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# # 6176652537 : MAJOR CLINICAL BIOCHEMISTRY AND MOLECULAR MEDICINE
KEYWORD: Autism spectrum disorder, Artificial Intelligence, Proteome, Transcriptome, Health Informatics,
Machine learning, Biomarkers
Kanlayaphat Hussem : Novel Artificial Intelligence-Assisted Subgrouping of Clinical Presentation and
Integrated Multi-Omics Analyses in Identification of Biomarker Candidates for Autism Spectrum Disorder.

Advisor: Asst. Prof. TEWARIT SARACHANA, Ph.D.

Autism spectrum disorder (ASD) is an early onset neurodevelopmental disorder with a high degree of
heterogeneity. Nowadays, there is still no biomarker for the diagnosis and subtyping for ASD, but there is evidence that
early diagnosis and treatment are important for helping people with ASD in gaining necessary functions and behaviors in
life. Current international standard ASD diagnosis is based on complicated and time-consuming questionnaires. Artificial
intelligence (Al) analysis has been utilized to analyze various types of complicated big data. However, the research to
demonstrate its applications on analyzing clinical presentations associated with ASD is still limited. In this study, we,
therefore, sought to utilize Al tools to subtype 85 ASD individuals into subgroups based on a total of 123 items from
ASD-related clinical phenotypic data. After getting ASD subgroups and the lists of subgroup members, the subgrouping
models were compared to the effectiveness of different Al analyses. Moreover, we identified biomarker candidates for
each ASD clinical subtype by using multi-omics approaches by performed transcriptome and proteome profiling analysis
of lymphoblastoid cell lines (LCLs) derived from ASD patients. We conducted the proteomic analysis using 2D gel
electrophoresis (2D-GE), followed by mass spectrometry, to identify proteins that are significantly disrupted in each ASD
subgroup and then integrated the transcriptome profile and the proteome profiles to determine the correlation and
association between the disrupted genes and proteins. Furthermore, we validated the gene expression by real-time gPCR
and protein expression by Western blot analysis. Interestingly, we found that ‘K-means clustering” which divided the ASD
patients into 4 subgroups provided the best efficiency. And when we created the model for subtyping based on K-means
clustering, the results show that ‘Random forest’ with 10 trees couple with forward selection' analyses gave the most
accurate prediction result (100%) and using only 5 ADI-R items to divided ASD patients into subgroups. In addition, from
the proteome profiling analysis of LCLs in ASD and ASD subgroups using 2D-GE, we selected 19 significant differentially
expressed protein spots with at least two different intensity values to identify the protein by LC-MS/MS. Among those
was HNRNPA2B1 which was increased in ASD with non-severe language impairments subgroup. While in ASD with severe
language impairments subgroup found decreased expression of HNRNPA2B1 MDH2 DLD and MSN. In conclusion, this
study suggests that the use of Al tools to subtyping ASD patients based on clinical manifestations could reduce the
diversity of ASD symptoms in transcriptome and proteome profiling analysis, as well as more effective investigation of
specific proteins in ASD subgroups which would serve as candidate genes or proteins for biomarker development

research for ASD subtyping in the future.

Field of Study: Clinical Biochemistry and Molecular Student's Signature .......ccccocceevereneence
Medicine

Academic Year: 2020 Advisor's Signature ........cccoeeeveeee.
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2. fheudavnqueasngnuulagdaysuseavgisuwuunsuansdlnuuazlusiloy

P

[y

WANENIINAUUNG waza1Rvlianunedmzlundazngudos

3. nguBunazlusAufidsydunisuanseeniinUnlugiaslsaeefiduaiunndu &
Ufdusiusseninafunagianuisitesiuimesanmiinulugvielsaoefivy
anady

1.4 TngUsTaeAvasuIY

1. ilennassuianguitrseefiduanasusenidungudesnue nmimisaaiinlagld
Wlyausehvg Imamﬁi’amﬁﬁauﬁmaqm%qﬁa (Machine learning) 31nTUsHNT3
RapidMiner lngag

1.1 Wisuiguaiuaiuisansedsednsainlunisuuingudosniueinis
neadlinlaeldisdgyyUseivg lnsorfonisiSeuiuuuliiifaou
(Unsupervised machine learning) youasasioaniusunsy RapidMiner

1.2 ahslumasazSeuliisuaiuausanseUseansnmuaan1suuinguees

a s

HUheananuarenIsneeatn Ingldisdyauseivg lngondenisisous

wuudlgaau (Supervised machine learning) ¥aatAToedaa1nlUsunsy

RapidMiner



2. WeAnwzuwuunsuansulaunazlusileuveuwad imzidsssiaduliuaiadain

AUrpeefisuaUnauUSeuiguiugULuuNIshanseantulgasnizdesunnauY

oA (% a

Und wavszynquiuwaslusiuniiszaunisuanseanidaunflungudesvadlsa

q

panduaUnasuLUInNeIN1snendtiniagldisdynnUssivg
3. WefAnw1Uduius (Interactome) ¥aenguiunazlusauniseziunisuansoan
AnunAlugadnzideswiindulnuatanaingUielsneeiidualnn sy yiugninig

= = Y v a a N v ace )
NWYINTIN LLagﬂT]lILﬂEJ'JGU'P]QﬂUsanEnﬁﬁﬂqWWWUIu%U’JEIIﬁﬂa@VWNaL‘Uﬂ@]ill



1.5 NSOULUIANIIUIFY

Autism Spectrum Disorder (ASD) {Wulsafiflanuaunfiferfuimuninislugiasuusnvesssuvuseanuazaued

Aeuvainvanedusgaunn wazdtlinsvamnvedsanuudn

meAdadelsreefiduanasululegiuliuvvasuauiifiniuenn dudeu Tanun Sududesededidesng

1sad v

wavfamslalfiiSnsshwlse saudedelaifiansusinis@annielunsitadouarulangudesag1esinng

nmsBeudrennsesdedmiunsuisiiseeifuanasueendunguessnueinisnndinanuuunagey ADIR

21997elunaseilefinduuuysannisvangseauieAumasusnginmamsuitieenguanasy

ASD Subgrouping
Aim 1.1: WiawSeuifisudssavBnmuasdaneiiumsiSeuivoadeiouuilififaou dwiuianguithuesdivs
anasueenfungudssnudnvazeinsnindin
Aim 1.2: ieaidunalumsinnguuaziSeudisuussannmmsianguitheeefituanasu Tnsendudanesi

= v 4 A v
N1IYUIVDIAIDIUDUUUVNNEADU

JoyadnumzeINIIeAainINkUUNAgeU ADIR é’ana‘%ﬁmmaﬁsuiﬁumLﬂ'%laﬂﬁa (RapidMiner)
ngu ASD = #Ue 85 918 9ng1uteya AGRE 1. mynngsisensseuiuuuliiidaeu
(Poyanisuusngudes 619839135804 Hu et al. (2009)) 2. MIIRTIERENSSsusLUUTdaou

nan1sdndiavesniduanasuesnlundudesandanesfiunsiSeuivenniesiefiunnd1aiu waskanis

™~ a v o ° v P ' P v &
LU?UULWUUﬂ'JWNQﬂ@@Q AIUINNILY ﬂ')']lll’) LAZINUIUVDUDILUUNAADU ADI-R Mslﬂummmﬂqu %QLLﬁﬂQ‘L‘WLWu

1y

anestiunfnaalun1siangu

ASD candidate biomarker
Aim 2.1: avhudlesdeyailefumiuiinaniseninundlufiisesiduanniuuazoefifuannsundueesdiutslng
TneluladiygUszing uariinanes Gene ontology Lileviuneuiinfinisdinmuesduiny
Aim 2.2: AinsigisUuuulusileuitedumilusiuianseeninunilufineesifuaiunasuuasiiseeiguannsy

o = o = a ¢ a I3 A o v o = a A
naugesfiuuslneldmaluladdyauseivs uagiiasizi Gene ontology Wavhueniinis@ian mueslusiuiinu

Wsfiuiuanseeninunfeefifeddyy endldiduansudimetinmdmivtislunsitadeuazutanguiiae

pofFuanasulumenddn waranansadiluimunieldlunmsshwiwuunmsunmdusiuglussauluanala
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I ad a v
1.6 F2LUYUIBN9IY v an " Y
VAN VUSDINTINNATUNIINUUUNAETDY ADI-R ‘ZJENQU'JEJ ASD 85 518 IMNFIUTBYA AGRE

. Jouansulsithesenlungugos 919133889 Hu et al. (2009) Tngld ADIR 123 98
Data Collection v v T
Joyaguuvunuansulauvesauldnguifediuaingudeya GEO DataSets Tu NCBI

. unudndeya Missing values ’Lwﬁa:ﬂaé”ﬂwmmmimmaﬁﬂmﬂLl:uwwaau ADI-R sef1 Average
Data Processing

ASD Subtyping \ !

Aim 1.1: iieiSsuiieudsyansnmuesdanesfiunis . . . - :
Unsupervised machine learning (Prediction of subtyping)

a v o A 1Y o  w w A a
Seufveaniesionuulififaou dwmiudanguitaeend-
= . - o . cans S v
Fuanasueenundugesnudnuarenisnieeain - whsunsunuTeyaNIUNlae
sonlungueoslng Hu et al. (2009)
K-medoids

Supervised machine learning (Reduction of ADI-R items)

ASD Subtyping (cont.)
Aim 1.2: titoaisluaalumsinnguuaziieuiiiou

Usgdnsnmnsdnnguiieeefiduaiunnsy Insendy

@ e a v 4 a oy Analyzing process
ganesiuNsIseusvoAsasilBLUUiiNaoU ANN, k-NN, Naive Bayes,

- Split validation
Decision tree, Random

- Backward elimination

nunansIngthedunguees wagnsulumaianunsa forest, SVM, LibSVM .
A 4 - Forward selection

anduaude ADIR lunniign Taedsli Accuracy

Sensitivity Wag Specificity g9 (Z=98%)

v
ASD candidate biomarker
Aim 2.1: FaviilosdeyaiiiodumBuiivanseenisundluifiissefituannuuasee figuaunasungudesiividnglinalulad
Yoy 1useing wariasngyt Gene ontology Lievhunewihiinisdinmuesduiiny
Aim 2.2: SiasesigUuuulusileniledumlysiuiiuanisenfnuniluftisesfiduaiunaduuasdtisesfiduaiunndungueosiudlng 14

wialulagUyey1Uszivg uazdiasiey Gene ontology tevhwienihiimediniwveslusiuiiny

Transcriptome profiling analysis (DEGs) Proteome profiling analysis (DEPs)
(L LT T T T T T . T 3
4 oo de e U S AT
I susePeduninaundluiiengutes I I Anfenwadizfessindulnuanadangtheesil
| | usEng | i "
I NNMTIAT IR IdayaTeIULUY | L Buawnesungudesusiazngueey dhuwnlusiun 1
1 I
- 1 ! s s v
8 nsuaesUlay lagldlusunsy Mev | | uanseeniiaund lagldineila 20-GE uay Lomsms )
_______________________ - Sy U g

oA

R T | . v o
JWTuedetuiitnUnfvestheeeidy I e pathway UnuIn uagALEURUSTRIlUTA
I
I

|

|

o - o o !
awnasuuazeeiiduaunaunaugos finu Toglalusunsy IPA I
]

Overlapping analysis s18%elUsaunnuivguteyaeeiidy sedesuiusedelusiuitinung uay

sevelusiuniaunfdusedelsfuiiaunfnineiinssenulugieesidy
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[

1.7 YaULUALAZTDINNAVDIUIRY

a v

nsaneiidunisidefsiniseanuuuidy Case-control analytical study lae

Ya o o a

AMgITeadunIsAneigiuuunisiansveslysilounazduinasuanlauluiwad

Y

o

Wwazlassrtiadulnuands Lymphoblastoid Cell Lines (LCLs) AWmuINI91nLGaa
niaenvesUrelsneandualunafuuasAuUNAINAYIY NITHANLYAEINAT
AT un15la Y Autism Genetic Resource Exchange (AGRE) repository Fadu

SUIANSTININTTIVIINAIAIDYN1ILALLTARAINSUNISAN®IITULNEINULSADBNTY

alnasu UssimAansgoluing Javadmizsiaennaiil aus

o

Welasuanueyasizi

eX2p

U aa

310 Dr.Valerie Hu u%13nNeg188385978%96U N319%90U A% Lagigad tn1gLde991n
Y g ) 1 1 o 1 [ I~ A =

AUevzgniIkuneanidunguees (Subgroups) 31U3U 4 NGYN LazARLRRNIADLNE S
ngudaeNlidaauRaUnffn1un1¥17Uks3 (Non-severe language impairments or Mild
subgroup; M subgroup) 91U3U 9 518 karndugesNdvinyrdaaenmiiiay (Savant skills
subgroups; S subgroup) 31U 13 518 lagldmaluladUyniuseavg enfenisiseus
Y99A9UNAD31nTUsLATY RapidMiner uanvsnguauldsanidungudas fasan

v

3 v a a 0:,; S
AN N ADI-R LasganWaueaINITNIIAaUN NIUA

ee

H39898v1n15AN¥INIT
Lan10onvoalusaulugie pH 3-10 5eNINNGUNAFOULAZNANAIUAN LagA1nuAYA
TUsAufiaulaaedosdian P-value<0.05 antfuynisiinsizdunavesiiegialusiud
aulasiafemaila LC-MS/MS dmaiilduniinisinseidisuiisufugiudeyauay

MANUFUNUSYaIlUsAUNaula

[
Y [ o

~ a & AY o w = @ | v o9 U Y
Milnudeldmdivedinlusesveingudegenlidlyvssvinsaulne uasdidoya
dlunsdanguenawmelulagUyauseivglivnin dealilunanisuuainguilsealaly
munulunisulanguvestheesiiduaiunasuviann waanusalfdunwinmslunisuiingy
o & | | & Y] v & ¢ s dl TR ac
dUreanilungudesluileduld Feaziluusslevilunis@nyifeiiugUligeeiidy
anasulamalulusuian

[

1.8 Us2laviva99nulie

[
al v v

A a e U < Ao 1 a d' 1o 1
‘U’]ﬂﬂ’]i%liﬂ@@%‘duﬁmﬂﬁimL‘lJ‘LJIiﬂ‘V]ENI&I‘V]T]“U?{’]LMGJ‘UBQﬂWiLﬂ@IiF"I‘VILLU‘Uﬂ BNYN ﬂlll

fa15U9 n3ansfnwndnigselsa felunsanssaguisjaduluinssuiunisitade
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D - ) a a = o = PRY o & &
AUqe Wegualagn suSuldsunginssy vieasulviinisiSeuiinwendndunazidy
Useleytdaonslddinung Ui n1s@nwiasidilisaiuisawdsUivesiguaiunady

4 1

sonlungueesuarldlumannmealuladdygvssivgundiglunsidedenengUiseondu

o«

'
v

naugos wazvilinsudunaglushunRaunfluwadninuimiandadonviveatielse
2RNTUAUNATY ALLASDVIYANUFTUNUSNI9TINN (Interactome) VoI ukaLIUSAU
1 5 d" Y < L o 1 = a = 2 d' v I3 A

a1y Feenaldidusunudmsunisfinwidadnludszvinsghe ewmunduasusinig
=~ . A o a o a e o v
F101n (Biomarker) n3a@nwinalnneisaninluszaudiluanaveslsnoefiduaiunnsula
solllusuinn saudsldienaunssnwwuun1Isunvdulug (Targeted therapy) ddwabin
AUaelasunsidadeisinsuazdnmzunay Wsunsusudsungfnssu wiensiseud
Ly d' o I~ | ¥ aa F2 a [ df;{ o 1

WinwenIndu dwalinunmdinvesyUlelsaeeiiduanasuivu wavdilugnisannis

=] [ (4 (% V1 a
gausdeninensuywdiazsulszanalunisguadnuigUiglaluiign
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uni 2
LNATHAZIIUIVNYNNYITD

2.1 Ismeadiduaiunasy (Autism Spectrum Disorder; ASD)

“Autism” f51nfN¥1191n019I03A 11910A131 Auto wUadn Self fio AsTiuend
sonnagmusiidlulanvasiies Silsroeiifuanaduiy (ulsafinnufaundluduns
WAIUINIS Eiﬂmaiﬁ;gﬂasJﬁmmﬁmﬂﬂaﬁqﬁmé’mm nsdeansuazMeFuNgAnsy fraeiidy
Tsoofiduunnsutl Tnevialuasddnuaeitliunninsinaulnd udisusiiaslsreefidy
wildnwuznisieans nsnevauss ngAnssuaznnsBoudiuansiisainauiild Taenis
Fous anudauazmaudleiagmaesihelsadasdfudinsassdfiazamnsnFousaing
7 WaudsflanuRaunanguussiiFeusaing g lddes danliguisumedeanisay
Y28 Ma 008 19UINIUNNTANEUTINUTEINIU (Center for Disease Control and Prevention,
2016)

ANWULBINTS

faelseafiduanadutuazinruunnsomowinuelududing nsuanisantas
o1sualuaznsdeans Semnrnsinviluuuusunginssuiy q liveunisiwasuudas fie
sofituaUnmiluusazeaziinaFeus amrwaulauaznsneuaussiedssing o Auaneng
fueenly Fadnwureinisvesiuislsaiiazuanseanisusifnaunaesndinuomwaniy,
(Center for Disease Control and Prevention, 2016) lagdnwaugannsiienaaz st idun

1. hinouaussronsiFundeaueiy 12 e

2. lilimnwanlafudsiaule wu nsbiveardestufifusgmiedios

3. ldauledefinudulimnuauls

4. f¥gmlunsaisduiudrugunie ldaulafios i faumus fugdu

5. liavanomAugdunazdoanisegdis

6. ﬁﬂzwﬂumivﬁﬂadmuﬁuiﬁﬂasmls vsslilanunsavenimuesianatials
7. liveuiiaznonvioranznondlafitasfosnisiviny

8. letlaudeansmeazianiosluiiusiasnauausssialdusduuny

9. ImnuaularudustaunnuarlisiENasynng Wuvseaseduius

Y q
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o

10. dnAgnaAvIeUsEloAmUAUNNINAGIET o NSerunRvTeUTElndT 9 LNy
lﬂl a

nsdedsLuulng

11. Tlgymlunsuanseanisnnudeanisiiedaenisidmmavienisuaniensual

wuuun@

12. lanansaaunuiisinisauudunumle wu nshieimsuasinen

13. YINgANITUANET <

14. fdgmlunisuiuiilieinusedriuasuld

g}

15. IUisenirawUanluivdweiindu savid anusanvseides

16. gaydevinuzunenaiiaell 1wy msvganamiagld
UL
Tutagudaliifuiuidalutosvosannguesnisiinlsneefiduaunnsy uiain
msfnwituaadasiivarsauvndmiunisialsaeeiuanniu Tnsuadu 2 ndu
Tva) 9 (Center for Disease Control and Prevention, 2016) l#uA awnamasnudsuandes
LAZAMANIIAURUGNITUENFIDEN LU
1. @UMARIUNUINTTY

Y

= a 4 A o a v [ = LY aa a ' a
LUNMNYIAIFNTUINUIBNVIINITIVY AU T UNYDUITUIANUUNGNAVDIEULNARDNITLAA

lsAaridualunasy 1w
| @ aAady & v A o a ‘:1' A & ace
- msnuinanndidesdugUlslsaeefiduaiuna Suaziinnudesgenlulsneeivy
[y 4 & o =)
awnasuunnnananilidd (Hallmayer et al,, 2011)
- lsmeeiiguaUnasuinaziintudiuaundsurselasiulsuniaung wu Tasluleuiend
W51z (Fragile X syndrome) Miuasa aipaslsda (Tuberous sclerosis) WagmulaUNAv9
Iastuley 15g11-g13 (Nurmi et al., 2003)
= 4 A a a = a dy J a a = = a = ]
fudlagnuinfianuianunfvesduintu uaniuaulaUnfvesduliiesduinealy
aunsaneliiinlsreefduaunasuls Fsanmuidenuingiulnglsreeiduaunasutiu ag
a = Yo = a a [ A = 1 [y v I a e
AaleUasiianuiiaunilunatedadensenategusiudu auiaunldilulsneenidy

alnasy wazAuRaUnNAveIduratsiunnaneantd JsaunsalteSulednuueaIn1sn

uwansnsiuludUlsusiazaulasneag
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2. svaduiawnday

wanINANUgNIITugnssukadtbulagiudmuinlsreeiiduanasudlianvauiain
duAIINdeNdIe Wy

- n1slE¥uenieansuitedievaisaanssd Wy nsaaalusan (Valproic acid)
(Christensen et al,, 2013) way s1atalus (Thalidomide) (Stromland, Nordin, Miller,
Akerstrom, & Gillberg, 1994) 1Jusiu azﬁﬂﬁtﬁﬂiuﬂﬁﬁﬁmmLﬁaaqqﬁﬂsLﬁuIsﬂaaﬁ%u
anadu

- inflAnanvieusififiengsn (Durkin et al., 2008)

- mswedmiuilunnzsensss (Vuillermot et al., 2017)

- NaY®y Cytokine interleukin-6 Tuvaiziensss (Parker-Athill & Tan, 2010)

SEUINING1VadlsABaRTNEUNASY

NNTANYIMNITEUININglasaudaiuauLarUasiulsavesuseinaansgomsn
(Center for Disease Control and Prevention; CDC) WU318A51A14YNYBILTABDATY
aLUﬂG}%ﬁanﬁﬁ 1 Tu 54 578 Tul A.¢.2020 (Center for Disease Control and Prevention,
2020) wagluuszimalngainnisdrsiannuynvedlsneeiiduaiuna iy nuidgdieannis 6
AUADIIUIUUTEYINT 1,000 AU Tl W..2555 (Chantayanon, 2016) 9MnAUYNTBLUIE

sofiTuanasululszmelneinanundneiu arnindwiugUaesinuiy dindiauduass

'
(Y

Hesnnwnivaelulsreeiduaiunmasudiuaunn dielenmainaglasunisitadedigndes
wagwmnzan wenanilannnisAnwianuynveslsaeenidualnniululssinaansgoisn

Tu¥ a.7.2020 danudrglRnisalvedlsreeiiduana iy dninludnduieuinninangm Qs

¥ a A

Tnglunnduigazinaugnuadlse 11w 3¢ au vauziaugnludngudad 1 Tu 144 au

U o

(Center for Disease Control and Prevention, 2020)

L

n53tadegihelsneaiguaunaiy

v

lsrpafiguaiunnsus1niiasyinn1s3tade Wesanlsaddslilinisansiaialy wu n1s
aiaden Nagldlun1sesiaiieyseneum ety Awuunndasinisinauihgnginssy
wazn1simuinsvesiniieldlunisitadeuwnuy diedsiluuiaswraiuiseidededUae

[
Y

' = A a v Y i ay o aa o v Y
FIILLADTELNE 18 LADUNIDUBYNITUU LLWI@FJ‘Uﬂﬁ]QL%U?%W@}Q%?‘HNW?O?UQQB%UU EJ"L@E)EJ'N
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wiughnfiasidiodiedieny 2 Yuld wegrslsiny fwvinivletulsreeidudnuiuunnd
Lilasunsidedeauls dailiduiemailidlisunisdiemaesgrsfiaisesdu lnenis
MadelsreenTuaunasuazUsznouniy 2 Tumounan ¢ (Center for Disease Control and
Prevention, 2020) g
1. Developmental Screening
nsnedeuiazilunisvegeudu q Mezveninindnisseudvinvenugiunaniged
= = a v 1Y ! a A [ ! 4 v =3
w30 In1siieuiuidindrundvielil Tusenitinisvegeuunmdenarzaiugunasevasin
= w2 A o ¢ 1% a cs' =t
vsonaAsualauiuNieduNANITaliseus N1sua WeinssuwaznIsiadoulnl Banis
a & VoA a a < [ 1 1 < a e
wgAnssumaIinnnuIiauRaunill o19vsludygrudivennistisidusafigy
anaduld Fammegeun siaiuINItasInanmaziiieae
- 9 \piau
- 18 Lhau

- 24 %39 30 LPBU

1 '
(Y ! IS

mfinsidadeenvvsiinsnsiafiniiuminindanudesgeiaeddynidiunis
1Y) = a i ° ~ o o a v i a ad & a aa
Wwun1sliasaininisaasanouniue Jumdnusniiauesninun@ lunsuifndgaa
telulsreeiifuanasuriolunsdififinisuansosnvesgAnssufitieadosoanun

2. Comprehensive Diagnostic Evaluation

nsvageuilliunsnegeutufiass lagazyinnisinaungAnssy N1SWAILINIT way
un1walfUnATeIveBin F991997N15MAaeUNITIHBULAZNITUBAAY N15ATIINIY
VUgNTIY Warduy q sauade Feludunouiageen1sgidetviglunisiinismaasy 1oy

Developmental pediatricians, Child neurolosgists, Child psychologists or Psychiatrists

Aﬂ. = tdl aa %
ASD93IaN LY hUN15IRARY

Tutladuiiesosunnuiendlslunisitadelsasenduaiunasuludn asesienldlu

q

[ 4

n3fladelagededeyaannnisdun1valiunATeIreLAnwas NI SEUNANGANTITUVDILAN

fagn19veanTeellenlalunisitans (Center for Disease Control and Prevention, 2016)

bYU
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- Autism Diagnosis Interview-Revised (ADI-R)

LUUNAADU ADI-R (The Autism Diagnostic Interview-Revised) 9944113 Ny18 ¢
University of Michigan Lfﬂul,wummaauﬁisﬁ’ﬁgﬂmﬁﬂuawﬁmg wuunageu ADIR 1Ju3s
Gold Standard Tumsitiadelsaeenduaiunasy wazldunsvarglulssinmansgowsni loy
LUUNAZEY ADI-R UsgnaudiesUiuunisadautiaan 123 Hade uadu 4 daunns
naaey léuA naaeun1sdeas (Communication) nageunisidndsau (Social interaction)
yAdRUNINTEIINGRANTTHUNE19E  (Repetitive behaviors) wagnadeuvinuedaaienin
fiuemy (Savant skills) Gauvunaaeuianusaldldiuiiasitongsus 18 Woutululy

- Autism Diagnostic Observation Schedule-Generic (ADOS-G)

ADOS-G LHunuunaaeuiivsziiiulasendedeyanisufausiug n1sdoans nisiau uas
msl3ununs vesgiasduinazithaidhlsnoeiituaiunnsu

- Childhood Autism Rating Scale (CARS)

WUUNISNAFUTMNIzA mSULAnNATete 2 YAuly 1 CARS Usenausiediun

]

ATEUARNNITITIdEIINNGANTSN SnvaizaMIzLasANaINNsavesEiasdednUielulse
RRUEHGRIIY

- Gilliam Autism Rating Scale-Second Edition (GARS-2)

IS Bl

Juesesdlening funaseswazunnd Tdlunsidadediniifeny 3 U8 22 U uenaini

(%
o

LUUNAgeUliaunsaUssliuausuLswedlsalaanmiy

2.2 uuunadayu ADI-R (Autism Diagnostic Interview-Revised)

Tudagiu madladegUieeeiifuaunesuiduninsgiutu Iiugiuuainnsduns
woAnssuveUlskarnIsasuaugunasesumdn (Murphy et al, 2016) na1ilageafie
=3 oAl (% 1 < a e [ A |5 aa [ (%
WwnogUszaa 3 U Nasdeinlulsreeniduanasunielidu avgnidadeainnisduns
naAnssuluseningunndasuaiuaniuduInuniugunases Fuduanvgndnves
Todnnnlun1sitadugUisesiiduanasuniiligilelasunisidadenadazenalilasu
NISAWTULNZ A

WUUNA@aU ADI-R %38 Autism Diagnostic Interview-Revised 1uiSn153d3adelsa

sefduaUnasuiluninsgrunazldunsuateialan (Howes et al, 2018) wuunageU
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ADI-R uieseadiofignldunduiiaiuiu wasdnisimuiuinaiensstu Janestuildlu
n1sAnwdl lauA nestuvest 1995 wag 2003 fdwtudentdlunisdunivel 111 way 93

'
o

VonNaIAU 1y 2 1I93TULLAULANAINUATINNEITY 2003 IN15and1uIUTaND Y
hedensitadendluniedinuazlunuidy suuadenineitesiunginssuveanguyUae
Milegtes (11031 3 V) Nhidluuuunegeuiesdu 1995 e Fadlevinissiudeyans 2
93TULET WUNETIUTENAaNsalTluNSANYITeT e 123 To Tdanludssun 90
W LNRUISBIUNGANTTUTINNA 3 AU AB ATUNITUNEIAN AIUAIRALNITARANT LAY
v a o v & = . Yoy v 6

AUNGANTIY Wsngdmiuaney 12-47 e (Kim & Lord, 2012) lnegiilduuunageuilly

a v [ s A va A % &

nsUssiiiuazeduwnmdvoduivgyniuniseusunisiduuunageuiiinlagiamne lny
manlumsdunivalasifediuuseIRve Uiy WAy WmuIN1INIENI RAwIn1senu

denu Lage1nImeAaineng o Medes 1wu Aui1s nsiiedies Wudu (Rutter

et al, 2003) WUUNAADU ADIR @nusanusrniueanidy 4 nuia tawn nuamauInIsanu

[%
a o o Y [y

N1380813 MUIANMUINITNIAIUAIAL NLIANERANIIUEIAAEYIN WALNUINTINBLIATENIN

=

e Mslinzwuuazlimuszauanuguusadudiay 0-3 (Charman & Gotham, 2013) 39

4

JUABDUNIT LT WUUFUN 1R

(9]

= & & o [ ¢ v & o [ < a e

fifatl wmdvnisdunealiunaseunniiasdeinadulsneenigy
anasy audumsdunangAnssuvein antduunndagasazuuuaueinsitiervesly
wraz a0 IneTERUATLULTNINTLATY 1UBNDINTTURILTATITULTITU ATLUUNLARINU

¥ o

azdomnuvadusazauIrIn TN UNEINAUAIAdn (Cut-off) YaeiileIn15eendy

0 = liluanmgAnssuveseufinundle q Miedestulsneeifuaunadu

1 = GukanangAnssuAnund widslaimnweiagdtadeldirfionnisvedsneedids
annsy

2 = wanangAnssuEnUNAveIeINsVRIlIARRTIdAUNATIaE N TAY

3 = LAAINOANTTURAUNAYEI8INSVRLTADRNTUAUNATURE19TUI TS

7 = wanangAnssuiiaunfgetaiau welildeinisvedlsaoenduannsy

8 = luansausziliungfnssueanuile

9 = lansuteya viislulminsdunuvalluteliu
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[
= L

azuuudildazdufunsusziiuvesnisidnevvesunasendundn Junueilunis
Fedindulsroofifuanadividolit fihelsaoefituamunatuazdoiinsuuuiis 3 du
fiudn cut-off #all azuuslumnsiannmsaunisdomisasdoannnimioniniy 8 asuuy
(nsalTuiauntvy) uie 7 azuuu (asaliiilueouniw) wazazuuuluvaninuinis
N Iud NI DN TIMTOWIAY 10 AzuuY uazAzuuvlunIaNgFns N Ane Y
ADININATIMTOWIAY 3 AzuuY (Lord, Rutter, & Le Couteur, 1994) %Qﬂﬂﬂisﬁ\‘iﬁmaﬂ
LUUNAFDU ADI-R Hu AatfieUssifiuyanatiasdeindulsneeifuaunmiy wazanunsatdie
Tumsuisnguginelsresiifuaunasusenidungudesiiioananumainvateveseinisves
Auaelspeeiiduaunniuld (Hu et al,, 2009) lagdoyaain Spectrumnews 1wl 2011 1ol
nsseyliuuunagey ADIR Tanugnaesunisiiadeauldlauinta 98% (Constantino
et al., 2007; Fernandopulle, 2011; Warren et al,, 2012) LLazﬁi’ijga Autism diagnosis in
children and young people 111 Evidence update U 2013 910 National Institue for
Health and Care Excellence (NICE) (National Institute for Health and Care Excellence,
2013) ladfin1snaiifienisAneanainla (Sensitivity) Lagaa1uT1Lw1e (Specificity) 394
LUUNAADY ADI-R Tag Kim & Lord Tul 2012 Tuuunagdeu ADIR duawnsaiiadunda
Auldoaniguanasuuy Non-verbal ken3a1nn&axu Non-spectrum aaeAubs 97% wagidl
ANUTINE 43% nquauldeafiuaunasuwuy Single word ugnINNGY Non-spectrum
AeAly 91% wazlinudnnie 82% waznguaulioafiduaiunasuwuy Phrase-speech

LY

LeNA1INNEGN Non-spectrum MUy 70% waganudnmig 68% vananidlaiinisass
nAEeUIENTINadessuuUNA@aU ADIR LUUIElng Aednsiuludefieniulunesdud
1995 uazl 2003 aon Wy awnsaitadenquanldeeiiduaiunasunuy Non-verbal wen
31nNgu Non-spectrum Aa8A313L 85% wagfianus e fingudy 70%, nguaulieai
Fuann3uiuy Single word wena1NNgal Non-spectrum dsamulifistudu 94% wawd
AUTUNIE 81%, waznauaulieefi@uaiunasuiuy Phrase-speech ken3anngu Non-

spectrum feanulindudu 80% wagauduniziindudy 70% (Kim & Lord, 2012)

2e1315AM U wWUUNAEDU ADIR §ipeiivadninae
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1. Ta1lun1syMBUUNaa@auLIY tHe991NINUIUYDVBILUUNAADUT 123 1D WHay
Yol UNITHOUNIB ALY 2-3 U7 YN la g lunISYkuUNA@ausanis

Af9dy 1 Ae agldaitednaden 90 w1 FeldwmungiunisitdadedUasly

¥

anunevandgidnsunisshvidudmuaunn

o

2. IALAAUELT IR NIEN 1T luAITIATIERRUUNAdaU Usenauiugnyinng

e

o [

Fadeenainsasaziuuiie WWeswnlddnglunisiduuunaasy a1aviligan
NTDIMIATLULTIURA denarion1sIaaunITThvuaziunla
3. 91gveENazlasun1sIdady wudtuuuneaeu ADIR Mdladmugisieny 12-18
A dy o 4 o/ :’1 :.: (4 = ! o o
wowduly vilenglumsdnwmasusniudit mnuan1sAnwinuiterglunisundn
! ! dy L% = o 4 ¥ o v v v o aa (%
deasienisiuyiauinisiuewian wilvinisandedninsiiuegveignitdade
& G o o &
AT INUUER LT
L% :.’/ r.ﬂ' ¥ [N 6 IS a s
Aatluiiteandedinvatiuunagdeyu ADI-R n1sUsegndldinalulaglayayuseiugena
FrglunsidedeuarulaingueesiUivseiiduanasuesndungudeslsd 1ndnwazeinis

N9ARNNTA AN AZBUUVDILUUNAEDU ADI-R

2.3 walulagUaeyUseivg (Artificial Intelligence)
wialuladUgaUseivg (Artificial Intelligence) ADANNAINITOAVDIABUNLABSNTD
a4 A A & aa v Ao v a o 19 e 1w
iwsesilelusuuiluiinealunisudanavesdeyanindnssuy mseuinndeyaildiinly
& v = PR | Y] N o a
wsonsldniseuitulunisussadmunediunisuiudsunasiauissuu malulad

a & o

Hyausgivginlilunisesuieanuannsavesnouiumesaidunuiineidestuaiy
¥yaan viesinUszgndlulasensifrfumsfaunszuunun s UIuNsANRaIAT8Y
WYY WU ANENTAlUNTEmAENG NMSAUMIAIINTNNY YTBNTSISEUSIINUTEaUNISal
(Copeland, 2019) walulaglgaussAvganaunsatlidszgndldiunslinsevideyaruin
ey (Big data analysis) lunainnaigaivinieiu Usenaulumiy n1sUseaanIwIsssuef
(Natural language processing) N1533nAMA (Speech recognition) miﬁauifﬁuaﬂm%adﬁa
(Machine Learning) N15Ussuianan1n (Image processing) 3Me1n15vugus (Robotics)
LASOUNULTIANNUTE (Semantic web) waluladnisAnui (Intelligent computer-aided

instruction) S¥UURLTIEY8Y (Expert systems) waganundyanusefugou 9
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n15ieuivaniasdie (Machine leaming) il unilsluaiviveunalulad

a

Uyaysehvg Aenseurunisdeszideyannnisasieguuuuniulusunsusnlud® Wuns
= = % Y v Y @ % ¢ 1
Pszuvannsaseuslaleowuudnluifuazysuusinisdanisssuulsandseaunsel Tagly
Aasntlusunsuliognadniau wilinsgdudunisimuildsunsunauinnesiaunsaidida
v vy & v A b @ o [ oA a a = v

Toyauaylddeyaiu q ¢ ielvinsdnnisteyadullegiiuszavanin awnsaiseuideya
seusUsuuvestoya wavdndulawnuuyudld n1sseuivenniadoauisaldaulivany

sUsuuMeiu Insondenalniifidnvasidussuuniaioniidanasiiu (Algorithm) Felle

e

a =

meiuraiesukuy sanuuulagtdnineimanideya (Data scientist) Fenilsludanasiui
Yo a 2 = Y oa = B = 9] P
lasuanuieugede n15138u3i898N (Deep learning) Fegnesnuuuinlildaulaiteuas
Uszgnaldlanunanednuazau eglsinulunisyiauess dniveraanideyadndu
v Y ] o a Y o o Y as A & 1o =
wfoseankuUmUIA1e 9 NdlunisiSeuiidednuasmidanesiudy q uduaIsuiieu
- Y ac o = D a o = % B A A
Wenawdanasfiuvunzauilunisldauase lnedagdunisiseusveunsesilelioy 4

[

UszunAnuan nadl

v

1. m3Beuiuuvlififasy (Unsupervised machine learning) Télunsdliidoyaiild
Tunsaeuliifinmsdnuszinnviednaain lagaziioudinssuvamsaoyuuilaiduiiossuns
lassatsiigeusgandeyaibifinaainlsognals Inessuulildvnadnéfignies urazmm
warasufeyannyatouniamunifiossurslassaisiivouegnndoyadilaldfoaaniy s
aunsasusnsseusuuuliifaeusenidunisianguuasdeya (Clustering) wazn15m)

Y <

AMUFUTUS (Association) Aaeg1edanesfiunsiieusuuuliifasuniioy Wy K-means

clustering, K-medoids clustering tJusiu
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Input Raw Data Algorithm

Unknown Output
No Training Data Set

gﬂﬁ 1 Unsupervised machine learning

a

WERINTEUILNTYINLLAE AT IEidoyaTeIn s u s uUliiifaou Flidaed
gadayaiiduynnisaeu (Training dataset) Liieliiasaslioisouiuaziinszinruduiug

neluyadeyaios wahuenadnsaanan (Loon, 2018)

2. n19i38usuuuiidaau (Supervised machine learning) Lun1sieuslukuu
fa av v a 1% o A guo o i Y a

sruvazannsaUssenadilassuianlueanieldviunedeyaludlueuanla didwane
Wensvineuazdwundeya naldnsinaaindregraieuemsnisalluewian Suan
a ¢ — ) a = o Y] ¢ v A o
N15ATIERYAN5A0Y (Training dataset) dana3iun1siseuiazaseflsidusyuuitesin
o PV A~ =~ v 4 o ax - Y
N19YIUERARNT Ban15i58uIaEngallodanesiuty awsaussglivuneiigensula
Fo ax = % Ny o = =~ v o sav v v =i v =
weNNUBaes NS euswuLiiapulifianunsaUSeuiisunaansnlanudeyangnsieaiie

v a L% Y 1 a L4 IS4 I
anudasunlalumalumsliesgideyala lnaiaunsawuinisifeuiiuuuigaeusanidunis
0nn8y (Regression) kagn1531kunngy (Classification) dusunisannsgagldidiafiuysves
v 5 ® I a Y a ' J ! YA o v & & [ 1
Hag s uANuase drunisduunnguagldilediuusve wadnsiludnvazveaaiany

MBE19YeIdanasNuNTssuILUUdaounley 1Y NMsanneeldaudy (Linear regression)

fulsidmaula (Decision tree) Iassneuszatviiion (Artificial Neural Network) tWusiu
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Algorithm Processing

g‘lJﬁ 2 Supervised machine learning
wanInIzUIUMIINURaE I zideyavein1ssuduuuiifaou Fadnluazded
gadoyafiuyanisaeu (Training dataset) Wialiasasiioiuuauinduluna

dmfumsinsieiveyayetrdluswian (Loon, 2018)

=

3. n13i38uiuunediaeay (Semi-unsupervised machine learning) 91NN"5158U3

(%
Y

A oA ! v o a A 1 a v v 9]
YDUATANUDNY 2 UTLLANNDUNUN LLll'J']Eﬂ31!‘1/‘3alﬂﬂﬂ73mﬂﬂaqﬂsﬂayj51u6{éﬂSU?]i{IIaVl\'WHJ@ n19

Seuuvuiaddaeuazanunsaldiudeyans 2 wuuls Wesnluvaiganiunisal duyuves

Y

1 ¥ Y A

ﬂ’]iﬁﬂﬁﬁ?ﬂ%@ﬂﬁﬁﬂﬂ@ﬂﬂ’mﬁﬂLﬁaﬂf\]’]ﬂf\hL‘cljug]ja\‘il“lmL‘UEJ'J“U']@U‘VILﬂU?%@QﬂU%@NﬁIUﬂWﬁaﬂ

