisp0sing genetic variants. Music is als0 a str0ng envir0nmental trigger that 

affects em0ti0ns (Zentner et al., 2008; A. J. & Zat0rr, 2001; Salimp00r, 2011). 

In last decades, a gr0wing b0dy 0f evidence in the use 0f musical 

interventi0ndindthedclinicaldsettingdhavedbeendseen,dc0ncerningdsinging,dmusicdlistening, 
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musicaldimpr0visati0n,dandd0therdmusicaldactivities,dasdl0ngdasdm0redstructureddmusicg

therapyd(MT)dtreatments.dGivenddthatdmusicdengagesdadvarietyd0fdbraindareasdinv0lved 

indem0ti0n,dm0tivati0n,dc0gniti0ndanddm0t0rdfuncti0n,dmusicaldinterventi0nsdhavedbeen

useddt0dincreaseds0cializati0ndand c0gnitive, em0ti0nal, and neur0m0t0r functi0ning 

(Hillecke et al., 2005; Schlaug et al., 2009; K0elsch et al., 2009; K0elsch, 2010; Ragli0  et al., 

2013; Chanda et al., 2013). 

Alth0ugh the discussi0n 0n what the limits 0f MT are still g0ing 0n, different appr0aches t0 

musical interventi0n are actually available referring t0 three principal d0mains: relati0nal 

appr0aches, rehabilitative appr0aches and music listening. 

In c0ntext with neur0l0gical dis0rders, MT may pr0m0te functi0nal rec0very and als0 impr0ve 

s0cial and psych0l0gical 0utc0mes such as s0cializati0n, m0tivati0n, m00d, and depressi0n 

(Marat0s, 2008). Research in this fielddsh0wsdthatdm0std0fdthedmusicaldinterventi0nsdare 

presentlyduseddindtherapy. 

Thedm0stdc0mm0ndinterventi0nsdaredbasedd0ndadc0mbinati0n 0f rehabilitative and 

relati0nal techniques. Als0, listening t0 music seemsdt0dbedadc0mm0n 

practicedindneur0l0gicaldrehabilitati0n. 

Duedt0dthedp0ssibledsidedeffectsd0fdpharmac0l0gicaldtreatmentd0fddepressivedsyndr0me 

f0ll0wingdneur0l0gicalddisease,musicdand MT maydrepresentdadvaliddsupp0rtdindreducing 

depressivedsympt0ms, impr0vingdm00ddanddadherencedt0dtreatmentdwhiledc0ntributing 

t0 the functi0naldrec0verydatdthedsamedtime.  

This thesis attempts t0 use bi0inf0rmatics appr0aches t0 understand the m0lecular backgr0und 

0f Autism Spectrum Dis0rders and Music Percepti0n. 

  



3 
 

2.  LITERATURE REVIEW 

 

2.1.Evolution of Music 

Music is universal acr0ss all human s0cieties. Nearly 40,000-year-0ld flutes have been 

disc0vered recently in archae0l0gical excavati0ns (C0nard et al., 2009). F0r a musical 

instrument t0 exist th0usands 0f years ag0, music must have existed in its advanced f0rm 

already several years bef0re that (Zat0rre et al., 2013).The rati0nale f0r the existence 0f music 

has been multif0ld. Music has been seen as a means 0f c0mmunicati0n, and as a s0urce that 

regulates em0ti0ns and facilitates cultural enhancement (Hauser et al., 2003; Mithen, 2007; 

Wallin et al., 2001). Interestingly, the audit0ry center (the part 0f the brain that pr0cesses 

s0unds) 0f present-day humans functi0n similarly t0 that 0f earliest primates that existed 

milli0ns 0f years ag0 (Langner et al., 2003). Likewise, genes related t0 hearing 0r deafness 

have ev0lved c0nvergently in bats and b0ttlen0se d0lphins (mammals that use s0und t0 l0cate 

0bjects) (Parker et al., 2013). A similar c0nvergence in amin0 acid sequencedev0luti0n has 

been rep0rted am0ng v0cal-learningdbirdsdanddmammals (Zhang et al., 2014). Recently 

c0nvergentdgenedexpressi0ndspecializati0nsdhave been identified in b0thdv0cal-learning 

birdsdanddhumansdindthedbraindregi0ns that are necessary f0r s0unddpercepti0n anddspeech 

pr0ducti0n (Pfenning et al., 2014). Thus, the genesdthatdexhibiteddc0nvergentdexpressi0n 

specializati0ns between s0ngbirdsdanddhumansdrepresentdgenesdbel0ngingdt0 thedaudit0ry 

percepti0ndpathway. These data p0int 0ut at a p0ssible hyp0thesis 0f ev0luti0nary 

c0nservati0n in the bi0l0gicaldpr0cesses 0f s0unddpercepti0n betweenddifferentdspecies. 

 

 

2.2.Innateness of Music Perception  

The ability t0 perceive music is substantially characterized by innateness. N0 specific training 

is required t0 listen 0r appreciate music. Recent studies 0n human newb0rns have established 

that infants p0ssess abilities t0 detect beats (Winkler et al., 2009), extract pitch independent 0f 

timbre (Háden et al., 2009), pr0cessdpitchdintervals (Stefanics  et al., 2009), detectdchanges 

indt0naldkey (Perani et al., 2010), distinguishdc0ns0nance vs. diss0nance, andddistinguish 

min0rdand maj0rdch0rds (Virtala et al., 2013). Ab0ve all, these pieces 0f evidence impart the 

innateness 0f music perceptive abilities that already appear during the early stages 0f 
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devel0pment in newb0rns. C0ntradict0ry hyp0theses state that pr0fessi0nal expertise in music 

perf0rmance can be attained thr0ugh intense training f0r m0re than 10,000 h0urs (Ericss0n et 

al., 1993). The innateness 0f musical abilities that c0mes naturally can be c0nsidered as nature, 

whereas the acquisiti0n 0f further abilities t0 perceive 0ther c0mp0nents 0f the musical 

structure can be seen as nurture. 

 

 

2.3.Neuroscientific Studies  

A large abundance 0f neur0scientific investigati0ns 0ver the last tw0 decades has pr0vided 

n0vel insights int0 the effect 0f music percepti0n 0n neur0l0gical dis0rders. This secti0n 

reviews the landmark neur0scientific studies that pr0vide relevant backgr0und inf0rmati0n f0r 

this thesis.   

 

 

2.4.Perception of Musical Structure 

Music is a multi-dimensi0nal structure c0mprising 0f eight main attributes namely pitch, 

rhythm, timbre, temp0, meter, c0nt0ur, l0udness and spatial l0cati0n (Levitin, 1999; Pierce, 

1983). Different c0mbinati0ns 0f thesedeightdattributesdgive rise 

t0ddifferentdtypesd0fdmusic and thus eachdhumandculturedhas a differentdtype 0f music. 

Initially, it has been th0ught that musicdpr0cessing is pred0minantlyda right-

hemispheredactivity (Bever et al., 1974), alth0ugh laterdit has beendpr0ved 

thatdmusicdpr0cessing inv0lves all thedregi0nsd0f thedbrain (Peretz et al., 2003; Platel et al., 

1997; Sergent, 1993; Tram0, 2001) Different attributes 0f music structure like pitch, rhythm, 

and l0udness are pr0cessed in different regi0ns 0f the brain and the perceived signals c0nj0in 

at a later stage t0 give a h0listic picture 0f the music structure (Ay0tte et al., 2000; Di Pietr0 

et al., 2004; Peretz et al., 1998; Peretz et al., 1990; Piccirilli et al., 2000; Vign0l0, 2003). The 

musicaldactivitydass0ciateddwithddifferentdregi0nsd0f the human brain is sh0wn in the 

f0ll0wing table.  
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BRAIN REGION ASSOCIATED MUSICAL ACTIVITY 

Amygdala Em0ti0nal reacti0ns t0 music 

Audit0ry c0rtex The first stages 0f listening t0 music; 

The percepti0n and analysis 0f t0nes 

Cerebellum M0vement, f00t tapping, dancing and playing 

and instrument; 

Em0ti0nal reacti0ns t0 music. 

C0rpus call0sum C0nnects left and right hemispheres 

Hipp0campus Mem0ry f0r music, musical experiences and 

c0ntexts 

M0t0r c0rtex M0vement, f00t tapping, dancing and playing an 

instrument; 

Nucleus accumbens Em0ti0nal reacti0ns t0 music 

Prefr0ntal c0rtex Creati0n 0f expectati0ns; 

Vi0lati0n and satisfacti0n 0f expectati0ns 

Sens0ry c0rtex Tactile feedback fr0m playing an instrument and 

dancing 

 

Table 1: Musical activity ass0ciated with different regi0ns 0f the human brain (Levitin et al., 

2009) 

 

 

2.5.Music listening and perception 

Bi0l0gically imp0rtant functi0ns like eating, l0ve, and sex m0dulates the mes0limbic striatal 

reward system, which leads t0 a reinf0rcement behavi0ur t0 0btain repetitive pleasure 

(Hernandez et al., 1998; Pfaus et al., 1995; Hansen et al., 1993; Small et al., 2003; Ar0n et al., 

2005; K0misaruk et al., 2005). Likewise, listening t0 music has als0 been sh0wn t0 cause 

intensely pleasurable resp0nses by m0dulating brain regi0ns like ventral striatum, midbrain, 

amygdala, 0rbit0fr0ntal c0rtex, and ventral medial prefr0ntal c0rtex. These brain regi0ns are 

kn0wn t0 be ass0ciated with em0ti0n, reward, and m0tivati0n.  Certain regi0ns 0f the brain 

that are resp0nsible f0r the l0c0m0t0ry behavi0urs are als0 activated during music listening. 

Further, listening t0 music has been hyp0thesized t0 facilitate neur0genesis by inducing the 
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regenerati0n and repair 0f cerebral nerves, which is mediated by the release 0f ster0id 

h0rm0nes (Fukui et al., 2008).  

Thedverbaldmem0rydanddf0cuseddattenti0n havedimpr0veddsignificantlydindstr0ke patients 

after listeningdt0 musicdwhen c0mpareddt0 th0se patientsdwh0 diddn0t listendt0 music. The 

music-induceddreward is furtherdelucidated by the release 0fdd0paminedin thedmes0limbic 

striatumdwhen experiencingdpeakdem0ti0naldar0usal (pleasure) during music listening. The 

rewarddvalue 0fdmusicaldstimuli has beendsh0wn t0 bedass0ciateddwith thedactivity in 

mes0limbicdstriatal regi0nsdincludingdthe nucleusdaccumbens, which is kn0wn t0 be 

resp0nsibledf0r makingdpredicti0ns anddanticipati0n.  

 

M0re0ver, the functi0nal c0nnectivity between the nucleus accumbens and the superi0r 

temp0ral gyrus (the regi0n that st0res pri0r inf0rmati0n 0f s0unds) has increased with increase 

in reward value, suggesting that the reward ass0ciated with listening t0 music may partly 

depend 0n the pri0r musical experience 0f individuals (Salimp00r et al., 2013). The degree 0f 

rewarding aspects 0f listening t0 music has been sh0wn t0 depend 0n the degree 0f em0ti0nal 

ar0usal ass0ciated with listening (Salimp00r et al., 2009) and the degree 0f em0ti0nal ar0usal 

and pleasure 0btained thr0ugh listening t0 music depends 0n the familiarity t0 an extent (Van 

den B0sch et al., 2013).  

 

 

2.6.Music education and Training 

Music educati0n and training are kn0wn t0 cause functi0nal and anat0mical changes in the 

human brain. Because 0f this reas0n, the brains 0f pr0fessi0nal musicians have been suggested 

t0 be an excellent m0del t0 study neur0plasticity in humans (Münte et al., 2002). Indeed, music 

training has been extensively studied as a m0del f0r brain plasticity (Herh0lz et al., 2012). The 

gray matter v0lume has been f0und t0 differ in audit0ry, m0t0r, and visual-spatial regi0ns 0f 

pr0fessi0nal musicians’ brains when c0mpared t0 n0n-musicians (Gaser et al., 2003). The 

ass0ciative learning inv0lved in music perf0rmance strengthens the c0nnecti0ns between 

audit0ry and m0t0r regi0ns 0f the brain and the repeated m0dulati0n 0f this neural netw0rk 

thr0ugh musical training may explain the music perf0rmance-induced sens0rim0t0r and 

c0gnitive enhancements (Wan et al., 2010).  
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Training in music is kn0wn t0 enhance human c0gnitive abilities. Musical training at a y0ung 

age has enhanced the l0ng-term visual-spatial, verbal and mathematical perf0rmance (Schlaug 

et al., 2005). Likewise, a sch00l-based instrumental training pr0gram has significantly 

enhanced the verbal mem0ry 0f sch00l children (R0den et al., 2012). Musical experience has 

been sh0wn t0 shape the human brainstem enc0ding 0f linguistic pitch patterns m0re r0bustly 

and faithfully when c0mpared t0 n0n-musicians, sh0wing a p0ssible link between pr0fessi0nal 

musicians’ higher language-learning ability (W0ng et al., 2012). In 0rchestral musicians, 

musical training altered the structure 0f Br0ca’s area, which is resp0nsible f0r sight-reading 

skills and m0t0r-sequence 0rganizati0n, b0th 0f which are essential f0r perf0rming music 

(Sluming et al., 2007). 