Y Y Y

aan feuuineziinisineannvesdeyaursdiuudiiondntion nsSeuiuuuisdifasufias

ausaasiluaalunisieseiteyald vuiugiuinanauAninfewiamndnluyadeys

U
| av M yva & % o v v 2 P~ o I Ao w1
aﬂu&qﬂﬂlﬂlﬂmﬂ@a']ﬂuutﬁ']‘lllz LW]GnSU@%aIUﬁ@%QHaUUﬂQ33JIV’13\‘1?13'1\‘1‘U'N@EJ'N“V]E‘W UUDU

agluyntayatusianunsamanuduiusinesuietoyatiule

4. n13t3eusuuuldnau (Reinforcement Machine Learning) 1uni1siieusves

wieslamenisneulaiudwinaeunlasuteys Ineinsesiloasdilinsiuinveyanlasutiul

o

Anuduiusiuedidls usagmearudululdvesaruduiuslugadeyatiu 9 udildneu

90NY1 FaradnsveINsuanseenaziinmsliseiadleldnaulignsies uazinlnuileldneuiin

(%
v 0y

Audewsesdiainnisseuian q Aasnsiviinisidneuiuyadoyatiu msihuuwnumse

Y

ANuduusedsls wWelvivinlagndesuniu danesfiuvesnisiseuiuuuldney 1y Q-

learning, Temporal difference, Deep adversarial networks 1Jusiu lnadagiuazlould
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nsseuFiuulanauiunsvinuwuudnluiiveuniadile W inudreuiinesedravuingn

Robotic hands sal¥audu 1udu (David, 2017)

D 'I ‘I

Input Raw Data 1 Eniroment ) — Output

Reward Best Action
State 0 Selection of

Algorithm .
>

(- >

)

@

gih‘/'i 3 Reinforcement Machine Learning

WERINTEUILNTIILLEE AT IEiToyATaIN SRS uUliney FunATole

U

whmsiiengimanuduiusnglugateya udldneufvaswadeunlasudeya (Loon, 2018)

MnAwaNsalunsiSoudussszuuaouinmes fvarsauidesefuiinigi
wialuladUgyaussavguildlunisviwisnisitdadelunatslsasisiusiunslsaeendy
awnm3use sndegnagu mslinisBeuiveansesileuvuiifasulunisianguitaeini
\Husefifuaunm3unuy Low-function wazilauRaunAvesnisindoulmvessensduuyes
$19n18 (Simple-upper limb movement) (Crippa et al., 2015) #38n1519n15138UTV0
m%’laaﬁauuuﬁﬂaau%ﬁm Logistic regression lun1s31uungUigeafiduailnnsulnely
LUUNAEBU Autism Spectrum Questions (AQ) (Habib, Harris, Pollick, & Melville, 2019)
wsoNsaialueaIINdaneiiuveIn1sIanguamsunIsIkunsenindsaeeiduana sy
wazlsmaunsau (Attention Deficit Hyperactivity Disorder; ADHD) (Duda et al., 2017) %39
msldnnsiseuveauniedenvuiifaouviia Support Vector Machine (SYM) Tunisuen
fUaelsnoeiiduaiunniu (Verbal individual with ASD) 9 ngUaeildlfifulsnesiivy

awna3u (Verbal individual with non-ASD) (Bone et al., 2016) kagdaiin1sldnisiseuives

winsflolunsansiuauwuunagau ADOS (Autistic Diagnostic Observation Schedule) 7
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Tdlun1srnnsaaiielsneeiidualnniu (Kosmicki et al, 2015), (Wall,2012) 1usiu uax

Fafin1sfnwilae Pichitpunpone wavany Tl 2019 (Pichitpunpong et al., 2019) fiFnw

susuulusilasuaznsuansulaulugUlgeanidualnnfungugasuuuysannisvangseeu

av vy v

[ 1 ace [ I3 1 1 v d' = aad‘ I3 a v
nasnlawdsiUiseeiituaiunasueenilunqueeslagldinasdlonsatamiunisiseus
LU Uiﬁﬁéjaau Hierarchical Clustering (HCL) W@ g Principle Component Analysis (PCA)
IngladendUrveefiduaunasunaudes NlAURAUNANIA LA TULSINANYITULULN
sansUlnukaslusatanluwadinigidgsrdadulnuatasnlaanauldne danuinannlusiu
Aa a ad o a . . . . 0. N a
Adnsuansooninunfty JlUsAy DBI (Diazepam-binding inhibitor) iua@nsoonanasasluy
AU UazdAduNgIdeaiudIne AN 1NN I9TEUUUTEAIMLAENITONIEY 91NUITe
%iﬁl,ﬁudwﬂWiLLUaﬂzjmaulséTaaﬂL?;Jumjma'aaLLazﬁﬂmgﬂLLUUMﬁhmLawwﬂué’ﬂwﬂfjmiaa
W azanunsainlugnisdunuansu@inisiinminaiunsatislunisidadeuazineddeeiud
meBanmvedsakuuInmzld wenaintannsAnwinisiiniseuiveantoeliiariy

° A ~ v a a v =~ = ] a e
andruluLuuasuntufduudnisldimalinnisiseuivenaiesie 15 daneifiu a1
TUsunsu Waikato Environment for Knowledge Analysis %138 WEKA tie3tA51891981a91n
WuUnAaey ADIR vasUigesiidualnniy dulewIsuiisuanuliuazanudinizlunis
PuungUlgesiidualnaiunivun 891 auainngualuaNvseaunltiion saanaeilunig
Afadelsaeedidy 75 au wuddulidadulanuunyuiieu (Altemating decision tree;
ADTree) anunsaduunyUleldlaganfednuiudevesuuunaaounaliios 7 4o 90 93 18
AAULLUEIRY 99.9% Usznauniy compsl5 (N1TtU1lan 191978 9 ) conver5 (115
waniasuunaunun) plays (nslddunuinislunisiau) peerpls (msldaunuinisiunisiau
fuLiiow) gaze5 (NM3dosuaslnens) grplays (NMsawlunguiuiiiow) uaz ageabn (1gile
fanuraUnAnsausn) wavtiloinlunatiludnyidelaet1teyaain The Simons Foundation
Wz The Boston Autism Consortium vesgUigeaiduanaiudiuiy 1,654 AU Lay 322
AUAINAIAU WUINAINITODILUN LA LT AIULLUEN 93.8% 019 99% LAGINTRINNALULSDY

o 1 LY 1 QA' I~ 1 v} 1 dl' = (v 1 o I a" I~
Yaadunguiteg idungumiuaudinsliinnelemieuiungusteganilulsa (Wall,

Dally, Luyster, Jung, & Deluca, 2012) fatuaziiiuladinmaluladYayaguszivg lnoaniz

ae19BaNsISeuiveuAIeiion1avztivaniuIuteveLuunaaeuluniladegUaeld an
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Y 1 I3 i A oA ° v A &
ﬂ']ﬁﬂu‘ﬁ']ﬂ']’]llu’]ﬂzLUuGL‘Uﬂ'ﬁ‘UigiJ']aNaLL‘U'UW'N i LW'E]La@ﬂ"ﬂqu’JusU@IuﬂqiLLUﬂﬁdﬂ']EJ@aﬂLU‘U

naugaglitosiian dsaztivaniailunisussaianaasla

2.4 9anasnuntalulusunsy RapidMiner wazn1suseifiudseansnn

TUsunsy RapidMiner studio 1ulusunsufignuandulag Ingo Mierswa uag Ralf

v

Kilnkenberg #n15Wauksni3ua1nU3Eniide Rapid- Tuusemeaewesud wazidovrsaned
2013 l@5utduasmuainyssmaansgosng Jadsudeu3onen Rapid- \Ju RapidMiner
W LLazﬁﬂﬂﬁwﬁfﬂmﬂmjmasﬁﬂssmmw%’gam’%m 1Usunsu RapidMiner Tglusumsiu
Inenmaniteya (Data sciences) lidagidumsiSeuiveandasile (Machine learning) N3

Mwmilesdaya (Data mining) agNIINEINIAUNAIINNITIATIENTaYES Ineflaidunse

[y a

anesfiundenldlunisdanistoyalulusunsutl laud duldidndula (Decision tree) {Wun1s

v [

afenglusliuu d1/uds 3naudnvuzvesyadoya laelifaunisuimduanudusius

sendnedeyafundriunadnwsala n1sdnanguuuu Krmeans uniialuiznisdnngulu

sULuuNsSsuiveesetienuuliifasy Insendoiugiunadfilun1sinseiteys was
lasstneUsgamifion (Artificial Neural Network) 1unflsludsnisimaneideyaluguwuy

N3158u309ATREoUU LA UTNIABINNAINNITINNUVBIALDINY WY NildIun1SeusH

2 = I3 v o v A ° v ay yo v v
dnfigefe wadUszam (Neuron) tngaglivimiilunisiuiadeyafilasudissuu was

—

saa v a

wiaudezluvemnmansalidululy weldldnadwsniinnnugnsesnniign Tsunsy

Y

RapidMiner a1u1sadszenaldiuaulanainvalvaivinin lddnazduauniadi
v A

ATYEANERT Uayd INe1Aans v3enunieeunswnng agratunisneinsaluazdeaiulse

sfnsunmddinyana Wesnaunsadanisiudeyadiuiuinnle

1. danasnuvenisiseuivauaTasiianuulilifaau (Unsupervised machine

learning)

1.1 K-means clustering

< = v a =2 = k4 A Y 0 - o v ! L=

Dunilsludanesiuveiniseuiuuuliiifasunitenga lngaginnisdauus 3o
Partitioning Yeyasanidu k nagu antuazynIsAIuIMNALadsvIteyatuLRazngy

(Means) tieldidugarudnans (Centroid) 3o Ad19dlunsinszagiisseninadoyaly
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nauAgaiu YoyarzgniadnguegnaNgaauATUNIMUN Lagazlin13AUINIAAUINAIS

[ 1

Tmdlaenismeadevesdeyanielungy vngaaudnansluwiasngugniueusinumis agle

(%
v v §w

Y aa ' ' Yo ¢ ' PN | o a
%@%amuﬂﬁWNﬁMWUSﬂUﬂQNIWNLLagsLﬂaﬂ‘U@@?:]uEJﬂaqﬂi‘ﬁll Iﬂﬂﬂi%UUUﬂ73QWUQ3ﬂ7Luu1ﬂ

a o

unieyanunaglilimavasungudndely ReRdna iAnUsvan, 2552)

A A
L ]

31]17‘; 4 K-means clustering

wanInMReuULaENAINITIATIEAiaTangulaeldis K-means

1.2 K-medoids clustering

Judanesiiuniinnuunnseiu K-means clustering assiiagldrnadoseninanguun

'
) L1

16 Jugarudnans (Centroid) 35 K-medoids clustering # azunufigaguUEnaIfIuaAIa3e

' 1%
al ' 1 0y

vaeteyaneglunguiy lnefidefni1is K-means Aw 15 K-means 19A1gaaudnanaain

L] 4

' PRI ° ® 1o | ada 1 a P Aaa . aa
Anadeinann1sAwIn ldlyduniiiegaswesteya wazlunsalfd Outliers 35 K-
medoids glnadnsnAnitiiesainynaudnatweinguavdiadndifssiuteyadiulng
Y9INAY UAI5 K-means A1 Outliers agyiliynAudnatsveingulnaaindeyadu q aely
1 14 Y a A ada . o < ¥ ¥ Vv a ! 4 1 o
naule urldeidefeds K-medoids 3ndudaslitayarselungduunugnaudnaiavesnagy vin
TliiATeATALTRIANAINVRIAIUNUINA1MITT K-means kagilalin1siuasunUainis

Y v = I3 4 o % & 1 N [ A
nszedivesdeyaliisuintey svvilvianaudnaraveingudsuliuuulideiies lng

nsglanndeyaniisludntoyandslungu (Kaufman & Rousseeuw, 2009)
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Kmedoids Cluster Kmeans Cluster

Q
Q

31]17; 5 K-medoids and K-means clustering

WAAINSLUSEUBUNNTIASIEANEINNGUTENINT8 K-medoids fUT8 K-means clustering

W131LA83UINTIANGULUY K-means udy K-medoids

1. Add cluster attribute #1nda3n5a$19 Attribute Tusilugadoyanadnsila g
audu Attribute Tdnnquieyailiu Cluster i1 9 Tnvanunsailuldilu Label Tunis

Ansznou 9 soldle Inglda1ds Apply model AunsilAsziou

2. Add as label a1uadnsnlaiduasifazasne Attribute Tnddunaziunuinfitey
I Y a & . [~ a < (=] 9/
Wu Label wig1n1s1imas Add cluster attribute haiuaa1u959 Anaghifinisasna

attribute Tvaidu

[
a

3. Remove unlabeled d1n133anquiliduass dregreiildaunsadangulaazgn
Weenluantoyanadns
4. k IIUNGNTLT9BINTLAAR

5. Max runs 9113u50UlUNMTIATIERALAIRAN SEUISUTUNYARIAY

1%
P

6. Determine good start values §1n11359ANguTTUITI 9AV8IAT Kk F8QNATUIN

10 K-means++

al

7. Max optimization steps 5¥U3MWIUTNNINNgANAEIN15VIg1 lunilessaureInis

q

AATIEN

[

8. Measure types N15ion3sn1siananiuussinnvestoya daeil MixedMeasures

NominalMeasures NumericalMeasures ka% BregmannDivergences



29

o = = a a o v a o A A =%
ﬂ']ﬁ':l@LLa%LUi?J‘ULWSUU?SﬁWﬁﬂWWT@QﬂWiQWﬂ'sjanEJﬂ']ﬁLiEJuEGU'ENLﬂi@QN@LLU‘U‘lNNQa@u

a a 1

AaufNazyinIsinuszdnsainnisuusnguiiaaunidanasnulun1sdnnguaiuns

' £% ' '
) U 4 IS aa

a o =5 Aa ! A o Ay | a; !
LﬁﬂugLLUUlﬂJNf’dﬁ@umWﬂﬁﬂuu LFEDIUNITIIAT K ‘Vﬁ@‘ﬂ']u’l‘UﬂquVlm@QﬂqiﬂgLLUQWWV]Q@ﬂ@u

q

Feanunsovinlaleald3s Elbow method Tlun1smiduunguimunsaudniuis K-means
Tnganz Wunildwisindeiinnainveamasiussezraseninedayaiuyngudnals lnsunu

X Lﬁ“fluaj’ﬂmuﬂaq'mﬁmﬁmum GRVIGIIRY Huan Average within cluster sum of squares

Y aa Y]

AuIlaa1nlUswnsy tngiaAuRanainantesad lEUlAINTAUTUILSUTALAY
a a < [ & P dy < g v o 1

suiseuauAnduLNsnwzmileu Elbow 33 a gellavilugeilviridnuiunguves Cluster

Ao A

NANan

Elbow for KMeans clustering

[ g
o

S B = B B e
® o N & & ®

Average within-cluster sum of squares

o
B
/

[
f
|‘
f
\

]
N

Number of clusters

E‘Uﬁ 6 Determining the optimal number of clusters using elbow method
aa ' A o oA ) Y aa
WAnIIENIIMIAT k BT ungumInzanlun15Innauaies Elbow method

nnmaziuldnduunguwiniu 3 asduduimizaudviunsianguuiniian

wagtiloannnisdanguanenisseuivenasesdlowuuliiifaeuy 1Wuisnisdnnqulng

wusdayaseniu Cluster m1alusunsy RapidMiner azii3glunisinussansninvesnisdn

nauuuull lasidenly Operator 1117811 “Cluster distance performance” %39n1579

' £
= v = a1

JeLvNUINauUNgNIATY Ingaslianiusingluntsnuaninanasolul

Y

- Average within centroid distance ¥184ALAEVRITLELNINVDIUARLUBYAIIN

v
= L4

AudNaNs Be8aAnlng 0 9289 uansbiiiuinserivesdeayaniglunguninvuiios
- Average within cluster distance #11859ALQABVDITEHENINIDNITNTLAIYA

aelungu Berdey Balnsnseangdivesloyataeniailin1siniznguvestoyauin
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=) [ [ 1

- Davies Bouldin %38 Davies-Bouldin index 1Juinasin1sinauninuaan1sdnng

¥ '
1 v ad al

WUU Clustering Mliufuduunqunasdinssinazldvuiuisnldlunisuuangy 3

= 6

Jeuunulglun1sSeuNeuUseans A nuedanasNuNwanmA19nuluN15ILASIEY

Y

wusngudeya laglunisiuinasidun1smensduseninmasiuyeanIsnszanesi

N13N528ATUNGLILADINDY WALILADINTLELNITENINNGUUIN AIUUAIVDY

1 A

Davies Bouldin Mitleeiign agvilulanisuuinguinanan (sedna dosgmaay, 2555)

Y

Doy

2. 9ana3MuvaINIITeuivalAseliouuuiidaau (Supervised machine

learning)

2.1 K-Nearest Neighbour (k-NN)
Junilsludanasiiunssiuunuuu Lazy Model #3an1sassliinauuudte dudnnng
AaN1sAetaYanlndlfesieanin k /i uadutudiwiuindeyaiveutulndifewisnun
v ¥ ' = ° o w 2 v I o o v
k siaiu WJungulasnniian 31w k ndeeluilunalianuusiugilunisihuweanasls s
amndaumnnifuluiaglilesesd Wewingadlenanseunquituiivesdeyailidneites

furseegauaznquuInTume wagnisiden k Mbwaeg azaunsourlugdeasunliasiala

Y Yy
[y Y [y

Wuiy MetiduiuIga Attributes vasdayanithunIATeise

Initial Data Calculate Distance
New example

1o classify Class A Class A
* | " Class B . * % Class B
B o* ow X Bl * o« X
* k. AA K 4 AA
? A 1N
A A S
A A

Finding Neighbors & Voting for Labels
Class A
* * * Class B

X-Axis

3U# 7 K-Nearest Neighbor (k-NN)
LAAINTEUIUMTIATIZITRYAYRITANE3TIM k-NN Nziimsmdeyaninddileswniign
wantuinuindeyailnddieanaitududeyaussanlaninnd

WaaryN1sIkuNUsEI VR ITayaliu
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2.2 Support Vector Macchine (SVM)
Jusduuni@adu (Linear classification) AfAnuwsiugaasduseansamlunis

Tuundeyaniiiadruiuuinly erdendnnisvesnsmanyssavsvesaunsidunsaiioasng

=

wulunsuustayangndeudndinsesilolunseuiunisasuliiseuuitews lngagyinmsndu

Y Y

v a

Pannsaudanenngudeyalaffan wwInuAaYes SYM IinNn1suA1veIngudaya
Maluysgiinndnuae (Feature space) A1nUAzIINIIIAUTTEUUsTaYaivdRI0N3N
Y v Y ! a g P & P v v N ]

fulagasiaduius (Hyperplane) MUuidunss@u uasiiiolvinsuindunseiudienngy

v O v I3 v Aaa
@E]ﬂ"i]']ﬂﬂuu‘ULﬂu@iﬂﬂL@LUULau@iﬂW@V}?jﬂ

@A Maximum

Margin

Positive
Hyperplane

Maximum
Margin
Hyperplane

Negative Hyperplane VEC'EO:S

U7 8 Support Vector Mahine (SVM)

u

LAAINTEUIUNTIAT TR AYRITaNeITIN SYM Tagiin1staidunusioyaiitadunngs

mndeyantunldlunisinsegsililideyadadu azarunsauddymildlagnis
Kernel function 1114 #1eldanasfiuanansa Optimize Am@aLUsuy Polynomial 1¢ Lo
laiffoauAsusuuuuuararuduiusvosnadnuusvestoyaiusiu ausoidsudeyails
famnIlrifiRgeuiiolianunsautstoyauuy Linear model I msazidenluinaves
Fane3fiu SVM arsaziden Model filsl Overfitting w3olid13Unvuresioyaildaoy

(Training dataset) 1nawAuly auvibildanunsavinunedoyaiilu Unseen Data 1ot

W15a3U83 Support Vector Machine uag LibSVM

1. Kernel type uni1simuninazdesdnisnsisaeunnugndeaiiatesiuaiiy

! & A 1 & a o‘dy =) 1
Wnluinaghifilemainmanisalduvsely
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2. Estimation mode 1@ mSunsdifidoanisn Kemel density anunsaidenls 2
WUU Ao Full 3gausan1nuna Bandwidth 1@ wag Greedy agfiosniviun Bandwidth
Susuarsuu Kermel

3. Bandwidth selection Isﬁuﬂiﬁﬁﬁlﬁaﬂ Mode full L‘W'a@?\‘iﬁ’] Kernel bandwidth
annsarmvualainazidy Heuristic %38 Fix bandwidth

4. Bandwidth azl4lunsdifl Bandwidth selection Eomiu Fix Mfmunasmnie
2839 Kernel bandwidth

5. Minimum bandwidth T4lunsdlfiiden Mode greedy wlarnundi Bandwidth
Fush

6. Number of kernels 14lunsdifidan Mode greedy warmunsiuiu Kernel

7. Use application grid 1Jun1sivuaingndudedld Grid 1o Kemnel density
vodlunaviolyl WeiauEuaranuuiugilunsinauveslunadiadty

8. Application grid size a¢llunsdfidon Use application grid o uATUR

2949 Grid Naglalunisin

2.3 Naive Bayes (NB)
I o =~ o o (9 1 [ ..
Wun179tUnUIgangunuunieneAgnann13ue9AIuuIaztdy (Probability)
ngufveaud (Bayes’ theorem) gniaiualag Thomas Bayes Mi1a18lan1anagiin
¢ i ¢ S yya X vy & a oy | & A
wan1saling 9 Wemgnisaindslaiaduliud Wumedanldaudrsziduwuuiiteuly
evinauuAgulatazgndesiian Iagldauineunii (Prior knowledge)

M1510me3v84 Naive Bayves kag Naive Bayes kernel

1. Kernel type fuuadszanuas Kemel function flazld Tneiluszinnaes Kernel
ﬁa’m’l’imﬁaﬂiﬂﬁuﬁ Dot, Radial, Polynomial, Neural, Anova, Epachnenikov,
Gaussian combination, and Multiquadric

2. C ur1 Complexity constant Al vunaunumvlunsdilianusasiuun

Sﬁaﬂﬂalﬁ Iﬂﬂﬁ%ﬂﬁ%}ﬁm% Softer boundaries wagA1AlG@1%5U Harder boundaries
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widrArdunmauldayvildiinnns Overfitting 1d uddesiiuldayiia
Overgeneralization ¢

3. Convergence epsilon 14lun1s Optimize W1sTwesifiadinizanuuiusuile
agluan1dz KKT

4. Max iterations 14lunns Optimize wisfwosiftelrivgamsvhemdmuiiléing
AMuATIIUTEUYEINITYE

5. Scale THlumInsaeasuaesdoyafogimnnidenmaiimesi Tnsasgnifulild
dmsuganageu

6. L pos (uiladevesd C dwsudeyasedisidy Positive

7. L neg Wuiladevesdn C dmudoyasetraiidu Negative

8. Epsilon ldimuaanusinizvesansifliiline %Mﬁmagmmmaﬁaa&aﬁw&y’q
AillndiAestuenaidugadona

9. Balance cost Waldanw15dimesi axiin1sUsual C pos way C neg Tiduwushu

YUIAYBINTIUUNNG

2.4 Decision tree

visesulifdinaula 1udanesfudlasuansdemdusdiann MWlunsairslumanuy
Rule-based ABN15831904) 61/4a7 INANENYMNEUasgadaya tngliliaunisuiiiiu
Awdtusseviedeyaiitidnifunadnsdly fdnvarvedumauuudulinduim Tasuuan
Fo91n wazduasfilafinisuanuausefely msfiansanlueadaniuangayuaadiFendn

Root node 5’1%’agaﬂwmﬂulﬂmmL‘q’aulmaqiumaﬂ’u nsenaulaazIeluniegnevas Root

node 1Ugsqn Child node Fesvindayanuiamuidunsil assiuleulyves Child node a¥

[ [
= I a = a 1

f9d1duan lng Node Augniiazgnisunin Leaf node daladudrAgylunisasidlunaves
fuldidnaulame “anuanvesdulsl” widnsnuiruturesnuldiuy Bednazdsazidununnga by

13 a . . d’{ = (Y] ) 5 v @ 1 1 o ) 1%
wANagBe Overfitting unTu TuragiAvitumnduIugutesld Aazlundiugineaviluly

NP
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2.5 Random forest
wsathdu udanesfiuuszian Classification tree 1uligafiufiy Decision tree us
Julunauuy Ensemble Aanisadisluinalunisdiuunngulaeun Decision tree nany 9

o

fu 11 Train Sufiu Wundnnisfinnannalnnissiunisdnaulavesginduladnuauuindy
mgiu dnlinanisdnaulanuduguinndinisianinisdagulaainundaied lunisdaay
Sen3on15idn “Jeyayrvesgaru” (Wisdom of crowd) Iaglunanldvinueusasiiazses
= v ! @ a Y Ql' =) Y v a ! ' v

Seufegraludasvdetuiniganiloutoulvlunisdndulavesswuitudazauazses
Andulamenuedininfianlagliliiedeyanauduundudnlunsdndula lneusay
Tree arlasunmudnuazuazdeyarnuawuugu warludunounsvienadnsiazliudas
Decision tree Tuthguduviuienadnsyosdiies uazidonsanisviuenadnsgaineain

U Al Yo N ) a a’ljl . =) .
HaansTlasunslmnuniige Senmetliailil Bagging #38 Boostrapping

X dataset

— T

N, features N, features N, features N, features
TREE #1 TREE #2 TREE #3 TREE #4
CLASS C CLASSD CLASS B CLASS C

MAJORITY VOTING
FINAL CLASS

5U#1 9 Random forest
wanduufnvadluwmawuuguUiinnidulddndulavateduunUseneuiiv

TnggnTne LR TUNAANSANTINETBINTIMUNNGUINNaANSTLASUNTSInIngan

sflmasuasduliidnduly (Decision tree) wuazUngy (Random forest)

1. Criterion Wun 1sideninauiin Attribute Inuszgnidenlunisuenngy ddluusiay

(% ¥
&Y &Y

inaunndiiaentuy Aldlun1suennguazgniiennuANUMaNgaua NNy 9

1Y

Faaunsadenn i lasadl
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- Information gain mmlmﬂuiztﬂaumamﬂ Attribute %Qﬂﬁm’am LY

donanz Attribute Pfiaauliidussideutesngeuldlunisuenngu 9351

q¢dl Bias lea1nnsiden Attribute Afiandusuavaunalvey

o A

- Gain ratio WA amainvangvesieyailaiuiigniuldfudeyalunsas
Attribute 1 ovinlFiARAINnT1anaz AT ugUuuuIR s fuvesdeyaly
Attribute

- Gini index \unsiamnalsivhfuseninanisnszaevesiiudsiiinaain Tae
Tunsusnnguan waves Attribute fignidontiu azfinmsanaswesdiade Gini
Index vosuavestayatosluyntoya

- Accuracy o Attribute fignidentunisusnnguilliannugnéiosnniianves
Fragulsivanun

- Least square o Attribute fignidenlunsusnnguillianszezinaindsassi

v PN ' i a ' o 1 a
u@ﬂﬂq@ﬁgﬁjqﬂﬂqLQ@EJ‘?J@QLLW@% Node AUAIAIY

¥
(%)

2. Maximal depth Aaai1udnvesiulyd FeWuiuvuinuazaudnyuzveyntoya

YV

feee Tngnisfiwmasildintaauanvesduldisadula drarandady -1 ArAuEn

Y

¥
d = !

‘:4' d' v v | 5% v o &
Mnigavesiuliinzliivevive Tunsaldauldfazgnasisuauniiasduliaiy
wnaua wadhAgnaady 1 duldfiasgnasnalaeiiua Node Lien

3. Apply pruning luwnavesrulidndularzgndnusmaainasiuasa asvaeulay

veiggnunuimslusumnsiives Confidence

s

4. Confidence W1513L9195

o [y

TIW1LAUTEAUAINULT DI UN T TUNITATUIUAIAINY

Y

RANaNATIo1AATULAINTUNDUNITAALAS
5. Apply prepruning W153wasiagTmiglunsaindinaanlunisngauinnin
Maximal Depth winngd@msuszuitanisaslumadulidndula asiaaeulagld

WI510M93 Minimal gain, Minimal leaf size, Minimal size of split, and Number of

prepruning alternatives Lﬁummm‘iumsmm
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6. Minimal gain §113uv81 Node 9¢QnAUIMABUILAANITUEN B9 Node A8gnuen
§191WUTULINNTT Minimal gain 1A Minimal gain geaginisueniatos uagaulyd

~ < v & v | a a v val v A a
efvnadn Asiuiageluagldifiansuenia suldilanaziiua Node 1fen

[
0

7. Minimal leaf size vunavadluffiediuiuiegsneglunguiu lneduliiazgnasis

[

uluwuunluagAeellidnwIuiIeg19eg 19 oen U ST LMo 51

(%
£ v

8. Minimal size for split ¥u1A84 Node 1UuduIuvasfiegieglunguiy &
YUIAYBY node ANNTWTOWNAUNITENEST lane Node Wwazgnuenasnin
9. Number of prepruning alternatives Lian1sugngniasiulagnszuiunisneu
finusialy Node T Node il wrsnfitwesilazlidiuiu Node madondulunisuen
= a &£ . A v v Yy A a Y] N
P99z ANTUVULATEUIUNIT Prepruning nauiiassdulsl Weiian1sdesiunisueni
Node 1 vauzfisinsueniindufaglaanunsaadrsdulils lunsdli Node madend
NI IUENDDNIN
10. Random splits Mnidenwisfiwesiagyilvitinnisuusdnuiu Attributes lvign
= | q' J = O a | ] |
Aonuwuuduunufnis Optimize lun1sidenwuugduiuaziisuuuulunsgusevine
AEALATAIEERYR Attribute INTIATIER winldeumsilnesiluvaenendn
. 1 1 o [N | '3 1 a < Y o

13 Pruning Unduazyilvlavrdulasauysel (Extra-tree) uazaigiiiuainaunialviy
lunalunseuiunmsiaszs

. A aa = Y y Y
11. Voting strategy 1aon35Tun15l%am § 2 wuu laun Confidence vote U
Majority vote
12. Use local random seed l4idoniianfinenisgudaya iievinliladoyaidy

Y

willpuiulunnasy

2.6 Artificial Neural Network (ANN)

wialassneUszamiien \udanesiiunmsSeusigniamudulagefendnnisvieu

wuueniuszuulssamveanyed laglddane3fiuvaneimvinunseududueios ande

[

AAUTRnIsYIUYaLD Y niidnwazAe n1siiviunnuisduiansadilaliudai

o
v A
A

aavls 3nmswenlystoyasie 9 luaves arunsavimnudilauasimuvinyely
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v A LAl Y v vy v a =g A I

wane o suivanvaneuasliineatesiuld ihlanssneuasnindadusesuusssuudly
Y A o o = - Ao v 3 = ' & 2/
wneleiiuvsedulia uaznsdenlesUssuanaiounlydymndudou Nuvuannaiuni ul
awluilagaelidanasiiu ANN darudnuuunysd uwinssgigliaunsadilagndoyalaely
Aesofedoyadiuiuumema wasmuguiuungeuegluyedaya vilinisaanisaldoyauns

Usznmduluagnanaiuegn

(a) (b)
dendrites axorn
JF—>Yi
cell body ?f’ |
Ta"
terminal axon (d)
Input 1%t hidden 2" hidden Output
layer layer layer layer

%/x %TSJ

synapse

gﬂﬁ 10 Artificial Neural Network (ANN)
LERIFIDE19WLIAN LUNTSAS19lMaINDaNas TNl ASIU e USTE Mg

Fudeuluudnyaen1IInureseadUTzanvawyed (Meng, Hu, & Ancey, 2020)

& 1% 1 4’{’ A a ! 3
ﬁm@ﬂﬂ@ﬂmu@ﬂﬂﬁ%ﬂ@‘UWﬂﬂ%u@UUi%@J’]aNaWUﬁ’]UWLiﬂﬂ’&’]L"?JﬁﬁUiZﬁ’Wl (Neuron) g

(Y

fyndodiuinlasaineUszamiiuszneudisdiudifysionun 3 dau de leuszam
(Dendrite) fauad (Soma) warunuuszamn (Axon) wazuiaglasatneyszanizidousou
Tneqnuszanudszam (Synapse) @9lu ANN n1sUszananasg 4 iindulunihsysvanana
gae7i3undn Node Jun1531ansdnunensviauananeadiiinisdsdyyimsening
Node iidousiafiu Tng ANN 2zUssnausae Input Output A1miln ferdunasiy uas
Hangunisuuas (rwin, NN application in control 1995) aiin1591a94197 Input Wsiazsul
Atminidushmunves Input Fausiaz Node 9difn Threshold Dusaiauatimin
531989 Input P19zunYuIluIezansads Output TS Node Buld 1o Node 1

sofuliminnusuiuudinazniouduufiseedifiinvuluaueuyud
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W1510885U89lASINeUSE A LB (Artificial Neural Network)

1. Hidden layers w1sflwwasilaluniseduislassasieswes Neural Network 1@ @

[ '
U =2

<@ A A 1% | gj = gj o 1 A [
Wulefin1sasialumamintu 33nAa91uIUed Node 9811nnI1ANAal IRl
= A a a % i g ] Aa X Ay owod v O
L@NDINS1zazdl Node Miiiutfsndrulunaaztu s Node Miindud lulageniudu
Aeuvti dmnndsandu -1 YuIATestutuAZgNAILINIINIINILYEY attributes VoS
gadayaildidnly Tunsdiauinvestuazgnaslag (I1u7u Attributes + 31UIUVDS
Class)/2+1 usidnlaisiaanla 9 AasiduawesUszandeyauasvuafivinduaunis
T9du Fedrduatuiealagldil Node la ¢ Input node Aagi@auiu Output node
e Inentlddl Hidden layer
2. Training cycles 195zudnuiuseulunisin Neural Network Tunisanenenneu
v i v eal = a o 1A v P ' a
i AaTNsNLanIanuz NS usuiumNgndediemAaurana1n Tny
A1ANRanaIntuazdinauluds Network Feasldvayailunisaisimdnuenis
‘:1' v A A i a Aa &£ v
WeulgsoyaliioNizandinnuranaInilinTulieuad
3. Learning rate ldiiiauaninsnagilagunisarsintdnlunnazdunauvinls delil
a0 | U
AIUANNINU O
4. Momentum \iudagauvenisarsdminneuntiunddutagiu iedesiulv
lasenefladululufameimanyas
5. Decay Jun1snfimesnayldlunsdifl Learning rate AI58AA1AI5EUINTILAANTS
SgusUY
6. Shuffle Wumsilwesnazldlunsdiideyaitidmsiinisdufeunsunisiou;
v a v ° 3 ° Ay o U1 P
wiiaziunsldanududiuusinlldlunsdinveyagninseslinouna
7. Normalize \0931n8ane3#u Neural Network d%39Aveusay Attribute gl -1
89 +1 AnueReaiins Normalize Yoyansunvziin1sifeuiudinasiiuszozianly
< L2 & Ao & | Ny o
nsUszInananmuLsldutunsundndusgrunnlunatensalmeiu

8. Error epsilon NM5¥M3URUUTIMINTANITNEARWTDAIAIURANAIAVBINITHNT LG

#N31A1 Epsilon N11un



9. Use local random seed l4identaafidesnisdudeya tievilvladayandy

Y
a o Y
witlouiilunnasa
TulUsunsy RapidMiner studio & Operator %931 Performance (Classification) 14
dmsunmsUssdlinusgansnmueimsiuunnguuuunsiseuslaeigaou egrenisldaulil
andula nielaseteUsrarniiisy Fagrinsivuauseianvesnisiseuslaednlulifuag
ANUTINUUoENgnd M UUsEINIY dmSumsUssiliuyseansnmdadnvodlu g
o U a ¥ 5 ¥ = a -q! o d‘Q d’l
nsIuUNNENRUUaoul Ynveddayanisiniinaain (Label) FeiauusiAnaainiiay
=3 A Y a Y o < ! o o Y
NuAndunalaate TuvaeidulshueasiiuAvenisyiunglagluwmanisdiunnguny

wananusatun S uis Ui Useliuuseansannle

W1510L8185U84 Performance (Classification)

1. Accuracy fig AHYNABIYRYIBNITIAT IR lnAT AR uATILYIAS NN
(FruduinsvesegidiuneggniewsesesarveINTvinweNignses)

2. Classification error A9 Uszinnvasadiudanalnlunisduundaya (I1u7u
v o ¢ ) ' A Moy ° o o A v ° avo %
duinsves degreilillagninandnduunviseSesazvesnisiuneligndes)

& Yo v v A g ! = Y] r-ﬂ = ) Yo
3. Kappa A® ELGU'JWQ’J’]M??@W?‘]@@QGU@QGU@%@V]LUUﬁQUL@U?ﬂUWi@ﬁULWS’Jﬂu IWEJEJ\Q@ 2

a

= A4 A o a v N a ¢ & v @ o Y] = &
Au3e wsedledn 2 viia lnedeyanldlunislnseidudeyainduduutu @y

adnildlunisdnsuunlnorily Salélusifniivssansamunniinisdua
Wosiudnmsmaaziuarugniesuuudiie iesanidunisuisaugniesiiinty
Tnatadey)

4. Weighted mean recall fio Aodsdnintinvosdnadussnitnisdunudeya
flgndiesanduuteyaiivinnisiuuan

5. Weighted mean precision g ALa88839UIMLNYBI9NTIEIUTTNINNITAUNY

' (%
¥ o o = ¥ v

ayafignAvsiuIIuteafignAesiavn

Y

e

6. Spearman Rho #As AudLNUsTzNINARsIiUAISYIuIeY Taely Spearman Rho

<

FATUNTINAMUAUNUSITIAUTENINsA@RIRwUS Az vua sk Usae9e2 Tunsaid

2

a ISP 1

AamUsinaanwars wlsnvinue tneundazilaneegsening -1.00 99 1.00

Y

i

- NTANRAAUNLIEANNIN FaUS 2 SrTAnudUNUSTURAN1IRSINWTNY
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[

"Handuuinuuieanua fuds 2 dianudunuslurieniafeinuy

"—"Je

[

Aty 0 gAMLY 2 Mmlddanuduiusiu

"—"Je

7. Kendall Tau s Auduiussznineaiasetunisviiuie Tneld Kendall Tau @
WunsTaanuduiusuas Inaundewnsseennuduius sy Usanedi way
vualvisudsasiilu nsdlife fMudshnaanuazdudsiviiune Tneunfasiidey
5¥9174 -1.00 9 1.00

- ATANRAAUNLIEANNI FLUS 2 SadAnudUNLSTURAN1IRSINWTNL

¥

s nduuInmneaman fuds 2 fmislanuduiusluiemanentiu
gt 0 vnganundLls 2 dldfianuduiusiu

8. Absolute error Ao ﬁ'wmmﬂmmLﬂ?ﬂlaué’mgima?{mmmiﬁﬂmamﬂﬁw‘%q Toefi
ANYBIFILUIAARAINABAIDSY

9. Relative error f® ﬂ'ﬁLa§mmmmﬂmmmﬁaué’uymﬁmaﬂmiﬁﬂmsjmﬂﬁ'w‘%qmi
Fernase Inedfievesdulsinaainiemass

10. Relative error lenient fi® ﬁﬂLﬂ?ﬂﬂJ@ﬂﬂﬂMﬁﬂmLﬂﬁauﬁmyidmaﬂﬂWiﬁwuﬂaﬁ]Wﬂ
AasamsfesuiugsgavesAnasaaznsinng lasfidvessuysinaainiedaie
11. Relative error strict fi® ﬁ’na?i'sﬁummmﬁa’mm?ﬂaué’myaaﬁmmmiﬁwmamﬂﬂ"}
BWensFeAvanvesiTiauazmaiiung lasfidvesiudsinaainieaiais

12. Normalized absolute error A ﬂ"]mwmamLﬂﬁaué’uyizﬁuﬁﬁwmmmﬂmm
\ndeuiAstuannsvhuelnede

'
=

13. Root Mean Squared Error (RMSE) A9 51n989A1AAIALARDUNNNIADURAY T
I a a =~ a Ao ° & @ aa
Juesesdisluniswieuiisuluna Inaluwalafiien RMSE sgaazidudiuuuia
1500

v 6

14. Root relative squared error fig S1NVBIANAAIALAGDUAIAIABIFUNNS

15. Squared Error g AANNARIALARBUNIRIED QRS

16. Correlation fio @df7lgmAnuduRusALUsTEIINeLUsAnaanuazALusi
v o‘d‘ o [ [

YUY FaAanFuUNUSNA1UIULA 158031 AduUsEanSandunus (Correlation

coefficient)
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17. Squared correlation A AENUSEENTANFURUSIAIEDIUDIFILUSARRANILAY
U d‘ o a0 ¥ ¥ 1 4’5

Muwdsviune mnlumalaiial R-squared g9 (1lng 1) uansdlumatuaiuise
o ida Fua

psUEAARTULANIN

18. Cross-entropy 9 KASILUDIABN1INUYBIAMNLTDIUYBIAILUTANRAINTLN DI

PIAILIIUIUFIDES

2.5 msfnwmsiuaasUlnuuazlusilesludulsasni@uanady (Transcriptomic and
Proteomic in ASD)

nsuansUlaiing Wunisfnwinisuanseenvesduidu RNA transcript
aeluwad 1o mRNA fiinannisuantesnvesdusing o Tuiluy Fsuansisguuuunis
wanseenvasiuluwadfianladniznilwenead lunsinwmsuarsUlauegldisnisd
Ju High throughput pgnanalialulasensisd (Microarray analysis) Lay Next-generation
sequencing Tuaudua3mdseinnisnisAinendlunuyed nulwandnvesdunieluigaad
AUMAINNAIENINNTITILILBURYsELILIINN FarinuuansueInITuAnteDNLAY

N32UIUNIINI5AAKUAIVOI RNA transcript (RNA processing) Tutgaasinssiinduiasly

!
=2

anneing 9 fu WudladefiddyduviaivilliiAnnnumainarevessananueaduluiyug
fanann setu nsAnw i funisuanseanaes RNA transcript wie nsuansulndind
(Transcriptomics) 3efiussleviiegnsunntunisiiazyiliiinaud laferfudiveives
Y ijmﬁgﬁﬂaiﬂLLﬁzﬂﬁLM@%@ﬂIiﬂ&iN q fienazinaniUdsunlamemsuaniulay
dulusilefnd (Humanimsdnuilintunendamsanvimaduiunomnly
ARl (Autism Spectrum Disorders Working Group of The Psychiatric Genomics) R

v

Mark Wilkins ¥n®ansaumaaians veeawsids lalnaisnianauliin Wunisanen

'
a

Tushunneiinifogludsidineinlaviands ddustunnaintudunondnvestusiome oy
Anwilassadne nsven vinauazanefinulusiumeniu sudsanuduiussendng
TUsfuriianng o Tudtnsadalazaansarsaingluwad Tnelusalefindaunsoasdnlauin
fasgdumsinulusiunnadiaiinuldluwad (Whole proteome) lunandnuesBuiianun