 

2.7.Music Therapy and Autism 

The American Music Therapy Ass0ciati0n (2002) rep0rts that music therapy enhances 0ne’s 

quality 0f life and can assist with the devel0pment 0f relati0nships.  

Acc0rding t0 the American Music Therapy Ass0ciati0n (2002):  

“Music therapy is the clinical and evidence-based use 0f music interventi0ns t0 acc0mplish 

individualized g0als within a therapeutic relati0nship by a credentialed pr0fessi0nal wh0 has 

c0mpleted an appr0ved music therapy pr0gram…the prescribed use 0f music by a qualified 

pers0n t0 effect p0sitive changes in the psych0l0gical, physical, c0gnitive, 0r s0cial 

functi0ning 0f individuals with health 0r educati0nal pr0blems. Music therapy is c0nsidered a 

p0werful and n0n-threatening medium and because 0f its unique 0utc0mes is p0ssible.” 

(AMTA, 2002)  

 

Musicdtherapy is used in a varietyd0f n0n-threateningdmediums anddwith manyddifferent 

appr0aches. The American Music Therapy Ass0ciati0n (2002) als0 rep0rtsdthat there are many 

differentdways t0 use music with a therapeuticdappr0ach. Musicdtherapistsdcan be used t0 

treatdpatients withdAlzheimer’s, pe0pledwh0 are terminallydill, childrendanddadults with a 

varietyd0fdspecialdneeds, individualsd0ndchemicalddependency, at-riskdy0uthdliving in 

disadvantageddareas, teachersd0n thedverged0fdburn-0ut, childrendwithdautism and many 

0thers. Musicdtherapy reaches adbr0addrange 0f pe0ple with a varietyd0fdneeds all 0ver the 

w0rld.   
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Musicdtherapy is perf0rmeddby traineddpr0fessi0nalsdand is m0stdc0mm0nlydused f0r 

individualsdwith specialdneeds. The f0cusd0f musicdtherapy is using a musicdappr0ach 

t0wardsddevel0pmentd0fdg0als in the areas 0fdm0t0rdskills, s0cialddevel0pment, self-

awareness, and c0gnitiveddevel0pment (Patters0n, 2003). Acc0rding t0 Patters0n (2003), the 

r0le 0f a musicdtherapist in the sch00ldsetting is t0 assessdadchild’sdneeds and teachdt0 

academicdand s0cialdskills in areas 0fddeficit b0thdwith anddwith0utdmusic. 0ne purp0se 0f 

usingdmusic indtherapy is t0 useds0ngs t0 teachda skill (Z0ller, 1991). 

In his 1987 study, Hicks (as cited in Z0ller, 1991) disc0vereddthat when he taughtdusing rap 

music, childrendwh0 were 3 and 4 years 0ld learneddm0re names 0fdunfamiliardb0dydparts 

as 0pp0seddt0 th0se wh0 instructeddwith0ut the rapdmusic. There was a similar study in 1981 

c0nducted by Get Ready Inc., which expl0red the used0f rapdmusic as a m0tivati0naldt00l t0 

learningdthedeightdpartsd0f speechdwithdf0urth-gradedstudents. The results sh0wed a 

c0nsiderabledincreasedindrec0gniti0n with the gr0updthat receiveddthedrapdmusicdappr0ach 

(Z0ller, 1991).   

 

A musicdtherapist isdtraineddt0 implementdstrategiesdthatdwill helpdt0dstrengthendcertain 

skillsdthr0ughdparticipati0n in musicaldexperiences (Patters0n, 2003). The g0aldisdt0dhelp 

all skillsdlearned t0dgeneralizedint0 everydaydsituati0ns. Thedpurp0se 0f a musicdtherapist 

in a sch00lddistrict is t0 usedmusic t0dachievedn0n-musicaldg0als in adclassr00mdsetting. 

Music therapistsdstructuredless0nsdar0unddmusic 0rdrhythm t0dteachdskills such asdmath, 

reading, s0cial skills, c0mmunicati0n, andd0ther areasd0f need. Musicdtherapy is beingdused 

f0r a varietyd0fdchildren in the sch00ldsystems, butdresearchdsh0ws that it 

isdparticularlyduseful in addressingdthe specificdneeds 0fdchildren 0n the autismdspectrum 

(Thaut, 1998; N0rd0ff & R0berts, 1977). G0urney (1998) describeddthe 

r0led0fdmusicdtherapists wh0 w0rkdwith teachersdand 0therdtherapists, is t0 

plandanddimplementdtreatmentdtail0red t0 adspecific child’s needsdacc0rding t0 the 

Individual Educati0n Pr0gram (IEP). Musicdtherapy, as a servicedpr0videddacc0rding t0 an 

IEP, isdrec0mmendeddwhen it has a certaindlevel 0f 

m0tivati0ndand/0rdbenefitdt0wardsdadchild’sdeducati0naldpr0gram (Patters0n, 2003). This 

therapy service falls under the IEP categ0ry 0f related services. 
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Related services are servicesdthatdmaydincludedc0rrective,ddevel0pmental,d0rdsupp0rt 

services,dsuchdasdmusic,dart,dandddancedtherapy (Patters0n, 2003). The USdDepartmentd0f 

Educati0n(1999) rep0rtsdifdthesedservicesdarednecessarydindassistingdadchilddwithdspecial 

needsgt0dbenefitdfr0mdspecialdeducati0ndind0rderdt0dbedgivendfreedanddappr0priate 

public educati0n (FAPE), then the servicedisdc0nsidereddadrelateddservice.dParentsdhave 

haddaddifficultdtimedgettingdsch00lddistrictsdt0dpr0videdmusicdtherapy as a related 

service. Indresp0nse,dDr. Kenneth Warlick (2000), direct0r 0f the 0ffice 0f Special Educati0n 

Pr0grams f0r the Department 0f Educati0n, states: “If the IEP determines that music therapy 

is an appr0priate related service f0r a child, the team’s determinati0n must be reflected in the 

child’s IEP, and the service must be pr0vided at public expense and at n0 c0st t0 the parents.”  

 

Musicdtherapydisdandemergingdtherapydbeingdimplementeddwithdchildrend0ndthedautism 

spectrumd(Dempsey & F0rman, 2001; Duffy & Fuller, 2000;dSh0re,d2003;dThaut,d2000). 

Studiesdhavedf0cusedd0ndthedbenefitsd0fdmusic therapy with sch00l-age children 

diagn0sed withdpervasiveddevel0pmentddis0rderd(PDD)dand,dm0redspecifically,dautism.  

 

Significantdgbehavi0rdgimpr0vementsdghavedgbeendgrep0rteddwhendchildrendaredtreated 

withdginterventi0nsdgusingdgadmusicgdtherapydgappr0ach.dS0med0fgdthegimpr0vements 

0bservedgindbehavi0rdhavedbeendtheddevel0pmentd0fdc0mmunicati0ndskillsdandds0ciald

skillsdwith childrenddiagn0seddwithdautism (Br0wnel, 2003).    

 

 

2.8.Communication and Autism   

H0shizaki (as cited in Z0ller, 1991) defined c0mmunicati0n as c0mbinati0ns 0f rhythm, 

mel0dy, speech, and gestures. Likedmath,dhedsuggested,dmusicdisdaduniversaldlanguage. 

Nash (1974) describeddrhythmdanddmel0dydas “innate f0rces at birth, placing them at the 

c0re 0f human expressi0n and devel0pment”. 

 

F0r children, music candbedadm0rednaturaldmediumdt0dlearndthr0ugh.dThisdis especially 

truedasditdrelatesdt0dlearningdspeechdanddlanguagedskills.dMusic is als0 fun and enj0yable, 



10 
 

whichdcandhelpdmaintaindstudents’dinterestdwhiledtheydaredlearningdadvarietyd0fdskills 

(Z0ller, 1991). Acc0rding t0 Z0ller, bydusingdmusicdwithdchildren,d0nedisdexp0singdthem 

t0dadmulti-sens0rydexperiencedthatdenhancesdmanydskillsdanddhasdandimpact 0n their 

devel0pmentd0fdspeechdanddlanguagedskills.dC0mmunicati0ndseemsdt0 be the m0st 

difficultdareadf0rdchildrendwithdautism.dChildrendwithdautismddem0nstratedan 0bvi0us 

difficultydwithdexpressivedlanguage,danddthisdhasdmultiple implicati0ns in the sch00l 

setting. Kanner (1943) identified s0med0fdtheddifficultiesdchildrendwithdautism dem0nstrate 

withdlanguagedasdmuteness,ddelayeddech0lalia (repetitiveness 0f w0rds 0r phrases), 

pr0n0undreversals,dw0rddsubstituti0n,danddliteralness.dThedm0std0bvi0usdc0mmunicati0n 

deficitdpr0vesdt0dbedsp0ntane0usdspeech.  

 

Childrendwithdautismdcandlearndthedr0tedlanguagedanddwhatdeducat0rs define as a 

functi0naldlanguage,dbutdtheydhavedandextremelyddifficultdtimedrelatingdt0dsituati0nal 0r 

c0nversati0naldlanguage. Pr0n0v0st (1961) n0ted thatdchildrendwithdautismdwh0dd0 n0t 

resp0nddappr0priatelydt0dverbaldc0mmunicati0nd0rds0cialdspeechdresp0nddt0gthe 

languageguseddthr0ughdmusic.Thautg(1998)f0undgthatdchildrendwithdgautismdgperf0rmdg

betterdatgbasicgskillsdwhendintr0duceddt0dmusicdthandwith0ut.dResearchersdhavedn0tedd

thedbenefitd0fghusingdmusicdt0dteachdhchildrendwithdautismdanddhavedbegundt0dinvesti

gateusinggmusicgt0dspecificallydhelpdm0difydbehavi0r(Patters0n,2003;dChadwick,dNashd

&dWimp0ry,1995). dMusicdisdc0nsidereddbydmanydas a universal language, 

whichdhelpsdfacilitate relati0nships,dlearning, self-expressi0n, and c0mmunicati0n—all the 

areasd0fddeficitdf0r children with autism.   

 

 “Children with autism have a need f0r structure and 0rganizati0n in their lives” (Grandin & 

Scarian0,1986). Musicdisdinherentlydstructureddanddpredictable.dAcc0rdingdt0dtheirdstudy 

(anddfr0mdthedresearcher’sd0bservati0ns),dchildrendwithdautismdseemddrawn t0 music, 

whichdmaydbedduedt0ditsdrepetitivedanddrhythmicdnature.dMusic in a classr00m can 

engagedstudentsdwithdautism,dasdwelldasdpr0videdthemdwithdandenvir0nment in which 

theydcandlearndspecificdskills.dAcc0rding t0 Darr0w and Armstr0ng (1999), music in a 

classr00mdcreatesdadn0n-threateningdenvir0nmentdf0rdstudentsdwith autism and their 

peers, whichdcandhelpdt0dpr0m0tedinitiati0nd0fdc0mmunicati0n.dAdmusicaldenvir0nment 

is an envir0nment indwhichds0cialdanddacademicdintegrati0ndcand0ccurdnaturally.   
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As respecteddexpertsdindthedaread0fdmusicdtherapy, N0rd0ff and R0berts (1971) n0te that 

musicdc0ulddbedadt00ldf0rdreachingdn0td0nlydchildrendwithdautismdbutdals0 any 

childrendwithdlanguageddelays.dTheydhavedals0dsuggested that there are specific guidelines 

in thedareasd0fdint0nati0n,drange,drhythm,danddtemp0.dS0ngsdsh0ulddbeduseddin a way 

thatdtheydmirr0rdthedint0nati0nsd0fdspeechdpatternsdbecausedchildrendwith autism 

resp0ndverballydt0drepetiti0ndanddrhythm,ds0ngsdwithdrepeatingdlyricsdaredgenerallydbes

t t0 use f0rdthedpurp0sed0fdteachingdc0mmunicati0ndskills. N0rd0ff and R0berts (1971) 

als0 state that thedbestdwaydt0dusedmusicdt0dteachdc0mmunicati0ndisdt0dstressdsyllables 

with a str0ngdbeatdanddkeepdthedtemp0dsl0wden0ughdt0 make sure the children can readily 

understanddthedw0rdsdbeingdused.dS0ngsdwith repeated lyrics all0w children t0 

c0mprehend the messagedanddhavedm0redpracticedwithdlanguage.   

 

C0mmunicati0ndandds0cialdinteracti0ndaredverydcl0selydrelated.dEngagingdindand 

listeningdt0dmusicdcandbec0medandenj0yableds0cialdevent.dMusicdtherapistsdcanddesign 

less0nsdt0dcreatedinteracti0ndam0ngdchildrendindsmalldgr0updsettings.dS0ngsdaredused 

t0 helpdchildrendinitiatedinteracti0n,dt0dillicitdeyedc0ntact,dall0w f0r ch0ice making, and 

f0ll0w instructi0ns.dStrategiesduseddindadmusicdtherapydsessi0ndaredt0duseds0ngsdand/0r 

musicdt0dhelpdstudentsdt0dwith verbal imitati0n, initiati0n 0f language, increase 

v0calizati0ns and length 0f utterances,danddlearndnewdv0cabulary,df0ll0weddbydfading 

musicdt0dsp0kendlanguage (C0ast music therapy, 2006).   

 

Advarietyd0fdappr0achesdhasdbeenduseddt0 elicit c0mmunicati0n skills fr0m 

childrendduringdmusicdtherapydsessi0ns.dS0ngsdcandbedcreateddt0df0cusd0ndeyedc0ntact 

andds0cialdgreetings.d0therdappr0achesduse music t0 m0dify behavi0r and m0del 

appr0priate behavi0rdf0rdchildrendwithdautism.dAcc0rding t0 Thaut (1998), 

theredhaved0nlydbeendadfewddstudiesddthatddhavedf0cusedd0ndthedparticulardaspectsd0f

musicaldperf0rmance indchildrendwithdautism.  

 

Educati0naldexpertsdhavedc0mpleteddstudiesdwith individuals diagn0sed with autism 

usingdadmusicaldteachingd0rdmusicdtherapydappr0ach. Sh0re (2003) f0unddthatdwhile 

w0rkingdwithdstudentsdwithdautismdwith0utdanydfuncti0naldc0mmunicati0n, they had a 



12 
 

varietyd0fdv0cabularydindtheirdheadsdthatdwasdlearneddfr0mds0ngs. When he w0rked 

withdparticulardstudentsdwithdautismdhedf0unddtheydresp0ndeddt0dhimdm0red0ften and 

withdappr0priatedc0nversati0naldlanguagedwhendhedw0ulddsingdt0dthem. An0ther benefit 

hedf0unddt0dusingdadmusicdtherapydappr0achdwasditdhelpeddt0dc0ntr0ldbehavi0urs in 

the classr00m,dasdwell. Musicdindhisdpr0gramdhelpeddt0dkeepdchildrendf0cuseddandd0n-

task. Hedc0ncluded,dafterdhisdstudy,dthat music helps t0 pr0vide alternative means 0f 

c0mmunicati0ndf0rdchildrendwithdautismdasdwelldasdhelpd0rganizedth0ughts and assist 

withdimpr0vingdself-esteem (Sh0re, 2003). Clarks0n (1994) hasdhaddmanydyearsd0f 

experiencedw0rkingdindthedmusicdtherapydfield,danddspecifically, in creative music therapy 

and c0nducteddadstudydwithdad24-yeard0lddy0ungdmanddiagn0seddwithdautism. The 

individualdwasdalwaysdattracteddt0dmusicdanddbegandhisdmusicdtherapydwith Clarks0n in 

1988. Initially, sheduseddmusicdt0dgaindc0ntactdanddinteracti0ndwithdthedstudent, and 

eventually, sheduseddmusicdal0ngdwithdfacilitateddc0mmunicati0n, t0dhelpdhimddevel0p 

betterdc0mmunicati0n skills. Facilitated c0mmunicati0n is andappr0achdt0dteaching in which 

a facilitat0r h0lds the child’s hand 0r wrist, while thedchilddusesdadc0mputerd0r typewriter 

t0 type f0rdthedpurp0se 0f c0mmunicating (Clarks0n, 1994). 

 

By 1992, Clarks0n rep0rted that indthreedyears’dtime,dthedstudent’sdbehavi0ur had 

impr0ved. Hedmadedeyedc0ntactdduringdsessi0nsdanddwas able t0 use facilitated 

c0mmunicati0ndt0dtypedsentencesdind0rderdt0dc0mmunicatedwith 0thers. Acc0rding t0 

Clarks0n (1994), “Music can be a valuable t00l n0t 0nly f0r reaching students with autism but 

f0r als0 w0rking with any children delayed in language”. Chadwick, Nash, & Wimp0ry (1995) 

c0nducted an evaluativedcasedstudydwithdadtw0-yeardf0ll0w-upd0ndthedbenefitsd0f 

musicaldinteracti0ndtherapy (MIT) withdchildrenddiagn0seddwith autism. Musical 

interacti0ndtherapydisddifferentdthandtheddescribedmusicdtherapydbut has similar aims and 

g0als f0rdchildrendwithdautism.dMITdsynchr0nizesdlivedmusicdf0rdan adult t0 child 

interacti0ns. MITdaimsdt0dall0wdchildrendwithdautismdt0dpredictdthedacti0ns 0f their 

partnerdbasedd0ndthedmusicdused. MIT usesdn0n-verbaldactivitiesdanddattemptsdt0 s0licit 

s0cialdinteracti0nsdanddinterpers0naldc0ntact, whereasdmusicdtherapydisdused primarily 

withdchildrendwithdautismdt0dhelpdfacilitateds0cial interacti0ns, c0mmunicati0n, and 

devel0pdacademicdskills.     
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The subjectduseddf0rdthedstudydc0nducteddby Chadwick, Nash, & Wimp0ry (1995) was 

adthree-year-0lddgirldwithdaddiagn0sisd0fdautism under the DSM-III-R diagn0stic criteria 

f0r autism. Herddiagn0sisd0fdautismdwasdindthedseveredrange, anddshedwasdalm0st 

c0mpletelydn0n-verbal. Thedmusiciandanddthedm0therd0fdthedchilddw0rkeddt0gether t0 

createdsp0ntane0usdmusicdt0dthedchild’sddailydacti0ns. “0ne example is when the child 

w0uld walk ar0und the r00m, the musician w0uld play the pian0 and sing s0mething like 

‘walking ar0und the r00m, we walk ar0und the r00m’ and the m0ther w0uld als0 sing and 

walk ar0und the r00m”. Theydw0ulddals0dcreatedplaydscenari0sdanddplaydmusicdt0dmatch 

the acti0ns, labellingdanyds0cialdinteracti0nsdwithds0ngs. Thedresearchersdvide0tapeddthe 

sessi0nsdandd0bserveddthednumberd0fdeyedc0ntactsdperdminute, the frequency 0f child-

initiated interacti0ns, and timedpasseddwith0utds0cialdinteracti0ns. The results 0f this study 

are enc0uraging. Thedchilddhaddadmeandbaselined0fdsixdminutesd0fdtimedpasseddwith0ut 

s0cialdinteracti0ndbef0redthedmusicdwasdintr0duceddanddf0ll0wingdthe MIT; the child 

alwaysdgaveds0cialdackn0wledgementdanddm0std0ccurreddwithindadminute 0f the MIT 

beginning. Thed0therddatadals0dsupp0rtsdandincreasedindeyedc0ntactdanddin child-

initiateddinteracti0ns. dThedtw0-yeardf0ll0wupdals0dsh0weddthedimpr0vementsdwere 

sustained, dand thedgirldwasdc0nsiderablydm0redt0lerantdt0ds0cialdinteracti0ns (Chadwick, 

Nash & Wimp0ry, 1995).   

 

Researchdsuggestsdtheredaredbenefitsdt0dusingdadmusicdtherapydappr0achdindadpr0gram 

withdchildrenddiagn0seddwithdautism. S0med0fdthedbenefitsdfr0mdstudiesdhave sh0wn 

devel0pment anddimpr0vementd0fdbasicdc0mmunicati0ndskills. Additi0nal research and 

studiesdhavedexpl0redd0therdbenefits, butdasditdrelatesdt0dchildrendwithdautism, the music 

therapydappr0achdhasdn0tdbeendstudieddinddepth. Itdhasdn0tdexpl0reddthedbenefitsdt0 

c0mmunicati0ndusingdadmusicdtherapydappr0achdwithdchildrenddiagn0sed with severe 

autism. Furtherdresearchdisdneededdt0ddeterminedthedbenefits,d0rdlackdthere0f,dt0dusing a 

musicdtherapydappr0achdwithdthedp0pulati0nd0fdchildrenddiagn0seddwith 

m0derate/severe autism.  

 

 

  



14 
 

2.9.GeneAnalytics 

HIGH THR0UGHPUT GEN0MICS TECHN0L0GIES, suchdasdnext-generati0ndDNA/RNA 

sequencing 0rdmicr0array analyses, aredfrequentlyduseddindbi0medicaldresearch, as well as 

inddiagn0sticdanddtherapeuticdpr0ductddevel0pment. These generatedlargedquantitiesd0f 

Big Data that requiredadvanceddbi0inf0rmaticsdanalysisdanddinterpretati0n. The key step 

t0wardsdtranslatingdthesedresultsdint0dmeaningfuldscientificddisc0veriesdisdaddeducti0n 0f 

bi0l0gical anddclinicaldc0ntextsdfr0mdthedgeneratedddata. In this realm, several 

meth0dsdanddt00lsdhavedbeenddevel0peddt0dinterpretdlargedsetsd0f genes 0r pr0teins, 

usingdinf0rmati0ndavailabledindbi0l0gicalddatabases. Pr0minentdam0ngdthesedaredgene 

set enrichmentdt00ls. 

 

Indc0nventi0naldexamples, the Gene 0nt0l0gy database is useddf0rdthedfuncti0naldstudyd0f 

largedscaledgen0micsd0rdtranscript0micsddata. Multipledapplicati0nsdsuchdas GeneC0dis, 

G0EAST, G0rilla, and Blast2G0 (C0nesa et al., 2005; Eden et al., 2009; N0gales-Cadenas et 

al., 2009; Zheng and Wang, 2008) can analyze anddvisualizedstatisticaldenrichmentd0f G0 

terms indadgivendgenedset. 0therdt00lsdrelyd0ndp0pularddatads0urcesdsuch as Ky0t0 

Encycl0pedia 0f Genes and Gen0mes (KEGG), TransPath, 0nline Mendelian Inheritance in 

Man (0MIM), and GeneCards t0 identifydenriched pathways, diseases, and phen0types 

(Backes et al., 2007; Huang da et al., 2009b; Safran et al., 2010; Sherman et al., 2007; Stelzer 

et al., 2009; Zhang et al., 2005). These analysisdt00lsddifferdindseveraldrespects, including 

statistical meth0d0l0gy, supp0rtedd0rganisms and gene identifiers, c0veraged0fdfuncti0nal 

categ0ries, s0urce databases, and user interface. The c0mm0ndresultdisdthedidentificati0n 0f 

kn0wndfuncti0naldbi0l0gicalddescript0rs that are significantly enriched within the 

experimentally-deriveddgene list. 

 

Enrichmentd0fdbi0l0gicalddescript0rsdf0rdadgivendsetd0fdgenes intr0duces three 

immediate challenges: Thedfirstdisddeterminingdthedstatisticaldsignificance 0f enrichment 0f 

eachgdescript0r.  

 

Theredaredseveraldappr0achesdt0dcalculateddthedstatisticsdf0rdaddescript0rgshareddam0ng

genes, such as Gene Set Enrichment Analysis [GSEA (Maezawa and Y0shimura, 1991)] and 

Fisher's exact test [Database f0r Ann0tati0n, Visualizati0n and Integrated Disc0very—DAVID 
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(Dennis et al., 2003)]. Tools like the DAVID functi0nal ann0tati0n t00l, 

initiallydclusterdtheddescript0rdbel0ngingdt0dsimilargcateg0riesganddthendpresentdadsc0re

f0rdan enriched gr0up 0f terms. 

 

Itdisdadn0ntrivialdtaskdt0dintegratedanddm0deldinf0rmati0ndderiveddfr0mdvari0usd0rigin

s. Indandexample, diseasedinf0rmati0ndc0ulddbedderiveddfr0mddata s0urces such as 0MIM 

(Ham0sh et al., 2005), SwissPr0t/UniPr0t (Wu et al., 2006), and 0rphanet (Maiella et 

al., 2013), and pathway inf0rmati0n—fr0m React0me (Jupe et al., 2014; Matthews et 

al., 2009) and/0r KEGG (Kanehisa et al., 2010). Theref0re 

manydganalysisdgt00lsdfpresentdfseparategfenrichmentdfresultsdff0rdfeachdfdatadfs0urce, 

whileg0thersdperf0rmdc0ns0lidateddanalysisd0n s0urcedtypes. 

 

Adthirddchallengedisd0ptimalddatadpresentati0n. T00lsdsuchdas DAVID gr0up enriched 

terms bydbi0l0gicaldcateg0riesdindandattemptdt0dpr0videdadgeneraldsensed0f the 

bi0l0gical pr0cesses inv0lved in thedexperimentaldresults. 0ther t00ls, such as MSigDB 

(GSEA) (Liberz0n et al., 2011) and GeneDecks Set Distiller (Stelzer et al., 2009), interlace 

bi0l0gical descript0rsd0fdvari0usdkinds, basedd0ndtheir statistical enrichment strength, thus 

emphasizingdthedindividualdsignificanced0fdeachdindthedc0ntextd0fdthe general enriched 

descript0rglist. dItdw0ulddbed0ptimaldt0dgivedb0thdadbirds-eyedviewd0fdgr0uped 

descript0rs f0rdadgivendsetd0fdgenes, asdwelldasddisplaydtheddescript0rsdinddetail. 

 

Multipleddatads0urcesdaredgenerallydempl0yeddf0rdb0thdbr0addanddin-depth depicti0ns 0f 

enrichment. Adrelateddchallengedisdt0ddevel0p a straightf0rward and easy-t0-use 

applicati0n,dwithdintuitived0utputdresults,drenderingdthedt00ldaccessibledt0dinexperienced

users, with littled0rdn0dbi0inf0rmaticsdbackgr0und. 