(Whole genome) @sltinatindnizson1suanlUsfuringig o 99nanniu 1wy malang
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Liquid chromatography tiiowenlusAua udnuwaeaig 9 Wy aududl anduld
wuaaUnIngums (Mass spectrometry) odlaszRsiauazUsuiaeesdusiu Inuieuiu
F1utayavadlusiu (Protein database) #9agvinlimsuvilnveslusaunasrsunigluad

£

= = v o = a v a G o o § v
ua']ll'ﬁﬂG]i'JQW‘UIﬂﬁm‘UVLWUUWZJUGUUWELUﬂ'WimTJQ'J@L‘WENV’]?\TL@EJ'J ‘Vl'ﬂ:'Vi

[

WwANAN1USA Lolnd
] PR a o & o A ) ' a a Y] A v A
wWiunmsuleusAuiswadyinnudenlasiuednels waziiaauRaunfnulusiueslstned
nolmanlse wu lspuzise wazlusiunianuRaunfdmanulusiudu wazasiemnudenie
TduwadnazsnaniIgagals LU Mu1enandneg19nidewasnisAnwinienulusiladindlu
Ua90u Aan1sAumansusimiedinin (Biomarkers) ivelditadelsasing o lilianugndes
2 | ° X o 4 v & o ° v o P
590457 LATLUUGININTUY TAIUNND T NEINTAINAYBINITINYT M lAn1sSne1lsadl
UsLANTANUINTY

IS =2

mmm"‘;%’sﬁcj’mmmﬁﬁﬂmmmamaaﬂmaaﬁuuaﬂﬂiaﬂuﬂﬂaaiiﬂaaﬁ%mawm%’u
Jusduaunnn warfinnsfunuindsunielusiuiifiniswanseenfinunfiogsiveddalu
ﬁﬂwaaﬁ%mmﬂﬂm%’mﬁaLﬁauﬁ’muﬂﬂa ﬁwauial,ﬁuasj’]qg'qugﬂLLUWimaﬂ%ﬂImmmmaé
wm3L§8Wﬁ®§ﬂﬂ/\luawaﬁmaa;§ﬂwLLazﬂu‘Uﬂa WUNSUENIDBNTduTiuAnNA Az TiAY
Redesfunifimessuulsvamiidmanelsaeafiduanady (Hu et al, 2009) yonannil
fvansaddesnefuiivihnisinusuuuulusilonvesiihsosfituainasuandiegnasi 4
laidrazfudiofeauesdiusing (Postmorterm brain tissues) (Broek et al,, 2014) ¥5u
(Corbett et al,, 2007; Ramsey et al.,, 2013; Wetie et al., 2014) waa@u(Cortelazzo et
al., 2016; Feng et al,, 2017; L. Shen et al., 2018) waalliadenvnvindulnled (C. Shen
et al,, 2011) viananLAnLsniin (Neonatal blood) (Krakowiak et al,, 2017; Zerbo et al,,
2014) a1z (Yang & Rudser, 2016) LLazﬁf’la'lsJ (Castagnola et al., 2008; A. G. Ngounou
Wetie et al., 2015; Armand G. Ngounou Wetie et al., 2015) Tunsfnwlae Broek et al.
(2014) wansbnsiuislsiudnunisifinsuanseenunnidlugtsesituana iy
fuaudnd wazfauisadesiunszuiunis Myelination N3¥UIUNITAIUAN Synaptic
vesicle LagNIEUIUNIT Energy metabolism (Broek et al., 2014) uaﬂmﬂﬁmﬂmﬁmswﬁ
5ULUU Multiplex immunoassay ¥8f18g1985u31n 80N TuaiunnsuduIu 37 51

Weuduidesnlidulse dunulusfuiiunneng 12 1 lnsduivengvesauld Flaaiy
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WNeteeiunTEUIUAITINIEY N1Sasaiule wagnsasdnavegesluy wandliiud
anudrdylunisdnguiseenilungudosuaznisinsieinied1slnstuivengdmsu
nsAnwgUuuulyshlenluauld (Ramsey et al, 2013) waglunisnisfinwimatauilusiu
ngUlgeafidualUnasu 30 518 WesuduauUnAnin1sWauInIuUng 30 518 lag
Cortelazzo et al. (2016) nuiguwvumsuansesnvedlalaladludenvendnusnifiniidy
sefiduanasuegsliduddgyiuausunswedsa Fliiuinisuialaseendungudes
[ v < & 1 £% | & A o [
MUANTUL TR NvreIN1Tvataultea lulseleridenisAumansusiluidendmsu
n15ifadeuazdangudUisesniduaiunaiuld (Cortelazzo et al., 2016) Aetuugiinaedl
a o e a Y a i o = ¢ =
NABInnenAnwfguguLuulusalen uauvinmelunisAinusuuuuldsileuds
TsAundunumaduiauaudilunisniugien (Reproducibility) Tdlanulugueesniay
anasuyneanely Felymiiiaginaunnanuvainvaigvesdnuazein1sveUie
pafiFuallnn iy 1ne91uIdB e Pichitpunpong et al. Tul 2019 (Pichitpunpong et al.,
2019) lafins@nwrsuwuulusilesuagnsiuansulauludUisesiduaiunasungugesiuy
(Y] [ av v [ a e U 13 1 1 ¥ A 1
YIUININAIETERU nasanflakustisesiduannsueenilundudes Tnalaidentvae

sefifuanasungugesniianuinUninisua Ul anAnmslivunsuaniulnuuas

Wsdlealumadimeidesinfulnuaannlaanauldse wagvihnisysainisiaguuuulusi

'
Y |

lounlafusedelusiunuanseaninunalugiiseefiuaiunasuainvangdsitegemiaeil

(%

n1safiuilugiudeya NCBI anudianlusiuninisuanseaninunidy dlUsau DBI

(Diazepam-binding inhibitor) MuanteenanatasdlugUle uaziindufeatesiuiines

v
[ Y @ 1

an mnessuuUszamuagndniay anauddedaliivinnisuuinguauldesnidungu
gosuazAnusuiuulusalemanzludiengudosiu azanansatlugnisAunuansusdinig

Fannfanunsavielun1sitanewaznetaInuTInenSan nuelsakuuI L Lo

2.6 Wwaaziagsriinaulnuanad (Lymphoblastoid Cell Lines)

wadlnzidesviindulnuanad (Lymphoblastoid Cell Lines) [ulgadiinainng

1waa Mature B lymphocyte 11 Transformation taeileuld Epstein-Barr Virus (EBV) 1d

[
a

WlUTuwwag &9 Lymphoblastoid Cell Lines flduuaziaaant@naziiuduiulaotng
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Yo o

Himswaglidnin Fahewniiiaduwramesastaluana 1y DAN RNA uazlusiu datiy

q

¥
aaa <

Ko < Aa [ =2 a v P ¥ Y 1 K
J3udunfieutunlglunisAnenidelununineides insgislazannisinusieg19giann

v A

AUaela wiegslsimufinuinmadialifivedidniiosninnisviliiin Lymphoblastoid Cell
Lines o1dun1sAnelida datuszdwmaibiiinduuisdiunataiugluainiy (Amoli,

Carthy, Platt, & Ollier, 2008)

EBV particles
* %% maintained and
*% % isolated from

Plasma marmoset cells

Lymphocytes

Larger blood __
Density centrifugation

of whole blood in Ficoll
gradient

= Removal of cytotoxic T-
X cells

@ EBV integrated to B
= cells

Storage

Maintenance of EBV transformed B-cells

gﬂﬁ 11 Lymphoblastoid Cell Lines (LCLs)
wARITUABUANT Transformation waalialdenv1wia Mature B-lymphocytes

e Epstein-Barr Virus (EBV) (Sie, Loong, & Tan, 2009)

aﬂﬂgﬂLﬂUﬂﬂiLﬂgﬂu Mature B lymphocyte 181 Lymphoblastoid Cell Lines lag
Smmﬂ’mﬁuéf’meJmﬁamm;Eﬂwuazaﬁamﬂﬁﬂ Density centrifugation Tun1suenigas
ilasne 9 Garnduneuiiazyilile Mononuclear cell panun Tngaziise T lymphocyte
uaz B lymphocyte 91niuddld Epstein-Barr Virus asly Ahisareyinnisunsnansiugnssy
Uy Mature B lymphocyte wuu Nonrandom integration @ssewinsiifiasinnisuenion
T lymphocyte aanineie Tngedeimatinnig ¢ wu n15vinliAn Rosette formation 983 T
lymphocyte T g ldifinidonunsaosuny n1stAauans T-cell mitogens 19 u
Phytohemagglutinin (PHA) Lﬁamsﬁﬂﬁlﬁm Blastogenesis ey Cell death Aoufwadas
Waswluidu Cytotoxic T cell nasiis@uansnan T cell immunosuppressant L1
Cyclosporin A wiglalli T lymphocyte inn1suu s wonan8ainasled Magnetic Bead

7ifm Anti-CD19 antibody Ss8mnziu B Lymphocyte Tunisuenteanie B lymphocyte

(Amoli et al., 2008) Jufu dlovin1siUasu Mature B lymphocyte vHu Lymphoblastoid
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Cell Lines warfanunsatnuiiusnuwiuwazlviun1sénwile vsearuisadriniuly Growth

medium AauazilUududaneilasaldle

Y o o A

n15W4 lymphoblastiod Cell Lines duiltadniaiiiasainuisgugnviilinaieainnis

¢ o

7 BBV 1 iUy liwaananeius dalin1sAunuwas 11 8u (Bernacki et al,, 2005) wiu gu
294 Huntington’s disease A9 UN159% U1 Lymphoblastiod Cell Lines 1UTl4agd e
MasAnwDeduNRaUnfuwinaINn1s EBV viselyl

pgalsimuannsAneIneuntinglaLi Lymphoblastiod Cell Lines sanldfiuanals

IS) [ 1

Wi Lymphoblastiod Cell Lines dufifanadunadendintunisfnuianstluananas

q

u3Te91ld Lymphoblastiod Cell Lines annipneeiduainasunazaingamdunuun@u

(%
[ o Y

° = a = = Ko a a v .
n1sAnwInIsLanseanuedu FslunisAnwinssildedududnianisld Lymphoblastiod

Cell Lines duanunsalslunisneiniswansaanvasdululsaseiduaunasula (Baron, Liy,

= )

Hicks, & Gregg, 2006) waz31u3d8aas Dr.Valerie Hu wazanie Tud a.a. 2009 7ilfin

'
(% [ §

Lymphoblastiod Cell Lines @fin RNA liafin®1n15uani0an U8 uidunusiuain1smig

matinlugUrelsaeendy Iagly DNA microarray (Hu et al., 2009)

2.7 doyalulasansisd (Microarray data)
1. RNA isolation

Coatrol cells Experimental cells

2. cDNA (probe)
generation

NN NN
b 7 N NN

5. Imaging

o
il | Each spot = one gene

3. Labeling of probe

La U
KN N\

Hybridization onto microarray ey 4. Hybridization

37_/171' 12 cDNA microarray
LARITUADUYDINTEUIUNTYIN cDNA microarray

271 RNA AuluU (Staudt & Brown, 2000)
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Youalulasesisd (Microarray data) unainnisigmaiialulasensisd (Microarray)

Y

' £% '
v I a

Agnimudulugimassyiinunkazgnldlunisasiamanuiaunivedasiuloueeig
univanslutlagiiu Ineweiailldsmeted veanaiin G-banding uazinaia FISH winld
mefudsilinadelulaseniisdaunsonnamanuiaunivesastulauynuvisldfen
azidgn (Resolution) ganitnaila G-banding eg1stfes 10 i1 nadialulasensisdende
wdnmslauslawdu (Hybridization) 521313 DNA fUINSU (Probe) Aisimefiunsagsinumis
vulaslalonfitaniSosuuian W wiualadum viewiudy (Chip) M3n379 laslulausie
wedlalilasorfsdiafiouwihiunisnsiademada FISH vae 9 adduasadieatu wada
lulasensisdanunsansamanuliaunavesdluy (Genome) Fuinanarunusiues
$1uauT1 (Copy Number Variants, CNVs) aaauSaaisine 9 ludlua 16w msanaswesany
2T (Copy number loss) 1ufiiinaan deletion LaZATANT U DITIUIUG (Copy
number gain) faufiAng1An1s Duplication
mstmumaluladlilasensisdiduluegsmniilasanzegnsdmdsain Human
Genome Project wa¥aauysal viliniseanuuulnsuildiedunazaseuaquitaiodlug
(Tiling array) W3oAsauAguIRMIzAsTiaUlY (Targeted array) L Fumising LR
19 l9LAR Microdeletion way Microduplication syndromes Lagda1 Subtelomere 984
lastulay lneUagdumalialilasensisditldlunisnsialaslulouiiey 2 viialve fie
1) Array Comparative Genomic Hybridization (Array CGH) &slnsuildsiun
910 Bacterial Artificial Chromosome (BAC) %38 Oligonucleotide fdunseitu wada
Array CGH fndnmiaitudetumaia CGH wuukufulaonisthiiuievesiineuasiiduie

UniludSinanuiniuin fnaainmeasngesisauanansiuualilausladiulnsuney

Y

yululase15s8 nunazlavslagnulasluleuluszozunnnasadulumain CGH wuu

i

Fufn) doyaildazfunuduvesarsgenisawud Tneidudn Log ratio n3e Fold
change WisufiuAduweUnd nsdmszideyamegendwisiidnmeivlulasersisdasinis
muANAMNTesTBLaLiDaRHaUINURBNRuTarUssInana T uauE

2) Single Nucleotide Polymorphism (SNP) array @1%3U SNP array U994 SNP

Array uana1nldn529n151Ua8UnUaIUee 91U LA ULAEIAU Array CGH waa &9l



ar

Asr9UTesdluniiiienia Long Contiguous Stretches of Homozygosity (LCSHs) &
praialaan

1) mawsisiluedegalinsuanmsdnusy agiae

2 ) Uniparental Disomy (UPD) it U U Isodisomic UPD SNP array 2 ¢ 6 539
Heterodisomic UPD l¢ifsewled Isodisomic block Uzluageg

3) Loss of Heterozygosity (LOH) tuu Copy number neutral Faiisruaud Und
Ay LOH imulgvesnnlulsauzise

Jofvaunatialulasensisd laun

v
¥ a

1) 1Jun15ns79 DNA seulsldsnludeanizifoasas uag Toiudedinsianldd
waanitinla 1wy Fudelunisilu MesuiisuiiLal (Macerated fetus) 3o &9dens2a?
lgnunsamnziaeaiielnlalasluleulusses Metaphase Wy Uane

2) @11500 939 NHUAARAr ALY THUY IR luNvaty 9 aunudslaluian
a v
e

3) @runsanraniauRaundvelaslulenauiadn o Auesldifiudieondes

'3
aN53AY

ilinelialulasensisdiinyseansanluy nrs3iadelsaniaiugnssuninisaaay
TnenudntungugUieninauinisd gUieninuunnsesduailaygitlinsivaveg
AUgeBuaUNATY WaghUheninuiinsudiLlanailgegnesiuiy Weniamemnaia
G-banding agnuaNuEnUnfveslaslulauUszanal 3-4% W98 WAllA G-banding
saAumAlla FISH N911W12AU Subtelomere wosumazlasiulan aznuANRAUNATDS
Tasluloauinudulssan 7-9% wazvidlonsramelulasensisdedanetaznuauiinuni
vodlastulaniinduduussuin 15-20% Juediusdauazainuazidenveunaiinlulas

¢  cdy v A d A 9 a s 6 a X «

915159914 wonanilillosudnisnsalaslulanmemeiialulasesisdiinau S51891un1s
AunulsAkazNgueINIsud o MAnnaNuRnUsnAvaslastulauinTuaIuLT Wy 1921.1

microdeletion syndrome 17g21.31 microdeletion syndrome FanuRaunfimanil

o

ndl
YuIaanUInvseiinglnadddy venaintimedalulasensisdduaeliinidensiudeya

WsRuAenudunsarunuiunnetesnulsaranelsa Wy n1svinrigldvsstu CHD7 Tu
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CHARGE syndrome uaglsalungu Complex disorder 1y safiduawnasy, audn, daly
wos 178lun1s Characterization waglidoy mﬁmamﬁmﬁ’u Genotype-phenotype
correlation
dovnavaunatialulaseisisd Ao

1) ldamrsansrsmuiaundnvuangadiliiinisvinvioiuvesdasluley 1wy
Balanced Translocation k&g Inversion

2) llgnunsansianig Polyploidy sniiunisly SNP Array Genotype Data

3) ldaunsansan1igluaddtuadlaslulenfnusnfvsuntes 9 (Low level

v v

mosaicism) WU UasNI1 10-20% NIRIUNUsDAvelulAse15:5¢ Bandws wassdanwues

a

Meg1 nrluaddduvedlasiuleud WULwiﬁﬂLumwuléfhiﬂa&JLLazé’wmzmmﬁﬁﬂmmﬁﬂw
fnazuusiunssivliunuveseadnindsnd eg13lsiniun1igluadddunie Cellular
admixture ﬁmmﬁﬁmmﬂiuﬂqimiaﬁ]‘iﬁaiiﬂuzL%q Hesannlsaussaddnuazanufinung
finannmane (Heterogeneity) uavsinmuiwadfifinisnanestusssviinfuuusgsefuvieuy
ogAuwadfiund Fan1samanuwadiinaUndusiiesliunn udenadinasentsidade nns
ne1nsailsa n13¥nwinagAnmiunisinet faduneunisunmaialulasensisdunlilu
veafjuinng Sanrsvhnismaaeuiiiomszdusiaavedluadiduiimaialulasorfissi
anansanTIanule

damadalulasorisdinnuazBenuin Aazdedloniansaanu CNVs uandu Tng
CNVs finuenaiiy

1) CNVs fifeliAnlsn (Pathogenic CNVs) L1 CNVs Ainulugudeyavesauiiiulsa
v3o CNVs fivualng (1-2 Kb) wazoglusumisesdiu vie CNVs MivAsundassiuiues
gu

2) CNVs #iliitazdeliinlse (Likely benign CNVs) wiu CNVs finumiioufulume
vidousifiunfuazsslsiinednenuinnouluinesedu

3) CNVs ﬁlzimwmmﬁ’lﬁfgmmaﬁﬂ (Variants of uncertain clinical significance)

FedugavneilonvneliiinauivaungUisuazunmd n13nsIadudu CNVs Anuluneunas

W3l
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1314 Bioinformatics a9 15UIANA1ARY VBRI CNVs N15ATI9ADUAUTIUTDYA
CNVs 191 Database of Genomic Variants (DGV) ka351897Un15AUNU CNVs Tuauidulse
warAuUNA av918Tun15NAIINNI1 CNVs 1l Pathogenic %58 Benign CNVs

d‘ld a wva % a 5 3 Y3 aa %3 %

vauzifvumujialunisldmatalulasensisdamsunisnsiaidadondenaen
99AUIINNATYUIS LYU International Standard Cytogenomic Array (ISCA) Usgine
am%’gam%m Human Genetics Society of Australia Italian Society of Human Genetics
(SIGU) 1udiu ISCA wuzihlildmadalulasorsisdidunisnsiasudunsn WemauRaung
vaalaslulenlugurendiauinisd gUieiidauunnsesnuailygiilinsivaie
AUrseefiduanafy wazUlendanuiinisusnidiavatgeg1asiuiu dmsudeuwusiily
v a & ¢ aa o 1 & A = a X ° v
nsitmeadalulasesisdiiansi9ItadenauAasntuUiNSANYWANNINTY SIGU kit ALy

a s & [ % % al 6 ¥ a .
wadalulasensisdidunisnsradunugemasainnisnsiauaslendaismaia Banding
Inglanizilonans198ans19unuImIsntuasTalauiinisuinile Msfnwaganuii
n15nsIanlemate lulasaisisdviglanuauRnUnfvelasuleuiuaINN1TATIINIE

o
SIS L3

wAllA G-banding Usgana 5.3- 6.4% d1mTulugananssneyun 13einan13nsIann

o

nsee1ntaenNlsaduuIn n1sasramemadalulaseisisdrrslrnuanuiausnAve

(Y]

lasluloaiianindssanns 1.7% wenainlinsindeyadiugiignisneudearamininglfiu
Tonmanaznu CNVs AlinsiuanudiAgnienadn dawulsa Ussuna 0-4% Weld Targeted
. = v . Aa a & a
microarray kay 9-12% Liiald SNP microarray Nilauazidenas wenantmadalulas
s 6 14 o % A aa o 1 o 1 o ¥ £
asisddilagnihluldlunisnsiadansemseliladensunsuidiseunduiinluilailuungn
Jagduisuiinisldmatalulasenfisdunsvarsundulunisasiamanuiaunfves
laslulay widslilaldluynie sl jUsnislagianiglulsemalnaiiosaindisiaiuna Tu
oA a s e 5 A aw o w aa
auAnAndlawmaialulasesisdisiniiias uaziileliveyarudAyn1eAaiinuas CNVs
wniu wedalulasorsisdursdumadaifunumunniu Wesaindanudunuluiiunis

[y

30998 N1SSNY WALAITIVY NIINITHNNE
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2.8 wugaUnInsuns (Mass spectrometry)

wuaanInsuns (Mass spectrometry) Wuwadinnsiinseansufianiedeonds
ndnnsfinsatadanavesanslusuvediessu Tnowmadadiigninuildusslomniogns
nhermauazunIratgogannludueing q Ssaunsolideyaléiilunsiesehidenuam
(Qualitative analysis) WU A1INAADUNILATIES19N10AT (Chemical structure) N1sNAgaU
m%ﬁw%aﬁmﬁﬂimaqamaams LaZN1TIATILTIUTI (Quantitative analysis) 14U
MIAAs IS InaesEsusazalniingiaia

udnnsvesiugiuvenadauaaUnlyauedi Ussnoulufemaiasiegnadn
gaundnlonsu (lonization source 38 lon source) vaiAsasuvaanlnsiines luana
yosansinegaazlsundanuigunnneriliiianislessluwdunareifulessuvestuana
(Molecular ion) 38loasuusi (Parent ion) uazloppuusifiinduil Hindsuaraugauiu
nimdsnuiuszRagiinnsuneonvesiuszanglulosouluanadunaiedulessudes

LY

(Fragment ion) e legewugn (Daughter ion) fiflvunaidnasniniy lneninlessugnildang

[
=

fIndanugeegfannsnifanisuandaludulessudesldsn aniulessumaniaz gnasiiu
TUSidnAimszsiuna (Mass analyzer) sagvnisugnlessusimanefiiatunudnase
ﬂizf\g (Mass-to-charge ratio; m/z ratio) ﬁuaﬂaaauméﬂfu LLavaaaauﬁcimﬂﬁLLsmmaLLE’h
awgnaslugaiumsiain (Detector) daazvimstuiinUSmnalessunsasaiaiiriudun uas
Uszananadeyaitldanmansiatailusuvesusaainedi (Mass spectrum) vo3an3ia08n9

LLﬂumﬁmeﬁmiﬁaaﬂwﬁ’;EJLwﬂﬁﬂﬁazv‘iﬂﬁéf’m&hqq@L?ﬁﬂlﬂwé’qmumzmumi
Wasulrduleseu usegrslsimumaiamsinszibaiinnulilunisnsaatn (Sensitivity)
gun tumnedsannsonmaansfiiviinasannld yenindaruamisalunisusnuey
leppumuAnaieUszauenATaaLaanln Tl AUz Seamnsnvinlalaefinang
asLBunvoIn1TlATIeigaIndndae faulutaguiadfinnimedauuszgndlily
MsAnwIInInevatedu fedusamdansiilulflunuisenseniiventuiy (@nes 3

TYIY1391304, 2553)
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USTNNUBUAFUNINGLUAS
Usstnnvesiuaauningua3tuaiunsodnaumnaiavednisinsisnuig (@nes 3
TBIY1391304, 2553)

d2udAs1zvinig (Mass analyzer)

drudiervinavesaaUnivswniivatssiafiesy wesresnuwaangyiag
el lumsinsziivindy feleluil

1. Quadrupole mass analyzer

d1uAATIeRIIawUY quadrupole Useneusieuwsislavenay ¢ uiaiideusaiunia
Il daaneirvuiuiu ndnnsiia fe lessuainunawwanlessuazgnivianie lon
optic Tndeuiinudnluluudnaormssnatssswiauvislansied sunalnnisuenues
looau songdiunsiainnse Detector nMsusnuezlossuvinlagysumauiulniiaiely
Ushagenarsweswidansiand vinlilessudid m/z wwizami 9 Wiy Aaunse
indeuiiluguuvunsdrevidedurinuesnlué Detector I Tuvaizdiloseudifidn m/z du 9
Falilaenndasiuaulniiluvaezdy aeiidumenisiia Oscillation luvurtfaway Ul
Detector M3aknu m/z dvsunisiiasziusaasaildlnsusumauulnitludes o Tng
Theglutasinsounqunsisinuuese m/z idesnsduiin

2. Time of Flight (TOF) mass analyzer

TOF JWupsoringzinafivinsuenueslosaulngedeninuwananesninms,

lumsiadeunvesleasuiiulasieiu wWegnisameawuluiifagy

acceleration area

ionisation j flight path
) area o
sample inlet Ilqtt ions
—_—l "
— tg s ® @ g 3 L4 Ilun—detedur
®
heavyions

e <

wacuum chamber time measurement

L 4

gﬂ‘ﬁ 13 TOF Mass spectrometer
wanEAATvRnaTeNaTosEAUNSIWASWUU Time of Flight (TOF)

Tngazmiuldinlessuiifinauini azedeuiiluds Detector ldlandn (Adam-Day, 2018)
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Tuns@nuiaglfinelausaadnlnsunslunisinu suuuulusilonnionisfnu
Tusfutmualuwaddsdidin Welifunmsmnalnnishauressadlussdulusiu G
msfnwUuuulUsAlenussneufetuseugos 1 ldun msadalusiu msiausinalysiu
nmsuonlusAumsnseualnin 2 16 (Two Dimensional Gel Electrophoresis) 31AS18%013
uanseenfiuananstureslusiuvuusuaa seylusiulagldneda Le-MS/MS Taeluduneu
nsseylusAudiomada LC-MS/MS daya Chromatogram filda1niasesazgnudaniy

dnunsneriily FaggnihlliuTeumeuiuteyalusivlussuugudeyalasldlusunsumig
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Fransaunamans Weoszysiinvedusiuiing
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o
unn 3
ad o o\ a o
5ATUUNITINY
TUnaULaEISN19INUIY
° o as o a v Va v v ! < ! v v &
dmfuturauuazisnisinnuide gideliudseendu 4 daundn q dwieluil
nouil 1 N1sinserideyadnunrainisniadidnvesauldeeiduanniy Ingende
nsiseusveaATale (Machine learning) aglusunsy RapidMiner
AOuN 2 N1sAsEviUiuunTuansulauvsagadimizidossiindulnuaiad
(Lymphoblastoid Cell Lines; LCLs)
nouyl 3 n1satasiengluuulysilanveswadiniziiessidndulvuaiad
(Lymphoblastoid Cell Lines; LCLs)
AauRl 4 NsANYIAIINARRAATBIRAEAIINFUTUSYRINqulUSAUNAUNUILaRtREN
HaunAluwadmnzidesiedulnuaaningislsaeeidualna sy uazn1seudung
P a ¢ v [ aa v a s (4 4
Aauil 1 N1sAaTedeyadnenrainisniaiiinvasauldeaiiduaunaiu lnganduns
138U3YuAT9Ha (Machine learning) Aelusunsal RapidMiner
IngUIEasn: WovhmsiSsuisuanuaunsanseyseansamlunisulaingueesniueinis
mepdinlagldiz Uy useivg lngerdunisiseusiuulidaou (Unsupervised machine
learning) Azl UUiiaou (Supervised machine learning) ¥8dtAT0tdloa1NlUTUNTY
RapidMiner wazas1dunalunisuuinaguithvesiiduaunnsusenilunquees
] v Y aa Y a 4
AU 1.1 N1537UTIUTayaineuzaInImsadtinvesleeeiiduaiunaiuain
v
udoya
o9 v
InQUszasA: e muainueilunisAnideondeyadnuazeinismeadinangUleiiuly
Ainw
ad a v
/N353
mumwﬁayjaﬁummwmaau Autism Diagnostic Interview-Revised (ADI-R) oIS

edelsarenBuaiunniu 31ng1uYaya Autism Genetic Resource Exchange (AGRE)

repository Fuduunatiiusiusiudeyaa Genotype wag Phenotype 183f U808 T
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o Y et

dmsun1sAnuide Fadeyanldluaidell Ussneumedeyauuunaaey ADIR 311 123
U8 varUrveeiduanasu 91U 85 918 NHUITARLARNANINMEIYes Dr. Valerie Hu

=~ o Y v P A a I3 Y] v Ao
warAny Faitn1saaiendUlsyeiidulsneeiiafinuuulusiuud wavdAnueng Uieid
Cognitive impairment (Raven’s scores <70) UaefdAuiaunAniaiugnssudaiau
(Fragile X, Rett syndrome, Tuberous sclerosis, Chromosome 15q11-gl3 duplication)
AUrefinaennauimun (<35 dUa1v) wargUaelasunisidadesielsminuszamindy
Comorbid Disorders ¥a9aafduadnnsy tawn Bipolar disorder, Obsessive compulsive

disorder, and Severe anxiety aanll wdeaiissUredulsroeiiduanasunuulivngu

[V %
Y

a1 (Idiopathic) Tuvedu 1,954 18 wazlavinisduidenyUieniiennisnnguiuuseny
1 85 518
naifdelaldvayaluniswinguegesuas Dr. Hu uag Dr. Steinberg a1nn1sAnwluy
2009 (Hu & Steinberg, 2009) 1i3euiisunanisuiadiaseeiiduanasusendunquees
laen1sfnwives Dr. Valerie Hu Wi laudsUaeia 85 5181l a1nnslddeyadnuniyains
nepddinainuuunaaey ADIR 123 9o senlu 4 nquees leun nqugesifinnuianunf
ﬁmmmquma (Severe language impairments subgroup) ﬂdmﬂaﬂﬁiﬁﬁﬂamﬁﬂﬂﬂaﬁm
N1¥17ULTY (Non-severe language impairments or Mild subgroup) ﬂduéaaﬁﬁﬁﬂwz
9938 NTLAY (Savant skills subgroups) WagndugaeNilinwedaasun Ay IuiuAIY
HAUNARIUNTYITULSE (Savant skills with severe language impairments subgroup)
o a ¢ Y o aa Y a s [

AauN 1.2 N15AATIdayasneazaIN1INeAftinvasUlsaaliduann iy laen1s
Beudveunsasiiauuuliififaau (Unsupervised machine learning) felusunsa
RapidMiner

o/ 3 = = = =) a a | ' 1

agUszaen: lilawSeuiguauausansauseansainlun1suuingueognaue1nsmas
aatinlagldizdyyuseivg lnsondenisiSeuswuulididasu (Unsupervised machine
learning) ¥041A309d891nLUsWNTY RapidMiner
ad a v
P/

Wesiuniudeyadnuuzen1smadinvewligeefiduuiseuiosuds 31nduln

[

Toyaiinglusunsy RapidMiner lngiidunausiail
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1. {UalUsunsu RapidMiner Studio version 9.6.000 3 ntuadnUy Import Data Tuvitiising

Repository ien My Computer tiedumlnansavesdoyaiinenisasinuninsien

2. YINN15ATIVADUAITN LAZAIAITUATDIR1519 1a8laen Change Role w04 Attribute

Ao 1

(Column) #iiFa71 Blood ID 18 ID wae Attribute 7134031 ASD Phenotype 181 Label

INUUNA Next

H v p - ; Vie Design Results Turbo Prep Auto Model More ¥ O | Al Studio ¥
® O Import Data - Format your columns.
Repository eters
Format your columns.
&2 Import Data Y! E
osi nit v®
» @ Training Resources (connectel o - i (e
Replace errors with missing values &
13 Samples
P e Community Samples (connect| Individual . & v BloodID & v ASD pheno..& v supplemen..& v AGRE (ADI.. & v Ethnicity @ v Ra
» B DB (easey i i i integer polynominal polynominal pol |
» I 20190529_ASD_Kanlayaph: a fabet N ASD ph |
I 20190529_ASD_Kanlayaph 1 AU005214 HI1279 savant ame: phenabype Not Hispanic or... ~As ™
» Local R it admin) z i
i Loc ook e 2 AU005215 HI1276 savant Type:  polynominal Not Hispanicor... Asi [Eed 200X
13 MOOC (admi =
= ! 3 AU005303 HI1102 savant + langu... || Role:  label Not Hispanic or... Wt
ail never v @
4 AU005604 HI0613 savant 28 Autism Not Hispanic or... WK
5 AU007605 HI0217 savant + langu... 15 Autism Not Hispanic or... Wk g SYSTEM vy ©
6 AU015003 HI0591 language 12 Autism Not Hispanic or... Wk
Operators
7 AU015903 HI0928 language 17 Autism Not Hispanic or... Wk
8 AU016803 HI1492 mild 17 Autism Not Hispanic or... Wk
» Data Access (53) 9 AU017504 HI0266 language 13 Autism Not Hispanic or... Wk
» 71 Blending (81) 10 AU024004 HI1364 mild 14 Autism Not Hispanic or... ~ WF
» [ Cleansing (29) 11 AU025005 HIO050 language 16 Autism Not Hispanic or... W
» [ Modeling (165) 12 AU028905 HI0110 language 13 Autism Hispanic or Latino W
v
ina14) 33 aunanens wnncaa o s Avsinm Moo Uimamic ae e
» Scoring (14) < >
» I validation (30) & o problems.
» Utility (85) d
4= Previ — & advanced parameters
o ey Previous Next | I cancel
@ Getmore from the e 2 =
D an Example Set from the repository or click 'Load Example Set' or 'Create new Example Set'...

g‘l.lﬁ 14 Column formatting in RapidMiner
uanEIRINITRsAtnAIs1lulUSWATH RapidMiner

@130 Change role 909 Attribute Ms1Assn1sinaanilumie Label

1%
Y

= o [ =~ g = = .. I3 Yy P
. A9YER1519d11SUNS Save adlusunsy Wesswelasiana Finish ﬂ%lma;ﬂamaamiw U

avagludiu Repository nesugieilavadlusunsy

. anln@n151997n Repository antumntie1e Process amntuvinnisiden Attribute My

WuUnAgaU ADI-R lagn1511 Operator 71dl¥811 Select attribute snsafiutoyanfains
A3z Inaviin1sUSu Parameters ¢atl lden Attribute filter type 1u Subset panUu

Select attribute deonduiilaly ADIR Items magjmq‘éﬁa Select Wiawa¥audanan Apply

(%
6 | U

WAvgABaln1sAGN Invert selection tiaideniamizdoya ADI-R Items sNAATIZRNTL

(%
Y '

. a1n Operator 13971 Replace missing values #9411 Select attribute WA2G A

Parameters Tunuamalunie Average
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6. ﬁ]’mﬁ?ulﬁaﬂ Tool ¥83 Unsupervised machine learning ?gﬂ%a@ﬂu%mfﬂ Segmentation
Junsiesigsiuuy Clustering Ware

6.1 Tools ¥3im Centroid cluster model LA K-means K-medoids Way x-means 9
da1u1sa¥analéiie Cluster distance performance W a¢ Cluster density
performance

6.2 Tools ¥ i @ Cluster model 16 A K-means (Kernel) DBSCAN Expectation
maximization clustering Support Vector clustering ez Random clustering a¥
annsadanalaenng Cluster density performance

6.3 Tools ¥Hlm Hierachical clustering model laun Agglomerative clustering Top
Down clustering waz Flatten clustering liiasnsadanald ilesannadnslailfor
Tuguuuy Cluster usirzaglusuiuunsauny

(%
Y

A9A1 Parameters lagidian Add cluster attribute 9@ k #3503 1UIUNGUANUADINT

(%
Y |

mﬂﬁ?ummwﬁm%aﬂ%’ayjaﬁ’?mLﬂu NumericalMeasures LWUU EuclideanDistance
Arseisiuay 100 At uarld Local random seed 1992 lunn Tools

7. Janan1swuangulaely Operator #1%017 Cluster distance performance lagaindeya
MITNUATNAANEN1TTANGULYT Input Port kagaln Output port lgn1suannanis
Usztdun1eeueile

8. dmSun15¥ana Cluster Density Performance snduazdadld Operator #ifide31 Data
to similarity 413LA51%% antuainid Input port ¥83 Cluster density performance
WUFEINUTLANITIMAEHASNEN1TIANGY kaza1n Output port LUgn1suaninanis
U3ztliun199ueile

9. lunsiSeuifisuman k fiunzaudmiuniasdanesiiy azdesld Operator 7idTeqn
ltem distribution performance 1ag Input port Ao INAGNEN159A Cluster Lag
Performance w84 Cluster distance %38 Cluster density performance 11518 Wazain
Output Port ludn1suansuan1sussiiumesnuudewuniu

10. 810 Output Port ¥INaansN153ANGHN 910 Clustering tool M¥A8 LaINATLATIEIA

LUsunIuaThanmaansn1sInngy wasnan1suseiiulyluyguues Results
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° U say v ° = = ! a o oA Y aa
11 dmadnsalauvinisiSeuieunian k usednuiunguilimuigausieis Elbow
| oAy v . . . I oA A ]
method lagr1filaann Operator Item distribution performance agtdua193unin
Average within cluster sum of squares U1@519n3% wazlUTeuNBUUTEANSAINANS
1 ! 1 ada . d‘o U | Y 1 d' ¥
LUINAUIENINTS K-means waz K-medoids M1d1uunguiniuaine1ilaain Operator
Cluster distance performance wag Cluster density performance Ingaziian Average
within centroid distance UBNALRAEVBILAALAIBE199INYANINAIVBINGY Average
within cluster distance uanAaden1sNsEIEAiInTelungurIonIsNIENgy Laval
Davies Bouldin uann1snszateaInteglungy uazssevriteseninangy ualdlunis
WisueuUszansan
a a Y o/ aa Y a R [
Aauil 1.3 N1sAlATzvidayainenrain1misaatinvasUlseaiiduaiunniy laents
= Y = = Ay . . . v
\SeusvadnIasliawuuiisaau (Supervised machine learning) aqelusunsy
RapidMiner
o s A o a =~ 2 a a | o
agUszasn: easlunalazilsouiiguauansavsedssaniamlunisudsnguees
mue1n1snuadinlagldizdyyiuseivg lnsordunisiSeuswuuligasy (Supervised
machine learning) YadtATaoa1NLUSHLATY RapidMiner
ad a o/
A5N153Y
IS a a r-:ll

183910917 Unsupervised machine learning tool ﬁmﬂazamsmwmmmmmz

ya v

anunsawdaUaseeiduanasusenlunqudesaineinismerdtinlauds Tutunaull §33e

avaislnnadlflunsuungualdmuiladal fanisiediu

TnogAdeasld Supervised machine learning tools #slusuidedaginas
Wisuiieu 7 9ane37iu laun Artificial Neural Network (ANN) k-Nearest Neighbor (k-NN)
Naiive Bayes Decision tree Random forest Support Vector Machine (SVM) wa g A
Library of Support Vector Machine (LibSVM) Taglulsiazdanaininazldnszuaunislunis
Ainsgsidoya 3 wuu Tdud Split validation (n3zurunIsiazinisusfeyatiioasn

ABUNILADS 70% hasnadauluLAa 30%) Cross validation/Backward elimination

(nszuvrunsiineuiiamesazassdadiudseanlineuasyinnmsiiesen mndmuslagniiesn
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L2 ¥

LaIanAUgNAedvadlinaa vdinsiiwlsiull uiiidneenudildvinlidiainugnies
d' =l a' 1 4 di( LY 5 I3 )
Wasulu niauiind1augnaewIndy faudstufsggnuieenainlunma) wag Cross
validation/Forward selection (NS¥UIUNNTRABUNILMBIILADWNUAILUSNUNTTAT 19
~ ) ) A a v ° v P A A £ = 2 o S yy
fiagi mnduUsndiudiuvilirnanugnassvedunadisiiuiniuiszsiuiuysaull
wadvniadnwa livinliraugndesUdsuly vseanmaugnaesas AkUstuay
gningeanaNluag) muIsnTeil
1. 911115 Clustering @28 Unsupervised machine learning tool M1laan 1513988314

L

Attribute TnainifinnsdngUrvesiiduanasueenlunqudes Inefsdedn Cluster uay
Change role ¥84 Attribute 10y Label ol Supervised machine learning algorithms
Tdlumsliasgideyaiieadidluina

1 4

2. 989910 Save MTnLTLA? anlwan191997n Repository W Tuntinfg Process

& o = . a g ° Aad
MnUUTN1SEen Attribute Miuluunageu ADI-R Inan1511 Operator N1%9731 Select
Attribute s UYeNANABINISIATILRLAEUSUAT Parameters LY ULAEINUTY

Y

Unsupervised machine learning

3. 1M Operator 714811 Replace missing values 11619310 Select attribute W&FaA
Parameters lifunupiivelugae Average

4. a1n Operator 3931 Split validation 116831 Replace missing values tiavi1n13
wisdeyarinluldlumsatslumaiiiolunsaeuedesile (Training dataset) 70% uayls
dunsunegouluina (Testing dataset) 30% lesarin Parameters w@Saudn 1% Double click
dluTunaes Operator Split validation iiielddanesfiufiasldlunisiinsient lunsaild
Operator Backward elimination Wwag Forward selection 1% Double click t911UTu
Operator uazynsld Operator Cross validation Wl wielianunsalddanesiiuls