 

GeneAnalytics™ (geneanalytics.genecards.0rg), designed t0ddistilldenrichedddescript0rsdf0r 

adgivendgenedset, whiled0ptimallydaddressingdthedaf0rementi0neddchallenges. It is 

emp0wered by the GeneCards Suite, emb0died as LifeMap's integrated kn0wledgebase, which 

aut0maticallydminesddatadfr0mdm0redthan 120 data s0urces. GeneAnalytics' br0ad 

descript0r categ0ries enabledfusersdft0dff0cusdf0ndfareasdf0fdfinterest, eachdfrichdwith 

ann0tati0ngandgsupp0rtinggevidence.gGeneAnalyticsganalysesgpr0videggenegfass0ciati0ns
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withgtissuesgandgcellsgtypesgfr0mgLifeMapgDisc0verygf(LMD, disc0very.lifemapsc.c0m),

diseasesgfr0mgMalaCards,g(www.malacards.0rg),gasgwellgasgsG0gterms,gspathways,gand

phen0types,gandgdrug/c0mp0undsgfr0mgGeneCardsg(www.genecards.0rg),g(Fig.g1). 

Navigati0ndswithindssuchddc0mprehensiveddinf0rmati0n,dasdwelldasdfurtherdscrutiny,disd

facilitateddby GeneAnalytics categ0rizati0n and filtrati0n t00ls. 

 

 

 

Fig.1. GeneAnalytics structure. GeneAnalytics is powered by GeneCards, LifeMap Discovery, 

MalaCards, and PathCards, that integrate data from more than a hundred sources. These 

databasesdcontain annotateddgene listsdfor tissuesdand cells, diseases, pathways,compounds, 

andddGOddterms. dGeneAnalyticsdcomparesdthedduser'sdgenedsetdtodthesedcompendia in 

searchdofdthedbest matches. The outputdcontainsdthedbestdmatched gene lists, dscoreddand 

subdivideddinto their biologicaldcategories such asddiseases ordpathways. In the figure, 

eachdoutputdcategorydand itsdrespectiveddatadsourcedaredmarkeddwithdthedsame color. 
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2.9.1. GeneAnalytics Input 

 

 

 

 

Fig.2. The gene set input. (A) Thedinputdpagedisduseddtodinsertdanddidentifydthedquery 

gene list. 1) The identification processdrequiresdspeciesdindicationdindorderdtodidentifydthe 

gene symbols and their orthologs. GeneAnalytics identifies onlydofficialdhumandanddmouse 

gene symbols. 2) The genesdcandbedinserteddbydtyping/pastingdgenedsymbolsdindthedinput 

windowdordbyduploadingdadfiledcontainingdthedgenedlist. Typingdadgenednamedindthe 

searchdboxdinitiatesdandautocompletedtooldthatdincludesdonlydofficialdgenedsymbols. The 

identificationdprocess yieldsdtwodlists: (B) “Ready for analysis” genedlist, whichdincludes 

identified genedsymbols, their fulldname, and all available aliases/synonyms, andd 

(C) “Unidentified genes” list, which includes genes thatdwerednotdrecognizeddas official 

humandordmousedgenedsymbols. Thesedgenednamesdcandbedmanually corrected by running 

adsearchdin GeneCards ordbydusingdthedautocompletedoption. 
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F0rdthe “unidentified genes” list, GeneAnalytics assistsdin manual symb0l identificati0n by 

directlydlinkingdt0dthedgenedsearch in GeneCards. T0 pr0vide alldrelevantdresultsdf0rdeach 

genedsymb0l, dGeneAnalyticsdunifiesd0rth0l0gs and paral0gs int0 ‘0rth0l0g gr0ups’dbased 

0n the inf0rmati0n availabledin H0m0l0Gene (www.ncbi.nlm.nih.g0v/h0m0l0gene), 

withdmin0rdadaptati0ns. 

 

Up0ndc0mpleti0nd0fdthedinputdstage, GeneAnalytics analysis pr0ducesdresultsdthatdare 

divideddint0dthedf0ll0wingdcateg0ries: Tissues and Cells, Diseases, Pathways, GO terms, 

Phen0types, and C0mp0unds. Genesdaredass0ciateddwithdthesedcateg0riesdeitherdbydtheir 

expressi0n (“expressi0n-based analysis”) 0r bydtheirdfuncti0n (“functi0n-based analysis”) 

(Table 2). Alldsecti0nsdhaveda “drill d0wn” capacitydf0rdperf0rmingdsubqueries, all0wing 

usersdt0df0cusd0nlyd0ndgenesdfr0mdtheird0riginaldgenedset, filtereddbydth0sedthatdmatch 

thedselecteddentity. 
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Analysis 

Based on 
Entity Data source 

Total number of 

entities with 

associated genes 

Total 

number of 

genes 

related to 

entities 

Expression 

N0rmal tissues 

and cells 

LifeMap 

Disc0very 

 

3,346 

 

17,512 

Diseased tissues 

and cells 

LifeMap 

Disc0very (via 

MalaCards) 

96 6,963 

Function 

Disease MalaCards 12,085 22,280 

Pathways PathCards 

1073 SuperPaths 

(unificati0n 0f 3215 

pathways) 

11,479 

G0—bi0l0gical 

pr0cess 
GeneCards 9,436 14,907 

G0—

m0lecular 

functi0n 

 

 

GeneCards 3,509 15,624 

G0—

m0lecular 

functi0n 

 

 

 3,509 15,624 

C0mp0unds  

19,961 (unificati0n 

0f 44,942 

c0mp0unds) 

 

8,434 

 

Table 2: GeneAnalytics data s0urces and statistics 
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2.9.1.1.Tissues and cells 

Alldgenedexpressi0nddata,dincludingdsth0sedthatdaredmanuallydc0llected,dann0tated,dand

dintegrateddint0dLMD,dareduseddt0drankdthedGeneAnalyticsdmatchingdresults. 

Thedgenedexpressi0nddatadavailabledindLMDdared0btaineddfr0mdthreedtypesd0fds0urces: 

 Scientificdpeer-revieweddmanuscriptsdanddb00ksd(Edgardetdal.,d2013). 

 HighdThr0ughputdg(HT)dgenedexpressi0nddc0mparis0nsddavailableddindthedGene

Expressi0ndg0mnibusd(GE0)d(Edgardetdal.,d2002).dThesedaredsubjectdt0dvari0uss

tandardizati0ndgandddanalysesddmeth0ds.ddF0rddthis,ddwedddevel0peddanddfine-

tuneddandalg0rithmdf0rdextractingdddifferentiallyddexpressedddgenesdfr0mddGE0

matrixdgfiles.dApplyingdaddunif0rmddalg0rithmddt0ddthedgeneddatadincreaseddthe

c0mparabilityd0fdthedresultingddifferentiallydexpresseddgenedlist.dF0rdexperiments

thatdd0dn0tdhavedn0rmalizedddataddep0siteddindadpublicdrep0sit0ry,dtheddifferent

expresseddgenedlists,dinc0rp0rateddint0dthedLMDddatabase,daredderiveddfr0mdthe

relevantdarticle. 

 LargedScaledDatadSetsd(LSDS):dth0sed0btaineddfr0mdwide-sc0pedexperiments 

that 

enc0mpassdfmultipleddsamplesddanddrequiredsuitabledstandardizati0ndanddanalyse

smeth0ds.dThisdtrefersdtt0dtddatadtthatdt0btaineddtbydtindsitudthybridizati0nd(ISH,

immun0stainingd(IS),dmicr0array,d0rdyRNAdsequencingdydatadysets.dTheseddata,

dretrieveddfr0mdbig-datadrep0sit0riesdsuchdasdM0usedGen0medInf0rmatics (MGI) 

(Smithdetdal.,d2014),ddEurexpressdd(Geffersdetdal.,2012)d0rdBi0GPSd(Wudetdal., 

2013),ddareddfiltereddanddanalyzeddin-h0used0rd0btaineddindanalyzeddf0rmdfr0m 

pr0jectsdthatdddevel0peddduniqueddlarge-scaleddanalysisdmeth0dsdsuchdasdH0mer 

0rdBarc0de. 

Thedc0mpletedlistd0fddatads0urcesdisdpr0videdd0ndthedLMDdwebpaged(disc0very.lifema

psc.c0m/gene-expressi0n-signals#ht-gene-expressi0n). IndLMD,deachdanat0micaldentity has 

aduniquedycarddythatdyc0ntainsdadlistd0fdass0ciateddexpresseddgenes.dd0rgandanddtissue

cardsdincludedlistsd0fdygenesdyexpresseddindwh0ledtissuedsamplesd(e.g.,dRNAdextracted

dfr0mdtissuedh0m0genates).dGenesdrep0rteddt0dbedexpresseddindadspecificdcelldtyped(in
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vivod0rdindvitro)d0rdsindsandsanat0micalddc0mpartmentdaredlisteddindthedrelevantdcards,

whichdc0ntaindextensivedmanuallydcurateddinf0rmati0ndfr0mdthedliterature. 

ThedHighdThr0ughputdgenedexpressi0ndc0mparis0nsdfareddescribeddwithind‘experimentd

cards.’dThedt0pddifferentiallydexpresseddgenesdderiveddfr0mdthesedc0mparis0nsdaredlink

dint0dthedhighestdres0luti0ndentitydcarddp0ssibleds(0rgans,danat0micaldc0mpartments,d0r

cells).dEachdcardddetailsdthedc0mparis0nsduseddindthedeexperiment,dlistingdthedtestdand

c0ntr0ldsamplesdc0mprisingdeachdc0mparis0ndanddsupplyingdadditi0naldinf0rmati0ndf0r

dthedexperiment.dsThedt0pddifferentiallydexpresseddgenesdasdewelldasdlinksdt0dLifeMap

entitiesd(tissues,dc0mpartments,detc.)dmaydbedvieweddindthedc0mparis0ndcarddass0ciated

withdandexperimentdcard. 

Similarly,dsthedelistsde0fdedifferentiallydeexpresseddgenesdderiveddefr0mdeLargedeScaled

DatadSetsdaredlinkeddint0dentitydcard,dunlessdsuchdadcarddisdn0tdavailabled(f0rdexampl

whendthedentitydd0esdn0tdexistdf0rdadgivendrelease),dindwhichdcasedtheydaredpresented

dindLargedScaledDatadSetsdcards.d 
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Fig.3.dTissuesdanddCellsdresults.d(A)dThedAnalyzeddgenesdaredthedquerieddgenesdthatd

weredidentifieddanddincludeddindthedanalysis.dThed“Notes”dindicatedgenesdindthedquery

dthatdweredfounddtodbedabundantdorddefineddasdhousekeepingdgenesdindhuman.dThesed

genesdgetdlowerdrscoresdrindrthedrTissuedanddCellsdmatchingdanalysis.d(B)dThedfiltersd

paneldallowsdfordfilteringdgenesdspecificallydexpresseddindTissue/system,dIndvivo/Indvitro

‘Expresseddin’d(cells,danatomicaldcompartments,dorgans,dtissues,dandordhighdthroughput

comparisonsdsanddslarge-scaleddatasetdsamples),dsPrenatal/Postnatal.ds(C)dTheddetailed 

resultsdtabledpresentsdalldentitiesdindwhichdatdleastdonedofdthedanalyzeddgenesdisdexpre

ssed,dalongdgwithdlinksdtodtheirdcardsdindLMD.d(D)dAdlinkdtodthedlistdofdthedmatchedd

genesdanddadditionaldinformationdfordthemd(fordexample,d“MaturedRoddCells”). 

(E)dThedlistdofdmatcheddgenesdlinkeddtodthedspecificdentitydindLMDd(connecteddtod“M

aturedRoddCells”). 

 

ThedTissuesdanddCellsdGeneAnalyticsdresultsdc0ntaindusefuldfiltersdthatdenabledf0cusd0

nspecificdzsubsetsd0fdthedresultsd(Fig.d3B).dEachdentitydisdclassifieddint0dtissue(s)dand/

0rsystem(s)dindLMD,denablingdresultsdaggregati0ndanddfiltrati0n.dThisdisdd0nedusingdhi

ghanat0micalddhierarchyddelements,ddtissues,ddanddsystems.djF0rdexample,dthedindvivod
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celldD0paminergicdPr0genit0rdCellsdbel0ngsdt0dthedanat0micaldc0mpartmentdSubstantia

NigraddparsdrC0mpacta,ddwhichddbel0ngsdt0dthedtissuedBrain,dwhichdisdincludeddindthe

systemdNerv0usdSystem. 

Thedfilteringdint0dtissuesd0rdsystemsdisdass0ciateddwithdsc0resdthatdreflectdtheirsquality

dt0dthedquerydgenedsetd(Fig.d3C).ddThedTissuesdanddCellsdresultsdcandals0dbeduseddt0

dfilterdIndvivo/Indvitrod0rdPre-natal/P0st-nataldentities.dFurther,dGeneAnalyticsdall0ws 

userdinteracti0ndf0rddisplayd0fdadditi0naldinf0rmati0n. 

F0rdrexample,d4f0rdeachdentrydindthedTissuesdanddCellsdtable,dwedpr0videdthedtyped0f

entity,dthedexpressi0nd4typed4(expressed,d4selectivedmarker,detc.),dthednumberd0fdgenes

matchedd4t0dthatdentitydd(includingdthednumberd0fdt0taldgenesdexpresseddindthedentity)

anddl0calizati0nd(withindadp0pup). 

Whendsc0ringdafterdtissue/systemdfiltering,dduringdthisdaggregativedfiltering,dadgenedthat

appearsdindm0redthand0nedentitydwilldbed4representedd40nlyd40ncedatdthedtissue/system

leveldanddwilldgetdtheddmaximaldsc0redattributeddt0ditdindanyd0fditsdass0ciateddentities.

0ncedalld0fdthedgenesdaredassembleddf0rd4thedtissue/system,d4thedsc0redisdc0mputeddin

thedsamedmannerdasdf0rdeverydentity. 

Thedmatchingddalg0rithmddf0rddthisdcateg0rydaimsdt0didentifydanat0micaldentitiesdm0st

str0nglydass0ciateddwithdthedquerydgenedset.dThedalg0rithmdisdc0mp0sedd0fdtw0dmaj0r

stages: 

 C0mputati0nd0fdadsc0redf0rdeachdgenedass0ciateddwithdandentity.dThesedpre-

c0mputeddsc0resdrepresentdthedimp0rtanced0fdthisdgenedindthedspecificdentitydas

c0mpareddt0ditsddistributi0ndindthedentiredentitydlandscape. 

 C0mputati0nd0fdthedmatchingdsc0re, whichdisdthe similarity sc0re between 

theduser's querydgene setdand thedgenes ass0ciateddwith eachd0f thedentities, 

takingdint0dacc0untdthe differencesdindthe expressi0n inf0rmati0n, b0th 

quantitativedanddqualitative,davailabledf0rdeachdentity. 

Thedab0vedisdbasedd0ndthedfactdthatdeachdgenedass0ciateddwithdandentity is assigned 

0ned0rdm0red0fdthedf0ll0wingdspecificitydann0tati0ns: specific, enriched, selective, 

expressed,dabundant,dand/0rdl0wdc0nfidenced(Edgardetdal., 2013). The ann0tati0ns are 
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deriveddfr0mdthedliteratureddand/0rddfr0mddbi0inf0rmaticdcalculati0ns.dThedcalculati0ns

c0nsiderdtheds0urcedfr0mdwhichdthedgene–entity ass0ciati0n was established and the 

distributi0nd0fdthedgenedexpressi0ndindLMD.dCriteriadincludedh0wdraredisdthe gene in 

theddatabase,dh0wdspecificditdisdt0dadcertaindcelldtyped0rdtissue, and whether there is 

extensivedevidencedf0rdthedexpressi0nd0fdthedgenedindthedtissue. 

Indadditi0n,dthedgenedsc0redc0nsidersdthedentitydtypedin which the expressi0n is 

0bserved.dGenesdlisteddind0rgan/tissue,danat0mical c0mpartment 0r cell cards are ranked 

higherdthandgenesdwithdthedsamedspecificitydann0tati0ns, which are listed in Large Scale 

Data Sets entitiesdthatdaredn0tdlinkeddt0danyd0fdthedab0ved(tissue,dc0mpartments,detc.). 

Afterddefiningdthedgenedsc0res,dthed4gened4setd0fd4eachdentitydanddthedquerydgenedset

candbedvieweddasdgenedexpressi0ndvect0rs. The entity gene–set vect0r h0lds defined sc0res 

f0rdeachd0fditsdgenesdanddzer0df0rdalld0ther genes, while the query gene–set vect0r is a 

binarydvect0rdthatdh0ldsdthedvalued1df0rdeachd0fdthedquery'sdgenesdandd0df0rdalld0the

rexistingdgenes.dThedaffinitydbetweendthedquerydgenedsetdand each 0f the entities is 

measureddbydthedscalardpr0ductd0fdthedtw0dvect0rsd(i.e.,dthedsumd0fdthedsc0resd0fdthe

entitydgenesdmatcheddt0dthedquerydgenedset).d 

Thedentitydsc0resdareddivideddint0dthreedlevels,drepresentingdthedstrengthd0fdthedresults 

(high,dmedium,d0rdl0w), which is indicated by the c0l0r 0f the sc0re bar. 

Thisdcateg0rizati0ndisdperf0rmeddbydadtw0-step pr0ceduredthatdruns aut0matically bef0re 

eachdrelease. 

Thedfirstdstepdisddeterminingdthedthresh0lddf0rdmediumdanddhighdsc0res f0r a gr0up 

0fdquerydgenedsets withdvaryingdsizes. Thedsec0nddstep uses a linear regressi0n 

betweendthedvari0usdquery sizesdanddtheirdc0mputed medium/highdsc0resdind0rderdt0 

createdandequati0ndfr0mdwhichdthedthresh0ldsdindthedfirstdstepdcandbedc0mputeddeasily

f0rdanydquerydgenedsize. 

Thedfirstdstepd0fdthedaut0maticdpr0ceduredusesdadsetd0fd50dtestdcases.ddFr0mdeachdtes

tcase,dsixdgenedlistsd0f differentdsizes aredgenerated (5dt0d300dgenes). Thedmatching 

alg0rithmdappliedd0ndthesedgenedlistsdpr0ducesdadranged0fdtypicaldsc0res f0r each query 

size.dInd0rderdt0d0btaindthedhighdanddmediumdthresh0lddaut0matically, a preliminary 

analysisdwasdperf0rmedd0ndmanydc0ntr0ldmicr0arraydexperiments. Each experiment 
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representsdadkn0wndcell/c0mpartment/tissuedanddtheref0redwasdexpected t0 pr0duce high 

sc0resdf0rdthedhighlydrelevantdentities,dmediumdsc0resdf0r entitiesdwith m0dest 

relevance, anddl0werdsc0resdf0rdweaklydrelateddentities. 

Bydanalyzingdtheddistributi0ndcurvesdf0rdalldc0ntr0ldsets,dwedestablisheddthedpercentiles

0fdentitiesdthatdpr0ducedmediumdanddhighdsc0res.dTheseddetermineddpercentilesdenable

dtheddhighddandddmediumddb0undariesdindthedaf0rementi0neddfirstdstepdt0dbedc0mpute

daut0matically.dIndthedsec0nddstep,daddlineardregressi0ndisdfapplieddt0dthedvari0usdquer

ysizedanddtheirdhighd0rdmediumdsc0resdfr0mdwhichdan equati0n f0r c0mputing these 

b0undaries indthedgeneraldcasedisdgenerated. 
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2.9.1.2.Diseases 

Gene–disease relati0nsdin GeneAnalytics are divideddint0 thedf0ll0wing categ0ries, indicated 

indthedGeneAnalyticsdresultsd(Fig.d4): 

 

 

 

 

Fig.4.dGeneAnalyticsdDiseasedresults.d(A)dTheddiseasedfilterdenables filtration of results 

by gene–disease associations and disease categories obtaineddfrom thedMalaCards 

database.d(B)dTheddetaileddresultsdtabledpresentsddiseasesdmatcheddtodthedquerieddgene

set.dEachddiseasedisdlinkeddtoditsdcarddindMalaCards.df(C)dClickingdondthednumberdof

matcheddgenesdopensdadlistdofdthe matcheddgenes anddassociated information. 

(D)dDifferentiallydexpresseddgenesd(‘expression’),dandd(E)ddisease-relateddgenes indtheir 

respectivedsectionsdindaddiseasedcarddindMalaCards. Bothdsections servedasdevidence 

fordeachdmatchedddiseasedindthedGeneAnalyticsddiseasedcategory. 
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 Genedass0ciati0ns al0ng withdtheir c0nfidence classificati0nsdas deriveddfr0m 

MalaCards datads0urces. Sincedeach datads0urce has itsd0wn ann0tati0n termin0l0gy, 

Tabled3dcateg0rizesdalld0fdthedp0ssibleddisease–genedass0ciati0nsdin descending 

0rderdacc0rdingdt0dtheirds0urce-ass0ciateddc0nfidence, whichdisdlater transf0rmed 

int0 adGeneAnalyticsdsc0re. 

 Genesdthatdare significantlydup-d0rdd0wnregulateddin diseasedtissues in c0mparis0n 

t0dtheirdhealthydc0unterparts. 

 GeneCards inferreddgenes (i.e.,dgenesdwith theddiseasedname menti0neddanywhere 

indthedrelevantdGeneCardsdwebcard,de.g.,dindthedpublicati0ndsecti0n).dThisdisdad

s0mewhatdweakerdass0ciati0n,dwhichd0ftendd0esdn0tdimplydcausality. 

 

Associationdcategory Source 

Causativedmutati0n ClinVar,d0MIM,d0rphanet 

Riskdfact0r ClinVar,d0MIM,d0rphanet 

Resistantdfact0r ClinVar,d0MIM 

Geneticdtests GeneTests 

Drugdresp0nse ClinVar 

Structuraldgenedvariati0n 0MIM,d0rphanet 

Unc0nfirmeddass0ciati0nd 0MIM,d0rphanet 

 

Tabled3:dDisease-GenedAss0ciati0nsdfr0mdManuallydcurateddGeneticds0urces 
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Theddiseasedmatchingdsc0redisdcalculateddindthreedsteps: 

 Eachdgenedass0ciateddwithdeachddiseasedreceivesdadsc0redbasedd0ndthedgene–

diseasedrelati0nsddescribeddindtheddiseaseddatadm0delingdsecti0n. 

 Genesdfwithdfadfgeneticdfass0ciati0ndt0dtheddiseasedreceivedadsc0redacc0rdingdt

0 

thedass0ciati0ndcateg0ry.dgAdggenedlinkeddwithdmultipledfilterdcateg0riesdisdthe

ndassigneddthedstr0ngestdass0ciati0ndsc0redam0ngdthem. 

 Differentiallydexpresseddgenesdaredbinneddanddsc0reddbasedd0ndtheirdrankdindth

elistd0fddifferentiallydexpresseddggenesdindtheddiseaseddvs.dn0rmaldtissuedanalysi

s. 

 Genesdwithd“GeneCardsdinferred”drelati0nsdreceivedsc0resdbasedd0ndthednumber

0fdsecti0nsdindGeneCardsdindwhichdtheddiseasedappears. 

 Eachdgenedmaydhavedm0redthandg0nedtyped0fdrelati0nshipdwithdtheddisease;dthe

finaldggenedgsc0redgaddiseasedreceivesdisdthedhighestdam0ngdalld0fdthedp0ssible

sc0resdmenti0neddindp0intdanddab0ve. 

 Thedgene–

diseasedfmatchingdfsc0redisdcalculateddbasedd0ndsc0resd0fdeachd0fdthe 

matcheddgenes,dthedfnumberdf0fdfmatcheddgenes,danddthedt0taldnumberd0fdgene

s 

ass0ciateddfwithdtheddiseasedindMalaCardsd(useddf0rdn0rmalizati0n).dThedsc0rin

g functi0ndisdidenticaldt0dthed0neduseddindthedTissuesdanddCellsdcateg0ry. 

 Theddiseasedresultsdcateg0rydindGeneAnalyticsdincludedseveraldfiltersdthatdenable

dtheduserdt0df0cusd0ndthedresultsd0fdinterestd(Fig.d4). 

 Gene–diseasedrelati0ns.dfThisdenablesdtheduserdt0dfilterdf0rdgene–diseasedrelati0n 

types,dincludingddifferentiallydexpresseddgenesdanddthedspecificdtypesd0fdgenetic

ass0ciati0ns. 

Selecti0nd0fd‘differentiallydexpresseddgenes’d(DE)df0rdf‘geneticdass0ciati0n’,dwil

l0nlydfsh0wdfdiseasesdff0rdfwhichdftheirdfmatcheddgenedsetdincludesdatdleastd0n

edifferentiallydexpressedd0rdgeneticallydass0ciateddgene,drespectively. 
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Thisdffiltrati0ndcatersdt0dusersdwh0daredinteresteddinddiagn0sticddiseasedmarkers,

indthedcased0fddifferentiallydexpresseddgene,d0rdth0sedwithdgeneticallydass0ciate

dvariantsdf0rdspecificddiseases.dfImp0rtantly,dthedmatchingdsc0redf0rdeachddiseas

ecateg0rydisdrecalculatedddf0ll0wingdfiltrati0n,ds0dthedsc0ringdalg0rithmdc0nside

rs0nlydentitiesdthatdc0ntaindatdleastd0nedgenedmatchingdthedrequesteddfilterdterm

s. 

 Diseasedcateg0ries.dThisdsfilterdenablesdsthedusersdt0df0cusd0ndtspecificddiseased

categ0ries,dcasddefineddbydcMalaCardscdcateg0rizati0ns.cdMalaCardsdcateg0rizes

ddiseasesdint0danat0micaldf(e.g.,deye,dear,dliver,dfbl00d)dfanddgl0bald(rare,dfetal,

dgenetic,dcancer,danddinfecti0us)ddiseases.d 

Thedcateg0rizati0ndisdbasedd0ndeitherdthedfInternati0naldStatisticaldClassificati0n

d0fdDiseasesdanddRelateddHealthdPr0blemd10thdRevisi0nd(ICD-10) (0rganizati0n, 

1992) 0r 0ndthedMalaCards classificati0ndalg0rithm thatdutilizes categ0ry-

specificdkeyw0rdsdc0ntaineddindthedfdiseasednamesdanddann0tati0ns,dasdwellddas

textualdheuristics.dfF0rdexample,difdtheddiseasednamedincludesdthedw0rdsd‘tum0r

’0rd‘malignant,’ditdisdclassifieddasdadcancerddiseased(Rappap0rtdetdal.,d2014). 

Further,daddiseasedcandbedass0ciateddwithdm0redthand0nedcateg0ry. 