5. ﬁ]’lﬂﬁ?mﬁaﬂ Tool 983 Supervised machine learning %wzasﬂuwmm Modeling >
Predictive Ingiinsasislunasgnateguuuuann laun Artificial Neural Network (ANN), k-

Nearest Neighbor (k-NN), Naiive Bayes, Decision tree, Random forest, Support Vector

Machine (SVM), A Library of Support Vector Machine (LibSVM) aldnails Training
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6. USUAN Parameter ¥adwsiay Model ANUAINULALNZEL YU 88N Use local random

1%

seed Lioftaglévhliivn Algorithms Aifinsdudoyaunldasiilunatu duieyayaifioaiulu
nn q ads s

7. n1adlg Testing 19188 n Operator 73011 Apply model Wa g Performance
(Classification) u1Rafiu laanse Parameters ¥84 Performance (Classification) 2g@1115
Hangdeyanisusviliunaldvainyvane wu Accuracy, Classification error, Kappa,
Weighted mean recall, Weighted mean precision, Spearman Rho, Kendall Tua,
Absolute error, Relative error, Relative error lenient, Relative error strict, Normalized
absolute error, Root mean squared error, Root relative error, Squared error,
Correlation, Squared correlation, Cross-entropy, Margin, Soft margin loss, Logistic loss,
Skip undefined labels, Use sample weights

8. ndulufinidn Process udraniduain Output port Uee Operator Split validation U
84 result madurnile Wisliuaniua

9. lun1sasraaaunisas1slumanuuly Testing dataset 100% TwuLU191579 ADI-R
scores ﬁlﬂﬁ%auﬂaiu Attribute cluster TngUaaeiludeaing udq Change role 19y
Prediction a1nL U1 U16749 Process LAgaf W Waataen Operator Select attribute U
Replace missing values 1169L3uLAL

10. a1n Operator Multiply #iaffu Output port 71+ Model w81 Operator Split
validation Tude 8 Tnsazuus Model Sufislusiafiu Result wardnsuialdilulunaiie
uenNsInng

11. a1n Operator Apply model Wag Performance (Classification) 1161911 Lagns
Input port 311 TaYAN1I5199INTB 9 wag Model 31nU0 10 U1de a1n Output Port LU
mavnilefidu Result

12. nAAATIEY TUTUNTUIRARINARNSNNTIANAY warnan1sUseuliluguwes Results

a a a a o as = o A A
ﬂ'ﬁL‘UTEJ‘ULV]UUU?%ﬁVlﬁﬂ']W‘U@QI@JLﬂa'ﬂ']ﬂ@aﬂ@s‘vmsU'ENﬂqiLiﬁJuzﬂJaﬂLﬂﬁa\ﬁJ@

YanNUIUNITUTLOUUTEANS AN TUN T U8V UM AINNNANISILATILNUD
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TUswnsu RapidMiner a1 ts189a1u150A 1UUA20 1Y (Sensitivity) A1 TN Y

(Specificity) wag F-score laarnnsldia3nsie Confusion matrix lngufagA@INITOAIUIE

4
Vv 1 =
lanamellil
Confusion Matrix
True Class §:}CIass 2's F-Value
Class 2 Class 1 Class 0
2 * Recall * Precision
Class 2 F —Value = —
Recall + Precision
Prediction Class 1
Class 0
(1)Class 2’s Precision Class 2’s Recall
True Class True Class

Class 2 | Class1 | Class0 Class 2

Class True False False Class 2 True
Prediction 5 Positive | Positive | Positive Positive(TP)

(TP) (FP) (FP) Predict] cl 1 False
rediction ass Negative(FN)

Precisi LK False

recision = ————
TP + FP Class 0 | Negative(FN)
TP
Recall = ——
TP+ FN

3‘1]17; 15 Confusion Matrix

LARINNSALIAAN Precision Recall way F-score 2nuadnsnsviuedildanniusunsy RapidMiner
1. Accuracy A1Augnaeslunsvhweesuna WWulsednsnmlnesiuvesiadung
Feanunsaaunlaan

TP + TN
TP + FP + TN + FN

Accuracy =

2. Precision #599n%a%lafa Positive Predictive Value (PPV) WuA1IAI1U LU
aulalngdiunviunggnees

TP

P . s —
recision —TP TFN

3. Sensitivity %38 Recall 48n¥enilsAe True Positive Rate (TTR) UBNDIAIINEINITH
° A L. 1% v i °
M3veAIY Positive vatlanalagnaesnnuelny venanulilunisiuievedues

L TP
Sensitivity = TP L FN
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4. Specificity 18n3ouileAe True Negative Rate (TNR) Uanfism1ua@1115a1UN1S
uneA17 Negative vedlumaldgnaesnnualv Wunsuenanudimigvadluna

TN
SpECifiCity = TN—+FP

5. F-score \JuAaasuad Precision wag Recall

2 X precision X recall

F — score = —
precision + recall

VYa v o

Woldnadwsvasuseansninvouaasluwassnuikad Hi3gazvinniswsasuiieu

Y

[

UsednS0m e Supervised machine learning 7Avian lagdiinaeinsil
1. Tunsazdanasfiuazinszuiunslun AT InnLAnA1aiuean lUavun 3 wuU Ao
Split validation, Backward elimination, and Forward selection 574 294n15UsSu

N1510wasNLaneAueantd TukAaznszuIUNITIASIZRzINISIAnNI5USU

saaa

ANI5ITLRBSNANanoNUN (Accuracy qaﬁqﬂ) wazazgnuuTeueuiusening
NITUIUNTIATITIVDIUABE Dan 3 NumD U

2. nduluusiazdaneifiu awfinnsannssuaunslinseiiilie Accuracy fiunniian
(>98%) fianunsoansiuaudeas Inefldnalunsinsizildiiu 1 v,

3. ﬁwimmaﬁﬁﬁqmamﬁaz Algorithm 1sSeuiioui ienluwmadilien Accuracy

ganaauazannsnanduIuteveIwUUARUN U ANINTIER

q

¥
=] a

AU 2 N15AATIRFULUUNTINARSULANva AR NIsRgasinAuluaEn

(Lymphoblastoid Cell Lines; LCLs)

o/

s d‘ = a s dy a a (3 Y a
agUszasn: iefnusuuuuniuaasulauvesganinnzideailanaulnuaanangUieesii-

Fuainasuileuiguivgiuuunisiansesnlugad inizideaiunannauuni algwmaile

LY

s ¢ a aa a ad X ace Y !
lulasensisd wagszyBuniseaunisuansesninunivludiiuseiduanasunazlungu

6

! PN 1 aa Yao a
goefiLuanueIn1msaatinlaeldisUygusehvg

9
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d' b % a -3 c’l’ a A s
Aauil 2.1 N155UTINtayansuaasulnuvaswadnzifgsriiaaulnuaafain
v
Judeya
o9 v
% ¢ A o e v oA 1% a I3 & a
MUsEasA: e muanaslun1sAnifendayansiuansulnuvesuad inizideyiio
aulnuanadannisAnwimemnaiialilasesisd
ad a v
/N33
ihnsfnienteyasuiuunsuaasulauveseadimeideainfulnuaaniugdae
a £ [ 1 Y ) 1 1 [ aa 4 IS
gaefuiuniswdsdUiveenlungudesmudnuageinimisnidnlagldinalulag
Uyauseivg wazgtheyameniuiunagldlunis@nuzduuulusilendnuiu 85 wad 210
= = = =
n15Anw1984 Dr. Hu wazang Tud 2009 (Hu et al, 2009) Fudun1s@nwrzuiuunis
wansoanvesdulagltinaila cONA microarrays §1U3U 39,936 8u (TIGR 40K Human array,
GPL3427) uazil Probe agenun 42,000 Probe @113UN15AN®INITULANIDDNYDI RNA
iavium 42,000 n5uaAIY
lagis1agyinsiedayaanngIudeya GSE15402 210 NCBI ioglusuuuuvesdaya
aa 3 A av v o . v
M13199TNTAUFULUUNISUEANIRBNYRIEUNLIYINTS Normalize ki 9 nlusunsuluyn
TM4: Microarray Software Suite Falaun lUsunsy Microarray Data Analysis System
(MIDAS) wag SpotFinder As#ilaiin1sAnw1ves Dr. Hu wazaAnz 1wl 2009 ndruiugiae
& ! = & ao Ya v v A v '
Vanae 85 518 uagnquatuaugaluauunidiuiug 29 518 laudideazdAnidentdeyaainngy
AUdgeeduanaTuNgugay C 31U 9 518 Ngugay D 31U 13 518 LATNFUAIUAY
WU 7 519 WelraenndeiunsAnusuuuulusilenvesUlg eelituailnasuainisas
P N |
Wwrgagartnanlnuatadlun1sAanwiasell (Hu et al,, 2009)
= a (4 a 3 & a a L
naudl 2.2 N15AATzRzlwuunTINaasUlnuvaueadnizifgsstadulnuatanilaain
v
J1udaya
LS Y
o ¢ A o = a a I3 & A a &
aguszasA: lilovinsseugusuwuunsuaasulauveswad inzidessiadulnuanas

NnEULeeduanasuLaziUliseafiduaunaSungudesiuauund naenaunueilunis

AMLEDNS8TYRTUNTNTSILARIBNRAUNR LU
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A5n1599w

a0 [

A vy = ) v o . 1% a & v
dialadeyaniiunisdndionuiudy §33818vinns Normalize Jayadnasalaanisld
LUsunsy Multi-Experimental Viewer (MeV) uagld 70% Data filter tievinn1sindnveya
N13hant8anUesduNinIsayduAInUTNNINNIIToaE 30 YOITIUIUYAR INIZLHEY
o & = o v A A A PRE| | ) ' ~
ande 3nduInideyanisuanieanueduiiiudou niduiiuaniean uans1aiuegiadl
Hud 1Ay A1975n19119a0 6 T-test WUy Adjusted Bonferroni correction (P<0.05) Tag/le
Jayaveinguiliveeiiduaiunasunavigeeiduaiunasungudesiisufiudeyaveingu
) A A oA | a a v a e ) v A e
AIUAY Bes1eFedunnuindnisuanteeninuniluguisesidualnasuwazUiueeidy
[ | 1 < Y o [y = 6’5 [} dyl
anasunguegaszgninulidmsunisfnulutuneundsainisely
Aaui 3 N1sAaTenzuLUUTUsAlauvaugadnizifsssiinaulnuaian
(Lymphoblastoid cell lines; LCLs)
o ¢ A ¢ P ¢ X A a ¢
Tnguszasa: liefnwsunuumsuanoenvedlusilesluwadineitesindulnuaianain
Q’ﬂwaaﬁ%uamﬂm"mﬂ%mﬁwﬁ’ugﬂLmeiLLa@ﬂaaﬂiumaém’wLﬁmﬁmmﬂﬂuﬂﬂa Ly
syylUsAuniiszaunsuanisaninunilunguegesvadlsnee iguaunaSuiLuanIue1n1sme
matnlaeldis gy useivg

ABUY 3.1 N1SANLABNAIAIDENS

o/

¢ A o o A v a | @ |
AgUszasA: iamruanaelunmsdadengUienmngauluudaznguiiodig
ad a o
5015938
insAnyluadiniziaesiin Lymphoblastoid Cell Lines (LCLs) 1WAIUI1121A
Mononuclear Cells Tuidanvesgiiglsnoafiduaiunnsunazauuni Loy Autism Genetic

[

Resource Exchange (AGRE) repository 3amzf3dulésuanuauinssiiwadiniziies
wa"E91n Dr. Valerie Hu using1dsansaiededy N3999%96U AT UsemAaanigawsng
wadanildiunsdadonaumdninasivas Dr. Valerie Hu uazan naoaauldlunis
AinszvinsuanseenvemsuansUlafindlagly cONA microarray analysis 7ilffRumiliudn
(GSE15402) nanlaggefe vinsdaidengtasmeiidulsasefiafnuuulusiuus (Adtistic

probands) lnglddayaarnnginssuvesuls 123 Usenishugauuuasuaiuiiionis
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AhedelsreefiduaiUnasuiiifunin Autism Diagnostic Interview-Revised (ADI-R) fiauen
Qjﬂ’mﬁ‘ﬁ Cognitive impairment (Raven’s scores <70) B:J:ﬂaEJﬁﬁmmﬁﬂ‘Uﬂﬁmﬂﬁuqﬂiw
SR (Fragile X, Rett syndrome, Tuberous sclerosis, Chromosome 15ql11-ql 3
duplication) ffthefinaenneurmun (<35 &Uaw) uazgUaeilafunsitededielsain
Uszamidu Comorbid disorders vatoafiduaiunadu 1éua Bipolar disorder, Obsessive

Compulsive disorder, Severe anxiety aanly wideiesUrendulsnoefiduanasuwuy

v v
Y

Idiopathic 539198 1,954 518 waglavinsdudenyUlendon1snngUuuueenuninuiu
85 318 9 NUuINIsIangudu 4 nquees (Subgroups) ANENBAZEINITN1IAGTN
(Clinical phenotypes) me3styausehvg

¥
= =

lngdmsunisfnuil azvinisfnwisusuulusalenlugUrgeefiduaiunay
WiguiigufiuauunffiilengwiniugUas (Age-matched control) agyinnisuwuadUigeeid
anasueendu 4 nqudes lnglddnvauzeinismerddnuazistyaUssivslunisuungy
v av v ! 6’5 r.:l' [ (% A ! Y ! 1 J I 1
aanlanandlulutuneui 1 wagvhmsdaidennduvestienguesy C 91U 9 578 nqugay

(%
Y

D 313U 13 518 UaZNFUATUANTINAY 7 518 SIUVEEY 29 1Y

= =1 < s
ARUN 3.2 NSINNZIRBLASNISIAULLRS
nguszasd: welnldwaddmsumsadalsiulildlunsfinusduuulusilonnngthueed
Fuaunasunasnguniuay
ad a v
/N353

JUABUNITINELAL a8

wadneaesedadulnuanas (Lymphoblastoid cell lines; LCLs) 9zgniAu
HWlululnsnumaiaundnagiuiwizidssmuszeuisnisues Rutgers University
Cell and DNA repository {nanuagauasnyIgaaby Autism Genetic Research
Exchange (AGRE) collection nanalaggofie wadmzidssindulnuaradazgninun
mziaealus1uisidssieas RPMI-1640 medium (GE Healthcare, Chicago, IL,

USA)ﬁ'ﬁmumamaa Fetal Bovine Serum 15% (Sigma-Aldrich, St. Louis, MO,

USA) Wag Penicillin/Streptomycin 1% (Meditech, Manassas, VA, USA) #&421n
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avilunisiiziies waailavggniiusnyaliluly RNAlater (Thermo Fisher
Scientific, Waltham, MA, USA) g il -20 84A1@aifua F998418AIanINaNS
TugNIIuIUNIILMINITIATIBRLUNTZUIUNTSHD 9 LU
1. TUABUNITINIZLAYYaa M09 lU Biological Safety Cabinet class Il 1ng
IBNAINLASINDINITLABNYAdNUTENOUAIY RPMI-1640 Fetal Bovine Serum (FBS)
wag Penicillin/Streptomycin aslu Culture flask ¥u19 25 cm? (T-25) wa2u Y
Incubate lugauidsawadiieusugumgd
2. vnwadmizidesrdadulvvatadigniivlilululasiauivas unazangedns
2 a a | a cq 1 a v
sisaigunall 37 esrnwaidealusremivananngd Tiunwadldaeniuves
Culture flask Mesvuliludonsneg1991 9 twg1iun o Iiwadnue visiasseag
Y v o I3 v ¢ a = aa a &
wauliiddu nuliludifeseadiioungd 37 seangaided AdUSu1uAY
Asveulneenlensesay 5 10unan 24 Falus
3. 1ileAsu 24 Alusdeavinnisiudey Culture flask Wuvuim 75 cm? laediun
L2 ¥ a dy 6l ¥ o ¥ 4 dy
wad 8 ml aslu Culture flask uadtAn@IMITIRgRLadan 12 ml walu 19189
& 1
AR
4. Fafleomisifsusasildsududinios agdesvinisildsue nisideagag
lngds Culture flask asnanaliiieligadnnnenou 1ntudiune 1 nsIausadig

lasdneanuilvuinige waslde1nisidesvadiniasiluinnitvsuinsndila

29011 1 ml

1
Y o

Jupouminuadosldiiarlunisiwizidswyadiduial 3 dUn1v se

=0,

714

'
=Y

Uszunad 1 theu ielrlausutaieaduinnin 4 x 108 cell/cm?® Fudusiuiuigaad

Taieanaran1sITeeAaeiinIsIAuLYad

(%
Y

JumpUNISAUYAE

Weladruluwaaiieanouds TiAuiwadaly RNAlater (Thermo Fisher
Scientific, Waltham, MA, USA) figaunqdl - 20 8eflgalded 3un319gu1u1ann
WsAuaeld daunisiivwadlilululasiaumaidmiunismaassdu q agld Freezing

Medium fUsznausay Fetal Bovine Serum was Dimethyl sulfoxide (DMSO) Tu
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Sas1dau 90 ml e 10 ml auddy el dumounisfiuiwadyniunouszdesinu
gamniiveawadlii 4 ssrwaloa nanlagdedo

1. Yiumdadann Culture flask laaslu Microcentrifuge tube U3unad 1 ml

2. vngadlutluuen gremnsidsasadoenlinualiaunieliudisadinnaznen
Td RNAlater 91nsudiuntuasliiduideifioasu udnfuil -80 ssaneaidoa qundn
3z1unain DNA RNA waglusiu
eyl 3.3 MmsafalusAuanwad Jausualusiu waznsvsouamawlUsiy
Faquszasd: iileatalusiiu viliusualusiuuignidu anusuiandediuiuves
Uiy yhmsiavsunaldsiuiinavde uazasivaeunua nlysauivhuniinisdnm
delildusnalusiuimnzaulunsdnwdusioly
/N3

JunaUNSENALUSAY

TWsfAuarnwaafiiulilu RNAlater (Thermo Fisher Scientific, Waltham,

MA, USA) %Qﬂaﬁmimalﬁﬁj GENEzol reagent (Geneaid Biotech Ltd., New Taipei

Ly

City, Taiwan) sagimnaila Phenol-chloroform extraction A13AWUEUIINNUTENHHER
den nanalaedene

1. dwadinzdswinaninuaiasly RNAlater 7 -80 seAwaidea wnavaiod
grunnfivies vntstlumisanasTiund RNAlater o0 21nHuLfs GENEZol reagent

adld Teeludusurnsidu 2 winveslSunaead vnistiundduadiiievinlimsaswan

1
a

LAl ingungivies 5 unil

2. 1@u Chloroform 0.2 ml asld Yannasaliniu 91ntulwE 1 Masnlss 9 aAle
I <) a = 09.11 yd‘ a v = b4 o y d‘
g9 1duIan 15 U LLazmlmaquwaa 2-3 W19l warulutdunend 12,000 g

)

=

gaunndl 4 sernwaldea 15 wil tielidsiegsendu Jaazueneandu 3 Tu lay

v &

Fuan9gnvse Organic phase 3gtTUYUNLALAIVDY Phenol-chloroform Aaduves

£ £

TWsAu d@rudunananse Interphase aztduduvos DNA wasduvugnaziiudy

s

a1sazaneluiidnse Aqueous phase Faluduves RNA
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Phase separation Isopropanol precipitation

Aqueous phase
aqueous phase: RNA
interphase: DNA

Interphase
Organic phase
RNA pellet

5U#1 16 DNA RNA and protein isolation by GENEzol reagent
WARINNTLUNTUYDA DNA RNA WaglUsAY #aINANRLNBUAIY Chloroform Bsazusnaanidu 3 4u lnedu
UUgnT9. Ut Aqueous phase 9z UTULBY RNA @9utUnans Interphase LHUBUYDS DNA wazTUa19EAT

 Organic phase avtfutuwaslUsiu (Suckale, 2009)

3. Pinduansazanslanaztunarseanlulanasaluulilduiniian e luldly
Fumounisaia RNA uay DNA Aquansy

4. vhansazareludu Phenol-chloroform 9ande 2 u1vinisadalusiuse Tae
\ia 1sopropanol asly 1.5 ml #el37 figungionduiiar 10 unit udailuiud
12,000 ¢ gangfl 4 psawaioa uian 10 uril wiagadiutinlasen ieliivde
unnznaulusiu (Protein pellet)

5. Lfid Wash solution lawn Ice-cold acetone (Acetone Tu -20 peAgalfod)
adluluu3una 2 i 983 GENEzol reagent #ldluduneuit 1 ¥ilu Vortex Wutaan
1wt Feulududi 16,000 ¢ auuQd 4 asAlwALEEa 10 WA

6. 11 Wash solution 74 ¥iduneudl 5 4180 2 sou soURATNELALY Pipette ga
Wash solution sanlilduniian laslalsilaunznou aanduninagnouliuds

7. azatunaunaundunie Lysis buffer iUsznouRIe 7M Urea, 2M Thiourea,
4% CHAPS, 100mM DTT uag 1% Protease inhibitor vinswaslifidniy udal4d
uawad (Grinder) droualdlusaunauduilodoafuiu Lysis buffer

8. mnmznoudiliazaly a1u1sathlu Sonicate 71 4 sernwaidoa (unan 1
Falus wieldnznovazareldniu widrdildazarsldidiy Lysis buffer windnly uas
Sonicate fadn 1 T2l

9. \ilemznaulusfiuazaroiuda WiAuTusAulid 20 esrnwaidea Taaunan

uUNI19EIN1TInUSIIalUsAukaznsrdaunmnInlyshunely
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£
Y

JuURAUNTIAUSUNLUSAY

Wn1snUSunalusiunieis Bradford’s assay fadunannns Dye-binding

[

principle f4il

1. w3enansararslusfiuunsgu neldin Mili-Q uaz 10% BSA 1l 5 A
Wutu lawn 1, 0.5, 0.25, 0.125, 0.0625 pg/pl ANETNU

2. Dwnansararslusfuuinsgiuna 5 anududy Lysis buffer waglusiudiadn
1anntuneunisanalusiu (Dilute 10 1 Taeldun Mili-Q 31.5 ul waslusiu 3.5

ul) USuiau 10 pl aslu 96 wells plate Tnalunnaziaegivagaosdinisyingdu

[ %
Y

Furusieduanuvqu (Triplicate)

3. \fiu Bradford solution aslulu 96 wells plate fifn15iAuarsazarelusfiu
119351U%8 5 Arududy Blank waglusfudiisdesnisiausuna aanduldiiile
LAITVBUTS 4 dauzes 96 wells plate 11 9 eldarsazaretomumdrfuduie
FoauagliiAaneseinie delifioungifes 1Hunan 10 wnd

4. dluinAn1sganduuasit 595 nm #181A309 Microplate reader uazy1eAndi
IFueuiisusunsmanassiuvesddsuiinsuanududu WeTsuiieumn
AMULNTuYalUsAuiiag1e Inaldlusunsy Microsoft Excel TunisAuau

%
Y

TUABUNIINTIVHOUANAINIUTAY

YIN15M5I3a8UANNINIUTAUAI8TS SDS-PAGE UWay Coomassie staining
nanalnegane
1. nssutaalaelyd 10% Separating gel (30% Acrylamide/Bis Solution, 1.5M
Tris pH 8.8, 10% SDS, 10% APS, 0.1% TEMED) & ¥ 6% Stacking gel (30%
Acrylamide/Bis solution, 0.5M Tris pH 6.8, 10% SDS, 10% APS, 0.1% TEMED)
2. waszuulun1sitAsigiiea 1nedas1eissuy Gel electrophoresis A8A15LN
Running Buffer fifldauusznouves Tris, SDS, way Glycine 9712w 1 L asluszuy
nduneonfog1slusiuaaududy 5 ul naufu Laemli buffer + Protease

inhibitor (Tris pH 6.8, SDS, Glycerol, Bromophenol blue, DTT) Y5u1a4 10 pl
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Wag Broad Range Protein U311 4 pl Mnismesyuultinunseualiinlne
wUadu 2 919n15v9u

P9u5nAMUA V = 70 volt 1Tutian 30 w1l

grfides fuun V = 120 volt tfutian 60 uail
3. wHuLRa e qrQnandIu Stacking gel 8an wyaslu Fixative solution (Acetic
acid, Methanol, Water) 1uiian 1 42109 a7ntudnsiaadis Milli-Q Water 3 asa
aSsay 10 unil wdrsaiurnwaalddouddae Colloidal Coomassie Brilliant Blue
G-250 Solution (Ammonium sulfate, 85% Ortho-phosphoric acid, Coomassie
Brilliant Blue G-250, Methanol) tdut1a1 16-18 wa. ugag19sa81 Milli-Q 7
gungfl 45-60 asrwadea 3n 3 ads afuas 10 uni

Ly

4. Yuiinnmaadiaienias Gel doc lasaiusaiiu Gel Ndoudnsalingungd

2-8 DIANTALT U

gyl 3.4 MusnlusAudremaiia 2D-GE Wazn153As1ERAINLANAN YR IRATUSAY
TagUseaed: ioneonlusiunuuseq Isoelectric point (pl) wazanalinanavedlusiu
/N5

Jupounskenlusfumemalin Two Dimensional Gel Electrophoresis (2D-GE)

n1suenlusAulufiaf 1 (First dimension) (uni1suenlusiulngerdean pl

(Isoelectric point) vaslUshu lnsagldimatia Isoelectric Focusing (IEF) Inea1duszuy
Ettan IPGphor3 Isoelectric Focusing %aﬁéﬁgumauﬁwialﬂﬁ
1. Weudiegalusauliiininududugaying 220-350 pg Aae Rehydration buffer Fad
dauusznoudsil
- 8 M Urea agvhumihiithelilusivavaneldiuazyhmdifisneanmlusiiu
- 4% CHAPS 1Juans Detergent Frvaranelusiuluddiliveuiuarannisiniy
AuveslUsau

- 3mM DTT 9rgasaninmy Thiol ¥aslusiu viliuaulusiuiilaainniswen

TUsAuTALIUETY
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¥

2% IPG Buffer 30 Pharmalyte 3381 pH winfiu IPG Strip 16w Immobiline

DryStrip pH 3-10, 13 cm (Linear) #il4 Usgnoulushesmiisinueaudfiduues

aaa

Tilasi (Ampholyte) fidumaglunisissufien Insansmanidmnifuuosinlay

' [
a1 = v o

7iAn pl a1 azdivszavaznlusiunivszgauludatanelun uagmniduuey
Tllaviifian pl dagduszguinagmilushuniussquinlugaaualng
0.001% Bromophenol blue tudfildlunsinauufiserfiiniu Ineninidl

UfAseinvuasazinfouiiludstanelun

2. vhedave1ngUnsaldlgnseany Kimwipe 14U Methanol 9niulddiun ga

sample ldasluiifsnansves Strip holder agnssiasiuasy Teelvnnnes

3. 19 Forceps AU IPG strip battA Immobiline DryStrip pH 3-10, 13 cm, Linear (GE

5.

Healthcare, Chicago, IL, USA) 88n310%8 lagng181uAUUTIMAIUT19Y8Y Strip

SuNALLeLUAYDS Strip UaATIMILIAAsY Strip holder vhagasansuaglallid

as Tunouilagyitnis Passive rehydration 1aa %seidunsnvinli Sample wWluluaa

91nuuldUiUn ga Cover fluid wdauiiy Strip lu Strip holder aufin waaUnsiag

Cover 993 Strip holder

lunslunsedaglvinuvineves Strip ega1u Anode Unadae Lid adapter WalATos

wazfarlneuUanseualiieandy 5 29

a

$23u50: %29 Rehydrate strip Aaaan 12 $2lus Agaumgdl 20 ssmiwaidea
Fafiaes: 500 Volts TUfa 500 Volt-h
Fa7ianst: 1,000 Volts lUiis 800 Volt-h

42971d: 10,000 Volts 1UTs 27,000 Volt-h

TnofmunU3ana Ay, 887l 75 pA sio Strip figaumail 20 °C

F23gAvNe: 924 Hold strip 10 $2lasa (14 A w1 pA)

w383 100mM DTT Tu Equilibration buffer 15 ml tag 150mM lodoacetamide Tu

Equilibration buffer 15 ml Iag Equilibration buffer Usznaulusae

50mM Tris-HCl pH 8.8 D Equilibration buffer 4185n®1 pH 994 strip 1%

winngaalun1svin Electrophoresis
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- 6M Urea uag 30% Glycerol 9g9aeifinninuviinves Buffer iieluannaainnis
Aausingn1sal Electroendosmosis #9aglusuniunisiadeuvealdsiuain
strip Tudaealusuiinfiaes

- 2% SDS agluyhlilusAudsaninuaziin Protein-SDS complex 3ayiluszq
Juau

- 0.002% Bromophenol blue Juansiildmnanunssuiunis Electrophoresis

6. mdsantiuri Strip 8enan Strip holder ldadly Tube aehlfaiminas Junouilie
1591 Equilibration §3A35vimaanin IEF viud
7. 1d 100mM DTT Tu Equilibration buffer aslulu Tube Tviau Strip lagas DTT agly

YrunwanINsImgvalusiu waild 15 il IneldaslunaadvuiuiAaou katvgun

1%
o o v

q maen Wionsunalinaisesn 819 Strip fe 11 Miti-Q Tunszusnms wasdutiee
NIeAY Kimwipe

8. 1d 150mM lodoacetamide Tu Equilibration buffer asluTu tube T strip @s
lodoacetamide aglUgaatlasiunisiin Protein re-oxidation Saidunarliuauiiled
lailsinaunm udld 15 undilagldadundesinufundeu weiut 9 naon Weasunadld
wiEnseen @19 Strip #ae 11 Miti-Q Tunszuenmae wazdurigensyane Kimwipe

'
=

S @ a a Ao i = o 1a ¢
9. QWﬂUULﬂUI@U‘U@ILﬂaEJ'J‘V]Q@L!‘WQ@JWTN -60 DIALYALYYH W?ﬂﬂfl‘lm?mi’]%‘lﬁwa

aad

nsuwenlusaulufifngas (Second dimension) aztdun1suenlusiulaeaideiig

Y aa

lutana (Molecular weight) volussu 193591158031 Sodium Dodecyl Sulfate-
Polyacrylamide Gel Electrophoresis #38 SDS-PAGE a28tA384 Protein® Il xi Cell (Bio-
Rad Laboratories, Hercules, CA, USA) #435azugnlusiulaguialutanaiiieseg1angd
Uszquaslushuazlufinalunisuendeisil iesannans SDS WWuarsvanan Anionic
detergent Aawllafinsazarsluihazuanduduluananiiuszyau Tdeuseulusiulagiu
1 a H a @) . = a aaa 1 Q,‘,d o v
w1dunvaueeniailu SDS-protein complex dan1siinUfAsenduiidwiliuseques
TusAuldiinasanisuen wenanidlutu Equilibration @15 DTT wag lodoacetamide 7y

LUviane Disulfide bond vililusAunvinufAsendvaisnsassdiignuenaiuuialuiana

Wisograiien Jsludumneuilazld 12.5% Separating gel (@1wsu 14-100 kDa) fivsznauly
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A8 30% Acrylamide/Bis solution, 1.5M Tris pH 8.8, 10% SDS, 10% Ammonium
persulfate (APS) waz 0.1% TEMED 31519211 strip fildannisuenludifusnunlafidhuuy
Y9098 NTUIwhmsThaessuudniunszualii Tnewdadu 2 Frsmsvihau

FIWINRWUA V = V., A19iun mA Tiasil = 32mA/gel

Frafides $mua V.., = 300 V, fvuau3unas mA linsil = 48 mA/gel

wdwnvuazeaiinssiuenlusiuasalugond Tnasuainnisduaalung

Fixation solution @sUsznaulusng 10% Acetic acid waz 40% Methanol tJuvian 1 Halus
Mntudraeaiietl Mili-Q 3 ads afsay 10 wift wESwhwiwealufeudse Colloidal
Coomassie Brilliant Blue G-250 solution fiUusznaulusas Ammonium sulfate, 85%
Ortho-phosphoric acid, Coomassie Brilliant Blue G-250, and Methanol Wuan 16-18

a

Y. wda19998U1 Milli-Q Nigeunnll 45-60 peALwaBUaBN 3 ASY ASIAE 10 WIN WA

Y

YrluTufinainédaain3es Imase scanner Il (GE Healthcare, Chicago, IL, USA) wa
AATIERAULANANTBINTIENID DNVl UTAUMBlUTLATY Image Master 2D Platinum
version 7.0 (GE Healthcare, Chicago, IL, USA) Ingfilaavosusaznguiilasmuiiuns
g1 3 a%e 9vdoedaa1y Consistency lnedounnuLaanarmnuani Vector lu

TUsunsuliurutaans 3 gy deundenseadu wevnisiiugalusiudfinudy

o w

wANAN9BE9TTed1A (P<0.05) hazAINULINNUILADIANINUDEI9UBY 2 L1 SENING

o

nadunageukaznguaual neunluliaesireniomaila Mass spectrometry Liie

sryrfiaveslusfuseoly Fearanudunlaaziuaiaiuiduwuu Relative (Relative

[

spot intensities) ImsJLfJumsLﬁsmﬂ"]ﬁuaqafgaunmmmLﬁi’fmaqqmiuiﬁuﬁ"?mlﬁmm
éfﬁyﬁg’luﬂl’mL%M‘U@ﬂﬁ;ﬂiﬂiauﬁﬂﬁmﬂ Waannlusiudidranudussninaunuaaly 3
g1 wansnetuuan svfesdnisdadaiiniandtardusenluiilomuiaanadsaiudy
URERIRIEETIRVEY

fauN 3.5 n1sdaswiutaa analulng wazdmsziilulnanie LC-MS/MS

Y [

Tuszasa: Weainuulndainyalusiuniiauwanssegdided Ay naaindunaunis

a

wenmgwmAla 2D-GE wagvinlmuulnausansnautluiwmszrmainvaalusiu

9
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[

/N9
{Adeavdsusiuiaadildviinisuenlsiusomaia 20-GE uda ludsauzimaia
s uninendeufing Wilevinsinnsinaelusiusdnadauasiinsehiudingdae
LC-MS/MS Tnenasaindinsngriyalusiuuna agvinisgesuriaa atnulng wasinszi
Wulne sesteluil
1. yalusufiinuduunndnseenadifoddy (P<0.05) azgndinoonanniaanaziinnded
p8anml8 De-stain solution (50% ACN Tu 100 pL ¥ @ ¢ 25mM ammonium
bicarbonate) wazgaadieiouleyl Trypsin S1ufufl 37 ssanwgaidaa Tu 25mM
Ammonium bicarbonate Wulnaaggnuuiadaly 50 mL of 5% Formic acid/50%
ACN udniluldlu Ultrasonic bath 1Wutian 15 wiil wagyinliusiasme Speed-vacuum
2. héegnelusiulazatedae 98% H20, 2% ACN and 0.1% formic acid wazduusndl
gl 4 93en 15,000 g 1@ 5 Wil neuazdudgseuunisiiasieh LC-MS/MS
fa81A3es UltiMate 3000 RSLChano System (Ultimate 3000, Dionex USA) ¢ ey
m‘%'m micrOTOF-Q Il ESI-Qg-TOF mass spectrometer (Bruker Daltonics, Germany)
Fuduszuyu Q-TOF Mass spectrometry Wumaiafivindnnisaemdnnisunsiuiu
Usgnaunie Quadrupole analyzer kag Time of flight mass analyzer (TOF) Fafl

[

PANANTAIL

'
a

Suusn sample sggnidsuiuleseulnemaiin Electrospray ionization lng

¥
= a &

wadadaziiduilinuinsdndiigs wudssedsiegludnvuzyosmar Milidn

Y
a¥eRUIATY araRIninueaNINITTTVEY YiliAuUILINYeIUsE R iuTui s eloray
aenu1 loeauuanazgndud1da Mass analyzer Faluduusnazidu Quadrupote
analyzer fifi Cylindrical rod @9ulTavuuiu mmau lon fiflutaseuszafidesns

(%
o

windudsinulldneuasdngduilassiuftio TOF analyzer Imamaaﬁ%zﬁﬁamm 1
wnsililosouindouiiniy Fsaziinsanailunisiedeuiiinudsaaziy sundufy
wianeudzdadn Detector

3. deyaildargniluiesesissymlusiulngldindesile MASCOT search engine uay

Swiss-Prot database 39zin1563A1 Fixed modifications 18w Carbamidomethy (C)
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Fulunsiiunsaesiiluiiin 57 kDa e nisndnisld DTT wag 1AA Wielilushulidu
I3 . . = v o A v o v v ' .
\Wu Disulfide bond Fedasssaiialilusunsuarulnlagnios d3u Variable
modifications A3t Oxidation muauziluietaiadule Inedaya MASCOT
score (Matrix Science, London, UK) @1usutdulnnmisingwuu MASCOT scores
11nn31 75 pzkuuduly drulsiuadsiiaguun MASCOT scores 1nndulng u
Llaginansyylidnau wasaIsnAIu Unique vasddiunsaeviiluniodlnafinssiu
FutdeyavedlUsiuiiy 9 9518¥elUsAUILYNIILNUNGIRINTNTNTIVARUANNYNABY

Yos3UiuulUTAY

MATRIX N ¥5% MASCOT Search Results
N MASCOT Search Results I
Protein View: ROA2_HUMAN
User :
E-mail : nuclear ri ins A2/B1 sapiens PE=1SV=2
MS data file : 1D76.mgf
Database : SwissProt 2019_09 (561,176 sequences; 201,758,313 residues)

SwissProt

Taxonomy : Homo sapiens (human) (20,366 sequences)

Timestamp : 27 Apr 2020 at 03:05:57 GMT :W .
jomo sapiens

Not what you expected? Try the select summary.

larity (s available as an NCBI BLAST search of ROAZ_HUMAN against nr.

wSearch parameters Search parameters
Type of search MS/MS Ton Search s dota ie: .
Enzyme P Trypsin Enzyme: Trypsin: cuts C-term side of KR unless next residue is P.
Fixed : Car hyl (C) Fixed modifications:  Carbamidomethyl (C)
Variable modifications  : Oxidation (M) Variable medifications: Oxidation (M)
Mass values Monolsotopic Protein sequence coverage: 53%
Protein mass : Unrestricted

Peptide mass tolerance : + 1.2 Da Matched peptides shown in boid red.
Fragment mass tolerance : £ 0.6 Da

Max missed cleavages i1

Instrument type : ESI-QUAD-TOF
Number of queries 16,170

Score distribution

5 .4
$1sd
T 3 Sortpeptidesby | ® umber
E. .1
104 Show predicied peptides o
8 |
b ary start -
LI b P
24135 4
i a1 a
» .
B e IR o :
o 1% 2418 i
“sa

150
Peptide Score

Peptide score distribution. lons score is - 10log(?), Where P is g ¢

the probability that the observed match is a random event.

There are 253 peptide matches above identity threshold and 342

matches above homology threshold for 6,170 queries. Histogram

score range is (0, 164). On average, individual ions scores > 32

(beyond green shading) indicate identity or extensive 5098 47 - 59
homology (p<0.05).

g‘t]ﬁ 17 29819 MASCOT search results
LAAIAINAIBE9HE MASCOT search results Ingagiinisme@n Fixed modifications wag
Variable modifications $3udsd@uvasanululnavedlusiunngaiu
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) av v A o = A a A a A Y vaw °
naeandlaseteunsesevelusiunuanioaninuniiuds §3383v1n15 Overlap
] ~ A A A ' o v ' | Y P - .
tayaiionisedelusiuiinusiuiuiudeyaluisazdiu aluinsesile Venn diagram Tu
LUsunsu Venny 2.1.0 (Oliveros, 2007-2015) adtninuiulusfiuiusingsiuiuuninsisi

ndva Ay nsadfvesnuduiusinelyd Hypergeometric distribution analysis 210

o w a

= = . . I o LY a Aa o 1 1
LA389UB Keisan online calculator WUNNIATUIMAIUEEIAUNIEDS Iuﬂimwmamagﬂqm

o

[

WUU Without replacement selected ftunaulunisiiasiziasil

1. wwduled https://keisan.casio.com/exec/system/1180573201 dioluduniasile

Hypergeometric distribution calculator fenw

0 Hypergeometric distribution Calculator

Home / Probability Function / Hypergeometric distribution

Calculates the probability mass function and lower and upper cumulative distribution functions of
the hypergeometric distribution.

02 4 6 g 10 12

EEr Er DHNo x
successes of samplex 5 x=0,1,2,.. x=n
sample sizen 20 n=0,1,2,. n=N
successes of lotM 30 M=0,1,2,.. xsM
lot size N 100 N=0,1,2,.. M=N

w Clear| Store/Read

g‘t]‘ﬁ' 18 Hypergeometric distribution calculator

uansnInLATesiialunsAnaAtdAyNIsEnfaIn Keisan online calculator

2. usuaulusiudildannnisi Overlapping analysis adlugesing Insudaztosd
- to}
Success of sample x = SurulUsiufinuinanseeninniluwadmizidos
yilnaulruaaduazuludoyadndruiisims Overlap
sample size n = S1anlUsAuTmuaiinuiwanoeninuniluwadinisides
yiindulnuaias

Successes of lot M =duiugunselusauludayadndiuniisvinig Overlap
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Lot size N = §1u2u Predicted protein encoded 11n3lunivosuyuddslaain
§1udeya HUPO (Human Proteome Organization) Tnefisruauiiedy 19,773
TUsAu
3. naUy Execute warguadwsvosA1ed 1Ay ni1sainludes Upper cumulative
distribution (P<0.05)
naufl 4.3 nsdudunanisuanseanvasBuuaziusiufiaulalagldds Real-time PCR uaz
Western blot
Tguszasd: Wielunistudunannmsiiasginsuaniesnvesuainnisnwiguuuum

s1uansUlay uagnisuanseanvadlusAuanmsanwsuwuulusalen nguvesdunielusiu

a a a a = v I A v o w 1 A Y o = a
NUANIBINNAUNG LATUAIUINSIVDIDYNNUUHFNALUFABDIATOVIYLASUUINNIYINTINN

o

ad

= v 1Y) a e ) o oA ° a ¢ v .
LﬂEITU’eNﬂ‘Uiiﬂ@@W%NﬁLUﬂ@iMﬁ]%Qﬂﬂ@Lﬁ@ﬂmﬂ%’]ﬂ’]i'ﬂmi’w‘lﬁﬂ’w § Real-time PCR way
Western blot

ad a o

9N1373¢¥

A IS A a o A U
\nau9tlunsidendunrselusfiugnyinnistuduna

wé’qmﬂﬁ;ﬁ%’alﬁﬁqmiﬁﬂmgﬂqummaﬂ‘%ﬂimLLazI‘UiaIafu wagladnisAnu
AnFDnAdesuazANENTUS TUNsAnuluUisesfiguaUnniuanMsAnu UL §ide
gvinsAndendulazlusfiuundudunaresseAun1suansean 1835 Real-time gPCR Way
Western blot audsiu Tnefhnasilunsandendadelui

- fiAifedAnnsadia P-value i 91nmsAnwgULULTYSAToN

~ fisziunsiasuudasnn a7na Log 2 ratio

- weinsgauimulugiiseeiiduanaiuunneu (ASD candidate
genes/proteins)

- IfAneniswasuwdasiianuaenndesiuiresenuludiiueseiuaunn sy

- 1A MASCOT score uag %Coverage &4

pmd)}

wihnnianuneitesiuneSanminulugUiseeiduann sy
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YURDUNI3YI1 Real-time gPCR

fufifinnsuansoeniaunAninnisdnwsuuunstuanivlnuuazsiiunisviinig
WATIERAMUENTUTIENIBUAULUTAULAY 2QniFonINTIATIEMTIUTUIUMETS RT-PCR
Tny RNA flafnaneadimeidsssiavesiisoofituainniufsosglu RNAlater (Thermo
Fisher Scientific, Waltham, MA, USA) 3¢9niuafinson1unssuiun1sniuaiwugn
vosuTEnENAATIn B9 RNA Aldduargniudsudu cONA ndsaintu cONA fildazgruiy
FunuudmiuufAzen Realtime PCR sigly Tagldtinen AccuPower® RT PreMix (Bioneer
corporation, Daejeon, Korea) i @ ¥ RealMOD™ Green W2 2X gPCR mix (iNtRON
Biotechnology, Korea) sinuansu

AMSUNITRRNLUL primer isnwizsefuivionyn agldlusunsudansaunegagly
n1590nwUY Primer Ingldlusunsy UCSC genome browser primer3 uag Ensembl &4
svfiondon Exon dm¥uly Forward primer uaz Reverse primer 114U Fedasnnsfuiiie
Uaariun1s Contamination 210 Genomic DNA

Funaun3vi Reverse transcription Inelduiren AccuPower® RT PreMix i RNA

a

91U 0.5-1 pg gniunaunu OligoTs primer Usuaw 0.5 pig LLﬁaﬁﬂUﬂmﬁqmmu 70
ssewadeafiung 5 w1l Yunth DEPC-water WiteuSuUiinnsesufAzelsvinty 20
ul a3ty AccuPower® RT PreMix tnaniesluaziivoulesl RTnase d@1uiulfjizen Reverse
transcription 1ne cDNA l&aggnléidusiunuudmiuufiasen Real-time PCR lutunou
Aol

fumaunisvi1 Real-time PCR TagTldya1181 RealMOD™ Green W2 2X GPCR mix
Tne cDNA #ildanduneu Reverse transcription 911U 2-5 pl Wnandiunaslu Real-time
PCR tube w&aniuiiy GPCR master-mix eUsznaulusig 2X Greenstar §1uau 10 pl
Specific primers e Reverse primer Wag Forward primer 8g13ay 1 pl ﬁ]’]ﬂﬁ?uiﬁi’fﬁﬂ PCR
grade water YSuaulad3uins 20 pl wdrazwru1v U Asen Pre-denaturation

denaturation tag Annealing/Extension 1agagldn15AIUIANNITLANIDDNVDIBUAIYTD

Delta-delta CT value wagld Human RNA 18s 1Ju Endogenous control
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JURBUNITNN Western blot

a

Western blot 1Juasn1snazlddudulusauinlaainnisimsizgsinieg Mass
= =~ | A A a a ~
spectrometry haglUsunsudiansauma tngasiaenngulusiunanseanidnuni wazining
= o TR Y | A v A = A A 1% ) A ) °
NYITD99E19I B AgyMoLAToTIBLAE UTNTINISTIN NN ITIA UL SRR TITLALIUNA S UL YN
AFIATIENEUTUNE
A15Y11 Western Blot #138138n18n38% 1431 Protein immunoblot 1i8131nn15L%
a aA o (9] a = < ana & a [} o [} a a a
WAUAUBANIWINLIUNTTITALEURLY FuTUITAUNgauSUAI NS UNITIASIEIIUSAUTN
Tnnzludsiiegns lnanasld SDS-Polyacrylamide Gel Electrophoresis (SDS-PAGE) 1ii®
wenlUsAuniauraInvateesnaniu lueeulusmulassasisaudn Msernue1Iveg
Polypeptide Tnagnelusiuiinain1shenasuuiiuil Nitrocellulose membrane @alUsAuas
gnéeumenauiued (Wuiediunsly Probe) ATuwizAulusiu TWsiudvungazgn
aszinsiaeunluauiniiinainaau gty (Intensity) wagauwnug (Location)

a a [J 1

= an Ao o a Aa
LUBIINATUUUTEANTAINEY AUNIE LLagLUUe LWiqga']lI’ﬁﬂLLﬂﬂIU5WULﬂ7W3J’]EJV]3JGEJU']®

Y

Y @

ande 1 ne le Jeflewldlumeadianen@iiner Fuad wavaunmsinuiugenansglaui
Western Blot azUsznausae 2 Tumoundn fe SDS-PAGE waz Protein blotting
and detection
1. SDS-polyacrylamide gel electrophoresis (SDS-PAGE)

nswentuduwsnil iunswenlusfiusumalunailuvan lnsaziinsueniusfiuniy
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a

auN1AUsERTARRUNNTIT iU Electrode gldaunulnin lnsduiudsyy vunluana

waLlASIEs19veeUTAY

[ 1%
(%)

Tuduwes SDS Aldnanily aznuinmaadouiluaunlwihazduiuiminluana
unuUsTquazyLIauedlusAu 39 SDS Ao Anionic detergent fiannsavianeusylelnsiau
fislunagszuninsluanaifiefiazaaislusiu uazvinanslassadrmisnfuazafen il
\WULAEAU Denaturing agent Way Hydrotropy agent laglulusfudiulug n1sduues SDS
flans Polypeptide agvinlfiinn1snsyangvesUsydenia fmeisdanan Ussaiuiadmes
Polypeptide %Mé"}ﬁ’zyﬁmﬁalﬂLﬁal,ﬁauﬁwiza;auﬁlﬁmmﬂ SDS i0991n lksINENNI4

[
v v oa

i vAnty Fevilbmlusfuraitedilugluisazaiuisowenaiiunisluiaald daduds
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Mo NNYIINITNTIIATIENAEHANBENU SDS kaviUAseimunsyuiunmsingItedets
Duddudumeu Inglinnudounndsinedne egretey 60 ssrngalea wislilusAugn
aneuaziinn1s Depolymerization 53uviadanaeln SDS Yuuazmanelusiuluguuriuas
o o v A o ~ v & o a
gnfuaieUsyyay 819U d Bromophenol blue tialviiiunisaliuveanseuiunisiu
FENINNTIATIEHLUNTEUALNTAN waziin Glycerol TuuSuumunsauiiaifiuaing
PUIUULALLIINISAADUNVDIFIA DL

Inelunsguiuns Gel electrophoresis agldszuutiinesniiAves pH Aunananaiy

fia Tris-olycine n3052UU “Laermli” M3u970 pH 6.8 wazlusiuasiinnisuenii pH
Uszanay 8.3-9.0 uisvuuiiifededed pH 1 enasiiliiAniusy Disulfide szwing Cysteine
TulUsfiu (fles91nan pKa vee Cysteine 9¢/l1%39 8-9) uar Reducing agent Tutlesild
TWldmdoudludulusiu Fafinisudlelgmlaenisuenlusiudl pH fininin pka 183
Cysteine wWunsle Bis-tris, pH 6.5 FavilieaiinnuatosinnTudaean pH fisnas ild

anusanuaalilduiuninduneunisideu saufienisld Reducing agent 1@ Sodium

bisulfite MipRpuMihninlUsAuNaSNYIEN1IEYRIULRTeN

Ly

witnseualiiidnun Ussgauazsidoudntavin dilag CLanuimie Glycinate
(Gly) diupyna SDS-protein A¥og5¥131e Cl Youaatwines uaz Gly ves Cathode

Twes Nnsswau esannnseualniinanasdusiulaianisweniudua tnelusaung

[ A ~ a Ao v 4 [ 1 (Y] o Y a
Audulsgravunagadouily waglusiuniuminluanatesiuiu vibidaniswen

oslUsAUlLAUNLRS 9 VB398
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Y 1

Polyacrylamide Gel Electrophoresis (PAGE) 14lunsuenTusfudiflauinsaus 5-

[

2000 kDa Juegiuguesaalagaluquiianududuves Acylamide naulnivuiaa Loy
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= =

Stacking gel (6%) a¥gnineg 413Ul Resolving gel wagld Comb Lilatin Wells Tu %9
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s & ¢ % = = 1 o A a o | o A
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M15197 3 FegazaNduduvasRanINzaNdITUNITUENUIALIANAYRILUTAY

Range of molecular weight (KDa) Concentration of gel (%)
<10 15

10-30 12

30-100 10

100-500 8

>500 5

2. Western blotting and detection

Usgnaunig 5 %umau 14 Transfer, Blocking, Primary antibody incubation,
Secondary antibody incubation, Protein detection and analysis

2.1 Transfer

lUsAuazgnéreanlulaauiaguu Nitrocellulose (NC) w38 Poly-vinylidene

difluoride (PVDF) membrane TUsAuazdufy NC membrane A781s4 Hydrophobic uag

1 '
= ad

a av v o aca < v 1 ' ' v
membrane Aga1N15aRANET NI NN zORNNY FFUTNTUITAAUNUALALIEsanITLY
i I = ] % a o % |
1 uiegelsinulusivvuinidnietvaymeglavaenviin1sans 1w PYDF membrane
T duszdnsamngendt wisndudewudly Methanol neuldiu weliiAnuszquinuu
Membrane ¥iglun1sduiuuseauvesiisiu
NC membrane 3ggniunldagnedinig Wewinilivuinvessiwand1eiuluniy

1%
o Y

umdnluanaveddusiu Fevwieiteulduingafovuin 0.45 uay 0.2 pm lagvuin 0.45

v
a o C

um agldAulsAuidumidnluanauinndn 20 kDa dauvuin 0.2 um aglduldsAuii
hwiinluanatiesndt 20 kDa

PVDF membrane a¢14luni1snsianilusiuiifiiudnluanasuiadnlddfian
ilesandinaluazauaziBengandt Membrane sy

wadla Transfer Adeuldunniigafowmaiia Semi-dry transfer way Wet transfer lng
wAlla Semi-dry transfer 3glnann1s Membrane-filter sandwich 8¢58%314 Filter fiu

Urlies Fansyuiums Transfer asBuadiunisuivesnsenalniinindnandvies inatadl

azldnaniewantesilnsainnseualnidiazauduiaanay Membrane lagnss Tuse?
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(%
LYY

WAA Wet transfer @3 Membrane-filter sandwich %agﬂuﬁ\i Transfer TuluIRG AU

lUsfuaggn Transfer nelanisarvauvesauiuliiinudnanurutalifiinvuiuiy

] 14 = = !

Sandwich 3sldhiarunndt Wekungndeasiusea@nsamandt wagaiunsadnelusiula
IINNAILLIA
2.2 Blocking
Dunsdugsusnaiuiizerun Membrane teandiuiun1sduaaslusiuilyl
° ] 5 o o v . = .
TnnzlunAarunaueIn1s1IUniinsly Inert protein %38 Nonionic detergent lag

Blocking buffer azanunsadudalannusians linelusiudmungaiuy Membrane €1 lidu

U Epitope voslusAulmuny waglilfa Cross-reaction AulauAUDANI® Detection

1 '
(% v A

reagent Fagadudanlalnealy 1dun BSA, Nonfat dry milk, Casein, Gelatin, and
Nonionic detergent Tween-20 dauﬁWLWa‘fﬁi%uﬂﬂqmﬁa TBS way PBS

2.3 Primary antibody incubation

w&sa1nsuneunssuda Primary antibody 1‘71'f\1°wwaﬁuiﬂiamﬂmmmggﬂ
Incubate lUAU Membrane wielfiinnisdusulusiu Ing Primary antibody A359din1s
nivdaunaulgu LLazﬂﬁLﬁaﬂisﬁwﬁuasﬁJﬁULLauﬁme?ﬂumwi’m Faaunsold e
Polyclonal ag Monoclonal antibody 1 g7 Monoclonal antibody 93U U Single
specific antigenic epitope F9HANUTUNIZEINIT UANIN Epitope LU munggnyinatgagil
wald n15ld Polyclonal Aslvarruaiunsalunisduninnin waziadiesninudan Epitope
Wwsngaggnyinang

2.4 Secondary antibody incubation

W&3191n&19 Primary antibody 7iluilésueenluudy Specific enzyme conjugated

[ a [

secondary antibody a¥413UAU Primary antibody MU §Aseiulusautdvuneuu

aa

Membrane laguaudvefnfivuldfanfio Anti-mouse wag Anti-rabbit immunoglobulin
11949310 Host 484 Primary antibody Aevukaznseete Jaldunglunisides Anti-mouse

WAy Anti-rabbit polyclonal antibodies faudsialainllonld Goat anti-mouse waz Goat

Y
a

anti-rabbit immunoglobulin mﬂﬁﬁjﬂ Tngnisidenldastuduriinuesdnifiiaes Primary

antibodies 144 1LAA Primary antibody vJ 1 Mouse monoclonal antibody ¢ 91u
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Secondary antibody agfpadu Anti-mouse antibody
2.5 Protein detection and analysis

Protein detection (Color development)

=

ansnsruagiuisenduleuldffinediu Secondary antibody Litalviiin
seaulusAulmuneluwadvIeiilodoasgnuseiliuniuiaTes Densitometry wagUsuiiiu

NFLNUIVDOUTUSAUNANTU

'
4

Alkaline phosphatase (AP) wagz Horseradish peroxidase (HRP) Aotoulaainiy

Tiuograunsuaty dmsuntfives AP lunisissuisentu BAP daduasaaduiilifiday

[l v
& [

gnwdswdundndasnfidundu Ine H,0,, 3-amino-9-ethyl carbazole way d-chlorine

o¥

(% (%
v Y &Y a

naphtol azgneandladifuiiniavesarsadiu antuasindihuvessdnisilagnisiss
UAi3e1vee HRP n3uiind Chemiluminescence Wudnisisildlunisnsiaia HRP lunns
19 HRP @15130suasrudu Luminol yzgneandladlag H,0, LavLANNI5ISeIuaET Y
venuilonnifufiunisvihauagssdeliuasiinnuduuindy 1000 wih HRP aganusn
nr9ialdislogalusiugnnsduuu Photographic film

Analysis

a. Control design
Hie3usesaugniosuazamnuwiudwemanismaaey ylkanansasyydymi

a X vy & &
LﬂWUUlG]EJEJNi’J@Li’J LaznsIusELAUY

YUAVa9 Control

Positive control: degwwadiniasrinuiaiiiodafed siinsiunisuaniean
yedlUsiuisFasnsnsiatn e uduiueuivenildduyinuldeesiiuseavsnm

Negative control: douadimnzassridansedloiofedeiinsuinliinig
wanseonveslUsauiilsdesnisnsaata Miilonsiadouiueuivenildfinnusine Wus
venfamsiuegndlisumne wagna False positive AAntulFluURRZeN

Secondary antibody control: L@uwA Secondary antibody aslu lilasinsidy
Primary antibody Faiuldiilensiaaeuin Secondary antibody Al#dAus1mz 1udn

Uanfan13Tueeelidnieg wazua False positive MAnTulaluUfATeN
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Blank control: lsifinsldueufvefivisassasiuly Membrane iiiensaaaoud
Membrane La9kaATIABUHANISEUSS

Internal control: #Auddusgredslunislinsieaeunmainaadaedsuay
SYUUNI3YIN9UVBY Secondary antibody Ineiduneuivedne “House-keeping proteins”
vdelusfuiuanseanuiiuluynsaduasidode Wifonmaaeuilddnisldmedsadiuly
uavieli TnlanizegsdslummaaesuiiieSouiisunsuansoenvessziulusiluds
Hogeiuanmnaiu
A35197 4 uraualulanauazvlinuasdsiaeg1sdmIu Internal control Adeuldlunns

11 Western blot

Internal Molecular Sample type
control weight
(kDa)
Beta-Actin 43 Whole Cell/cytoplasmic
GAPDH 30-40 Whole Cell/cytoplasmic
Tubulin 55 Whole Cell/cytoplasmic
VCDA1/Porin 31 Mitochondrial
COXNV 16 Mitochondrial
Lamin B1 16 Nuclear (Not suitable for samples where the nuclear
envelope is removed.)

TBP 38 Nuclear (Not suitable for samples where DNA is removed)
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— 180KD = 130KD

—1 1'GKD _100KD

e .') TKD — T0KD

- — HEKD = 55KD

SActin G ERYENeE- G - JOKD _— — 35KD
— AOKD

— 20KD = 25KD

— 11KD - 15KD

Beta-Actin antibody GAPDH antibody
Boster ECL Western blot substrate Boster ECL Western blot
substrate

U 19 waluanaveslusiu Beta-actin uaz GAPDH
uansuIaLaliianaveslUsiy Beta-actin uay GAPDH dudu

Internal control #ifleailun15vi Western blot (www.thermofisher.com)

AAUN 4.4 N1SIATITHANTUNUS TZUINNTLAUNITLENDDNVDILUSAUNUAZHULIIN
LUUNAEaU ADI-R
TgUszasA: LioTATIzanduius (Correlation analysis) S¥NINTEAUNITHAAIDBNVDY

lUsAufuAziuLIINLUUNA&DU ADI-R
/19398

lun1siimseanduiius (Correlation analysis) §3383¥1435 Pearson correlation
analysis (P<0.05) Tun1931AS12MUS B ULNBUSZAUNITLEAI08N Bl UTAUAUAZILUUDIN
LUUNAEOU ADI-R 91udu 123 Yo vesdUigeafiduaiunaiu Ingldlusunsy 1BM SPSS

Statistics version 22 Laz @314 Correlation heatmaps A181UsLNTU MeV kag Galaxy

version 20.09.rcl
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uni 4

NANISAN®IIY

[

4.1 namsAasizndayasneazaIn snieiinvesuisesiiduanaiu laen1siFeus

A o 1y . . . 4
vaaazesilauuuliifigaau (Unsupervised machine learning) daslusunsy
RapidMiner

4.1.1 HAN1IMNIUIUNGUTRETMUUZENAETS Elbow method

Joyadnunee1N1IMNAGTNNLUUNAZEU ADI-R 31U 123 1o veuUizeaiidy
awnasuTIuIu 85 918 91ng YR YA Autism Genetic Resource Exchange (AGRE)

repository MHUITARERNAMNATYRY Dr. Valerie Hu kagani tagninuninseilagld

4

n15i3susvenaIeslawuulidfifasu (Unsupervised machine learning) fiaelusunsy

Y

va o

RapidMiner laglddane3fin K-means Way K-medoids @sd3delavinnisiuIeutiisund

Y

Furunquilmuzanlunisuuinguges (Clustering) Yasusiazdana3iunie3s Elbow

method #uU3191nn351 The elbow method for determining number of cluster 141 1935

K-means wag K-medoids 1 d31maungudesnvangas fe 4 naueay sagui 19

06 T!'E olbow meﬂ\oc! for in number‘uf dush‘ar 06 The elbow method for ining number of cluster
05 A 1 os|
\

o \
3 % 7 \
5 s X
E \ 13
03 203 N
& 6 3
3 T | O- J
5 £ ‘
Loz e So2 S

01 J odb

o . . | . | 0 . . . I
1 2 3 4 5 6 7 8 9 10 1 1 2 3 4 5 5 7 8 3 10 1
Number of cluster (k) Number of cluster (k)
K-means (Within cluster sum of square) K-medoids (Within cluster sum of square)

gﬂﬁ 20 The elbow method for determining number of cluster
WP WIS Elbow method lumsmanuiunguivsngadlunis Clustering ¥e3dane3iu K-means uag

K-medoids Tngunu x Aeduiungs uazunu y Aad1 Within cluster sum of square
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LazINATAUIATILIUNGUF Tz aNdagURl 20 FelusuATY G*Power
3.1 wu ieldad@lunsvaaeuwuu Ftest, One-way ANOVA i P-value<0.05 FIUUNGY
Fog13d My 4 ndugen fanunsaldmuindmailunsiseildazegiidnausim
ogatlen 48 919 WAvAndundudesay 12 ewduedtes Judeifieuiudtuiufiedied
gnuualaeds K-means %50 K-medoids uaa n1sudanqueesaenilu 4 ngu Saadlvduau

naufeg e uINNelUNITAUINAIMNERRLA

K-means clustering

Within cluster | 2Pl size No. of sample in each subgroup
k £ (F-test, one-way
SUm OFSQUA'E | anovey Ale|c|o|e|Fr|e|n]| 1|
2 0.501 34(17) aq | a1
3 0.367 4z (19) a0 | 18 | 27
4 0.278 48 (12) 13 | 30 | 26 16

5 0.250 55 (11) 12 | 24 8 30 | 11

0quired sample size - Given , power, 3nd effect size 8 6 0.234 60 (10) 22 | 30 | 10 4 12 7

T 0175 63(9) 9 22 | 19 6 6 13 | 10

8 0.193 72(9) 10 | 17 3 7 6 28 | 11 3

9 0.161 72(8) 6 6 13 6 9 23 3 3 16

10 0.137 80(8) 2 4 16 | 11 | 12 17 | 10 q 6 3

Total sample size = 48 (n=4, at least 12 samples/subgroup)

g‘l.lﬁ 21 Sample size calculation and comparison
WEAINTNNITAIINUUIANGNAIBE9ELUSUNTN G*power 3.1 (§18)

LazmMmvesTIMsIUSsuisusuanguiegailofisuaunguuaniaiy
4.1.2 wamswTeuisuyszansnnlunsuuingsszndte Unsupervised
machine learning tools 25 K-means tag K-medoids
v Y o ! 1 d' [ | v Va v Y o a )
nasnladuiungudesimunvanlunisuuadUisuds gdelavinnisiuTeuiiiey
Usgansainlunisuuengy (Clustering) N91uuwinAY lneldnagnsannnisuseidiv
Usgdnsamlunisuusngunlaainlusunsy RapidMiner LauA Average within centroid
distance, Average within cluster distance, and Davies Bouldin NUI1IINA15I99 5 TF K-
means clustering usgansamlun1sianguaninis K-medoids AailA Average within
centroid distance 11NN71 UBNTIANRAEVDIULAGLAI0E1991NIAAUINANVBINGN LARIDS
' oA oA . . A v !
ANuruIkUuAglungunuInndi de1 Average within cluster distance Ingsiufitosnin

vandensnszneiinglunguitesnii dnsnszyndivesteyanislunauiiuinnil uasd
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=

A1 Davies Bouldin iaendn vanisnisnszaedmnislunguiosuasiissueinaseninangy

11n98990 K-means wlatfgunuds K-medoids

715197 5 waawsuszansamlun1suungudieds K-means uag K-medoids e k=4

K-means clustering (k=4) K-medoids clustering (k=4)
Avg. within Avg. within Avg. within Avg. within
Performance Performance
centroid distance cluster distance centroid distance cluster distance

all -80.087 -291.174 all -151.965 -278.198
Cluster 0 (gr.A) -61.621 -136.271 Cluster_0 (gr.A) -144.450 -256.822
Cluster 1 (gr.B) -76.308 -372.662 Cluster 1 (gr.B) -186.789 -258.704
Cluster 2 (gr.0) -94.208 -332.762 Cluster 2 (gr.C) -141.897 -353.507
Cluster 3 (gr.D) -80.348 -194.170 Cluster 3 (gr.D) -139.059 -196.666
Davies Bouldin -1.960 Davies Bouldin -1.664

4.1.3 nan1sdnnguUeeeiiduainaiueanlungueas uasnaSeuifisudnuoe
a1n1InsAdtnvesUaeg

Slolddaneifiunazduiungueesiivangas luA 35 K-means clustering $1uau 4

naugoslunsutsithseeiiuaiunniu S 1uru 85 18 fam1s1eil 6 laonguges A o

Meage 13 918 Ngueey B d91uiui0819 30 518 nauges C 13 1uuf0819 26 918 Lay

naugey D 911U 16 918
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K-means clustering (k=4)

Group A (n=13)

Group B (n=30)

Group C (n=26)

Group D (n=16)

HI1102
HI0217
HI0570
HI0927
HI1428
HI1911
HI2530
HI2706
HI2677
HI2815
HI2883
HI4196
HI4185

HI0591
HI0928
HI0266
HIO050
HI0110
HI0649
HI0792
HI2437
HI1943
HI1657
HI1367
HI1861
HI3323
HI2427
HI2402
HI2536
HI2532
HI2781
HI2779
HI2683
HI2687
HI4004
HI3522
HI2983
HI3118
HI3290
HI3303
HI3369
HI3599
HI3673

HI1492
HI1364
HI1495
HI1234
HI2251
HI2028
HI2576
HI2609
Hld461
HI3379
HI2680
HI4420
HI3424
HI2828
HI2905
HI2853
HI2835
HI2846
HI4870
HI3470
HI3660
HI4002
HI4341
HI4751
HI4820
HI4838

HI1279
HI1276
HI0613
HI0624
HI0652
HI0700
HI1555
HI2597
HI2008
HI1429
HI2039
HI2163
HI2575
HI2791
HI2679
HI2824
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= Y v (Y

FegIdeliinisiSeuiieudnuareinisneedtinvewsiasnauges wuingdaely

Y

wiazngugpeilanwauren1sneaainfislivuadeadaiunglungy uduans1aiusening

naa Aegun 21

31]17; 22 Heatmaps of ADI-R scores

WaRINNEN YN eININeAGINvewueefigualUnaTuva 85 518 Tag Column Ag ADIR items
way Row Aanzuuwvewiieudazse unuddurengudes A (n=13) unudilisanenguees B (n=30)
waudiihAengduees C (n=26) LashaudinAenguees D (n=16)

¥
Ya

wenandfidelaluSeuisunanisuuingugeludeduiutoyalunisuuenagy ves
Dr. Hu wag Dr. Steinberg 21nn15@nw1 Ul 2009 (Hu & Steinberg, 2009) &4l435 K-means
clustering, Principle Components Analysis, and Hierarchical clustering s 7w wua1d

(%
Y

HagnSlun1swUsnguinssiuiadiuiungudes wazsievenquiiegranislunay lnengquees
A (n=13) WisulafungueaeNiinuvedaasenmiiiaus1uAuANURAUN AATUATBITULSS
(Savant skills with severe language impairments subgroup; SL subgroup) ﬂzj:ﬂ,JEJ'EJEJ B

(n=30) WisulafunquéesNiinuinUnfsiun1913uLse (Severe language impairments

subgroup; L subgroup) ngugay C (n=26) Wigulafiunqudesilifinnuiaunfisiuniw
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JULTY (Non-severe language impairments or Mild subgroup; M subgroup) LLazﬂéjaJEJ"e)EJ

D (n=16) Wisulariungueeeniivinvedaasenniivay (Savant skills subgroup; S subgroup)

[

4.2 namsAaszndayainenzainimeaiinvesiiigesiduainaiy Tnsn1siseus
vauATeslauwuuiiaau (Supervised machine learning) fa8lusunsy RapidMiner
waanIeliinmsuUsUiseefiduaiunafuvia 85 518 senunquees 4 ngu

[y

Y  aa Y =~ = = a a a ¢y aa
MEIT K-means wda WatUSeuliisudseaninmlunsiinsendeyadnuareinisniadin
I A= ) a Y a = N Yy . .
veeUrgeeniduann iy lnen1siseusveuaIesiawuuiigasu (Supervised machine
learning) Aaelusunsy RapidMiner §33elavinnisinaainauliniuiiuianguegeefninte
4.1.3 wazladnszuiaunisiasizi 3 wuu baun Split validation Backward elimination way

Forward selection luusiazdanasfiuifioasralumalunisuisruldosndunqudes Tnad

NAANSURILAATDANDSAUsIsa U

4.2.1 wan15:USeuisudssansnInvaalanaaIndanasiy Artificial Neural
Network (ANN)

dwsudane3fiu Artificial Neural Network (ANN) 6338 lavinnsiuSeuiiisunisusu
Amsfimesves Training cycles lunssurunistinsazsiuuy Split validation 71 25 50 100
150 200 500 W@z 1000 Training cycles #aM15197 7 d7UNTLUIUNITILATITARUY
Backward elimination l§vn15i3suiiiaunisusuainisifiwasaes Training cycles 7 25
50 75 100 wag 200 Training cycles #9m15197 8 waz lévhnisiSeufisunisuu
ANN51TMa5U89 Training cycles TunszuaIun1s3AsIzRkUY Forward selection i 25 50

100 500 1000 way 2000 Training cycles fans1sdi 9
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NAN1994 3 As1aludnedy §33elaldAn Accuracy Wunan lunisiiansanden

e

' [
1 [y tY

lunafifuszansnmAngnainnszuunsiaseinaafuia 3 WUU wudnTEuIuNg
FiAs1eshuuU Split validation # 25 Training cycles %A1 Accuracy vedluinaininfiy
92.31% (310 Testing data 30%) laglddam1n1u 123 98, NSEUIUNITILATIERUUU
Backward elimination 7 25 Training cycles 1%#1 Accuracy veslunaivinfiu 98.82-100%
Tnesadariany LEVELL 0on wiaeter1anufildiasies 122 49, Lagnssuiunsiasin
WUU Forward selection 7 1000 Training cycles 1¥@1 Accuracy vaslunawinfu 98.82%
TdUoA1013LAiee 6 98 (CCONVER, CINR, CONVER5, CSPEECH, ECOMPUZ, and EINAPPQ)
Tnefl nszuIuMTIATIERLUY Backward elimination THatlumsiseiunuiigaians

Tum1s199 10
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A1519% 10 Wisuiisuuszansnnvaslana Artificial Neural Network (ANN) 21074 3

a I'4
NITUIUNTTIATIISCH
Algorithms: ANN
Subgroups Parameter
Split validation (25 TCs) BE (25 TCs) FS (1000 TCs)
No. of ADI-R items 123 122 6
time 1s 56.42 m 19.43 m
accuracy 92.31% 100% 98.82% 100% 98.82%
A Precision 100% 100% 100% 100% 100%
(n=13)
Sensitivity 50% 100% 92.3% 100% 100%
Specificity 100% 100% 98.61% 100% 100%
Recall 50% 100% 92.31% 100% 100%
F-score 66.67% 100% 96% 100% 100%
B Precision 100% 100% 100% 100% 100%
(n=30)
Sensitivity 100% 100% 100% 100% 100%
Specificity 100% 100% 100% 100% 100%
Recall 100% 100% 100% 100% 100%
F-score 100% 100% 100% 100% 100%
@ Precision 100% 100% 100% 100% 96.3%
(n=26)
Sensitivity 100% 100% 100% 100% 100%
Specificity 100% 100% 100% 100% 98.3
Recall 100% 100% 100% 100% 100%
F-score 100% 100% 100% 100% 98.12%
D Precision 71.43% 100% 94.12% 100% 100%
(n=16)
Sensitivity 100% 100% 100% 100% 93.75%
Specificity 90.48% 100% 100% 100% 100%
Recall 100% 100% 100% 100% 93.75%
F-score 83.33% 100% 96.97% 100% 96.77%
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4.2.2 nan1sidseuiisuyseansnimeadlunaanndanasiiy k-Nearest Neighbor

(k-NN)

a

dmiudanaifiu k-Nearest Neighbor (k-NN) §33elavinn1siUSeuiisunisusu

i

AN BSURY A1 k TUNTEUIUNITIATIERNG 3 Luu taua Split validation Backward

elimination way Forward selection 71 3 5 9 15 25 45 wag 85 FIAN519% 11-13 AuEU
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va o

NAN1994 3 As1aludnedy §33elaldAn Accuracy Wunan lunisiiansanden

e

[y

TwnadifuszansnmAiignainnszuiunisiinsgiiidnatuis 3 uuu wudnssuiunng
FuA5ziwu Split validation 71 k=5 19#1 Accuracy vesluimamafu 100% (370 Testing
dataset 30%) Inglddaray 123 48 nsvuIuNITIASIERUUY Backward elimination 7
k=3 A1 Accuracy ¥99lalAalvinAu 97.65-98.82% laufindam1a1u LEVELL 8an 1wdeds
fouildfieszit 122 9o wasnszuIuNITHATIZILUY Forward selection 71 k=15 11
Accuracy Te9luLAatyvindu 100% ldvem1a1u 8 48 (CIMIT, CMUSICZ, CSPEECH,
ECOMPUZ, EINAPPQ, LEVELL, QUALOV5, and RFACEX5) Imaﬁmzmumﬁmiwﬁﬁ’q 3

wuvultianluiy 1w fawanslunisie 14



a1l 14 \Wisufieuuseansnmaadluna k-Nearest Neighbor (k-NN) 31094 3
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a I'4
AITUIUNITIAINSW
Algorithms: k-NN
Subgroups Parameter
Split validation (k=5) BE (k=3) FS (k=15)
No. of ADI-R 123 122 8
items
time 0s 335 43 s
accuracy 100% 98% 97.65% 98.82% 100% 100%
A Precision 100% 100% 100% 100% 100% 100%
(n=13)
Sensitivity 100% 100% 100% 100% 100% 100%
Specificity 100% 100% 100% 100% 100% 100%
Recall 100% 100% 100% 100% 100% 100%
F-score 100% 100% 100% 100% 100% 100%
B Precision 100% 93.75% 93.75 96.77% 100% 100%
(n=30)
Sensitivity 100% 100% 100% 100% 100% 100%
Specificity 100% 96.36% 96.36% 98.18% 100% 100%
Recall 100% 100% 100% 100% 100% 100%
F-score 100% 96.77% 96.77% 98.04% 100% 100%
C Precision 100% 100% 100% 100% 100% 100%
(n=26)
Sensitivity 100% 92.31% 92.31% 96.15% 100% 100%
Specificity 100% 100% 100% 100% 100% 100%
Recall 100% 92.31% 92.31% 96.15% 100% 100%
F-score 100% 96% 96% 98.04% 100% 100%
D Precision 100% 100% 100% 100% 100% 100%
(n=16)
Sensitivity 100% 100% 100% 100% 100% 100%
Specificity 100% 100% 100% 100% 100% 100%
Recall 100% 100% 100% 100% 100% 100%
F-score 100% 100% 100% 100% 100% 100%
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4.2.3 uan1sidSeuiisuuseansninvelunaaindanasiiy Naiive Bayes

dmsudanaifiu Naiive Bayes §338lavinnisidTeusiisuused@nsainves Naive

Bayes Wag Naive Bayes kernel Tunszuaun1sitAsizing 3 uwuu Laun Split validation

Backward elimination &g Forward selection wuUU Naive Bayes Wae Naive Bayes kernel

AIMS19N 15-17 ANuaeU

A15197 15 Useandnmvaeluina Naive Bayes wag Naive Bayes kernel Tunssuaunis

AATIZIUUU Split validation

Naive bayes apply_Naive bayes| Naive bayes_kernel (10) | apply_Naive bayes-kernel (10)

accuracy 76.92% 100% 86.36% 100%
classification error 23.08% 0% 13.64% 0%

kappa 0.672 1 0.808 1

weighted mean recall 67.22% 100% 75.00% 100%

\weighted mean precision 56.67% 100% 64.73% 100%

spearman rho 0.802 I 0.972 1

kendall tau 0.775 1 0.945 1

absolute error

0.231 +/- 0.421

0.000 +/- 0.000

0.136 +/- 0.343

0.000 +/- 0.000

relative error

23.08% +/- 42.13%

0.00% +/- 0.00%

13.64% +/- 34.32%

0.00% +/- 0.00%

relative error strict

=%

0.00% +/- 0.00%

%

0.00% +/- 0.00%

normalized absolute error

0.3

0

0.177

0

root mean squared error

0.480 +/- 0.000

0.000 +/- 0.000

0.369 +/- 0.000

0.000 +/- 0.000

root relative squared error

0.624

0

0.48

0

squared error

0.231 +/- 0.421

0.000 +/- 0.000

0.136 +/- 0.343

0.000 +/- 0.000

correlation 0.793 1 0.954 1
squared correlation 0.629 1 0.91 1
cross-entropy o 0 unknown 0
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A15197 16 Useansnnvasluina Naive Bayes wag Naive Bayes kernel Tunszuaunis

ATV Backward elimination

Naive bayes apply_Naive bayes| Naive bayes_kernel (10) apply_Naive bayes-kernel (10)
119 31s 120 52s
accuracy 90.59% 100% 86.90% 100%
classification error 9.41% 0% 13.10% 0%
kappa 0.867 1 0.814 1
\weighted mean recall 85.70% 100% 79.93% 100%
weighted mean precision 92.69% 100% 90.60% 100%
spearman rho 8.516 1 8.066 1
kendall tau 8.451 1 7.903 1

absolute error

0.094 +/- 0.292

0.000 +/- 0.000

0.131 +/- 0.337

0.000 +/- 0.000

relative error

9.43% +/- 29.20%

0.00% +/- 0.00%

13.10% +/- 33.73%

0.00% +/- 0.00%

relative error strict

%

0.00% +/- 0.00%

%

0.00% +/- 0.00%

normalized absolute error

0.121

0

0.169

0

root mean squared error

0.307 +/- 0.000

0.000 +/- 0.000

0.362 +/- 0.000

0.000 +/- 0.000

root relative squared error

0.382

0

0.452

0

squared error

0.094 +/- 0.292

0.000 +/- 0.000

0.131 +/- 0.337

0.000 +/- 0.000

correlation 0.842 1 0.814 1
squared correlation 0.709 1 0.662 1
cross-entropy =3 0 unknown 0
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A15197 17 Useansnnvasluina Naive Bayes wag Naive Bayes kernel Tunszuaunis

ATV Forward selection

Naive bayes apply_Naive bayes Naive bayes_kernel (10) |apply_Naive bayes-kernel (10)
5 28 s
accuracy 93.89% 92.94% 97.50% 98.82%
classification error 6.11% 7.06% 2.50% 1.18%
kappa 0911 0.902 0.963 0.984
eighted mean recall 88.33% 90.50% 90.00% 98.08%
eighted mean precision 88.75% 91.05% 88.54% 98.53%
spearman rho 0.91 0.901 0.95 0.998
kendall tau 0.904 0.894 0.949 0.995

absolute error

0.078 +/- 0.094

0.062 +/- 0.218

0.034 +/- 0.049

0.023 +/- 0.110

relative error

7.78% +/- 9.41%

6.19% +/- 21.80%

3.37% +/- 4.90%

2.33% +/- 11.03%

relative error strict

%

%

%

32.53% +/- 284.63%

normalized absolute error

0.085

0.08

0.044

0.03

root mean squared error

0.180 +/- 0.189

0.227 +/- 0.000

0.087 +/- 0.141

0.113 +/- 0.000

root relative squared error

0.199

0.292

0.114

0.145

squared error

0.065 +/- 0.091

0.051 +/- 0.203

0.025 +/- 0.052

0.013 +/- 0.101

correlation 0.907 0.887 0.932 0.955
squared correlation 0.847 0.787 0.906 0.99
cross-entropy =3 0.527 unknown 0.074

Va v

NANTNNT 3 Mssbutnenu gadelaldan Accuracy Wundn Tunisiiansuiden

a

lunanduseansan

Y

[y

ANFNINNTTUIUNITIATIEANAAUNG 3 WU NUTINTLUIUNTT

AATIZULUY Split validation Wway Forward Selection 19N Accuracy waslaiaaluy Naive
Bayes kernel 11U 86.36-100% (310 Testing dataset 30%) lagldvoA1a1u 123 98 wag
97.50-98.82% lnelddaaiau 590 (CCONVER, CMEMZ, CMUSICZ, CSPEECH, and
EDRAWZ) 181U @9UNTZUIUNITIATIZALUY Backward elimination 11A1 Accuracy
vaeluinauuyu Normal Naive Bayes 111AU 90.59-100% lag@ndom1n1sd CHAT5 NOD5

AVOICE5 wag EMLHAND 880 Laavam1auntd a1yt 119 98 tagNnssuiun1sibasy

719 3 wuuldanliiiu 1wl sanandunisiean 18
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A15197 18 1WisuisuUszanSanuesluina Naive Bayes %58 Naive Bayes kernel