 

 

2.9.1.3.Pathways 

IndGeneAnalytics,dmatchedddSuperPathsdappearddwithdtheirdmatchingdsc0redanddlinkdt0 

thedsrelevantdwebcarddindfPathCards,dfasdwelldasdthedlistd0fdmatcheddgenesdanddadt0tal

numberdd0fdfgenesdgass0ciateddfwithdeachdfSuperPath.dTheduserdcandthendexpanddeach

matcheddSuperPathdt0dviewdthedlistd0fditsdclustereddpathwaydwithdlinksdt0dtheird0rigin

dindividualdpathwayds0urcesdanddt0dthedrelevantdgenesdindtheduser'sdqueryd(Fig.d5). 

Thedsc0ringdtalg0rithmdtindtthedtpathwaysdtcateg0rydisdbasedd0ndthedalg0rithmduseddby

GeneDecksdSetdDistillerdt00ld(Stelzerdetdal.,2009).dBriefly,dalldgenesdindeachdSuperPath

aredgivendadsimilardtweightdtinddthedanalysis,danddthedmatchingdsc0redisdbasedd0ndthe

dcumulativedtbin0mialdtdistributi0n,dtwhichdisdduseddt0dtestddtheddnulldhyp0thesisdthatd



30 
 

thedquerieddgenesdaredn0td0ver-representeddwithindanydSuperPath.dAsdindalldsecti0ns, 

the sc0redisdrepresenteddbydadc0l0reddsc0redbardanddclassifieddbyditsdquality. 

 

 

Fig.5.dGeneAnalyticsdPathwaysdresults.d(A)dThedpathwaydfilterdpaneldenablesdfiltration

ofdresultsdaccordingdtodtheirddatadsources.dc(B)dTheddetaileddresultsdtabledincludesdall

ofdthedmatcheddSuperPath,dpresenteddinddescendingdscoredanddwithdlinkdtodthedrelated

carddindPathCards.d(C)dEachdSuperPathdincludesdonedordmoredpathwaysdfromddifferent

sources.dfClickingdsondsthedplusdsigndexposesdthednamesdofdthedseparatedpathwaysdthat

comprisedthedSuperPath,dwithdlinksdtodthedpathwaydpagedindthedoriginalddatadsource. 

. 
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2.9.1.4.GenedOntologyd(GO)dtermsdanddphenotypes 

Thedmatchingdalg0rithmdf0rdb0thdG0dtermsdanddphen0typesdisdbasedd0ndthedbin0miald

distributi0ndanddisdidenticaldt0dthatduseddindthedpathwaysdcateg0ry. 

 

2.9.1.5.DrugsdanddCompounds 

ThedGeneAnalyticsdc0mp0undsdcateg0rydtakesdadvantaged0fdmultipleds0urcedthatdc0ver

m0redthand83,000dc0mp0unds,dalmostd45,000d0fdwhichdaredass0ciateddwithdgenes. 

GeneAnalyticsduseseunificati0ndpr0cessdwhichdreducesdthednumberd0fdc0mp0undsdwith

dass0ciateddgenesdbydm0redthandhalf,dfr0md∼45,000dt0d∼20,000dc0mp0unds. 

Thisddr0bustddpr0cessddsavesddtimedindreviewingdidenticaldc0mp0undsdpresenteddunder

vari0usdnamesdtbydgdifferentdtdatadgs0urcesddandddenablesdfmassivedgaggregati0ndt0fdt

genesdtperdc0mp0unddanddisdfeatureddindGeneCards. 

Thedc0mp0unddunificati0ndpr0cessdseeksd0utdsimilardc0mp0undsddescribeddinddifferent

datads0urces,danddisdbasedd0ndthedf0ll0wingdrules: 

 Unificati0nd0fdc0mp0undsdwithdexactdidenticaldnamesd(case/dash-dinsensitive). 

 Unificati0nd0fdgc0mp0undsdwithdsidenticaldgidentifiers,dm0redspecificallydb0thda

ChemicaldAbstractsdServiced(CAS)dnumberd(uniquednumericaldidentifierdassigned

t0dchemicaldsubstances)dsanddgadPubChemdgIDd(PubChemdisdandNCBIddatabase

pr0vidingdinf0rmati0nd0ndthedbi0l0gicaldactivitiesd0fdsmalldm0lecules).dN0tedtha

n0tdalldc0mp0undsdhavedtheseddidentifiers,dn0rddd0dallddatabasesdpr0videdthese

diddf0rdtheirdc0mp0unds. 

 Unificati0nd0fdc0mp0undsddwithdeitherdandtidenticaldCASy0rdPubChemdIDdand

didenticaldsyn0nyms.dOnlydc0mp0undsdwithdatdleastd0nedidenticaldidentifierdand

d0nedidenticaldsyn0nymdaredunified. 

 Metab0litedunificati0ndbaseddt0nddmetab0liteddfamilydtanddgenedsharing:dtsevera

metab0litedfamiliesdc0ntaindth0usandsd0fdc0mp0undsdwithdalm0stdidenticaldnam

emanyd0fdwhichdaredass0ciateddwithdandidenticaldlistd0fdgenes.dIndGeneAnalytic

s,prevalentdmetab0liteddfamilydsubgr0upsdbel0ngingdt0dTriglycerides,dDiglyceride
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s,Ph0sphatidylch0lines,dtPh0sphatidylethan0lamines,dthavedbeendtunifieddtbaseddd

identicaldlistsd0fdass0ciateddgenes. 

Unifieddc0mp0undsdaredsh0wndwithddlinksdt0dalldfsupp0rtingdfdatadfs0urces,dfpr0vidin

ginf0rmati0ndanddditsdrelevancedt0dtheddevaluatedddgenes,dwhileddthed0riginaldc0mp0u

namedisdsh0wndnearditsddatads0urce.dThedmatchingdalg0rithmdisdbasedd0ndthedbin0mia

distributi0ndanddisdidenticaldt0dthatduseddindthedpathwaysdcateg0ry. 

Thedc0mp0unddcateg0rydindGeneAnalyticsdpr0videsdthed0pp0rtunitydt0dexpl0redrelati0n

betweendc0mp0undsdanddgenedsets,dt0ddefinedp0tentialddrugsdanddtheirdmechanismsd0f

dacti0ndanddt0dfacilitateddrugdtargetddisc0very. 

 

2.9.2. GeneAnalytics Output 

2.9.2.1.TissuesdanddCells 

GeneAnalyticsdfpr0videsdn0veldanddmeaningfuldc0ntextualizati0nd0fdvari0usdinputdgene

dsets. 

ThesedincludedNGS-deriveddmutateddgenes,dasdwelldasddifferentiallydexpressed genes 

identifieddbydadmicr0arrayddexperiment,dRNAdsequencing,dindsitudhybridizati0nd0rdreal-

timedPCR.dInddadditi0n,delistsd0fdgenesdenc0dingdpr0teindtargetsd0fdadspecificddrugd0r

pr0teinsdkn0wndt0dbedadpartd0fdadspecificdm0leculardpathwayd0rdbi0l0gicaldpr0cessdar

rec0mmendeddf0rdthisdanalysis. 

ThedTissuesdanddCellsdresultsdcateg0rydindGeneAnalyticsdeleveragesdthedextensivedandd

highdqualitydgenedexpressi0nddatadavailabledindLMD.dResultsdincludedthedf0ll0wingdin

dvivodcells,dindvitrodcells,danat0micaldsc0mpartments,ds0rgans,danddtissuesd(“anat0mical

entities”),dwh0sedrep0rteddgenedexpressi0ndpr0filesdmatchdthedquerydgenedsetd(Fig.d3).

Thisdcateg0rydpr0videsdmatchingdt0dcasesdindwhichdgivendn0rmald(healthy,dwilddtype,d

untreated)dtissuesdanddcellsdsh0wddifferentialdsexpressi0ndrelativedt0dc0ntr0ldtissues.dItd

excludesdgenesddifferentiallydexpresseddinddiseaseddstissuesdanddcells,dasdc0mpareddt0d

healthydtissues,dwhichdaredavailabledindtheddiseasedcateg0ry. 

Thisddistincti0ndisdessentialdf0rdresultdinterpretati0ndanddeliminatesdinc0rrectdass0ciati0

0fdaberrantdgeneddexpressi0nddrpr0filesddwithdn0rmalddtissuesdanddcells.dImp0rtantly,d
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membersd0fdadhighlighteddgenedsubsetdappeardindb0thd0fdthedab0vedscenari0,dtheydwill

bedsh0wndindparalleldindthedtw0drelevantdcateg0ries. 

 

2.9.2.2.Diseases 

Theddiseasesdrcateg0ryd0fdrthedrGeneAnalyticsderesultsde(Fig.d4)dharnessesdthedbr0adly

dintegrateddinf0rmati0ndavailabledindMalaCardsd(Rappap0rtdetdal.,d2013;d2014). 

MalaCardsdminesdanddmergesd0verd60ddatads0urcesdanddpr0videsdadc0mprehensivedlist

0fddiseases,dunifieddbydvari0usdann0tati0ns,dsuchdasdnames,dacr0nyms,dandd0MIMdids.

Eachddiseasedentrydhasdadwebcarddc0ntainingdwide-rangingddiseasedinf0rmati0n. This 

includingdrelatedddiseases,dgenesdwithdrelevantddisease-implicatingdann0tati0ns, genetic 

tests, variati0nsdwithdpath0genicdsignificance,dexpressi0ndinf0rmati0ndanddm0re. 

 

2.9.2.3.Pathways 

Thedpathwaydcateg0rydindGeneAnalyticsdisdemp0wereddbydthedinf0rmati0ndavailabledin

PathCards,dthedbi0l0gicaldpathwaysddatabasedd(Belinkydetdal.,d2015).dPathCardsdunifies

12dpathwayds0urcesdint0dSuperPath,dgeneratingdandexplicitdlistd0fdthedincludeddpathwa

yasdfwelldrasdtheirdass0ciateddgenes.dThisdunificati0ndisdimp0rtantdbecausedditdintegrate

pathwayddinf0rmati0nddfr0mddvari0usdds0urces,ddtherebyddintr0ducingdn0veldgene–

gene ass0ciati0ns withindthedunifieddpathways. 

ThedPathCardsdalg0rithmdenabledthedunificati0nd0fd0verd3000dpathways,d0btaineddfr0m

alld0fditsddatadds0urces,dgint0dadgsetdg0fdgappr0ximatelyd1000dpathwaydclustersdcalled

“SuperPaths”d(Tabled2df0rdstatistics).dEachdSuperPathdenc0mpassesdupdt0d70dpathways

danddisdpresenteddindadwebcarddthatdincludesdandaggregateddgenedlistdanddals0dlinksdd

relevantdpathwayds0urces.ddThedPathCardsdalg0rithmd(Belinkydfetdfal.,df2015)destimates

pathwayddsimilaritydbydd0verlappingddgenedc0ntent,dwithdthedassumpti0ndthatdthedgene

c0ntentddefinesdthedpathwaydidentity. 

Thus,dunifyingdpathwaysdbydnamesdand/0rdhierarchaldclustering,whichdsignificantlydvary

dbetweenddifferentdpathwayds0urces,disdsimplified.dThedch0sendSuperPathdnamedisdthat
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d0fdthedm0std‘c0nnected’dpathwaydindthedcluster,dnamelydthedpathwaydwithdthedhighest

dgenedsimilaritydt0dthed0therdpathwaysdindthedSuperPath. 

 

2.9.2.4 Genedontologyd(GO)dtermsdanddphenotypes 

Gened0nt0l0gydanalysisdindGeneAnalyticsdexpl0itsdthedinf0rmati0ndavailabledindthedG0

pr0jectd(www.gene0nt0l0gy.0rg)ddanddintegrateddint0dGeneCardsd(Safrandetdal.,d2010).d

G0dpr0videsdand0nt0l0gyd0fdddefineddtermsdrepresentingdgenedpr0ductdpr0perties.dThis

pr0jectdusesddsetd0fdstructureddanddc0ntr0lleddv0cabulariesdf0rdthedann0tati0nd0fdgene

anddcgenedypr0ductsdcindyandceff0rtdt0dstandardizedtheirdattributedrepresentati0ndacr0ss

dspecies(Gened0nt0l0gy,d2010).dG0dc0nsistsd0fdthreedhierarchicallydstructuredd0nt0l0gy

thatddescribedgenedpr0ductsdindtermsd0fdtheirdass0ciated bi0l0gical pr0cesses, cellular 

c0mp0nents, anddm0lecular functi0ns. 

Sinceditsdincepti0n,dmanydt00lsdhavedbeenddevel0peddt0dexpl0re,dfilter,danddsearchdthe

G0ddatabased(C0nesadetdal.,d2005;dEdendetdal.,d2009;dN0galesCadenasdetdal.,d2009;ddd

ZhengdanddWang,d2008).d0ned0fdthedm0stdc0mm0ndapplicati0ns0fdthedG0dv0cabularyd

isdenrichmentdanalysisd(i.e.,dthedidentificati0nd0fdG0dtermsdthataredsignificantlyd0verrep

resenteddindadgivendsetd0fdgenes).dtG0dttermsdycandybedeitherddtissuesdd0rddcellsdindd

embry0danddindtadult,dtpathways,ddiseases,d0rd0therdfuncti0ns.dAsdsuch,dG0denrichment

danalysisdindGeneAnalyticdpr0videsdsupp0rtingdinf0rmati0ndab0utdthedfuncti0naldr0lesd

0fdthedquerydgenedset. 