NN 3 ATTUAUNNTIATIZH

Algorithms: Naiive Bayes and Naive Bayes-kernel
Subgroups Parameter
Split validation (kernel) BE (normal) FS (kernel)
No. of ADI-R 123 119 5
items
time 0s 31ls 28 s
accuracy 86.36% 100% 90.59% 100% 97.5% 98.82%
A Precision 0% 100% 100% 100% 100% 100%
(n=13)
Sensitivity 0% 100% 61.54% 100% 92.31% 92.31%
Specificity 100% 100% 100% 100% 100% 98.63%
Recall 0% 100% 61.54% 100% 100% 92.31%
F-score 0% 100% 76.19% 100% 96% 96%
B Precision 87.5% 100% 88.24% 100% 100% 100%
(n=30)
Sensitivity 100% 100% 100% 100% 100% 100%
Specificity 92.31% 100% 92.16% 100% 100% 100%
Recall 100% 100% 100% 100% 100% 100%
F-score 93.33% 100% 93.75% 100% 100% 100%
C Precision 100% 100% 89.66% 100% 96.15% 100%
(n=26)
Sensitivity 100% 100% 100% 100% 100% 100%
Specificity 100% 100% 94.44% 100% 98.28% 100%
Recall 100% 100% 100% 100% 100% 100%
F-score 100% 100% 94.55% 100% 98.04% 100%
D Precision 71.43% 100% 92.86% 100% 93.75% 94.12%
(n=16)
Sensitivity 100% 100% 81.25% 100% 93.75% 100%
Specificity 87.5% 100% 98.46% 100% 98.53% 100%
Recall 100% 100% 81.25% 100% 93.75% 100%
F-score 83.33% 100% 86.67% 100% 93.75% 96.97%
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4.2.4 wan1siUSeuisuUssansnnalunaannaanasiy Decision tree

dvsudanasfiu Decision tree §IdulavinnsiTeuiisudsednsninvedluna
kernel TunszurunIsILATIERTS 3 Wuu laun Split validation Backward elimination uag

Forward selection $41519% 19
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NAITNIUT AL WUIINTZUIUNITIATIERLUY Split validation T9iAn Accuracy
99lUIAaINIAU 84.62-97.65% (31n Testing dataset 30%) lnaldvaa1n1uiies 4 U9
(LEVELL, ECOMPUZ, CCOMPUZ, and ESTEREO) AS¥UIUNISILASILILUYU Backward
elimination 1¥A1 Accuracy 994lutnaln1Ayu 89.41-97.65% LagldUariaiuiiey 3 4
(LEVELL, ECOMPUZ, and ESTEREO) waznseuIUNITIATIZNLUU Forward selection AN
Accuracy ¥94lUAaNAY 95.14-95.29% laaminnu 4 ¥o (CVERRIT, EDRAWZ, ECOMPUZ,
and QUALOVS) Tnefinszuaunisiaszsdine 3 wuuldailifiu 1 wiit duandunisied

20



A1519% 20 Wisuiguuseansainwvasluma Decision tree 31074 3 NSEUIUNTS

114

a '3
AAINSNK
Algorithms: Decision tree
Subgroups Parameter
Split validation BE FS
No. of ADI-R items 123>>4 122>>3 [
time 0s 20s 45 s
accuracy 84.62% 97.65% 89.41 97.65% 95.14% 95.29%
A Precision 100% 100% 90.91% 100% 92.31% 92.31%
(n=13)
Sensitivity 50% 100% 76.92% 100% 92.31% 92.31%
Specificity 100% 100% 98.51% 100% 98.57% 98.57%
Recall 50% 100% 76.92% 100% 92.31% 92.31%
F-score 66.67% 100% 83.33% 100% 92.31% 92.31%
B Precision 100% 100% 100% 100% 96.77% 100%
(n=30)
Sensitivity 100% 100% 100% 100% 100% 100%
Specificity 100% 100% 100% 100% 98.08% 98.08%
Recall 100% 100% 100% 100% 100% 100%
F-score 100% 100% 100% 100% 98.36% 98.36%
(@ Precision 100% 92.86% 88.46% 92.86% 96.15% 100%
(n=26)
Sensitivity 75% 100% 88.46% 100% 96.15% 92.31%
Specificity 80.95% 96.61% 94.64% 96.61% 98.24% 100%
Recall 75% 100% 88.46% 100% 96.15% 92.31%
F-score 85.71% 96.3% 88.46% 96.3% 96.15% 96%
D Precision 55.56% 100% 72.22% 100% 93.33% 88.24%
(n=16)
Sensitivity 100% 87.5% 81.25% 87.5% 87.5% 93.75%
Specificity 80.95% 100% 92.65% 100% 98.53% 97.05%
Recall 100% 87.5% 81.25% 87.5% 87.5% 93.75%
F-score 71.43% 93.33% 76.47% 93.33% 90.32% 90.91%
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4.2.5 wan1siUSeuiisuussansnmuedlunaannaanasiny Random forest

d3Udanasiiu Random forest F3dulminnisieuiisunisusurmmsiimesves
U Tree TunTUIUATILATIEING 3 wWuU Lan Split validation Backward elimination

waz Forward selection 7 1 5 10 25 50 wag 100 U §39151991 21-23 Muadu
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va o

NAN1994 3 As1aludnedy §33elaldAn Accuracy Wunan lunisiiansanden

e

a a a A (%

T,:uLmaﬁmﬂisammwm/lqmmﬂﬂszmumﬁmeﬁﬁﬁmﬂuﬁq 3 WUU WUINTEUIUNNS
Airsnzaiuu Split validation AldEWLT 10 #u Wien Accuracy veslaaawinfu 92.31-100%
(370 Testing dataset 30%) lagldvaAiainanadinae 63 99 NTTUIUNITILATIEAUUU
Backward elimination 7il4#ulsl 5 du 1A Accuracy vaslamaiindy 90.59-100% 144e
FUANaNNES 45 10 LaTNTTUINITIATISHWUU Forward selection 7ildidulsl 10 du 1w
A1 Accuracy Uo4lulAali1nu 98.82-100% ldUam1a1uties 5 98 (CPRON, CVERRIT,
ECOMPUZ, LEVELL, and RFACEX5) lnefinszuaunisiiasiesiuuu Backward elimination

THalunsIATIZRUIUNIN 1 W9 sakandlunis1ean 24



120

A1519% 24 WSsuisuuseansSainwvasluma Random forest 3104 3 NSEUIUNNS

a '3
AAINSNK
Algorithms: Random forest
Subgroups Parameter
Split validation (10 trees) BE (5 trees) FS (10 trees)
No. of ADI-R items 63 122>>45 5
time 0s 1.03m 38 s
accuracy 92.31% 100% 90.59% 100% 98.82% 100%
A Precision 100% 100% 100% 100% 100% 100%
(n=13)
Sensitivity 50% 100% 84.62% 100% 92.31% 100%
Specificity 100% 100% 100% 100% 98.55% 100%
Recall 50% 100% 84.62% 100% 92.31% 100%
F-score 66.67% 100% 91.67% 100% 96% 100%
B Precision 100% 100% 96.77% 100% 100% 100%
(n=30)
Sensitivity 100% 100% 100% 100% 100% 100%
Specificity 100% 100% 98.15% 100% 100% 100%
Recall 100% 100% 100% 100% 100% 100%
F-score 100% 100% 98.36% 100% 100% 100%
(@ Precision 100% 100% 100% 100% 100% 100%
(n=26)
Sensitivity 100% 100% 100% 100% 100% 100%
Specificity 100% 100% 100% 100% 100% 100%
Recall 100% 100% 100% 100% 100% 100%
F-score 100% 100% 100% 100% 100% 100%
D Precision 71.43% 100% 94.12% 100% 94.12% 100%
(n=16)
Sensitivity 100% 100% 100% 100% 100% 100%
Specificity 90.48% 100% 98.53% 100% 98.55% 100%
Recall 100% 100% 100% 100% 100% 100%
F-score 83.33% 100% 96.97% 100% 96.97% 100%
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4.2.6 nan1siUseuiisulssansn musslunaanndanasiy Support Vector

Machine (SVM) wag A Library of Support Vector Machine (LibSVM)

A3delevinnseuiisuuseansninaes Support Vector Machine (SVM) uag A

[
6 o

Library of Support Vector Machine (LibSVYM) Tunszuiunisiiasizaing 3 wuu taun Split

validation Backward elimination Wwag Forward selection WUU Support Vector Machine

(SVM) wag A Library of Support Vector Machine (LibSVM) Fam13197t 25-27 anudadu

A15199 25 UszAnsnmaaslaaa Support Vector Machine (SVM) uaz A Library of

Support Vector Machine (LibSVM) Tunssuaunisiasziuuu Split validation

SVM (Classification by regression) apply_SVM LibSVM apply_LibSVM

accuracy 76.92% 87.06% 80.77% 100%
classification error 23.08% 12.94% 19.23% 0%
kappa 0.675 0.815 0.73 1

eighted mean recall 68.12% 79.57% 76.94% 100%
weighted mean precision 79.44% 91.28% 90.38% 100%
spearman rho 0.663 0.877 0.675 1
kendall tau 0.663 0.856 0.652 1

absolute error

0.231 +/- 0.421

0.129 +/- 0.336

0.192 +/- 0.394

0.000 +/- 0.000

relative error

23.08% +/- 42.13%

12.94% +/- 33.57%

19.23% +/- 39.41%

0.00% +/- 0.00%

relative error strict

%

%

%

0.00% +/- 0.00%

normalized absolute error

0.3

0.167

0.25

0.000 +/- 0.000

root mean squared error

0.480 +/- 0.000

0.360 +/- 0.000

0.439 +/- 0.000

0.000 +/- 0.000

root relative squared error

0.624

0.463

0.57

0.000 +/- 0.000

squared error

0.231 +/- 0.421

0.129 +/- 0.336

0.192 +/- 0.394

0.000 +/- 0.000

correlation

0.659

0.869

0.741

1

squared correlation

0.435

0.756

0.549

1

cross-entropy

oo

oo

oo

0
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as14fl 26 Uszansnmaadluna Support Vector Machine (SVM) wag A Library of

Support Vector Machine (LibSVM) Tunszuaunisiasnzsiiuy Backward elimination

SVM (Classification by regression) apply_SVM LibSVM apply_LibSVM

119 6.21'm 122 38 s

accuracy 83.53% 87.06% 97.65% 100%
classification error 16.47% 12.94% 2.35% 0%
kappa 0.764 0.815 0.967 1

eighted mean recall 74.16% 79.57% 96.51% 100%

eighted mean precision 88.31% 91.28% 97.51% 100%
spearman rho 8.284 0.877 9.502 1
kendall tau 8.095 0.856 9.494 1

absolute error

0.165 +/- 0.371

0.129 +/- 0.336

0.024 +/- 0.152

0.000 +/- 0.000

relative error

16.47% +/- 37.09%

12.94% +/- 33.57%

2.35% +/- 15.16%

0.00% +/- 0.00%

relative error strict

%

%

%

0.00% +/- 0.00%

normalized absolute error

0.212

0.167

0.03

0.000 +/- 0.000

root mean squared error

0.406 +/-0.000

0.360 +/- 0.000

0.153 +/- 0.000

0.000 +/- 0.000

root relative squared error

0.506

0.463

0.191

0.000 +/- 0.000

squared error

0.165 +/- 0.371

0.129 +/- 0.336

0.024 +/- 0.152

0.000 +/- 0.000

cross-entropy

correlation 0.816 0.869 0.95 1
squared correlation 0.666 0.756 0.902 1
oo oo oo 0
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as1fl 27 Uszansnmaadiuna Support Vector Machine (SVM) wag A Library of

Support Vector Machine (LibSVM) TunszuaunisIasziLuL Forward selection

SVM (classification by regression) apply_SVM LibSVM apply_LibSVM
9 4.28 m 6 1.03 m
accuracy 82.50% +/- 5.64% 82.35% 100% 100%
classification error 17.50% +/- 5.64% 17.65% 0% 0%
kappa 0.743 +/- 0.085 0.745 1 1
eighted mean recall 70.42% +/- 8.44% 71.88% 95.00% +/- 10.54% 100%
eighted mean precision 63.08% +/- 8.57% 64.04% 95.00% +/- 10.54% 100%
spearman rho 0.855 +/- 0.152 0.841 1 1
kendall tau 0.824 +/- 0.146 0.81 1 1

absolute error

0.175 +/- 0.056

0.176 +/- 0.381

0.000 +/- 0.000

0.000 +/- 0.000

relative error

17.50% +/- 5.64%

17.65% +/- 38.12%

0.00% +/- 0.00%

0.00% +/- 0.00%

relative error strict

0%

0%

0.00% +/- 0.00%

0.00% +/- 0.00%

normalized absolute error

0.243 +/- 0.120

0.227

0.000 +/- 0.000

0.000 +/- 0.000

root mean squared error

0.413 +/- 0.068

0.420 +/- 0.000

0.000 +/- 0.000

0.000 +/- 0.000

squared error

0.175 +/- 0.056

0.176 +/- 0.381

0.000 +/- 0.000

0.000 +/- 0.000

correlation

0.855 +/- 0.135

0.84

1

1

squared correlation

0.747 +/- 0.209

0.706

1

1

cross-entropy

oo

oo

0

0

NA1519%9 3 A1519lutneiu §ulalden Accuracy Wundn lunisiiansanden

[y

TunafifiusyansnmAnanainnssuaunsiaseiilanaiiung 3 LUy wud1 Support Vector
Machine (SVM) ATgUUNNTILATIZRLUU Split validation T9A1 Accuracy vaslataatinfu
76.92-87.06% (370 Testing dataset 30%) lagltUaminiu 123 70 N3¥UIUNITIATISHRLUY
Backward elimination 1#A1 Accuracy waslutaatyindu 83.53-87.06% laadndaa1niu
CARTIC CNEOID CPEERPL Wae CSOPLAY pan wndodariaiudlédiasiesd 119 48 uay
NITUIUNITIATIERUUU Forward selection 1A Accuracy voslanayindu 82.35% 141e
ANRIY 9 VB (CAGGFAM, CCOMPUZ, CHAT5, CINAPPQ, CNEOID, CVISSPZ, ESLFINJ,
OCOMF5, and RFACEX5) @ 2 4 A Library of Support Vector Machine (LibSVM)
NZUIUNITIATIZRLUY Split validation 1A Accuracy vaslataatinnu 76.92-87.06%
(370 Testing dataset 30%) laalddoA101u 123 99, NTLUIUNITILATIZRUUY Backward
elimination 1¥A1 Accuracy ¥94luLAaInIAy 97.65-100% lasfnvar1a1u CUATT aon
widedermauildiesedt 122 Y8 waznszurun1siesIeuuy Forward selection Toin
accuracy ¥99lULAALMNAY 100% lddam1a1u 6 U9 (CCOMPUZ, CSPEECH, EDRAWZ,

INITIA5, LEVELL, and RFACEX5) Fauandluasnedi 28 uaz 29
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a5l 28 Wisuilsuuszansnmaasluwna Support Vector Machine (SVM) 210 3

a '3
NITUIUNTTIATIISCH
Algorithms: SVM
Subgroups Parameter
Split validation BE FS
No. of ADI-R items 123 119 9
time 0s 6.21' m 4.28 m
accuracy 76.92% 87.06% 83.53% 87.06% 82.35%
A Precision 100% 100% 100% 100% 0%
(n=13)
Sensitivity 25% 30.77% 15.38% 30.77% 0%
Specificity 100% 100% 100% 100% 100%
Recall 25% 30.77% 15.38% 30.77% 0%
F-score 40% 47.06% 26.67% 47.06% 0%
B Precision 90% 78.95% 76.92% 78.95% 73.17%
(n=30)
Sensitivity 100% 100% 100% 100% 100%
Specificity 91.67% 84.62% 82% 84.62% 78.43%
Recall 100% 100% 100% 100% 100%
F-score 94.74% 88.24% 86.95% 88.24% 84.51%
C Precision T7.78% 92.86% 89.66% 92.86% 89.66%
(n=26)
Sensitivity 87.5% 100% 100% 100% 100%
Specificity 86.67% 96% 93.75% 96% 93.62%
Recall 87.5% 100% 100% 100% 100%
F-score 82.35% 92.3% 94.55% 96.3% 94.55%
D Precision 50% 93.33% 86.67% 93.33% 93.33%
(n=16)
Sensitivity 60% 87.5% 81.25% 87.5% 87.5%
Specificity 85% 98.36% 96.67% 98.36% 98.24%
Recall 60% 87.5% 81.25% 87.5% 87.5%
F-score 54.54% 90.32% 83.87% 90.32% 90.32%
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as19ft 29 Wisuiisuuszansnmaasiuwma A Library of Support Vector Machine

(LIbSVM) 210914 3 NSEUIUNISIASIZA

Algorithms: LibSVM
Subgroups Parameter
Split validation BE FS
No. of ADI-R items 123 122 6
time 0s 38 s 1.03 m
accuracy 76.92% 87.06% 97.65% 100% 100%
A Precision 100% 100% 100% 100% 100%
(n=13)
Sensitivity 25% 30.77% 92.31% 100% 100%
Specificity 100% 100% 100% 100% 100%
Recall 25% 30.77% 92.31% 100% 100%
F-score 40% 47.06% 96% 100% 100%
B Precision 90% 78.95% 100% 100% 100%
(n=30)
Sensitivity 100% 100% 100% 100% 100%
Specificity 91.67% 84.62% 100% 100% 100%
Recall 100% 100% 100% 100% 100%
F-score 94.74% 88.24% 100% 100% 100%
C Precision 77.78% 92.86% 96.3% 100% 100%
(n=26)
Sensitivity 87.5% 100% 100% 100% 100%
Specificity 86.67% 96% 98.28% 100% 100%
Recall 87.5% 100% 100% 100% 100%
F-score 82.35% 92.3% 98.12% 100% 100%
D Precision 50% 93.33% 93.75% 100% 100%
(n=16)
Sensitivity 60% 87.5% 93.75% 100% 100%
Specificity 85% 98.36% 98.55% 100% 100%
Recall 60% 87.5% 93.75% 100% 100%
F-score 54.54% 90.32% 93.75% 100% 100%
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4.2.7 wamsdnidanlunaainnisieuiveaalesilanuuiifaeu (Supervised
Machine Learning) ﬁﬁﬁqw
nAsileuisunadnsuesnisUssiliulszansnmveddunalulsaz danaiviuain
ASYUIUMTIATIEHTILANATUR IR 3 WUU AB Split validation Backward elimination
uay Forward selection yillalumaidnananusiazsanesiuduandunaisei 30 duile
Wisuilsusswinsdanedfiun 7 wuuuds nuiidane3iu Random forest Al uay
10 fu A ugUR 22-31 (350159 uunun mlunalduieIsulueaves Decision tree
gns19e19307 22 Aaliisuainnise1u Root node ldua Toman LEVELL §19eyaiiny
ulumadouly Aoasuuute LEVELL<0.5 nsdndulasrialuniedigves Root node e
99 Child node ldun ECOMPUS Gadmmndoyaiuimudunied nseduidoulyyes child
node AoAzuuy ECOMPUZ<15 9vi0918ugn Ineg Node Augnilozgni3enia Leaf node
Aonuldazaglunguean SL subgroup Ingmatumuivesdeduliiasnumnveuavauiin

'
a1

Leaf node vaveniaaaiuynvesiaagwiiniunisinaulenwieiumsainisdadulony
fiamneaina2) Wszdvsnmvasluinadiign fie Accuracy 100% luanliiiu 1 und Tae
Tddoaaruwa 598 bawn CPRON (Pronominal reversal: communication-verbal)
CVERRIT (Verbal rituals; restricted, repetitive, and stereotyped pattern of behavior)
ECOMPUZ (Computer ability; savant skills) LEVELL (Overall level of language;

communication-verbal) L. & ¢ RFACEX5 (Range of facial expressions used to

communicate; reciprocal social interaction)
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ZNdWODD | MELIURBCRUNK NOYdD ZNdWODD CR¥g Y3IANODD LIWID Y3IANODD sway Y-iav
swn
weoT W 8zZ'y s 8¢ s 0¢ s 8¢ S¢h W eh6T suizAjeue  ssa00.d
9 611 g £<<zzl g 8 9 SWwIa)l Y-V Jo "ON
%001 %90°/8 %001 %59°L6 %28'86 %001 %28'86 Aoeinddy
19U $91240 pandde
- - soai] 0T - -s2Aeg anleN GT=Y suluel| 0007 Jojoweled epdadsg
S g S 3g S S4 S4 ssed0.d SuizAjeuy
ASAI WAS 359104 wopuey 9913 uoisag sakeg aAleN NN NNV SwylLIo8)y

Rﬁmmccmu@_ajC_..GGWK_,WKG@,_RHvQP_&er_\Fan?Pm§;wWE 0¢ WRLELY




128

LEVELL
>0.500 <0.500
ECOMPUZ CPRON
>1500  <1.500 > 2,500 <2.500
savant + language language ECOMPUZ ECOMPUZ
>1.500 <1.500 >2.500 < 2.500
CVERRIT mild savant mild
>0.500  <0.500
savant + language savant

g‘l.J‘ﬁ 23 Random Forest (FS) treel

Fuliidun 1 91nluwma Random forest ALASIEAI8NTEUINAS Forward selection

>0.500
ECOMPUZ
>2 <2
savant + language language

Y

LEVELL
<0.500
CPRON
>2.500 £2.500
savant ECOMPUZ
> 2.500 < 2.500
SAvant RFACEXS
—

>0.500 <0.500
mild savant

sUfi 24 Random Forest (FS)_tree2

a

Aulsidui 2 91nluwma Random forest ALASIEIRI8NTEUINNS Forward selection

=0.500
ECOMPUZ

= 2.500 = 2.500

savant + language language

savant

LEVELL
0500
ECOMPUZ
> 2,500 =2.500
RFACEXS RFACEX5
> 1400 =1.500 > 0,500 = 0.50C
CVERRIT ST mild savant
—

= 1.50C =1.500

savant + language

31]17; 25 Random Forest (FS)_tree3

a ¢

AuldiAun 3 91nluma Random forest NALASIETIRI8NTEUINAT Forward selection
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RFACEXS
>1.500 <1500
CPRON ECOMPUZ
>2.500 £2.500 > 2,500 <2500
CVERRIT pild LEVELL CVERRIT
2 <2 =1 <1 >2.500 <2500
LEVELL savant + language savant + language savant language mild
. —
>1.500 <1.500
ECOMPUZ ECOMPUZ
>1.500 < 1.500 >1.500 <1.500
savant + language language savant + language language
P
3UN 26 Random Forest (FS)_tree4
1 1 Yy o Aa I3 .
sulddAui 4 1nluwa Random forest MMLATIEMABATZUIUNNT Forward selection
LEVELL
> 0.500 <0.500
ECOMPUZ CVERRIT
>2500 <2.500 >1.50C <1.500
savant + language language ECOMPUZ CPRON
> 2.500 = 2.500 >2.500 £2.500
savant Lol CVERRIT ECOMPUZ
— —
>0.500  <0.500 >2.50¢ <2.50¢
savant + language savant savant ECOMPUZ
>1.50¢ < 1.50¢
RFACEXS CVERRIT
>1 51 >0.50C 5 0.50¢
mild savant savant mild
I
o
3UN 27 Random Forest (FS)_tree5
% 1 Yy o Aa ¢ v .
sulddud 5 91nluna Random forest MILASIZAIENTEUIUNTT Forward selection
ECOMPUZ
>2.500 £2.50¢
LEVELL CVERRIT
> 0.500 <0.500 > 2.500 <2.500
I RIS CPRON LEVELL CPRON
> 2.500 <2.500 >0.500 = 0.50C >0.500 <0.500
CVERRIT savant language mild mild CVERRIT
— —
>0.500 <0500 > 0.500 £0.500
savant + language savant REACEXS REACEXS
>1 =1 > 0,500 < 0.500
mild savant mild savant

31J17i 28 Random Forest (FS)_tree6

a ¢

AuldiAun 6 91nluma Random forest NALASIETIRI8NTEUIUAT Forward selection



=0.500
RFACEXS
>2.50C =2.500
savant + language

ECOMPUZ

>2.500 < 2.50C
savant + language language

5Uf 29 Random Forest

Y

LEVELL
=0.500
CPRON
>2.500
CVERRIT
>0.500 <0.50C
savant + language savant mild
(FS)_tree7

<2.50C

RFACEX5

>2.500

=2.50C
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ECOMPUZ

>1.50C

ECOMPUZ

=2.50C = 2.50C

savant

savant

<1.50C
mild

AuliAun 7 91nluma Random forest ALASIEYRI8NTEUINAS Forward selection

ECOMPUZ
>2
CVERRIT

>0500  <0.500
savant + language savant

g‘l.l‘ﬁ 30 Random Forest (FS)_tree8

CPRON
> 2.500 <£2.500
ECOMPUZ
<2 >2.500 < 2.500
CVERRIT savant RFACEXS
|
>2.500 <2500 >0.500 < 0.500

language mild mild savant

fuliiaui 8 91nluwma Random Forest M3A518AR8nSEUIUN1S Forward selection

CVERRIT
> 2.500 < 2.50C
ECOMPUZ ECOMPUZ
.2 <2 >2.500
B R ECOMPUZ RFACEXS
> 0.500 =0.50C > 1.50C <1.500
language LEVELL CPRON
>0.500 <0.500 >1.50C < 1.500
language mild savant + language savant

31J17i 31 Random Forest (FS)_tree9

a L4

< 2.500

savant

mild

#uliidun 9 91nluwma Random forest AALASIEIFIENTZUINAT Forward selection
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LEVELL

> 0.500 < 0.500
ECOMPUZ CPRON
>2500  £2.500 > 2.500 <2.500
savant + language language savant + language ECOMPUZ
>2.500 <2.500
savant RFACEXS
I

>0.500 < 0.500
mild savant

.
g‘l.J‘ﬁ 32 Random Forest (FS)_tree10

sullifdud 10 nnlaiea Random forest A3LAT1EsF1NTEUIUNTT Forward selection
4.3 Namﬁmi'wﬁgﬂquwswaﬂ%ﬂimmmLsuaél,wqmgswﬁﬂauTW‘Uﬂﬂaﬁmn;ﬁﬂ'sﬂ
saduanaSuuaziUlueaiiduaunasunguday

n&snfigideldvhmaudsineeefifuanaturis 85 318 sanlungudos 4 ngu
A18735 K-means kaglUTguligunaansnIswuanguiun15Ane1ves Dr. Hu way Dr.
Steinberg 1wl 2009 (Hu & Steinberg, 2009) A1u#378 4.1.3 Wa3 HIdulaviin15AnYA
suuvunsansUlauressadingdswinaulnuanad 1ingiudoya GSE15402 lu NCBI
9nnsAnwIves Or. Hu Tull 2009 (Hu et al, 2009) Fadunsinuizuuuunisuansesnves
gulagldimalin cDNA microarrays 314U 39,936 81 Lavil Probe @115UN15AN®INNS
LAADBNTDY RNA Hianua 42,000 Transcripts Insdatdendoyasinnquivisesiiy
awnasungudesy C w30 Mild subgroup (M subgroup) 31U 9 518 Ndudey D 138
Savant subgroup (S subgroup) §1u2U 13 $18 WAENANAIUANTIUIY 7 518 TiTiwARe Ty
wazdlonglnafesiufiungy (Age- and sex-matched controls) A18385A15N19a0#A T-test
WUV Adjusted Bonferroni correction (P<0.05) Tngs1uan Transcripts fifAauansnsegns
T dyluniaznguisloiouifisuiunguaruau uazdnulusiufingnlag Transcripts

wianuu tonandlinamnsnei 31
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o w o

A135199 31 974U Transcripts AdAMULAnA19e819lted1Ay wazanuIulusAunngn

v

Ing Transcripts Tuwsiazngugasiiiaiussuliisuiunguauay

#Differentially #Corresonding
Comparison
expressed transcripts protein products
Control vs M+S subgroup 266 147
Control vs Mild subgroup 544 351
Control vs Savant subgroup 276 158

4.4 namsiaszisuuuulusilenvaawasinzifsssindulnuanadandiaseaiiva
awnasuuazdUleeeiiduaunaiungudoy
defnwguiuumakanieenvesiusilenluwadinedssiadulwuaraiaingiae
@@ﬁ%uﬁL‘LJﬂG]%JlIL‘U‘%EJ“ULﬁEJUﬁ'UE‘ULLU‘Uﬂ’]iLLﬁN@@ﬂIDL"UaﬁLW’]%Lgﬂﬂﬂiﬁ@ﬁu’]mﬂﬂuﬂﬂa way
spylusAuniissdunsuanseeninundlungudesveslsaeefiguaunaiu §3suldvinsdng
suuuulusilenlugUneeefidualnnsuuisuiisuivauunanienglndifssiuiuiiae
(age-matched control) Ingdaidennguuesitiengudes C niongudesdlifinimiaund
éf’]Uﬂ'}‘tﬁ’]'::uLLi& (Non-severe language impairments or Mild subgroup; M subgroup)
$1uru 9 519 ngueles D nFengudesifivinurdanianmiiiay (Savant skills subgroups; S
subgroup) 71U 13 518 KAENFUAIUANTIUIU 7 518 B1AELNATiA Two Dimensional Gel
Electrophoresis (2D-GE) Llayin1sisgilusiivlunag pH 3-10 Tngluusiaznguazyinnis
nadeuanun 3 91 (Triplicate) FalUsiuiildnaasvasinuianwadimizide e
amIWMmﬁﬁgﬂwazL?iuqummzLﬂsm%%misuaa Rutgers University Cell and DNA
repository QN%G\LLﬁ%@JLLﬁ%’ﬂU’]L%aﬁIu Autism Genetic Research Exchange (AGRE)
collection waglavinisinUTuianaznsivaeununinlisiunauyinnisnaasu lag

Wesdunisualunuiaantgnainisnaaeulagnialdiasginnuuane19veens

uansoonvslusAuAIulUSLATY Image Master 2D Platinum version 7.0
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= A a a gj Ay 1 1 1 1
7’0'1ﬂﬂ’ﬁﬂﬂ'iﬂ’]‘WU']WNﬂiMWmﬂ@IUﬁ@u%ﬂﬁu 686 AR BDULNULAR GD’]ﬂLLNULﬂaIuﬂ’QﬂJ

Control Ngu ASD (M+S) ngal M wagngy S Saileviinsiiasesidiaia F-test, ANOVA

9

1w ! v

P-value<0.05 wuiynlusRunilAdndrunnuduwnna1eiueg1elitodAgy seniname 4

nqu Fiies 20 yalusiudengu 39levin1sTasieials ANOVA 91 P-value<0.05 wenusiag

)

nauWisuiunguauad wudtlungsd ASD (M+S subgroup) 13alusAuniiadndiuaiudy

wandeueg1eldedAgyiiaisuiungy control 10 3alUsAY Ngu M subgroup {3n

lsaundendadiunnuduuanasiuegreailidoddyidaiguiungy control 18 9alUshu

o

a Aa o S v o W IS

wazNgul S subgroup HAlUsAUNIAdRdIuANUTILANA1 UBEg 1l Ted Ao Uiy

o

1w 1

nqu control 9 YalUsAu ANTUTWINIARENTAlYsAUAINE1IBNATY Inglviiardadau

v 1 [y} =l QI é’ 1 v 1 A = d‘d a a
ANITNLANAIAUANAIVSOLLTUEEURY 2 W1 WUITYAlUsAUTENITLanseaninUnf
agnalidudAgylungy ASD (M+S subgroup) 6 3a Ngu M subgroup 13 9m ka¥NGY S
subgroup 5 9 Aauandlun1s1e? 32 wargui 32 lnganlusiurianuanuing 14 1Usaudn

wmeiiTenuluguteyassi@uainniy AutismKB database f4a1519% 33
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RIIENLREYUMUMUCEMOBTELURIANLE

809 268.9 %ZE 128 20-3p2C 9,207 uISSOW SION

26’8 1£65¢ %ZS 9Pyl 20-3¢2°C 66¢07 BLPUOUDOHU ‘D5RUSB0IPAYSP S1erey ZHAW
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fungulusiudendna §ideldursedelusdudinuiis 19 # Tuhnisiaaes Gene
ontology analysis Tulusinsy Ingenuity Pathway Analysis (IPA) Wevurentdnfinds
FrnmveslusfudieTod1dyn19aaan Pvalue<0.05 Ingld Fisher's Exact test wuin
Tds@usia 19 § faruieadesdulsaimuinisunnias (Developmental disorder)
Tnsianizegadslsneafiduaiunasy (Autism spectrum disorder or intellectual disability)
7 fodday 8.176-04 9 5 WWsAu wazferteatunnzunnssameaimuinisdu q eg1
GARS-associated growth retardation and developmental delay i @ ¢ Pervasive
developmental disorder agnafitfuddaysnaae uonaniusiufinanesninunidaiinang
Aeadeeiulsanieseuuyseam (Neurological disease) e191%u Neurological signs,
Synaptic dysfunction of neuromuscular junctions, and Progressive neurological

Y

disorder a819808d1A8 SUDIUSAUAINAINTILANULNEITDINUNUNNBAZWAIUINITVD

o

syuuUsEaIn (Nervous system development and function) laid13g1du Morphology of

Y (%

neurons, Mitogenesis of astrocytes, and Size of presynaptic terminals 88198tuE AR

wanIluA1519N 34
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A15197 34 WaN1INUIElIALEEUENTINITIIBNvRIngulUsAuNLAnsRanRaUNRA TuLwas

wziaestindulnuaranvesUieeeiiduainaiunazasiiduanaiungudos

Diseases and functions P-value #DEPS

Developmental Disorder

Autism spectrum disorder or intellectual 8.17E-04 5
disability
GARS-associated growth retardation and 8.36E-04 1

developmental delay

Pervasive developmental disorder 1.58E-03 3

Neurological Disease

Neurological signs 1.49E-03 5
Synaptic dysfunction of neuromuscular 1.67E-03 1
junctions

Progressive neurological disorder 2.14E-03 6

Nervous system development and function

Morphology of neurons 8.82E-04 5
Mitogenesis of astrocytes 3.34E-03 1
Size of presynaptic terminals 4.17E-03 1

v [

warlunsAnuiujduiusueslusiuiivanseaniauniluigadimizidesile
duluanadangUiveenduaunasuuaziUiseesi@uaiunasunguesy f3duliinnisade
\A3et18n19TIn mveIANFuRUSTEninalusAuselusiu (nteractome) vaslusaud
Aaunfivievae é’agﬂﬁ 33 wuinfiannuietesdulsaeefiuanadu (Autism spectrum
disorder or intellectual disability) 15A"195gUUUTE@I1MULUUN1INL1 (Progressive

neurological disorder) N15 Phagocytosis laglgaatlniglassviniiloldeussany

(Phagocytosis by nervous tissue cell lines) LLazgﬂﬁﬁﬁﬁuaﬂLﬁaLgaﬂismw (Morphology of
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nervous tissue)3IuaIFUWUSAU Canonical pathway MLABITBITUNITHIIUVDITIUY
Uszamuazauosndnfee1s Neuroinflammation signaling pathway, Axonal guidance

signaling, and Synaptogenesis signaling pathway Iﬂﬂﬁimaqamaﬂ MYC L‘f]uimaqa‘ﬁ

lﬂl U = !
Wwanledluanaie o luasedie

o
Mcmhu\[)% f nervous tissue

-

G Synaptogenesis Signaling Patiway>

—

<IGPE Axonal Guidance Signaling>

Phagocytosis by @E@Js tissue cell lines

JUN 34 wamsvineiasatiemetaninvasiusiuiuanseaniauniluwadwizidesviiadulnuanad

vasgieeeiduanaiunareaiiduaiunaungudos
wansUfduiusserinlusiufiuansoeninunflusadinedssindulnuaaivosfiheeefifuaunasuy
uazeefituaiunaiunguges devififiieidefuszuulszamuazanes mnmslesziFelusungy
IPA (Gray = Input molecules; o= Function, @=Phosphatase, @= Transporter,

V= Transmembrane receptor, H= lon channel, % = Enzyme, () = Chemical/Toxicant,

= Direct interaction, — — — = Indirect interaction )

O= Complex/Group/Other;
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Hypergeometric distribution analysis Wuiﬂiau‘ﬁ'LLamaaﬂﬁmUﬂamﬂﬁzqaaasw%mﬂm
lUsAutie Ao TPM3 lungu ASD (M+S subgroup) Asgduiodndey 4.376-02 uaildny

lUshufuanseaninun@aniiaessietalungy M subgroup wagngs S subgroup

[

A va o v va ¢ v o & ' i a A a a s
u@ﬂ"\]']ﬂu%l'ﬁ 8191'3Lﬂ3'18‘1/1ﬂ’ﬂllﬂiiWUﬁﬁgﬁ'J'\\‘iﬂquiﬂimumLLﬂﬁQ@@ﬂN@UﬂG\IUL%aa

dy a Aa (3 Y a e (% (% A Ql' a a
L‘W’]gLaENTJU@@@JIWUﬁ’]ﬁ@?JQQ%lU’JEJIiﬂ@@VIGUlIaL‘Uﬂmill NUS19TRTUNLAAIDBNNAUNAINN

[
v

wadlinidenvesisesiiduanasuiiliaingiudeya GEO DataSets Tu NCBI d1uiuvady

' '
aaa L v v a

6 n1s@ne NUlUsAUTnanseaninUnAfidauduiusfuduiivanseeninuniainwadiin
WenvaUigeeiiduann sy lun1s@n®iann GSE18123 91uau 3 WUsAu (HNRNPA2B1,
MSN, and DLD) GSE26415 31UU 7 TUsau (B2M, CLIC1, HNRNPA2B1, PRDX1, AK2,
TBCA, and DLD) GSE42133 9u2u 1 1UsAu (B2M) way GSE111175 91uqu 7 LUsAu

(TPM3, TUBB, HNRNPA2B1, PTPN6, PRDX1, TBCA, and DLD)

a < o o ¢ ' ' a & a a ¢ &
LarAINNITIATIIANNENTUSSEnIengulUsiuuanIeeninUNAluead innzites
yiaduluaradvesUlelsresniguailnniuuazeenduaiunaiunguees dulusauningd

euIMmUMsLanseeniaunfluifenvesUlseeiituaiun asulugiudeyadiansauine

17 7 '
v aada U v 6

S1uuTaY 7 msanwl wulusiufiwanseeninUnaitauduiusiulusiuiimeiisns ey
TnunisuanseaniaundluidenvaiUle Tungu ASD (M+S subgroup) A TUBB ngu M
subgroup @@ HSP90B1, MDH2, and DLD Waznda S subgroup AB MDH2 Lay ANXAS i

v v

seutiadfny 2.30E-02 3.46E-05 wag 2.51E-04 mudu Fauandlunisnedt 35
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3 dy a Aa s Y 1 a [ a (4 1 1
wadmzifgeriaaulnuatanangulslsresiiduaiunasunasasiiguaiunaungutas

funguduanngualagieneiu uazngudunazlusiuainnisAnenau

Overlap with P-value from
DEPs #Overlapping
Overlap types studies (No. of hypergeometric Protein symbols
subgroup proteins
gene lists) analysis
r GSE15402 (M+S TPM3
dun 1 M+S subgroup 4.37E-02 1
subgroup)
DEGs
(GSE15402) vs | M subgroup [GSE15402 (M subgroup) 1.00 0 -
DEPs
S subgroup |GSE15402 (S subgroup) 1.00 0 -
GSE6575 (226) 1.00 0 -
HNRNPA2B1 MSN
GSE18123 (2123) 0.334 3
DLD
GSE25507 (1712) 1.00 0 -
duil 2
DEGs 971 B2M CLIC1
s oo | AUDEPs GSE26415 (3420) 3.42E-02 7 HNRNPA2B1 PRDX1
N1TANYINDUNUN et
vs DEPs AK2 TBCA DLD
GSEA42133 (2082) 0.879 1 B2M
TPM3 TUBB
GSE111175 (2313) 4.17E-03 7 HNRNPA2B1 PTPN6
PRDX1 TBCA DLD
dwit s  [M+S subgroup 2.30E-02 1 TUBB
DEPs 270 Previous proteomic
- . » | M subgroup 3.46E-05 3 HSP90B1 MDH2 DLD
N1TANYINDUNUN studies
vs DEPs S subgroup 2.51E-04 2 MDH2 ANXA5
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A = = Y] PRI v a v v | = Y]
WolsuuiisuseAunsuanseonuesduy 6 Budieiu inunsildsullasszaulaniaen

vaguagnildvdrdgyislunguitiesnduanaSunazUiveeiduaunniungueesiile

Weufiunguatuny Asanslugui 34



Al

4

5’ 5
; ;
8 g
% H
i Control ASD K
B1 B2
AK2

g g
£

1 T
L i
d Control ASD 1
c1 — c2
% J g
§ H
| » )
] §
R - &
D1 D2

oLD

5’ g
! L
i i
& Control ASD K
E1 HNRNPA2B1 Ez
5 5
g

gu i i ga
H 3
i Cc;vol ASD *
F1 voas F2
| §
g i ! 3

Control AsD

TPMI

!

Control

cLict

Control

HNRNPAZB1

]

ASD_ms

ASD_MS

ASD_MS

TPMI

B3

 Log2(ASD/Control)
5 r A

c3

Log2(ASD/Contro)
» ° .