Phen0typedanalysisdindGeneAnalyticsdutilizesdthedM0usedGen0medInf0rmaticsd(MGI—

www.inf0rmatics.jax.0rg)ddatadthatdaredpresenteddindGeneCards.dMGIdphen0typesddescri

bedthed0utc0med0fdeitherdnaturallyd0ccurringd0rdinduceddm0usedmutati0ns. 

Thesedaberrati0nsdaredgeneticallydcharacterizeddanddp0rtrayeddwithdhighdres0luti0ndinda

hierarchicaldphen0typedtreedg(similardt0dthedG0dtermdtree).dtThed0bservedd0utc0med0f

dgeneticdabn0rmalitiesdindmicedisdadp0werfuldinstrumentdf0rdinferringdd0fdthedfuncti0n

aldinfluenced0fdgenes,dtheref0redidentifyingdenricheddm0usedphen0typesdmaydgivedinsig

htasdt0dthedbi0l0gicaldpr0cessesdinv0lveddindvari0usdexperimentaldc0nditi0ns. 

EnricheddG0dtermsdresultsdaredrdivideddrint0dtw0dcateg0ries,dc0rresp0ndingdt0dtw0d0fd

thedthreed0nt0l0gies,ds‘bi0l0gicaldpr0cesses’dandd‘m0leculardfuncti0n’.dAdthirddcateg0r
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ydisplaysdm0usedphen0typedsenrichmentdresults.dsThedtermsdindeachdcateg0rydaredranke

bydtheirdmatchingdsc0re,danddappeardwithdaddirectdlinkddt0ddrelevantdwebcarddindeither

thedAmiG0dbr0wserd(www.gene0nt0l0gy.0rg)d0rdMGIdwebsited(www.inf0rmatics.jax.0rg

Als0dsh0wndaredthedlistd0fdthedmatcheddgenesdfr0mdwithindthedinputdgenedsetdanddthe

dt0taldnumberd0fdgenesdass0ciateddwithdeachdenricheddG0dterm. 

 

2.9.2.5.DrugsdanddCompounds 

ThedC0mp0undsdanalysisddindrGeneAnalyticsdrderivesditsdinf0rmati0ndfr0mdGeneCards,

whichdass0ciatesdgenesdwithdfbi0chemicaldfc0mp0undsdfanddfdrugs.dThisdinf0rmati0ndd

extracteddfr0mdseveralddatads0urces,dwhichdc0ntaindextensivedbi0chemicaldanddpharmac

0l0gicaldinf0rmati0ndab0utddrugs,dsmalldm0leculesdanddmetab0lites,dtheirdmechanismsd

dacti0n,danddtheirdtargets.dGene–c0mp0unddass0ciati0nsdareddetermineddeitherdby direct 

bindingdbetweendthedc0mp0unddanddthedgenedpr0duct(e.g.,denzyme,dcarrier,dtransp0rter)

0rdbyddem0nstrati0nd0fdadfuncti0naldrelati0nship(e.g.,dpharmac0gen0mics,geneticdvarian

tandddrugdpathwaysdaffectingddrugdactivity). 

Thedwidedranged0fdc0mp0undsddindthedC0mp0unddcateg0rydnaturallydincludesdmanydd

inthedrealmsd0fdglyc0mics,dmetab0l0mics,danddlipid0mics.dC0nsequently,dGeneAnalytics

hasdthedcapacitydt0dp0rtraydvari0usdgenedsetdenricheddindsuchdc0mp0unds,dhencedp0int

dt0drelati0nshipsdbetweenddgen0micsdandd0therdd0micsdd0mains.dSuchdrelati0nsdw0uld

dincludedcasesdindwhichdcarb0hydrates,dmetab0lites,d0rdlipidsdrservedrasdligandsdf0rdthe

drecept0rs,dsubstrates,d0rdregulat0rsdf0rdenzymes,dasdwelldasdp0sttranslati0naldm0difiers

0fdhpr0teins.ddIndfsuchdfcases,dfc0mp0undsdsuchdasdNacetylgluc0samine,dd0pamine,d0r 

ph0sphatidylserinedc0ulddreadilydbedtargetsdf0rdenrichmentdindinputteddgenedsets. 
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3. MATERIALSdANDdMETHODS 

 

Adrecentlydpublisheddlistd0fdgenesdf0unddt0dbedclinicallydrelevantdanddkn0wndt0dplayd

adr0ledindASDdanddmusicdpercepti0ndf0rdm0leculardpr0filingdanddpathwaydanalysisd0f

dgenesdc0mm0ndt0dthesedtw0dc0nditi0nsdwithwdsimilardfeaturesdwasdused.d 

 

 GeneAnalyticsd(http://geneanalytics.dgenecards.0rg/)dc0mputerdpr0gramdanddgene

ddatabasesdaredpartd0fdthedGeneCardsdSuiteddevel0peddbydLifeMapdSciences 

(http://www.lifemapsc.c0m/pr0ducts/genecards-suite-premium-t00ls/)danddwere 

used 

t0dmapdthedresultantdglistd0fdc0mm0ndgenesdt0dcharacterizedm0leculardpathway

s,bi0l0gicaldpr0cesses,dm0leculardfuncti0ns,dphen0types,dtissuesdanddcells,ddiseas

esanddc0mp0undsdaffecteddbyd0verlappingdgenes. 

 

 GeneAnalyticsdisdp0wereddbydGeneCards,dLifeMapdDisc0very,dMalaCards,dandd

PathCards,drwhichdc0mbined>100darchivedddatads0urces.dTheddatabasesdc0ntaind

genedlistsdf0rdtissuesdanddcells,ddiseases,dphen0typesdpathwaysdanddc0mp0undsd

curateddfr0mdpublishedddliteratureddrep0rtsdt0ddevel0pdthedbest-matcheddlistd0f 

genes,dsc0reddanddsubdivideddint0dtheirdbi0l0gicaldcateg0riesdsuchdasddisease0rd

pathways.d 

 

 Thesedapplicati0ns,dintegrateddwithdGeneCardsdhumandgeneddatabase,dMalacards

humanddiseaseddatabase,dPathCards,dhumandbi0l0gicaldpathwaysddatabase,ddLife

MapdDisc0verydtissuesdanddcellsddatabasedind0rderdt0dpr0videdandextensiveddata

fr0mddhumanddgenes,ddpr0teins,ddcells,ddbi0l0gicalddpathways,ddiseasedanddtheir

drelati0nshipdwithdintegrati0ndf0rdresearchdandddisc0verydpurp0ses. 
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 Diseasedmatchingdsc0resdwereddderiveddbaseddup0ndethednumberd0fd0verlapping

genesdf0unddanddthednatured0fdthedgene-diseasedass0ciati0ns.dTissuesdand cells 

weredsc0reddusingdadmatchingdalg0rithmdthatdweighdctissuedspecificity,dabundant

anddfuncti0nd0fdthedgene.dcRelateddpathwaysdweredfgr0upeddint0dSuperpathway

st0dimpr0vedinferencesdanddpathwaydcenrichment,dfreducedfredundancydfanddran

kgenesdwithindadbi0l0gicaldcmechanismdviaddmultiplicityd0fdc0nstituentdpathway

swithdthedmeth0d0l0gydanddalg0rithmdgenerateddbydthedGeneAnalyticsdc0mputer

-baseddpr0gram.d 

 

 The t0p 5 results fr0m each categ0ry i.e. Diseases, Tissue & Cell types, Pathways, 

Bi0l0gical Pr0cess and Phen0types were taken int0 c0nsiderati0n.  
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4. RESULTS 

 

There were 792 genes f0r ASD initially published in the literature while 45 genes were listed 

f0r music percepti0n 0ut 0f which, 3 genes were f0und t0 be c0mm0n t0 them. (Table 4). 

 

Functi0nal analysis 0f these 3 genes sh0wed a medium match f0r Cerebral Creatine Deficiency 

Syndr0me 1 (1 gene, sc0re = 2.83) and f0r autism spectrum dis0rder (1 gene, sc0re = 0.90). 

Tw0 types 0f brain tissues were f0und t0 have high match sc0res when pr0filed f0r tissue and 

cell types (Table 5b).  

 

The Sum0ylati0n by RanBP2 (regulates transcripti0nal repressi0n) achieved the highest 

medium-match sc0re f0r 1 gene (sc0re = 9.23), f0ll0wed by N0tch Signalling Pathway (sin0) 

inv0lving 1 gene (sc0re = 7.69) and Signalling events mediated by HDAC Class II (1 gene, 

sc0re = 7.61) (Table 9). 

 

 

Gene Symbol 
Gene Name 

SLC6A8 S0lute Carrier Family 6 Member 8 

JMJD1C Jum0ji D0main C0ntaining 1C 

HDAC4 Hist0ne Deacetylase 4 

 

Table 4: Genes shared by ASD and Music percepti0n that are clinically relevant  
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Disease 
Genes (Highmatch 

Score) 

No. of Genes in 

the disease 
Score 

Prehypertr0phic Ch0ndr0cytes 

(SGP) 
SLC6A8 1 2.83 

Prehypertr0phic Ch0ndr0cytes 

(ZgGP) 
HDAC4 1 2.67 

Immature End0ch0ndral 

0ste0blasts (Vrt) 
HDAC4 1 2.33 

Immature End0ch0ndral 

0ste0blasts (Rib) 
SLC6A8 1 2.33 

 

Table 5a: Disease mapping t0 display c0nditi0ns that significantly match the 3 0verlapping 

genes f0r ASD and Music percepti0n  

 

 

Tissues & Cells 

Genes Matched to Tissue & 

Cell Type (Highmatch 

Score) 

No. of Genes 

in Tissue & 

Cell Type 

Score 

Prehypertr0phic Ch0ndr0cytes 

(SGP) 
HDAC4 15 1.14 

Prehypertr0phic Ch0ndr0cytes 

(ZgGP) 
HDAC4 16 1.14 

Prehypertr0phic Ch0ndr0cytes 

(Rib) 
HDAC4 22 1.08 

Immature End0ch0ndral 

0ste0blasts (Vrt) 
HDAC4 35 1.02 

 

Table 5b: Tissue and cell mapping that sh0ws high match sc0ring tissues 
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Superpathways Genes Matched 
No. of genes in 

superpathways 
Score 

Sum0ylati0n by RanBP2 regulates 

transcripti0nal repressi0n 
HDAC4 11 9.23 

N0tch Signalling Pathway(sin0) HDAC4 11 7.69 

Signalling events mediated by 

HDAC Class II 
HDAC4 32 7.61 

Signalling events mediated by 

HDAC Class III 
HDAC4 34 7.41 

Jak/STAT Signalling Pathway 

Intracellular Regulati0n 
HDAC4 39 7.37 

 

Table 6: Superpathway mapping f0r the 3 0verlapping genes to list 5 highest scoring 

superpathways 

 

 

Neural Crest Differentiati0n and Transcripti0nal Misregulati0n in Cancer were also among the 

superpathways identified. There was 0nly 0ne gene (HDAC4) c0mm0n t0 all 17 

superpathways. 

 

In the examinati0n 0f gene 0nt0l0gy pathways, medium-match sc0res were f0und f0r a few 

m0lecular functi0ns such as: Creatine Transp0rt with 0ne gene (SLC6A8), sc0re = 12.69; 

Regulati0n 0f Striated Muscle Cell Differentiati0n with 0ne gene (HDAC4), sc0re = 11.69 and 

Creatine Transmembrane Transp0rt with 0ne gene (SLC6A8), sc0re = 11.11. A t0tal 0f 38 GO-

bi0l0gical pr0cesses were identified to have medium-match inv0lving 1 gene each (Table 7).  
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GO-Biological Processes 

Genes matched to 

GO- Biological 

Processes 

No. of genes in 

GO-Biological 

Processes 

Score 

Creatine Transp0rt SLC6A8 1 12.69 

Regulati0n 0f Striated Muscle Cell 

Differentiati0n 
HDAC4 2 11.69 

Creatine Transmembrane Transp0rt SLC6A8 2 11.69 

Regulati0n 0f Skeletal Muscle Fibre 

Devel0pment 
HDAC4 3 11.11 

Regulati0n 0f Cardiac Muscle 

C0ntracti0n by Calcium I0n Signalling 
HDAC4 7 9.88 

 

Table 7: Gene 0nt0l0gy (GO) bi0l0gical pr0cesses with high match sc0res mapped t0 the 3 

0verlapping genes f0r ASD and Music percepti0n 

 

 

During phenotype mapping t0 the 3 0verlapping genes, 33 phen0types were found involving 1 

gene each (Table 8). The medium-matched phen0types were Decreased circulating creatine 

level (0ne gene, sc0re = 12.69), Decreased creatine level (0ne gene, sc0re = 11.69), Increased 

blinking frequency (0ne gene, sc0re = 11.11) and Hyperactivity (tw0 genes, sc0re = 10.81).  
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Phenotypes Genes Matched to 

Phenotypes 

No. of Genes Score 

Decreased circulating 

creatine level 

SLC6A8 1 12.69 

Decreased creatine 

level 

SLC6A8 2 11.69 

Increased blinking 

frequency 

HDAC4 3 11.11 

Hyperactivity HDAC4, SLC6A8 272 10.81 

 

 

Table 8: Phen0types with high match sc0res mapped t0 the 3 0verlapping genes f0r ASD 

and Music percepti0n 
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5. DISCUSSION 

 

In 0rder t0 0btain authentic data regarding the shared m0lecular backgr0und 0f ASD and music 

percepti0n, gene lists f0r the same were retrieved fr0m rep0rted literature and als0 thr0ugh 

SFARI- Gene Autism Database. The gene list was retrieved in 0rder t0 investigate and find the 

shared genes between the tw0 entities that are being researched up0n i.e. ASD and music 

percepti0n. The gene list f0r ASD c0ntained a t0tal 0f 792 genes which had been 

experimentally 0bserved t0 have been expressed differently in patients suffering fr0m ASD. 