D3

Log2(ASD/Control)
2 e <

E3

Log2(ASD/Control)
3 a s

L]

Language  Mad

HNRNPA2B1

Savant

Savant

Savant

-
w

M

Log2(ASO/Control)
3 a 2

Language  Mid

ANXAS

Savant

146

U7 35 Box plot uanIKANTISUAAIaNYRIBUAINwAdNzResTladulnuaadludUeaeidy

NANSLANIDONYBIBU (A) TPM3 (B) AK2 (C) CLICI (D) DLD (E) HNRNPAZ2B1 wag (F) ANXA5

awnasuuasgUlvesiiduaunaungudesisuiunguaiuay

MnwadnwidesvinduliuaadludUivesiduaunesy wasihveeiiduaiunasungueas (ASD n=19;

ASD_MS n=14; L subgroup n=5, M subgroup n=6, S subgroup n=8) WigufiunguAIVAY

(Control n=6) Ingl4aaA two-tailed Student’s T-test 71 P-value<0.05
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Transcription factor AauUANA1THARsBonvesdulunguiliisldestunsaiyvesad
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159

[ v

Tu NCBI 97U72U%98U 6 n15AN®1 NUlUsAUNLEnInRAUNANIAMUANNUSAUEUN

[ 7
Y

a a § < A v a = 1Y o a a [ 1
LLﬁ(ﬂ\i@@ﬂNﬂﬂﬂ(ﬂ‘ﬂ’mL"?jaaLllﬂLﬁ@ﬂ%@ﬂ%ﬂ’)ﬁ@@%‘ﬂmﬁwﬂﬁiu FIUIUNEY 11 TUShY IG]LLﬂ

HNRNPA2B1 MSN DLD B2M CLIC1 PRDX1 AK2 TBCA TPM3 TUBB uay PTPN6 uandliliiu

a A

TnaulusiunuanseeniaunilugUlslsneafiduaiunasunazesiguaunnsunguegesain

[
a a

nsAnwIASell danuduiusiunguiunimesigaiuimmunisuansesninunilugUiueefia

awnesu wenantidelainseianuduiussenintngulusiunuanseoniaundluwwad
& a a (3 L e [ = [ ! ! v P

wnzidgailaduliumadvesthslsaeenduaiunniuiaresnduainniungudes fulusiu

a IS ! a a I Yo a e o ¥
'1/1mwaw&mumwummamaaﬂijﬂmiuLaammaaQﬂaaaaw%maLﬂﬂmﬂugmmayja

v v '
Y] aada L% v 6

=~ ° = = a A a o a A
PIFANTAUNA ITUIUVNEU 7 NITANWN WUIU?W‘UWLLa@ﬂa@ﬂNﬂﬂﬂ@muﬂ?quﬂNWUSﬂUiﬂimum
a ' a a = v ° a [
LﬂEJlITWEN']U’J']WUﬂqiLLﬂ@Q@@ﬂN@Uﬂ@IULaaﬂeﬂaQQU’JU I1UIU 5 I‘Uimu iﬁLLﬂ A TUBB
HSP90B1 MDH2 DLD ey ANXAS
= v v & ! ! a Ql' a A L3 r-:glj a
"\]']ﬂNaﬂqiﬁﬂwqﬂquaﬂwuﬁﬁgﬂﬂWﬂﬂﬁjlﬂﬂi(ﬂumLLﬁ@Q@@ﬂN@UﬂWIULQjaaLW']%L@'ENGUUG]

dulvluanadanngUigeeiiduaiunnsukaveeiiduainasunguegesiantanadlulutdieiy

va v s

AIdglavinsidenduannunumuiiiini@inine) seauaudely wasirmanduiusiu

[V
% IS

serdngusuunsuaasUlautarUiuulUsilen Tuiunsdu 6 Bu loun TPM3 AK2 CLICT
DLD HNRNPAZ2B1 way ANXAS5 un8udunisuanseandiemailn RT-gPCR wu3iile

= = ) a o a v v | .«.:4' )
LW UNHUTLAUNISULARIDDNYDITUYN 6 SUVINAU VLQJWUﬂWﬁLUaEJULLUaﬂiﬁﬂ‘ULLEWNEJ@WUEN

[
a v v Y I

guegraildedrdyvislunduiUisesniguana SukarfUlveeiivuaiunasunqueeeiiomey

q Y

funguAtuAN BIINMSANINBUnIMAIeNANIMeiuLiaznuIEUgeeigualnasy

o

TIN5 LEAIDBNVBITUUNEUNANULANANDE T ULANAYAINAUUNG WANISHLENIDDNVDITUN

o

(%
v a

Wuﬁﬁmmmﬂﬁmﬁuiuﬁﬂ'smmaziw (Gregg et al., 2008) Snvisdudruuniiaeiings
euaNEnUnflugUiseeiduanasudnaglidesinnuduiusiusedunisuansoen
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HNRNPA2B1 (Heterogenous nuclear ribonucleoprotein A2/B1 %38 ROA2 HInU
seAunshanseaniindulugUigeenguanaSunqueoeNldinuRAUNRA U1 BITULTS

(Non-severe language impairments or Mild subgroup) LANUSEAUNITUERIDDNANAIIY

'
1 1 =

NuUgoENLAMUAAUNAAIUN1YITULTY (Severe language impairments subgroup) WJu

9

TUSAUNLAINUNEITBINUNTLUIUNIT Pre-mRNAs bagkNg1 a9 unIsuuds mRNA A9100g



161
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2012 (Kong et al., 2012) Wu31 RNA %aﬂﬂsﬁu@hﬁmmaaﬂLﬁm%uiuéﬂwaaﬁ%m?}a
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cleavage Taeidu Subunit E3 w89 Mitochondrial multienzyme complexes 3 wila laun
Pyruvate dehydrogenase (PDH) Alpha-ketoglutarate dehydrogenase (Ol- KGDH) i @ &
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protein tasa1nAINamIsatunasiundnalauandteiula lnediesglusuuuy

. ° vy a ¢ PR P )
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TnglusAuditiaufeidesiunszuiunisnsassazaatenasuluaus wagiasiing
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2 o, = o o v & I a = = Axa =3 =~ %
woadunsa Feuinasyihliandonglifiu 2-3 Yusn viemniidinsennasiUaymiluaiunis
RIYLAULALAZNUAINUNNIBINNTEUUUIZAM (Quinonez SC, 2014) 1aaannnnsAneA
suwuulUsAlonves Pichitpunpong Tudl 2019 (Pichitpunpong et al., 2019) wuauRAUNG
volusautiluguiveeifuaidnasundudesNinuiaunfiniun1w1sulss (Severe
language impairments subgroup) @saenmassnulun1s@neil Nl sLanseonveIlUsAY

DLD anaslugUrgesiidualnasungueas L subgroup
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MDH2 (Malate dehydrogenase 2) tdutaulasdfiviandafilunszuiunis Reverse

Y a

oxidation Tun151asu Malate 181 Oxaloacetate lunszuiunis TCA cycle lallgfiniing
viednvarein1sdufiiieafueeiiduanasulanenss wineoldiAnlse Epileptic
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9

Specific domains USWIiIwas deradiagusiead n1suudsnubeiuwas n1sdedyaa
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seninaead wazlinihnddgiietfugliauiusiie lngifeitasiunis Migration vasgas
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iRy alURsuian Blood-brain barrier usliildiindifiviednuaizainsduiiAeades
fusedituaiunafulaenss Gsannisdnwissduvestusiudiludefoaussvediae
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WwiglAvlanarn1TimuIYusag (Growth and differentiation) laglAgiisn8914INAT
n13AnwsUnuulysilanves Pichitpunpong Tud 2019 (Pichitpunpong et al., 2019) Wu

n1swanseanvesiusiullanadlugiiseeiiduanasundugesniinuiaunfisoiuniw
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JUKSY (Severe language impairments subgroup) Feliaonndesiunanisdnesyiuns
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NCBI National Center for Biotechnology Information
NICE National Institue for Health and Care Excellence
PBS Phosphate-buffered saline

PCA Principle Component Analysis

PCR Polymerase Chain Reaction

PHA Phytohemagglutinin

pl Isoelectric point

PVDF Poly-vinylidene difluoride

SDS-PAGE Sodium Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis

SIGU Human Genetics Society of Australia Italian Society of Human Genetics
SNP Single Nucleotide Polymorphism

SVM Support Vector Machine

TBS Tris-buffered saline

TOF Time of Flight

TPM3 Tropomyosin alpha-3

UCsC University of California Santa Cruz Genome Institute

UPD Uniparental Disomy

WEKA Waikato Environment for Knowledge Analysis

578N1599A1071 ADI-R 371921 123 99 KASNANNISIAAZKUY

1. LEVELL -Over all level of language

0 = Functional use of spontaneous echoed or stereotyped language that, on a
daily basis, involves phrases of three words or more that at least sometimes include
a verb and are comprehensible to other people

1 = No functional use of three-word phrases in spontaneous, echoed, or
stereotyped speech, but uses speech on a daily basis with at least five different

words in the last month
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2 = Fewer than five words total or speech not used on a daily basis

9 = N/K or not asked
2. CCOMPSL -Comprehension of simple language (current)

0 = In response to a request can usually perform an unexpected action with an
unexpected object; or could place an object, other than something to be used by
self (such as boots or a toy), in an unexpected location in a different room ("Put the
keys on the kitchen table")

1 = In response to a request can usually get an object, other than something for
self or something highly contextualized, from another room ("Get the keys from the
kitchen table"), but usually cannot carry out a new action on this object or put it in a
"new" place

2 = Understands many words (more than 50), including "yes" and names of
familiar people, toys, or foods, but does not meet criteria for "0" or "1"

3 = Understands fewer than 50 words, but some comprehension of "no" and
names of a few favorite objects, foods, or people, or words within familiar routines

4 = Little or no comprehension of words, even in context

8 = N/A (e.g., deaf)

9 = N/K or not asked
3. COMPSL5 -Comprehension of simple language (most abnormal)

0 = Functional use of spontaneous echoed or stereotyped language that, on a
daily basis, involves phrases of three words or more that at least sometimes include
a verb and are comprehensible to other people

1 = No functional use of three-word phrases in spontaneous, echoed, or
stereotyped speech, but uses speech on a daily basis with at least five different
words in the last month

2 = Fewer than five words total or speech not used on a daily basis

9 = N/K or not asked
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4. CUSEBOD -Use of other’s body to communicate (current)

0 = No use of other's body to communicate, except in situations where other
strategies have not worked (e.g., when parent conversing with someone and subject
cannot get her/his attention), or when taking someone's hand to lead them places

1 = Occasional placement of other's hand on objects or use of other's hand as a
tool or to point, but some combination with other modes of communication

2 = Occasional placement of other's hand or use of other's hand as a tool or to
demonstrate "for" the subject without integration with other modes of
communication

3 = Regular use of other's hand as a tool or to gesture "for" the subject

8 = Little or no spontaneous communication

9 = N/K or not asked
5. EUSEBOD -Use of other’s body to communicate (ever)

0 = No use of other's body to communicate, except in situations where other
strategies have not worked (e.g., when parent conversing with someone and subject
cannot get her/his attention), or when taking someone's hand to lead them places

1 = Occasional placement of other's hand on objects or use of other's hand as a
tool or to point, but some combination with other modes of communication

2 = Occasional placement of other's hand or use of other's hand as a tool or to
demonstrate "for" the subject without integration with other modes of
communication

3 = Regular use of other's hand as a tool or to gesture "for" the subject

8 = Little or no spontaneous communication

9 = N/K or not asked
6. CARTIC -Articulation/pronunciation (current)

0 = Understood by anybody (i.e., clear enunciation of most sounds, but may

include a few consonant omissions or substitutions)



1 = Understood better by family than others because of difficulty with some
sounds, but mostly comprehensible to strangers at first encounter

2 = Definite articulation difficulties such that some words are very difficult for
strangers to understand until they get to know her/him

3 = Strangers find speech almost impossible to understand or parents have
significant difficulties understanding because of articulation

8 = N/A; no speech or subject below age 4.0 years

9 = N/K or not asked
7. ARTICF5 -Articulation/pronunciation (ever)

0 = Understood by anybody (i.e., clear enunciation of most sounds, but may
include a few consonant omissions or substitutions)

1 = Understood better by family than others because of difficulty with some
sounds, but mostly comprehensible to strangers at first encounter

2 = Definite articulation difficulties such that some words are very difficult for
strangers to understand until they get to know her/him

3 = Strangers find speech almost impossible to understand or parents have
significant difficulties understanding because of articulation

8 = N/A; no speech or subject below age 4.0 years

9 = N/K or not asked
8. CSTEREO -Stereotyped utterances and delayed echolalia (current)

0 = Rarely or never uses stereotyped phrases

183

1 = Speech tends/tended to be more repetitive than most subjects at the same

level of complexity, but not stereotyped in an odd or unusual way; or occasional

stereotyped utterances, but consistent productive language as well
2 = Often uses/used stereotyped utterances with productive language as well

3 = Phrases are almost exclusively stereotyped utterances
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8 = N/A; no phrases (code "1" or "2" on Item 30)

9 = N/K or not asked
9. ESTEREO -Stereotyped utterances and delayed echolalia (ever)

0 = Rarely or never uses stereotyped phrases

1 = Speech tends/tended to be more repetitive than most subjects at the same
level of complexity, but not stereotyped in an odd or unusual way; or occasional
stereotyped utterances, but consistent productive language as well

2 = Often uses/used stereotyped utterances with productive language as well

3 = Phrases are almost exclusively stereotyped utterances

8 = N/A; no phrases (code "1" or "2" on Item 30)

9 = N/K or not asked
10. CCHAT -Social vocalization (current)

0 = Verbalizes or chats with clear social quality of talking to be friendly or to
express interest, rather than to make needs known

1 = Some social use of speech in response to caregiver or to get attention with no
other obvious motivation, but limited in frequency or range of contexts

2 = Uses some speech to alert caregiver to immediate needs or wants, but little
or no purely social use of verbalization

8 = N/A (code "1" or "2" on Item 30)

9 = N/K or not asked
11. CHAT5 -Social vocalization (ever)

0 = Verbalizes or chats with clear social quality of talking to be friendly or to
express interest, rather than to make needs known

1 = Some social use of speech in response to caregiver or to get attention with no
other obvious motivation, but limited in frequency or range of contexts

2 = Uses some speech to alert caregiver to immediate needs or wants, but little

or no purely social use of verbalization
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8 = N/A (code "1" or "2" on Item 30)

9 = N/K or not asked
12. CCONVER -Reciprocal conversation, at whatever verbal level of complexity
possible (current)

0 = Conversation flows, including both offering information and building on other
person's response in a manner that leads to ongoing dialogue

1 = Occasional reciprocal conversation, but less frequent than normal or limited in
flexibility or topics

2 = Little or no reciprocal conversation; others find it difficult to build a
conversation even if there is apparent positive or social talk by subject; subject fails
to follow anyone else's conversation topic; may ask or answer questions but not as
part of a single interchange

3 = Very little spontaneous speech

8 = N/A (code "1" or "2" on Item 30)

9 = N/K or not asked
13. CONVERS5 -Reciprocal conversation, at whatever verbal level of complexity
possible (ever)

0 = Conversation flows, including both offering information and building on other
person's response in a manner that leads to ongoing dialogue

1 = Occasional reciprocal conversation, but less frequent than normal or limited in
flexibility or topics

2 = Little or no reciprocal conversation; others find it difficult to build a
conversation even if there is apparent positive or social talk by subject; subject fails
to follow anyone else's conversation topic; may ask or answer questions but not as
part of a single interchange

3 = Very little spontaneous speech

8 = N/A (code "1" or "2" on Item 30)
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9 = N/K or not asked
14. CINAPPQ -Inappropriate questions or statements (current)

0 = No or very rare use of questions/statements inappropriate to conversation or
setting

1 = Use of some questions/statements regardless of situation; questions or
statements are slightly inappropriate and may be repetitious, but are not usually very
odd or highly embarrassing

2 = Frequent use of questions/statements that are odd or obviously inappropriate
to the situation

8 = N/A (code "1" or "2" on Item 30)

9 = N/K or not asked
15. EINAPPQ -Inappropriate questions or statements (ever)

0 = No or very rare use of questions/statements inappropriate to conversation or
setting

1 = Use of some questions/statements regardless of situation; questions or
statements are slightly inappropriate and may be repetitious, but are not usually very
odd or highly embarrassing

2 = Frequent use of questions/statements that are odd or obviously inappropriate
to the situation

8 = N/A (code "1" or "2" on Item 30)

9 = N/K or not asked
16. CPRON -Pronominal reversal (current)

0 = No confusion between 1st and 2nd or 3rd person after phrase speech with
pronoun use established

1 = Refers/referred to self by name instead of "I" after phrase speech established,

but no persistent "you/s/he-I" confusion
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2 ="You/I" or "s/he/I" confusion after phrase speech established, but "you" or
"s/he" not used with intonation of a question

3 = Pronominal confusion when asking a question in which "you" or "s/he" is used
for "I"
7 = Other types of pronominal confusion (other than "I/me"), such as "he/you"
8 = N/A (code "1" or "2" on Item 30 or no pronouns used)
9 = N/K or not asked
17. EPRON -Pronominal reversal (ever)

0 = No confusion between 1st and 2nd or 3rd person after phrase speech with
pronoun use established

llln

1 = Refers/referred to self by name instead of "I" after phrase speech established,
but no persistent "you/s/he-I" confusion

2 ="You/I" or "s/he/I" confusion after phrase speech established, but "you" or
"s/he" not used with intonation of a question

3 = Pronominal confusion when asking a question in which "you" or "s/he" is used
for ""
7 = Other types of pronominal confusion (other than "I/me"), such as "he/you"
8 = N/A (code "1" or "2" on Item 30 or no pronouns used)
9 = N/K or not asked
18. CNEOID -Neologisms/idiosyncratic language (current)

0 = No use of neologisms or idiosyncratic language

1 = Occasional use of neologisms and/or idiosyncratic words and phrases used
consistently over a period of time

2 = Regular use of neologisms and/or idiosyncratic ways of saying things, including

generalization of unusual term to reference beyond the example that may have

fostered the initial idiosyncratic word or phrase



188

8 = N/A (code "1" or "2" on Item 30)

9 = N/K or not asked
19. ENEOID -Neologisms/idiosyncratic language (ever)

0 = No use of neologisms or idiosyncratic language

1 = Occasional use of neologisms and/or idiosyncratic words and phrases used
consistently over a period of time

2 = Regular use of neologisms and/or idiosyncratic ways of saying things, including
generalization of unusual term to reference beyond the example that may have
fostered the initial idiosyncratic word or phrase

8 = N/A (code "1" or "2" on Item 30)

9 = N/K or not asked
20. CVERRIT -Verbal rituals (current)

0 = No verbal rituals

1 = Tendency to say things in ritualized way or to require others to do so, but no
indication that this is compulsive, and readily stops if asked to do so

2 = Subject has to say one or more things in a special way; rituals may intrude on
family life, may involve other family members and some distress at interruption, or
may cause some disturbance or minor reorganization of family life that can be
tolerated by most families

3 = As for "2," but with marked difficulty to control and marked intrusiveness on
family life; family members involved to a degree that causes definite social
impairment, disruption, or prevention of some family activities; serious distress at any
attempted interruption

8 = N/A (code "1" or "2" on Item 30)

9 = N/K or not asked

21. EVERRIT -Verbal rituals (ever)
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0 = No verbal rituals

1 = Tendency to say things in ritualized way or to require others to do so, but no
indication that this is compulsive, and readily stops if asked to do so

2 = Subject has to say one or more things in a special way; rituals may intrude on
family life, may involve other family members and some distress at interruption, or
may cause some disturbance or minor reorganization of family life that can be
tolerated by most families

3 = As for "2," but with marked difficulty to control and marked intrusiveness on
family life; family members involved to a degree that causes definite social
impairment, disruption, or prevention of some family activities; serious distress at any
attempted interruption

8 = N/A (code "1" or "2" on Item 30)

9 = N/K or not asked
22. CINR -Intonation/volume/rhythm/rate (current)

0 = Normal, appropriately varying intonation, reasonable volume, and normal rate
of speech, with regular rhythm coordinated with breathing

1 = Speech that shows one or other of the abnormalities listed under "2," but not
obviously peculiar and no interference with intelligibility

2 = Speech that is clearly abnormal in terms of any or all of the following: (a) odd
intonation or inappropriate pitch and stress; (b) markedly flat and toneless or
mechanical speech; (c) consistently abnormal volume that lacks modulation; (d)
inappropriate, poorly modulated rate or rhythm (either unusually slow or halting or
unusually rapid or jerky) to a degree that creates some interference with intelligibility

3 = Speech that is frequently obviously peculiar or difficult to understand because
of abnormalities of type specified under "2"

7 = Stutter or stammer; abnormal intonation due to severe hearing impairment; or

intonation abnormality due to neurological disorder causing motor dysfunction
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8 = N/A (code "1" or "2" on Item 30)

9 = N/K or not asked
23. EINR -Intonation/volume/rhythm/rate (ever)

0 = Normal, appropriately varying intonation, reasonable volume, and normal rate
of speech, with regular rhythm coordinated with breathing

1 = Speech that shows one or other of the abnormalities listed under "2," but not
obviously peculiar and no interference with intelligibility

2 = Speech that is clearly abnormal in terms of any or all of the following: (a) odd
intonation or inappropriate pitch and stress; (b) markedly flat and toneless or
mechanical speech; (c) consistently abnormal volume that lacks modulation; (d)
inappropriate, poorly modulated rate or rhythm (either unusually slow or halting or
unusually rapid or jerky) to a degree that creates some interference with intelligibility

3 = Speech that is frequently obviously peculiar or difficult to understand because
of abnormalities of type specified under "2"

7 = Stutter or stammer; abnormal intonation due to severe hearing impairment; or
intonation abnormality due to neurological disorder causing motor dysfunction

8 = N/A (code "1" or "2" on Item 30)

9 = N/K or not asked
24. CSPEECH -Current communication speech (current)

0 = Speech, at whatever level attained, used frequently and communicatively in a
variety of contexts, including some reference to events not present (Do not include
requests here)

1 = Some communicative use of words (i.e., words used regularly to
communicate, with or without an abnormal element), but somewhat restricted in
frequency or contexts

2 = Some spontaneous words and/or echolalic language, but with limited

communicative use
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3 = Little or no communicative language (including exclusively non-
communicative echolalia), though subject has some language

8 = N/A (code "1" or "2" on Item 30, or under 5 years of age for 5,0 year coding)

9 = N/K or not asked
25. SPEECH5 -Current communication speech (ever)

0 = Speech used frequently and communicatively in a variety of contexts

1 = Some communicative use of words

2 = Some spontaneous words and/or echolalic language

3 = Little or no communicative language

8 = N/A

9 = N/K or not asked
26. CPOINT -Pointing to express interest (current)

0 = Spontaneously points at objects at a distance with finger to express interest,
using coordinated eye gaze in order to communicate

1 = Makes some limited attempt to express interest by pointing, but with limited
flexibility and/or lack of coordination (e.g., uses arm or points with finger, but without
consistent coordination with eye gaze)

2 = Little or no spontaneous unprompted attempts to point to express interest in
objects at a distance

8 = N/A

9 = N/K or not asked
27. POINT5 -Pointing to express interest (ever)

0 = Spontaneously points at objects at a distance with finger to express interest,
using coordinated eye gaze in order to communicate

1 = Makes some limited attempt to express interest by pointing, but with limited
flexibility and/or lack of coordination (e.g., uses arm or points with finger, but without

consistent coordination with eye gaze)
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2 = Little or no spontaneous unprompted attempts to point to express interest in

objects at a distance
8 = N/A
9 = N/K or not asked
28. CNOD -Nodding (current)
0 = Consistently nods spontaneously
1 = Sometimes nods spontaneously
2 = Never nods spontaneously
8 = N/A
9 = N/K or not asked
29. NOD5 -Nodding (most abnormal)
0 = Consistently nods spontaneously
1 = Sometimes nods spontaneously
2 = Never nods spontaneously
8 = N/A
9 = N/K or not asked
30. CHSHAKE -Head shaking (current)
0 = Consistently shakes head spontaneously
1 = Sometimes shakes head spontaneously
2 = Never shakes head spontaneously
8 = N/A
9 = N/K or not asked
31. HSHAKES5 -Head shaking (most abnormal)
0 = Consistently shakes head spontaneously
1 = Sometimes shakes head spontaneously
2 = Never shakes head spontaneously

8 = N/A
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9 = N/K or not asked
32. CINSGES -Conventional/instrumental gestures (current)

0 = Appropriate and spontaneous use of a variety of conventional or instrumental
gestures

1 = Spontaneous use of conventional or instrumental gestures, but limited in
range or contexts

2 = Inconsistent spontaneous use, or use of elicited or well-rehearsed simple
conventional or instrumental gestures only

3 = No use of conventional or instrumental gestures

8 = N/A

9 = N/K or not asked
33. INSGES5 -Conventional/instrumental gestures (most abnormal)

0 = Appropriate and spontaneous use of a variety of conventional or instrumental
gestures

1 = Spontaneous use of conventional or instrumental gestures, but limited in
range or contexts

2 = Inconsistent spontaneous use, or use of elicited or well-rehearsed simple
conventional or instrumental gestures only

3 = No use of conventional or instrumental gestures

8 = N/A

9 = N/K or not asked
34. AVOICE5 -Attention to voice (most abnormal)

0 = Usually looks up and pays attention when spoken to in a positive manner in
contexts other than to do something that s/he may not want to do

1 = Does not consistently appear to pay attention (e.g., might look up briefly, but
little sustained attention), but sometimes responds to what is said or responds on

occasion only to firm, loud voice
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2 = Usually does not look up or pay attention when spoken to, and does not
respond to what is said; or responds to her/his name only or when her/his attention
is caught very deliberately

3 = Rarely responds, although hearing normal

8 = N/A

9 = N/K or not asked
35. CIMIT -Spontaneous imitation of actions (current)

0 = Spontaneous imitation of a varied range of non-taught actions, at least some
of which are incorporated into play outside the context of the observed behavior of
the imitated person

1 = Some indication of spontaneous imitation that goes beyond copying a
frequent use of an object, but not of sufficient flexibility or number to meet the
criteria for "0"

2 = Spontaneous imitation limited to a few familiar routines that are not
incorporated into play; including frequent appropriate use of an object probably
learned through imitation (e.g., mowing lawn with a toy mower)

3 = Very rare or no spontaneous imitation

8 = N/A

9 = N/K or not asked
36. IMIT5 -Spontaneous imitation of actions (ever)

0 = Spontaneous imitation of a varied range of non-taught actions, at least some
of which are incorporated into play outside the context of the observed behavior of
the imitated person

1 = Some indication of spontaneous imitation that goes beyond copying a
frequent use of an object, but not of sufficient flexibility or number to meet the

criteria for "0"



2 = Spontaneous imitation limited to a few familiar routines that are not
incorporated into play; including frequent appropriate use of an object probably
learned through imitation (e.g., mowing lawn with a toy mower)

3 = Very rare or no spontaneous imitation

8 = N/A

9 = N/K or not asked
37. CPLAY -Imaginative play (current)

0 = Variety of pretend play, including use of dolls/animals/toys as self-initiating
agents

1 = Some pretend play, including actions directed to dolls or cars, etc., but
limited in variety or frequency

2 = Occasional, spontaneous pretend actions or highly repetitive pretend play
(which may be frequent), or only play that has been taught by others

3 = No pretend play

8 = N/A

9 = N/K or not asked
38. PLAY5 -Imaginative play (ever)

0 = Variety of pretend play, including use of dolls/animals/toys as self-initiating
agents

1 = Some pretend play, including actions directed to dolls or cars, etc., but
limited in variety or frequency

2 = Occasional, spontaneous pretend actions or highly repetitive pretend play
(which may be frequent), or only play that has been taught by others

3 = No pretend play

8 = N/A

9 = N/K or not asked

39. CPEERPL -Imaginative play with peers (current)
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0 = Imaginative, cooperative play with other children in which the subject both
takes the lead and follows another child in spontaneous, pretend activities

1 = Some participation in pretend play with another child, but not truly reciprocal
and/or pretending is very limited in variety

2 = Some play with other children, but little or no pretending

3 = No play with other children or no pretend play even on own

8 = N/A

9 = N/K or not asked
40. PEERPL5 -Imaginative play with peers (ever)

0 = Imaginative, cooperative play with other children in which the subject both
takes the lead and follows another child in spontaneous, pretend activities

1 = Some participation in pretend play with another child, but not truly reciprocal
and/or pretending is very limited in variety

2 = Some play with other children, but little or no pretending

3 = No play with other children or no pretend play even on own

8 = N/A

9 = N/K or not asked
41. GAZE5 -Direct gaze (most abnormal)

0 = Normal reciprocal direct gaze used to communicate across a range of
situations and people

1 = Definite direct gaze, but only of brief duration or not consistent during social
interactions

2 = Uncertain/occasional direct gaze, or gaze rarely used during social interactions

3 = Unusual or odd use of gaze

8 = N/A

9 = N/K or not asked

42. CSSMILE -Social smiling (current)
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0 = Regularly predictable, reciprocal, social smiles in response to the smiles of a
variety of people besides parent/caregiver

1 = Some evidence of reciprocal social smiling, but not sufficient to code "0"

2 = Some evidence of smiling while looking at people, but generally not
reciprocal; code here if smiles only to parent/caregiver, smiles only upon request, or
smiles in odd situations or odd ways

3 = Little or no smiling at people, though may smile at other things

8 = N/A

9 = N/K or not asked
43, SSMILE5 -Social smiling (most abnormal)

0 = Resgularly predictable, reciprocal, social smiles in response to the smiles of a
variety of people besides parent/caregiver

1 = Some evidence of reciprocal social smiling, but not sufficient to code "0"

2 = Some evidence of smiling while looking at people, but generally not
reciprocal; code here if smiles only to parent/caregiver, smiles only upon request, or
smiles in odd situations or odd ways

3 = Little or no smiling at people, though may smile at other things

8 = N/A

9 = N/K or not asked
44, CSHOW -Showing and directing attention (current)

0 = Regular showing of objects by bringing things to parent/caregiver and directing
her/his attention, with no manifest motive other than sharing

1 = Possible showing as described above, but not sufficiently frequent or of purely
communicative quality to meet criteria for "0"

2 = Some bringing things to parent/caregiver and/or showing, but associated with
preoccupations, food, or need for help

3 = Rare or no social approaches of this type
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8 = N/A

9 = N/K or not asked
45. SHOWS5 -Showing and directing attention (most abnormal)

0 = Regular showing of objects by bringing things to parent/caregiver and directing
her/his attention, with no manifest motive other than sharing

1 = Possible showing as described above, but not sufficiently frequent or of purely
communicative quality to meet criteria for "0"

2 = Some bringing things to parent/caregiver and/or showing, but associated with
preoccupations, food, or need for help

3 = Rare or no social approaches of this type

8 = N/A

9 = N/K or not asked
46. COSHARE -Offering to share (current)

0 = Frequent, spontaneous, and varied offers to share different sorts of objects
(e.g., toys, comforters) with other people

1 = Some spontaneous offers to share, but limited in number of contexts or
frequency (must be more than food)

2 = Will sometimes share if requested, but not spontaneously, or spontaneous
sharing of food only

3 = No sharing

8 = N/A

9 = N/K or not asked
47. OSHARES5 -Offering to share (ever)

0 = Frequent, spontaneous, and varied offers to share different sorts of objects
(e.g., toys, comforters) with other people

1 = Some spontaneous offers to share, but limited in number of contexts or

frequency (must be more than food)
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2 = Will sometimes share if requested, but not spontaneously, or spontaneous
sharing of food only

3 = No sharing

8 = N/A

9 = N/K or not asked
48. CSHARE -Seeking to share his/her enjoyment with others (current)

0 = Frequent attempts across a variety of contexts to direct several other people's
attention to things that s/he enjoys or has done well (must be with more than one
parent)

1 = Some attempts to share enjoyment, but limited in number or variety or
spontaneity, or lacking clear quality of shared pleasure

2 = Few or no attempts to share enjoyment

8 = N/A

9 = N/K or not asked
49. SHARE5 -Seeking to share his/her enjoyment with others (ever)

0 = Frequent attempts across a variety of contexts to direct several other people's
attention to things that s/he enjoys or has done well (must be with more than one
parent)

1 = Some attempts to share enjoyment, but limited in number or variety or
spontaneity, or lacking clear quality of shared pleasure

2 = Few or no attempts to share enjoyment

8 = N/A

9 = N/K or not asked
50. COCOMF -Offers comfort (current)

0 = Flexibly and spontaneously offers comfort in a range of circumstances and
ways, for example, by gesture, touching, or vocalization, or offers of objects (e.g.,

blanket); must include change in facial expression
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1 = Has partial response (e.g., stands nearby and looks concerned) or indirect
physical approach (e.g., comes to sit in lap, but with no clear attempt to comfort); or
offers comfort in response to exaggerated expression (e.g., to pretend crying) or in
one routine situation (e.g., to baby sister when she's hungry)

2 = Rarely offers comfort or only in odd ways

3 = Never offers comfort to others

8 = N/A

9 = N/K or not asked
51. OCOMF5 -Offers comfort (most abnormal)

0 = Flexibly and spontaneously offers comfort in a range of circumstances and
ways, for example, by gesture, touching, or vocalization, or offers of objects (e.g.,
blanket); must include change in facial expression

1 = Has partial response (e.g., stands nearby and looks concerned) or indirect
physical approach (e.g., comes to sit in lap, but with no clear attempt to comfort); or
offers comfort in response to exaggerated expression (e.¢., to pretend crying) or in
one routine situation (e.g., to baby sister when she's hungry)

2 = Rarely offers comfort or only in odd ways

3 = Never offers comfort to others

8 = N/A

9 = N/K or not asked
52. CQUALOV -Quality of social overtures (current)

0 = Consistently uses coordinated eye gaze with accompanying vocalization in
typical situations when motivated to communicate

1 = May use eye gaze or vocalization, but these are weakly integrated

2 = Rarely shows well-coordinated, focused social intentionality involving eye gaze
or vocalization, or shows this in odd ways

3 = Shows no coordination of eye gaze and vocalization
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8 = N/A

9 = N/K or not asked
53. QUALOVS5 -Quality of social overtures (most abnormal)

0 = Consistently uses coordinated eye gaze with accompanying vocalization in
typical situations when motivated to communicate

1 = May use eye gaze or vocalization, but these are weakly integrated

2 = Rarely shows well-coordinated, focused social intentionality involving eye gaze
or vocalization, or shows this in odd ways

3 = Shows no coordination of eye gaze and vocalization

8 = N/A

9 = N/K or not asked
54. CRFACEX -Range of facial expressions used to communicate (current)

0 = Full range of facial expression

1 = Somewhat limited facial expression; may be rather stilted, exaggerated, in
manner

2 = Markedly limited range of facial expressions or tendency to have just one
facial expression (e.g., happy) for all circumstances

3 = Facial expression showing little or no indication of emotion of any kind

8 = N/A

9 = N/K or not asked
55. RFACEX5 -Range of facial expressions used to communicate (most
abnormal)

0 = Full range of facial expression

1 = Somewhat limited facial expression; may be rather stilted, exaggerated, in
manner

2 = Markedly limited range of facial expressions or tendency to have just one

facial expression (e.g., happy) for all circumstances
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3 = Facial expression showing little or no indication of emotion of any kind

8 = N/A

9 = N/K or not asked
56. CINAPFE -Inappropriate facial expressions (current)

0 = Facial expressions almost always appropriate to mood, situation, and context

1 = Facial expressions slightly or occasionally inappropriate or odd

2 = Facial expressions obviously inappropriate in several different situations

8 = N/A (almost no variation in facial expression, appropriate or inappropriate, as
in coding of "3" in Item 57)

9 = N/K or not asked
57. EINAPFE -Inappropriate facial expressions (ever)

0 = Facial expressions almost always appropriate to mood, situation, and context

1 = Facial expressions slightly or occasionally inappropriate or odd

2 = Facial expressions obviously inappropriate in several different situations

8 = N/A (almost no variation in facial expression, appropriate or inappropriate, as
in coding of "3" in Item 57)

9 = N/K or not asked
58. CQRESP -Appropriateness of social responses (current)

0 = Appropriate response to overtures by familiar and unfamiliar adults

1 = Some clear positive responses and interactions, but not consistent

2 = Responds to parents/caregiver and others in familiar settings, but responses
are stereotyped, inappropriate, or very limited

3 = Little or no interest in or response to people, except parents/caregiver or very
familiar significant others

8 = N/A

9 = N/K or not asked

59. QRESP5 -Appropriateness of social responses (most abnormal)
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0 = Appropriate response to overtures by familiar and unfamiliar adults

1 = Some clear positive responses and interactions, but not consistent

2 = Responds to parents/caregiver and others in familiar settings, but responses
are stereotyped, inappropriate, or very limited

3 = Little or no interest in or response to people, except parents/caregiver or very
familiar significant others

8 = N/A

9 = N/K or not asked
60. CINITIA -Initiation of appropriate activities (current)

0 = Spontaneously takes up a range of appropriate play activities, without
prompting or organization by other people

1 = Spontaneously initiates only a limited range of appropriate activities

2 = Engages in passive, but otherwise appropriate, activity, such as watching TV or
listening to the radio

3 = Engages in no active or constructive play, or engages only in repetitive
activities or motor stereotypes

8 = N/A

9 = N/K or not asked
61. INITIA5 -Initiation of appropriate activities (most abnormal)

0 = Spontaneously takes up a range of appropriate play activities, without
prompting or organization by other people

1 = Spontaneously initiates only a limited range of appropriate activities

2 = Engages in passive, but otherwise appropriate, activity, such as watching TV or
listening to the radio

3 = Engages in no active or constructive play, or engages only in repetitive
activities or motor stereotypes

8 = N/A
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9 = N/K or not asked
62. CSOPLAY -Imitative social play (current)

0 = Normal social play, including clear evidence that the child initiates and
responds to simple infant social games and can take both parts

1 = Some to-and-fro (i.e., reciprocal) social play, but limited in amount, duration,
or contexts in which shown (e.g., only plays peekaboo or pat-a-cake with
parents/caregiver)

2 = Little to-and-fro social play (e.g., plays peekaboo or pat-a-cake in a limited
way only, but not reciprocal)

3 = No evidence of to-and-fro social play

8 = N/A

9 = N/K or not asked
63. SOPLAY5 -Imitative social play (most abnormal)

0 = Normal social play, including clear evidence that the child initiates and
responds to simple infant social games and can take both parts

1 = Some to-and-fro (i.e., reciprocal) social play, but limited in amount, duration,
or contexts in which shown (e.g., only plays peekaboo or pat-a-cake with
parents/caregiver)

2 = Little to-and-fro social play (e.g., plays peekaboo or pat-a-cake in a limited
way only, but not reciprocal)

3 = No evidence of to-and-fro social play

8 = N/A

9 = N/K or not asked
64. CINTCH -Interest in children (current)

0 = Often watches other children and sometimes makes a clear effort to approach

them or get their attention
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1 = Usually watches other children or indicates interest in them to
parent/caregiver in some way (e.g., by pointing, vocalizing, or trying to imitate what
they are doing, but no attempt to seek them out);, or approaches other children
without trying to get their attention

2 = Occasionally watches other children, but almost never tries to approach
them, or to direct parent's/caregiver's attention to them, or copy them

3 = Shows no, or almost no, interest in other children

8 = N/A

9 = N/K or not asked
65. INTCH5 -Interest in children (most abnormal)

0 = Often watches other children and sometimes makes a clear effort to approach
them or get their attention

1 = Usually watches other children or indicates interest in them to
parent/caregiver in some way (e.g., by pointing, vocalizing, or trying to imitate what
they are doing, but no attempt to seek them out); or approaches other children
without trying to get their attention

2 = Occasionally watches other children, but almost never tries to approach
them, or to direct parent's/caregiver's attention to them, or copy them

3 = Shows no, or almost no, interest in other children

8 = N/A

9 = N/K or not asked
66. CRESPCH -Response to approaches of other children (current)

0 = Generally responsive to other children's approaches, although may be hesitant
initially if other children are too rough or intrusive; sometimes makes a clear effort to
keep an interaction going with a child other than a sibling by gesturing, vocalizing,

offering an object, etc.
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1 = Sometimes responsive to other children's approaches, but response is limited,
somewhat unpredictable, or only to a sibling or a very familiar child

2 = Rarely or never responds to the approach of even a familiar child (although
may show interest in non approaching children or babies)

3 = Consistently and persistently avoids approaches of other children

8 = N/A

9 = N/K or not asked
67. RESPCH5 -Response to approaches of other children (most abnormal)

0 = Generally responsive to other children's approaches, although may be hesitant
initially if other children are too rough or intrusive; sometimes makes a clear effort to
keep an interaction going with a child other than a sibling by gesturing, vocalizing,
offering an object, etc.