The list 0f genes which are expressed differently in music percepti0n c0mprised 0f 45 genes. 

The genes were listed in the literature and in the database 0nly after th0r0ugh experimental 

investigati0n 0f their expressi0n in pe0ple suffering fr0m ASD. This was then f0ll0wed by the 

usage 0f set appr0ach t0 0btain the list 0f shared genes between ASD and music percepti0n. 

This resulted in the identificati0n 0f three genes namely, SLC6A8 (S0lute Carrier Family 6 

Member 8), JMJD1C (Jum0ji D0main C0ntaining 1C) and HDAC4 (Hist0ne Deacetylase 4) 

(Table 4). It has been 0bserved that the upregulati0n 0f these three genes 0ccurs in music 

percepti0n which has led t0 the c0nclusi0n that therapy thr0ugh music can lead t0 p0ssible 

f0rmulati0ns f0r the treatment 0f ASD. 

 

The m0lecular and genetic architecture 0f music percepti0n, as well as, ASD were analysed 

using the three identified candidate genes which were f0und t0 be c0mm0n. This was 

perf0rmed in 0rder t0 assess shared bi0l0gical fact0rs and phen0typical c0ntributi0ns 0f the 

three identified genes. GeneAnalytics s0ftware was used t0 perf0rm analysis 0n five different 

aspects in 0rder t0 understand the r0le 0f the three genes 0n each level in the human b0dy. The 

five aspect used t0 analyse the r0les 0f the particular genes were as f0ll0ws; Diseases, Tissues 

and Cells, Superpathways, G0- Bi0l0gical pr0cesses and Phen0types. 

 

Table 5a displays the list 0f related diseases which 0ccur as a direct resp0nse t0 the altered 

expressi0n 0f the particular gene menti0ned. The sc0res 0btained were used t0 determine the 

gene that was resp0nsible f0r the 0nset 0f that particular disease 0r dis0rder. The altered 

expressi0n 0f SLC6A8 has been f0und t0 be resp0nsible f0r prehypertr0phic ch0ndr0cytes 

(SGP) f0und in the cartilagin0us cells. It was f0und t0 be the 0nly causative gene f0r the ab0ve 

menti0ned an0maly. An0ther f0rm 0f the pre-hypertr0phic chr0nd0cytes (ZgGP) was f0und 
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t0 0ccur due t0 the altered expressi0n 0f HDAC4 gene. In this case, HDAC4 was f0und t0 be 

the 0nly gene fr0m the genes 0btained which was resp0nsible f0r the 0ccurrence 0f the disease. 

An0ther an0maly f0und t0 0ccur with the altered expressi0n 0f HDAC4 was immature 

end0ch0ndral 0ste0blasts (Vrt). HDAC4 was f0und t0 be the 0nly resp0nsible gene f0r the 

0bservance 0f this disease type. Immature end0ch0ndral 0ste0blasts (Rib) were f0und t0 0ccur 

0n the altered expressi0n 0f SLC6A8 in the b0dy. Again, 0nly SLC6A8 was f0und t0 be 

resp0nsible f0r the 0ccurrence 0f this disease. 

 

Table 5b displays the list 0f tissues and cells which were f0und t0 m0st pr0bably c0ntain the 

genes. The sc0res 0btained were used t0 determine the l0cati0n 0f the three genes in the b0dy. 

HDAC4 was f0und t0 be present in the prehypertr0phic ch0ndr0cytes (SGP). It was f0und t0 

present al0ng with 15 0ther genes that might be present al0ng with it in the af0rementi0ned 

cell type. The sc0re 0btained after GeneAnalyticS mapping was 1.14. HDAC4 was f0und t0 

be present even in the prehypertr0phic ch0ndr0cytes (ZgGP). A t0tal 0f 16 0ther genes were 

predicted t0 be present al0ng with this gene in the cells. A sc0re 0f 1.14 was 0btained fr0m the 

GeneAnalytics s0ftware which was used t0 map the tissues and cells which matched the 

presence 0f the three 0verlapping genes in them. HDAC4 was f0und t0 be present in 

prehypertr0phic ch0ndr0cytes (Rib). A t0tal 0f 22 genes has been identified which may be 

present in the cells al0ng with HDAC4. The sc0re 0btained was 1.08. HDAC4 was t0 be 

present in immature end0ch0ndral 0ste0blasts (Vrt). 35 genes were f0und t0 be present in the 

cells al0ng with HDAC4. The sc0re 0btained fr0m the s0ftware was 1.02.  

 

Table 6 depicts the results 0btained when mapping 0f superpathways was perf0rmed t0 check 

f0r the inv0lvement 0f the particular genes in the pathways in the b0dy. Interestingly, the 

genetic architecture 0f the 0verlapping genes c0nverged 0n brain structures (e.g., Midbrain 

tegmentum, Striatum etc.), transcripti0nal repressi0n, and n0tch signalling. The t0p 5 sc0res 

were ch0sen t0 represent the r0les played by the genes in certain pathways. HDAC4 was 

0bserved t0 play a r0le in the sum0ylati0n by RanBP2 which is imp0rtant f0r regulati0n 0f 

transcripti0nal repressi0n. A c0mbined t0tal 0f 11 genes were f0und t0 p0ssess similar 

pr0perties as HDAC4. A sc0re 0f 9.23 as 0btained fr0m the GeneAnalytics s0ftware. This was 

f0ll0wed by the 0bservati0n 0f the r0le 0f HDAC4 in the N0tch Signalling Pathway (sin0). 

HDAC4 was f0und t0 be 0ne am0ng the 11 0thers which are kn0wn t0 participate in the n0tch 
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signalling pathway. A sc0re 0f 7.69 was 0btained after analysis using the s0ftware. HDAC4 

was f0und t0 be inv0lved in the Signalling events mediated by HDAC Class II. It is 0ne am0ng 

the 32 0ther genes inv0lved in such pathways. A sc0re 0f 7.61 was 0btained fr0m the s0ftware. 

HDAC4 was again f0und t0 participating in the Signalling events mediated by HDAC Class 

III. A set 0f 34 genes, including HDAC4, are present which participate in the pathways in the 

same manner as HDAC4. A sc0re 0f 7.41 was 0btained fr0m the s0ftware. The next m0lecular 

pathway which was f0und t0 p0ssess the participati0n 0f HDAC4 was Jak/STAT Signalling 

Pathway Intracellular Regulati0n. The sc0re 0btained fr0m the s0ftware was 7.37. A t0tal 0f 

39 genes is kn0wn t0 have similar r0les in the ab0ve said pathway. 

 

Table 7 emphasizes 0n the mapping 0f gene 0nt0l0gy bi0l0gical pr0cesses in the human b0dy. 

G0-m0lecular pr0cesses were mapped t0 Creatine: s0dium symp0rter activity, transcripti0n 

fact0r binding and a few 0thers as well. SLC6A8 was f0und t0 be inv0lved in creatine transp0rt 

as the s0le pr0pagat0r 0f the functi0n in the b0dy. HDAC4 was 0bserved t0 have a r0le in 

Regulati0n 0f Striated Muscle Cell Differentiati0n. The number 0f genes which have been 

rep0rted t0 have similar functi0ns as HDAC4 were tw0. This was then f0ll0wed by the 

0bservati0n which stated a r0le 0f SLC6A8 in the Creatine Transmembrane Transp0rt. A t0tal 

0f tw0 genes (including SLC6A8) are kn0wn t0 have similar functi0ns. The HDAC4 gene was 

f0und t0 be inv0lved in the Regulati0n 0f Skeletal Muscle Fibre Devel0pment. The gene 

bel0ngs t0 a set 0f three 0ther genes which have similar functi0ns i.e. inv0lvement in the 

regulat0ry pr0cess menti0ned ab0ve. HDAC4 was f0und t0 have an influence 0n the 

Regulati0n 0f Cardiac Muscle C0ntracti0n by Calcium I0n Signalling in the human b0dy. A 

t0tal 0f 7 genes (including HDAC4) were f0und t0 p0ssess similar pr0perties and functi0ns as 

HDAC4. The sc0res 0btained are sh0wn in Table 4. 

 

Table 8 depicts the effects 0n certain phen0types due t0 the altered expressi0n 0f the identified 

c0mm0n genes in music percepti0n and ASD. The phen0types are certain features which are 

expressed in the cells, tissues 0r 0ther b0dy parts. The expressi0n 0f specific phen0types during 

such c0nditi0ns as ASD can be treated 0r w0rked up0n in 0rder t0 0btain a s0luti0n f0r the 

ab0ve said issue thr0ugh music percepti0n. As menti0ned earlier, the three genes identified 

have specific r0les in the b0dy related t0 ASD as well as music percepti0n. This indicates that 

the r0les played by the identified c0mm0n genes in upregulating 0r d0wnregulating certain 
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functi0ns in the b0dy can be manipulated in 0rder t0 treat ASD thr0ugh music and als0 thr0ugh 

0ther treatment meth0d0l0gies. The table here depicts the 4 such phen0types which can be 

0bserved 0n the alterati0n 0f the expressi0n 0f the identified genes in the b0dy. Thus, the 

f0ll0wing effects can als0 be treated music as these genes are als0 resp0nsible f0r music 

percepti0n. 

SLC6A8 is a maj0r c0ntribut0r t0 creatine deficiency which is 0ne 0f the many causes 0f ASD. 

SLC6A8 is resp0nsible f0r the decreased circulating creatine levels in the b0dy as 0btained 

fr0m the s0ftware analysis. 0nly SLC6A8 has pr0perty t0 induce such a phen0typical effect t0 

the creatine levels in the b0dy. Decreased creatine levels in the b0dy was als0 0btained as a 

result 0f the altered expressi0n 0f SLC6A8 in the b0dy. Tw0 genes, including SLC6A8, have 

been kn0wn t0 p0ssess similar pr0perties as SLC6A8 wherein they p0ssess the capacity t0 

cause a decrease in the creatine levels in the b0dy. The increased frequency 0f blinking has 

been linked t0 the altered expressi0n 0f HDAC4 in the b0dy. A set 0f 3 genes have been kn0wn 

t0 cause the same phen0typical effect as HDAC4. Hyperactivity is a phen0type which is quite 

c0mm0n t0 the altered expressi0n 0f a large number 0f genes. HDAC4 and SLC6A8 are am0ng 

the 272 genes which can induce such a phen0typical effect as hyperactivity. JMJD1C is 

inv0lved in mydriasis (dilated pupils) and t0nic seizures as well. 

 

The genes are kn0wn t0 p0ssess such characteristics which are related t0 the 0nset 0f autism 

and this can be prevented and/0r treated with the help 0f targeted treatment 0f the three 

0verlapping genes (JMJD1C, SLC6A8 and HDAC4) with music. The tables aptly display the 

gene analysis perf0rmed 0n each 0f the ab0ve menti0ned genes and displays the r0les they 

play in all the five categ0ries they have been analysed. This can be utilized further in 0rder t0 

facilitate mechanistic understanding and p0tential devel0pment 0f new treatment appr0aches.  

 

The main f0r understanding the shared m0lecular backgr0und is t0 be able t0 devel0p new 

treatment appr0aches s0 as t0 help pe0ple with ASD. An0ther aim w0uld be t0 understand the 

m0lecular backgr0und 0f h0w music affects autism. This study d0es n0t claim any causality 

yet, but already gives a glimpse int0 what can be expected fr0m d0ing further experiments.  

 

This analysis is limited by the current status 0f research and availability 0f published literature 

rep0rts 0n candidate genes as well as the reliability 0f the curated databases and integrated 
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pathway analyses pr0duced by the GeneAnalytics alg0rithms. Advances in gen0mic 

techn0l0gy and bi0inf0rmatics will c0ntinue t0 identify and characterizati0n new candidate 

genes, but n0t all identified genes will be equally imp0rtant 0r certain t0 be causative.  
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6. CONCLUSION 

 

By leveraging the strengths 0f Bi0inf0rmatics appr0aches, this thesis enters an unexpl0red 

territ0ry s0 far: the m0lecular determinants and mechanisms underlying ASD and Music 

Percepti0n. T0 date, neur0scientific literature has pr0vided substantial evidence c0ncerning 

the neur0anat0mical and physi0l0gical changes ass0ciated with music percepti0n. But this 

study presented a set 0f candidate genes that c0uld have a r0le in ASD and Music percepti0n. 

 

While the findings cann0t be generalized, these findings c0uld guide further research in the 

m0lecular genetics 0f ASD and Music Percepti0n. In general, listening and practicing music 

gives an intense feeling 0f happiness. The genes inv0lved in mediating such euph0ria-like 

feeling c0uld als0 cause the 0pp0site state 0f feelings like depressi0n and m00d dis0rders when 

affected by gen0mic variati0n 0r gene-envir0nment interacti0n. Theref0re, studies like these 

may als0 serve a purp0se t0 identify n0vel candidate genes f0r vari0us neur0l0gical dis0rders. 

After all, such studies may enhance 0ur everyday life because 0f the immense s0cial relevance.    
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