1 = Sometimes responsive to other children's approaches, but response is limited,
somewhat unpredictable, or only to a sibling or a very familiar child

2 = Rarely or never responds to the approach of even a familiar child (although
may show interest in non approaching children or babies)

3 = Consistently and persistently avoids approaches of other children

8 = N/A

9 = N/K or not asked
68. CGRPLAY -Group play with peers (current)

0 = Actively seeks and plays cooperatively in several different groups (three or
more subjects) in a variety of activities or situations

1 = Some cooperative play, but of insufficient initiative, flexibility, frequency, or
variety to code "0"

2 = Enjoys "parallel" active play (such as jumping in turn on 3 trampoline or falling

down with others during Ring A Ring O'Roses), but little or no cooperative play
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3 = Seeks no play that involves participation in groups of other children, though
may chase or play catch

8 = N/A

9 = N/K or not asked
69. GRPLAY5 -Group play with peers (most abnormal)

0 = Actively seeks and plays cooperatively in several different groups (three or
more subjects) in a variety of activities or situations

1 = Some cooperative play, but of insufficient initiative, flexibility, frequency, or
variety to code "0"

2 = Enjoys "parallel" active play (such as jumping in turn on 3 trampoline or falling
down with others during Ring A Ring O'Roses), but little or no cooperative play

3 = Seeks no play that involves participation in groups of other children, though
may chase or play catch

8 = N/A

9 = N/K or not asked
70. CFRIEND -Friendships (current)

0 = One or more relationships with person in approximately own age group with
whom subject shares nonstereotyped activities of personal variety; whom subject
sees outside prearranged group (such as club); and with whom there is definite
reciprocity and mutual responsiveness

1 = One or more relationships that involve some personal shared activities outside
a prearranged situation, with some initiative taken by subject, but limited in terms of
restricted interests (e.g., model railways) or less than normal
responsiveness/reciprocity

2 = People with whom subject has some kind of personal relationship involving
seeking of contact, but only in group situation (such as club, church, etc.) or in

school or at work
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3 = No peer relationships that involve selectivity and sharing

8 = N/A (subject is outside the specified age range, or there has been an unusually
serious lack of opportunity for peer contact)

9 = N/K or not asked
71. FREND15 -Friendships (most abnormal)

0 = One or more relationships with person in approximately own age group with
whom subject shares nonstereotyped activities of personal variety; whom subject
sees outside prearranged group (such as club); and with whom there is definite
reciprocity and mutual responsiveness

1 = One or more relationships that involve some personal shared activities outside
a prearranged situation, with some initiative taken by subject, but limited in terms of
restricted interests (e.g., model railways) or less than normal
responsiveness/reciprocity

2 = People with whom subject has some kind of personal relationship involving
seeking of contact, but only in group situation (such as club, church, etc.) or in
school or at work

3 = No peer relationships that involve selectivity and sharing

8 = N/A (subject is outside the specified age range, or there has been an unusually
serious lack of opportunity for peer contact)

9 = N/K or not asked
72. CSOCDIS -Social disinhibition (current)

0 = Normal social inhibition

1 = Occasional cheekiness or disinhibition more than others at same
developmental level, but not to the extent of embarrassment: somewhat socially

naive or imperceptive for developmental level



2 = Definite lack of appreciation of social cues, contexts, or requirements:

definitely lacks normal social inhibitions and sometimes behaves in socially
embarrassing ways; fails to modulate behavior according to social context

3 = Marked social disinhibition: appears unaware of social cues and social
requirements so that behavior frequently embarrassing or inappropriate

8 = N/A

9 = N/K or not asked
73. SOCDIS5 -Social disinhibition (most abnormal)

0 = Normal social inhibition

1 = Occasional cheekiness or disinhibition more than others at same

developmental level, but not to the extent of embarrassment: somewhat socially

naive or imperceptive for developmental level

2 = Definite lack of appreciation of social cues, contexts, or requirements:

definitely lacks normal social inhibitions and sometimes behaves in socially
embarrassing ways; fails to modulate behavior according to social context

3 = Marked social disinhibition: appears unaware of social cues and social
requirements so that behavior frequently embarrassing or inappropriate

8 = N/A

9 = N/K or not asked
74. CUNPROC -Unusual preoccupations (current)

0 = No unusual preoccupations

1 = Unusual preoccupation that does not interfere with significant activities of

family life or does not cause social impairment of the subject

209

2 = Definite, repetitive preoccupation that intrudes into family life, but does not

disrupt it significantly; or definite, repetitive preoccupation that does not cause

substantial interference with social functioning, but which does constrain or intrude

upon subject's other activities
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3 = Definite preoccupation that causes substantial interference or social
impairment and severely limits the subject's other activities

9 = N/K or not asked
75. EUNPROC -Unusual preoccupations (ever)

0 = No unusual preoccupations

1 = Unusual preoccupation that does not interfere with significant activities of
family life or does not cause social impairment of the subject

2 = Definite, repetitive preoccupation that intrudes into family life, but does not
disrupt it significantly; or definite, repetitive preoccupation that does not cause
substantial interference with social functioning, but which does constrain or intrude
upon subject's other activities

3 = Definite preoccupation that causes substantial interference or social
impairment and severely limits the subject's other activities

9 = N/K or not asked
76. CCIRINT -Circumscribed interests (current)

0 = No circumscribed interests

1 = Special interest of unusual degree, but not definitely intrusive into or
constraining of the subject's or family's other activities

2 = Definite circumscribed interest that does not cause substantial interference
with social functioning, but which does constrain or intrude upon subject's or family's
other activities

3 = Definite circumscribed interest that causes clear-cut social impairment

8 = N/A (age below 3.0 years)

9 = N/K or not asked
77. ECIRINT -Circumscribed interests (ever)

0 = No circumscribed interests
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1 = Special interest of unusual degree, but not definitely intrusive into or
constraining of the subject's or family's other activities

2 = Definite circumscribed interest that does not cause substantial interference
with social functioning, but which does constrain or intrude upon subject's or family's
other activities

3 = Definite circumscribed interest that causes clear-cut social impairment

8 = N/A (age below 3.0 years)

9 = N/K or not asked
78. CUSEOBJ -Repetitive use of objects or interest in parts of objects (current)

0 = Little or no repetitive use of objects

1 = some repetitive use of objects (e.g., shaking strings or spinning things), or
interest in parts (e.g., turning wheels and dials) or very specific types of objects (e.g.,
collecting bits of paper), in conjunction with several other activities but not causing
social impairment

2 = Play linked to highly stereotypic use of objects or attention to specific parts or
types of objects, but which does not constrain or intrude upon subject's other
activities

3 = Play linked to highly stereotypic use of objects to an extent that prevents or
seriously interferes with other activities

7 = An interest in "infant" toys, such as music boxes or rattles, but play is with a
variety of objects and not in a highly stereotypic fashion

8 = N/A (no play with objects)

9 = N/K or not asked
79. EUSEOBJ -Repetitive use of objects or interest in parts of objects (ever)

0 = Little or no repetitive use of objects

1 = some repetitive use of objects (e.g., shaking strings or spinning things), or

interest in parts (e.g., turning wheels and dials) or very specific types of objects (e.g.,
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collecting bits of paper), in conjunction with several other activities but not causing
social impairment

2 = Play linked to highly stereotypic use of objects or attention to specific parts or
types of objects, but which does not constrain or intrude upon subject's other
activities

3 = Play linked to highly stereotypic use of objects to an extent that prevents or
seriously interferes with other activities

7 = An interest in "infant" toys, such as music boxes or rattles, but play is with a
variety of objects and not in a highly stereotypic fashion

8 = N/A (no play with objects)

9 = N/K or not asked
80. CCRIT -Compulsions/rituals (current)

0 = No compulsions/rituals

1 = Some activities with unusually fixed sequences, but no activity that appears
compulsive in quality

2 = One or more activities that subject has to perform in a special way; subject
appears to be under pressure or becomes anxious if activity disrupted, or family goes
to unusual lengths to avoid interrupting ritual or to make sure subject is forewarned
if it is necessary to interrupt her/him; compulsive quality present, but little
interference with family life or social impairment

3 = One or more activities that subject has to perform in a special way; subject
appears to be under marked pressure or becomes extremely anxious or distressed if
activity disrupted; degree of compulsive quality intrudes upon family life or causes
definite social impairment to subject

9 = N/K or not asked
81. ECRIT -Compulsions/rituals (ever)

0 = No compulsions/rituals
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1 = Some activities with unusually fixed sequences, but no activity that appears
compulsive in quality

2 = One or more activities that subject has to perform in a special way; subject
appears to be under pressure or becomes anxious if activity disrupted, or family goes
to unusual lengths to avoid interrupting ritual or to make sure subject is forewarned
if it is necessary to interrupt her/him; compulsive quality present, but little
interference with family life or social impairment

3 = One or more activities that subject has to perform in a special way; subject
appears to be under marked pressure or becomes extremely anxious or distressed if
activity disrupted; degree of compulsive quality intrudes upon family life or causes
definite social impairment to subject

9 = N/K or not asked
82. CUNSENS -Unusual sensory interests (current)

0 = Has no unusual sensory interests

1 = Shows one or two unusual interests regularly

2 = Has unusual sensory interest that takes up a major amount of time or
prevents or limits alternative use of that material in its ordinary function

9 = N/K or not asked
83. EUNSENS -Unusual sensory interests (ever)

0 = Has no unusual sensory interests

1 = Shows one or two unusual interests regularly

2 = Has unusual sensory interest that takes up a major amount of time or
prevents or limits alternative use of that material in its ordinary function

9 = N/K or not asked
84. CNOISE -Undue general sensitivity to noise (current)

0 = No general sensitivity to noise
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1 = Slight sensitivity to noise: somewhat sensitive to loud sounds such as the
vacuum cleaner, motorbikes, or other appliances

2 = Definite sensitivity to noises that are not distressing to most other people, the
sensitivity being accompanied by a clear behavioral change (such as avoidance,
hands over ears, or crying)

3 = Definite sensitivity to noises to the extent that subject's distress/disturbance in
relation to certain noises interferes with family or household routines

9 = N/K or not asked
85. ENOISE -Undue general sensitivity to noise (ever)

0 = No general sensitivity to noise

1 = Slight sensitivity to noise: somewhat sensitive to loud sounds such as the
vacuum cleaner, motorbikes, or other appliances

2 = Definite sensitivity to noises that are not distressing to most other people, the
sensitivity being accompanied by a clear behavioral change (such as avoidance,
hands over ears, or crying)

3 = Definite sensitivity to noises to the extent that subject's distress/disturbance in
relation to certain noises interferes with family or household routines

9 = N/K or not asked
86. CABINR -Abnormal idiosyncratic negative response to specific sensory stimuli
(current)

0 = No predictable, abnormal, idiosyncratic, negative response to specific sensory
stimuli

1 = Predictable, abnormal, idiosyncratic, negative response to one or more specific
stimuli, but reaction mild or controllable so does not give rise to avoidance or to any
interference with ordinary life

2 = Predictable, abnormal, idiosyncratic, negative response to one or more specific

stimuli; some intrusion into ordinary activities so there are occasional
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tantrums/disturbances or attempts by family to avoid subject being exposed to
specific stimulus; however, no substantial interference with general pattern of family
life

3 = Predictable, abnormal, idiosyncratic, negative response to one or more specific
stimuli that causes substantial interference with family life or totally, or almost
totally, prevents some activity

9 = N/K or not asked
87. EABINR -Abnormal idiosyncratic negative response to specific sensory stimuli
(ever)

0 = No predictable, abnormal, idiosyncratic, negative response to specific sensory
stimuli

1 = Predictable, abnormal, idiosyncratic, negative response to one or more specific
stimuli, but reaction mild or controllable so does not give rise to avoidance or to any
interference with ordinary life

2 = Predictable, abnormal, idiosyncratic, negative response to one or more specific
stimuli; some intrusion into ordinary activities so there are occasional
tantrums/disturbances or attempts by family to avoid subject being exposed to
specific stimulus; however, no substantial interference with general pattern of family
life

3 = Predictable, abnormal, idiosyncratic, negative response to one or more specific
stimuli that causes substantial interference with family life or totally, or almost
totally, prevents some activity

9 = N/K or not asked
88. CCHANGE -Difficulties with minor changes in subject’s own routines or
personal environment (current)

0 = No difficulties with minor changes in own subject's own routines
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1 = Unusually negative reaction to minor changes in subject's own routines, but
with no serious distress and little or no interference in family life

2 = Definite, unusual reactions to minor changes in subject's own routines, causing
resistance or distress/or family going to unusual lengths to avoid changing minor
aspects of subject's routines or to prepare subject for minor changes; but no
substantial interference in family life

3 = Definite, unusual, and marked resistance to minor changes in subject's own
routines, with substantial interference with or impairment of family activities

9 = N/K or not asked
89. ECHANGE -Difficulties with minor changes in subject’s own routines or
personal environment (ever)

0 = No difficulties with minor changes in own subject's own routines

1 = Unusually negative reaction to minor changes in subject's own routines, but
with no serious distress and little or no interference in family life

2 = Definite, unusual reactions to minor changes in subject's own routines, causing
resistance or distress/or family going to unusual lengths to avoid changing minor
aspects of subject's routines or to prepare subject for minor changes; but no
substantial interference in family life

3 = Definite, unusual, and marked resistance to minor changes in subject's own
routines, with substantial interference with or impairment of family activities

9 = N/K or not asked
90. CRESIS -Resistance of trivial changes in the environment, not directly
affecting the subject (current)

0 = None

1 = Unusually negative reaction to trivial changes in the environment, but with no

serious distress and little or no interference in family life
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2 = Definite, unusual reactions to trivial changes in the environment, causing
marked distress or causing family to g¢o to unusual lengths to avoid trivial changes in
the environment or to prepare subject for such trivial changes; but no substantial
interference in family life

3 = Definite, unusual, and marked resistance to trivial changes in the environment,
with substantial interference with or impairment of family activities

9 = N/K or not asked
91. ERESIS -Resistance of trivial changes in the environment, not directly
affecting the subject (ever)

0 = None

1 = Unusually negative reaction to trivial changes in the environment, but with no
serious distress and little or no interference in family life

2 = Definite, unusual reactions to trivial changes in the environment, causing
marked distress or causing family to go to unusual lengths to avoid trivial changes in
the environment or to prepare subject for such trivial changes; but no substantial
interference in family life

3 = Definite, unusual, and marked resistance to trivial changes in the environment,
with substantial interference with or impairment of family activities

9 = N/K or not asked
92. CUATT -Unusual attachment to objects (current)

0 = No attachment or attachment only to cuddly object used as comforter

1 = Some attachment to slightly unusual object, such as piece of paper or soft
brush, or several similar interchangeable objects, but puts down if asked to do so
and can tolerate separation from it; no interference with activities

2 = Attachment to an unusual object causes significant distress on separation or
causes caregivers to try to ensure object always readily available for subject because

of anticipated distress; occasional interference with activities
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3 = Unusual attachment so intrusive that it prevents many everyday activities

6 = Attachment to soother/comforter or blanket or other usual object beyond age
5 or with such intensity that interferes with social functioning or activities (if has also
had an unusual attachment, code that instead)

7 = Series of short-lasting (1-3 days) attachments to unusual objects or groups of
objects, replaced by new attachment to different kind of unusual object also for
short time

9 = N/K or not asked
93. EUATT -Unusual attachment to objects (ever)

0 = No attachment or attachment only to cuddly object used as comforter

1 = Some attachment to slightly unusual object, such as piece of paper or soft
brush, or several similar interchangeable objects, but puts down if asked to do so
and can tolerate separation from it; no interference with activities

2 = Attachment to an unusual object causes significant distress on separation or
causes caregivers to try to ensure object always readily available for subject because
of anticipated distress; occasional interference with activities

3 = Unusual attachment so intrusive that it prevents many everyday activities

6 = Attachment to soother/comforter or blanket or other usual object beyond age
5 or with such intensity that interferes with social functioning or activities (if has also
had an unusual attachment, code that instead)

7 = Series of short-lasting (1-3 days) attachments to unusual objects or groups of
objects, replaced by new attachment to different kind of unusual object also for
short time

9 = N/K or not asked
94. CHFMAN -Hand and finger mannerisms (current)

0 = No hand and finger mannerisms
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1 = Occasional hand and finger mannerisms only or type not as clearly specified
as for rating of "2"; 2 = Definite, frequent hand mannerisms or finger flicking/twisting,
but no interference with other activities or distress if interrupted

3 = Marked mannerisms of type specified; associated with social impairment or
distress when interrupted or infrequent interruption due to others' concern about
subject's reaction

8 = N/A (e.q., physically disabled)

9 = N/K or not asked
95. EHFMAN -Hand and finger mannerisms (ever)

0 = No hand and finger mannerisms

1 = Occasional hand and finger mannerisms only or type not as clearly specified
as for rating of "2"; 2 = Definite, frequent hand mannerisms or finger flicking/twisting,
but no interference with other activities or distress if interrupted

3 = Marked mannerisms of type specified; associated with social impairment or
distress when interrupted or infrequent interruption due to others' concern about
subject's reaction

8 = N/A (e.g., physically disabled)

9 = N/K or not asked
96. COTHMAN -Other complex mannerisms or stereotyped body movements,
do not include isolated rocking (current)

0 = No hand and finger mannerisms

1 = Occasional hand and finger mannerisms only or type not as clearly specified
as for rating of "2"; 2 = Definite, frequent hand mannerisms or finger flicking/twisting,
but no interference with other activities or distress if interrupted

3 = Marked mannerisms of type specified; associated with social impairment or
distress when interrupted or infrequent interruption due to others' concern about

subject's reaction
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8 = N/A (e.g., physically disabled)

9 = N/K or not asked
97. EOTHMAN -Other complex mannerisms or stereotyped body movements, do
not include isolated rocking (ever)

0 = No complex mannerisms or stereotyped body movements

1 = Only occasional complex mannerisms or stereotyped body movements

2 = Definite, frequent other mannerisms or stereotypies, but will stop without
distress if interrupted

3 = Marked mannerisms associated with social impairment

8 = N/A

9 = N/K or not asked
98. CMLHAND -Mid-line hand movements (current)

0 = No midline hand movements

1 = Only occasional midline hand movements or type not as clearly specified as
for a rating of "2"

2 = Definite abnormal wringing hand movements mainly in the midline

8 = N/A

9 = N/K or not asked
99. EMLHAND -Mid-line hand movements (ever)

0 = No midline hand movements

1 = Only occasional midline hand movements or type not as clearly specified as
for a rating of "2"

2 = Definite abnormal wringing hand movements mainly in the midline

8 = N/A

9 = N/K or not asked
100. CGAIT -Gait (current)

0 = Normal gait
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1 = Somewhat unusual gait

2 = Definitely odd gait (e.g., toe-walking or abnormal bouncing)

3 = Gait sufficiently odd to be noticed by others outside family or teachers

7 = Gait apparently due to a neurological condition or to severe developmental
motor impairment

8 = N/A

9 = N/K or not asked
101. GAIT5 -Gait (most abnormal)

0 = Normal gait

1 = Somewhat unusual gait

2 = Definitely odd gait (e.g., toe-walking or abnormal bouncing)

3 = Gait sufficiently odd to be noticed by others outside family or teachers

7 = Gait apparently due to a neurological condition or to severe developmental
motor impairment

8 = N/A

9 = N/K or not asked
102. CAGGFAM -Aggression to caregivers or family members (current)

0 = No aggression or only rare episodes; rare aggressiveness, not a significant
problem

1 = Mild aggressiveness only (threatening without physical contact; or behavior
that might represent just unduly rough play or momentary, provoked lashing out)

2 = Definite physical aggression involving hitting or biting but no use of
implements

3 = Violence that involves the use of implements

9 = N/K or not asked

103. EAGGFAM -Aggression to caregivers or family members (ever)
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0 = No aggression or only rare episodes; rare aggressiveness, not a significant
problem

1 = Mild aggressiveness only (threatening without physical contact; or behavior
that might represent just unduly rough play or momentary, provoked lashing out)

2 = Definite physical aggression involving hitting or biting but no use of
implements

3 = Violence that involves the use of implements

9 = N/K or not asked
104. CAGGOTH -Aggression to non-caregivers or non-family members (current)

0 = Aggression rare, not a significant problem

1 = Mild aggressiveness only (threatening without physical contact; or behavior
that might represent just unduly rough play or momentary provoked lashing out)

2 = Definite physical aggression involving hitting or biting but no use of
implements

3 = Violence that involves the use of implements

9 = N/K or not asked
105. EAGGOTH -Aggression to non-caregivers or non-family members (ever)

0 = Aggression rare, not a significant problem

1 = Mild aggressiveness only (threatening without physical contact; or behavior
that might represent just unduly rough play or momentary provoked lashing out)

2 = Definite physical aggression involving hitting or biting but no use of
implements

3 = Violence that involves the use of implements

9 = N/K or not asked
106. CSLFINJ -Self injury (current)

0 = No self-injury
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1 = Slight self-injury (e.g., occasionally bites own hand/arm when annoyed, pulls
hair, or slaps face); no substantial tissue damage

2 = Self-injury definitely present (e.g., actual bruises or calluses, repeated head
banging, hair pulling, biting associated with definite tissue damage; do not count
picking of spots)

3 = Definite self-injury with serious damage (e.g., skull fracture, eye injury, etc.)

9 = N/K or not asked
107. ESLFINJ -Self injury (ever)

0 = No self-injury

1 = Slight self-injury (e.g., occasionally bites own hand/arm when annoyed, pulls
hair, or slaps face); no substantial tissue damage

2 = Self-injury definitely present (e.g., actual bruises or calluses, repeated head
banging, hair pulling, biting associated with definite tissue damage; do not count
picking of spots)

3 = Definite self-injury with serious damage (e.g., skull fracture, eye injury, etc.)

9 = N/K or not asked
108. CHVENT -Hyperventilation (current)

0 = No hyperventilating

1 = Occasional hyperventilating

2 = Frequent hyperventilating

9 = N/K or not asked
109. EHVENT -Hyperventilation (ever)

0 = No hyperventilating

1 = Occasional hyperventilating

2 = Frequent hyperventilating

9 = N/K or not asked

110. CFAINT -Faints/fits/blackouts (current)
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0 = No attacks

1 = History of attacks that might be epileptic, but diagnosis not established

2 = Definite diagnosis of epilepsy

7 = Febrile convulsions only, with no continuing daily medication outside the
period of fever

9 = N/K or not asked
111. EFAINT -Faints/fits/blackouts (ever)

0 = No attacks

1 = History of attacks that might be epileptic, but diagnosis not established

2 = Definite diagnosis of epilepsy

7 = Febrile convulsions only, with no continuing daily medication outside the
period of fever

9 = N/K or not asked
112. CVISSPZ -Visuospatial ability, i.e. in puzzles, jigsaws, shapes, patterns, etc.
(current)

0 = No outstanding skills/knowledge in relation to overall level of ability, whether
high or low

1 = Isolated skillZknowledge that is definitely out of keeping with subject's general
level of ability, but not above general population norms

2 = Isolated skillZknowledge that is definitely above the subject's general level of
ability and above the general population's normal level, but is not used functionally
or meaningfully to any marked extent (e.g., a preschool child who can read without
comprehension or a calendrical calculator would be coded here)

7 = Isolated skillZknowledge that is above the subject's general level and above
the normal population's level of ability and is used meaningfully (i.e., genuine talent

or ability used adaptively, such as performing music for others' enjoyment or
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participating in age-appropriate children's hobbies such as model-building or
computer programming); subject is recognized by peers as having exceptional skill

8 = N/A (e.g., reading in a nonverbal subject)

9 = N/K or not asked
113. EVISSPZ -Visuospatial ability, i.e. in puzzles, jigsaws, shapes, patterns, etc.
(ever)

0 = No outstanding skills/knowledge in relation to overall level of ability, whether
high or low

1 = Isolated skillZknowledge that is definitely out of keeping with subject's general
level of ability, but not above general population norms

2 = Isolated skillZknowledge that is definitely above the subject's general level of
ability and above the general population's normal level, but is not used functionally
or meaningfully to any marked extent (e.g., a preschool child who can read without
comprehension or a calendrical calculator would be coded here)

7 = Isolated skillZknowledge that is above the subject’s general level and above
the normal population's level of ability and is used meaningfully (i.e., genuine talent
or ability used adaptively, such as performing music for others' enjoyment or
participating in age-appropriate children's hobbies such as model-building or
computer programming); subject is recognized by peers as having exceptional skill

8 = N/A (e.g., reading in a nonverbal subject)

9 = N/K or not asked
114. CMEMZ -Memory skill, accurate memory for detail, as of dates or
timetables (current)

0 = No outstanding skills/knowledge in relation to overall level of ability, whether
high or low

1 = Isolated skillZknowledge that is definitely out of keeping with subject's general

level of ability, but not above general population norms
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2 = Isolated skill’knowledge that is definitely above the subject's general level of
ability and above the general population's normal level, but is not used functionally
or meaningfully to any marked extent (e.g., a preschool child who can read without
comprehension or a calendrical calculator would be coded here)

7 = Isolated skill/knowledge that is above the subject's general level and above
the normal population's level of ability and is used meaningfully (i.e., genuine talent
or ability used adaptively, such as performing music for others' enjoyment or
participating in age-appropriate children's hobbies such as model-building or
computer programming); subject is recognized by peers as having exceptional skill

8 = N/A (e.g., reading in a nonverbal subject)

9 = N/K or not asked
115. EMEMZ -Memory skill, accurate memory for detail, as of dates or
timetables (ever)

0 = No outstanding skills/knowledge in relation to overall level of ability, whether
high or low

1 = Isolated skillZknowledge that is definitely out of keeping with subject's general
level of ability, but not above general population norms

2 = Isolated skillZknowledge that is definitely above the subject's general level of
ability and above the general population's normal level, but is not used functionally
or meaningfully to any marked extent (e.g., a preschool child who can read without
comprehension or a calendrical calculator would be coded here)

7 = Isolated skillZknowledge that is above the subject's general level and above
the normal population's level of ability and is used meaningfully (i.e., genuine talent
or ability used adaptively, such as performing music for others' enjoyment or
participating in age-appropriate children's hobbies such as model-building or
computer programming); subject is recognized by peers as having exceptional skill

8 = N/A (e.g., reading in a nonverbal subject)
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9 = N/K or not asked
116. CMUSICZ -Musical ability, recognition, composition, absolute, pitch, or
performance (current)

0 = No outstanding skills/knowledge in relation to overall level of ability, whether
high or low

1 = Isolated skill/knowledge that is definitely out of keeping with subject's general
level of ability, but not above general population norms

2 = Isolated skillZknowledge that is definitely above the subject's general level of
ability and above the general population's normal level, but is not used functionally
or meaningfully to any marked extent (e.g., a preschool child who can read without
comprehension or a calendrical calculator would be coded here)

7 = Isolated skill/knowledge that is above the subject's general level and above
the normal population's level of ability and is used meaningfully (i.e., genuine talent
or ability used adaptively, such as performing music for others' enjoyment or
participating in age-appropriate children's hobbies such as model-building or
computer programming); subject is recognized by peers as having exceptional skill

8 = N/A (e.g., reading in a nonverbal subject)

9 = N/K or not asked
117. EMUSICZ -Musical ability, recognition, composition, absolute, pitch, or
performance (ever)

0 = No outstanding skills/knowledge in relation to overall level of ability, whether
high or low

1 = Isolated skillZknowledge that is definitely out of keeping with subject's general
level of ability, but not above general population norms

2 = Isolated skillZknowledge that is definitely above the subject's general level of

ability and above the general population's normal level, but is not used functionally
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or meaningfully to any marked extent (e.g., a preschool child who can read without
comprehension or a calendrical calculator would be coded here)

7 = Isolated skill/knowledge that is above the subject's general level and above
the normal population's level of ability and is used meaningfully (i.e., genuine talent
or ability used adaptively, such as performing music for others' enjoyment or
participating in age-appropriate children's hobbies such as model-building or
computer programming); subject is recognized by peers as having exceptional skill

8 = N/A (e.g., reading in a nonverbal subject)

9 = N/K or not asked
118. CDRAWZ -Drawing skill, unusually skilled use of perspective or creative
approach (current)

0 = No outstanding skills/knowledge in relation to overall level of ability, whether
high or low

1 = Isolated skillZknowledge that is definitely out of keeping with subject's general
level of ability, but not above general population norms

2 = Isolated skillZknowledge that is definitely above the subject's general level of
ability and above the general population's normal level, but is not used functionally
or meaningfully to any marked extent (e.g., a preschool child who can read without
comprehension or a calendrical calculator would be coded here)

7 = Isolated skillZknowledge that is above the subject's general level and above
the normal population's level of ability and is used meaningfully (i.e., genuine talent
or ability used adaptively, such as performing music for others' enjoyment or
participating in age-appropriate children's hobbies such as model-building or
computer programming); subject is recognized by peers as having exceptional skill

8 = N/A (e.g., reading in a nonverbal subject)

9 = N/K or not asked
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119. EDRAWZ -Drawing skill, unusually skilled use of perspective or creative
approach (ever)

0 = No outstanding skills/knowledge in relation to overall level of ability, whether
high or low

1 = Isolated skillZknowledge that is definitely out of keeping with subject's general
level of ability, but not above general population norms

2 = Isolated skillZknowledge that is definitely above the subject's general level of
ability and above the general population's normal level, but is not used functionally
or meaningfully to any marked extent (e.g., a preschool child who can read without
comprehension or a calendrical calculator would be coded here)

7 = Isolated skill/knowledge that is above the subject's general level and above
the normal population's level of ability and is used meaningfully (i.e., genuine talent
or ability used adaptively, such as performing music for others' enjoyment or
participating in age-appropriate children's hobbies such as model-building or
computer programming); subject is recognized by peers as having exceptional skill

8 = N/A (e.g., reading in a nonverbal subject)

9 = N/K or not asked
120. CREADZ -Reading ability e.g. early sight reading (current)

0 = No outstanding skills/knowledge in relation to overall level of ability, whether
high or low

1 = Isolated skillZknowledge that is definitely out of keeping with subject's general
level of ability, but not above general population norms

2 = Isolated skillZknowledge that is definitely above the subject's general level of
ability and above the general population's normal level, but is not used functionally
or meaningfully to any marked extent (e.g., a preschool child who can read without

comprehension or a calendrical calculator would be coded here)
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7 = Isolated skill/knowledge that is above the subject's general level and above
the normal population's level of ability and is used meaningfully (i.e., genuine talent
or ability used adaptively, such as performing music for others' enjoyment or
participating in age-appropriate children's hobbies such as model-building or
computer programming); subject is recognized by peers as having exceptional skill

8 = N/A (e.g., reading in a nonverbal subject)

9 = N/K or not asked
121. EREADZ -Reading ability e.g. early sight reading (ever)

0 = No outstanding skills/knowledge in relation to overall level of ability, whether
high or low

1 = Isolated skillZknowledge that is definitely out of keeping with subject's general
level of ability, but not above general population norms

2 = Isolated skillZknowledge that is definitely above the subject's general level of
ability and above the general population's normal level, but is not used functionally
or meaningfully to any marked extent (e.g., a preschool child who can read without
comprehension or a calendrical calculator would be coded here)

7 = Isolated skillZknowledge that is above the subject's general level and above
the normal population's level of ability and is used meaningfully (i.e., genuine talent
or ability used adaptively, such as performing music for others' enjoyment or
participating in age-appropriate children's hobbies such as model-building or
computer programming); subject is recognized by peers as having exceptional skill

8 = N/A (e.g., reading in a nonverbal subject)

9 = N/K or not asked
122. CCOMPUZ -Computational ability e.g. mental arithmetic (current)

0 = No outstanding skills/knowledge in relation to overall level of ability, whether

high or low
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1 = Isolated skillZknowledge that is definitely out of keeping with subject's general
level of ability, but not above general population norms

2 = Isolated skillZknowledge that is definitely above the subject's general level of
ability and above the general population's normal level, but is not used functionally
or meaningfully to any marked extent (e.g., a preschool child who can read without
comprehension or a calendrical calculator would be coded here)

7 = Isolated skill/knowledge that is above the subject's general level and above
the normal population's level of ability and is used meaningfully (i.e., genuine talent
or ability used adaptively, such as performing music for others' enjoyment or
participating in age-appropriate children's hobbies such as model-building or
computer programming); subject is recognized by peers as having exceptional skill

8 = N/A (e.g., reading in a nonverbal subject)

9 = N/K or not asked
123. ECOMPUZ -Computational ability e.g. mental arithmetic (current)

0 = No outstanding skills/knowledge in relation to overall level of ability, whether
high or low

1 = Isolated skillZknowledge that is definitely out of keeping with subject's general
level of ability, but not above general population norms

2 = Isolated skillZknowledge that is definitely above the subject's general level of
ability and above the general population's normal level, but is not used functionally
or meaningfully to any marked extent (e.g., a preschool child who can read without
comprehension or a calendrical calculator would be coded here)

7 = Isolated skillZknowledge that is above the subject's general level and above
the normal population's level of ability and is used meaningfully (i.e., genuine talent
or ability used adaptively, such as performing music for others' enjoyment or
participating in age-appropriate children's hobbies such as model-building or

computer programming); subject is recognized by peers as having exceptional skill
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8 = N/A (e.g., reading in a nonverbal subject)
9 = N/K or not asked
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A131991 37 AzUUU ADI-R lafevasdUigasiiduanaiungudasinldlunisiasem

ANFUNUS TIBUNUTEAUNISHENIDBNVBILUSAU

ADI-R scores (Mean + SD)

ADI-R scores (Mean * SD)

ADI-R items L subgroup M subgroup S subgroup ADI-R items L subgroup M subgroup S subgroup
LEVELL 1.33 £ 0.52 0.00 + 0.00 0.00 + 0.00 SOPLAY5 1.40 £ 1.14 1.50 + 1.38 0.67 + 0.52
CCOMPSL 1.67 + 1.03 0.33 + 0.58 0.17 £ 0.41 CINTCH 1.80 + 1.30 2.00 + 0.00 0.40 + 0.55
COMPSL5 2.20 + 0.84 2.00 + 0.00 1.00 £ 1.26 INTCH5 1.80 + 1.30 1.67 £ 1.37 1.00 + 1.26
CUSEBOD 117 + 1.17 0.00 + 0.00 0.00 + 0.00 CRESPCH 1.00 + 0.71 3.00 + 0.00 0.40 + 0.55
EUSEBOD 1.67 +1.21 0.50 + 0.84 0.83 + 1.33 RESPCH5 1.60 + 1.14 117 +1.17 0.67 +0.82
CARTIC 1.00 £ 0.71 0.00 + 0.00 0.17 + 0.41 CGRPLAY 2.40 £ 0.55 0.75 + 0.50
ARTICF5 2.00 + 0.00 0.17 £ 0.41 0.40 + 0.89 GRPLAY5 2.60 + 0.55 1.67 + 1.37 1.20 + 1.10
CSTEREO 0.25 + 0.50 1.67 £ 1.03 1.67 + 0.52 CFRIEND 2.67 +0.52 2.00 + 1.26 1.50 + 1.05
ESTEREO 0.25 + 0.50 1.67 + 1.03 1.67 £ 0.52 FREND15 3.00 + 0.00 1.83 + 1.17 283 +0.41
CCHAT 1.67 £ 1.03 1.50 + 0.55 1.00 + 0.89 CSOCDIS 2.20 £ 0.45 0.60 + 0.89 1.67 + 0.52
CHATS 2.00 + 0.00 1.83 + 0.98 1.33 + 1.03 SOCDIS5 2.60 + 0.55 1.20 + 1.30 217 £0.75
CCONVER 3.00 + 0.00 1.83 + 0.98 1.83 + 0.75 CUNPROC 0.50 + 0.84 0.00 + 0.00 0.33 +0.82
CONVER5 3.00 + 0.00 1.00 + 0.89 1.33 £ 0.82 EUNPROC 0.83 +0.98 0.00 + 0.00 0.33 +0.82
CINAPPQ 3.00 + 0.00 0.40 + 0.55 1.17 £ 0.98 CCIRINT 0.20 + 0.45 0.00 + 0.00 0.50 + 0.84
EINAPPQ 3.00 + 0.00 1.00 + 0.89 1.33+0.82 ECIRINT 0.60 + 0.89 0.00 + 0.00 1.00 + 1.26
CPRON 3.00 + 0.00 0.40 +0.89 0.67 £ 1.21 CUSEOBJ 1.00 + 1.55 0.17 £ 0.41 0.67 + 0.82
EPRON 3.00 + 0.00 0.40 + 0.89 1.17 + 1.47 EUSEOBJ 1.67 + 1.51 0.83 + 1.33 1.67 +0.82
CNEOID 3.00 + 0.00 0.00 + 0.00 0.17 + 0.41 CCRIT 0.50 + 0.84 0.00 + 0.00 0.83 + 1.17
ENEOID 3.00 + 0.00 0.20 £ 0.45 0.33 + 0.52 ECRIT 0.67 +0.82 0.17 £ 0.41 1.50 + 1.38
CVERRIT 3.00 + 0.00 0.00 + 0.00 0.17 + 0.41 CUNSENS 0.67 + 0.52 0.00 + 0.00 0.83 +0.41
EVERRIT 3.00 + 0.00 0.50 + 1.22 0.83 + 0.98 EUNSENS 0.83 +0.41 0.33 +0.52 1.17 £ 0.41
CINR 3.00 + 0.00 0.83 £ 0.75 1.50 + 0.55 CNOISE 1.33 + 0.82 0.17 + 0.41 0.67 + 1.03
EINR 3.00 + 0.00 1.00 + 0.89 1.83 + 0.41 ENOISE 1.33 + 0.82 0.67 + 1.03 0.83 +1.33
CSPEECH 3.00 + 0.00 0.67 + 0.52 0.33 + 0.52 CABINR 0.67 + 0.82 0.33 + 0.82 0.67 +0.82
SPEECH5 3.00 + 0.00 1.33 +1.03 1.00 + 1.26 EABINR 0.83 £ 0.75 0.33 + 0.82 0.83 + 1.17
CPOINT 1.00 + 1.10 1.00 + 1.10 0.83 + 0.98 CCHANGE 1.00 + 0.89 0.50 + 0.84 0.67 +0.82
POINT5 1.20 £ 1.10 1.40 + 0.89 1.00 + 0.89 ECHANGE 1.17 + 0.98 0.83 +0.98 1.33 + 0.82
CNOD 1.17 + 0.98 0.50 + 0.84 0.67 + 1.03 CRESIS 0.50 + 0.84 0.17 + 0.41 0.17 + 0.41
NOD5 1.60 + 0.89 1.40 + 0.89 0.67 + 1.03 ERESIS 0.67 + 0.82 0.17 + 0.41 0.17 + 0.41
CHSHAKE 1.50 + 0.84 0.67 + 1.03 0.67 + 1.03 CUATT 1.17 £ 2.86 0.17 + 0.41 0.17 +0.41
HSHAKES5 1.60 + 0.89 1.33 + 1.03 0.67 + 1.03 EUATT 233 +3.61 0.17 + 0.41 0.33 + 0.52
CINSGES 1.50 + 1.05 1.00 + 1.26 0.67 + 0.82 CHFMAN 0.83 + 1.17 0.50 + 0.84 0.17 £ 0.41
INSGES5 2.00 + 1.41 1.83 + 1.17 0.67 + 0.82 EHFMAN 0.83 + 1.17 1.00 + 1.10 0.67 +0.82
AVOICE5 2.00 +0.71 1.50 + 1.05 1.33 + 0.82 COTHMAN 1.33 + 1.03 0.00 + 0.00 0.33 +0.82
CIMIT 2.40 + 0.89 1.60 + 1.34 EOTHMAN 1.67 + 1.03 0.00 + 0.00 1.17 + 1.47
IMIT5 2.80 + 0.45 217 +1.17 1.83 +1.33 CMLHAND 0.00 + 0.00 0.00 + 0.00 0.00 + 0.00
CPLAY 1.80 + 1.30 1.00 + 1.00 EMLHAND 0.00 + 0.00 0.00 + 0.00 0.17 + 0.41
PLAY5 2.60 + 0.89 1.50 + 1.38 133 £ 1.21 CGAIT 0.83 + 1.33 0.17 £ 0.41 0.33 +0.52
CPEERPL 2.00 £ 0.71 0.80 + 0.84 GAIT5 0.80 + 0.84 0.67 + 1.03 1.00 + 1.41
PEERPL5 2.40 + 0.89 1.67 + 1.37 117 + 1.17 CAGGFAM 0.83 £ 0.75 1.00 + 0.82 0.00 + 0.00
GAZES 1.80 + 1.10 1.50 + 1.22 1.00 + 0.63 EAGGFAM 2.00 + 1.10 1.50 + 0.58 0.00 + 0.00
CSSMILE 1.00 + 0.89 1.00 £ 1.26 0.50 + 0.84 CAGGOTH 1.00 + 1.10 0.00 + 0.00 0.00 + 0.00
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SSMILES 1.60 + 0.89 1.60 +1.14 0.67 +0.82 EAGGOTH 1.67 +0.82 0.50 + 1.00 0.00 = 0.00
CSHOW 1.67 £ 1.37 0.60 + 0.89 0.67 + 1.21 CSLFINJ 0.33 + 0.52 0.00 + 0.00 1.00 + 0.00
SHOW5 2.60 = 0.55 133 +1.21 0.83 + 1.17 ESLFINJ 1.00 + 1.10 0.17 + 0.41 2.00 + 1.41
COSHARE 2.33 +0.52 117 +£1.33 0.67 + 1.21 CHVENT 0.33 + 0.52 0.00 + 0.00 0.00 + 0.00
OSHARE5 2.80 = 0.45 117+ 133 117 + 1.17 EHVENT 0.50 + 0.55 0.00 + 0.00 0.00 = 0.00
CSHARE 1.17 £ 0.98 0.80 + 0.45 0.33 +0.52 CFAINT 0.00 + 0.00 0.00 = 0.00 0.40 + 0.89
SHARES 1.60 £ 0.89 1.33+£0.82 0.83 + 0.98 EFAINT 0.00 + 0.00 0.40 + 0.89 0.40 + 0.89
COCOMF 0.83 £ 0.75 0.67 +1.21 0.50 + 0.55 CVISSPZ 1.00 + 1.55 0.50 + 1.22 3.00 £ 0.00
OCOMF5 1.80 £ 1.30 133+1.21 0.67 + 0.52 EVISSPZ 1.00 £ 1.55 0.50 + 1.22 3.00 + 0.00
CQUALOV 117+ 1.17 0.60 + 1.34 0.50 + 0.84 CMEMZ 0.17 £ 0.41 1.00 + 1.55 3.00 = 0.00
QUALOV5S 2.00 + 1.00 1.40 £ 1.34 0.83 + 0.98 EMEMZ 0.17 + 0.41 1.00 £ 1.55 3.00 + 0.00
CRFACEX 0.67 = 0.52 0.83 +0.41 0.17 £ 0.41 CMUsSICZ 0.33 +0.82 0.50 + 1.22 3.00 = 0.00
RFACEX5 1.00 £ 1.22 1.33+£052 0.33 + 0.52 EMUSICZ 0.33 +0.82 0.50 + 1.22 3.00 + 0.00
CINAPFE 1.00 + 0.00 1.00 + 0.63 1.17 £ 0.75 CDRAWZ 0.17 £ 0.41 0.00 + 0.00 3.00 = 0.00
EINAPFE 1.50 £ 0.84 1.33+£052 1.33+£0.82 EDRAWZ 0.17 + 0.41 0.00 + 0.00 3.00 + 0.00
CQRESP 1.67 +1.03 1.20 + 1.30 0.50 + 0.84 CREADZ 0.83 +1.33 1.00 + 1.55 3.00 = 0.00
QRESP5 2.40 + 0.89 0.83 + 1.33 0.83 + 1.17 EREADZ 1.00 £ 1.55 1.00 £ 1.55 3.00 + 0.00
CINITIA 133+1.21 0.67 + 1.03 0.83 + 0.98 CCOMPUZ 0.00 + 0.00 0.00 + 0.00 3.00 + 0.00
INITIAS 1.80 + 1.30 0.67 + 0.82 0.83 + 1.17 ECOMPUZ 0.00 + 0.00 0.00 + 0.00 3.00 = 0.00
CSOPLAY 1.00 £ 0.71 0.60 + 0.55
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1. Hussem, K., & Sarachana, T. (2019). Application of Artificial
Intelligence (Al) Analysis to Identify Biomarker Candidates for
Autism Spectrum Disorder (ASD). CASNIC, 7th. National and
International Conference.
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