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SXPPaU\: 
 
NHXUR GHYHORSPHQWDO GLVRUGHUV DUH JURXS RI FKLOGKRRG RQVHW GLVRUGHUV. TKH PRVW VHYHUH 

NDD DIIHFWV WKH PXOWLSOH GRPDLQV RI FRJQLWLYH GHYHORSPHQW DUH LQWHOOHFWXDO GLVDELOLW\ (ID), 

SHUYDVLYH GLVRUGHUV RI VRFLDO FRPPXQLFDWLRQ OLNH (AXWLVP SSHFWUXP DLVRUGHU (ASD)), PRWRU 

IXQFWLRQLQJ DQG FRJQLWLRQ (HSLOHSV\ HQFHSKDORSDWKLHV) DQG EHKDYLRXUDO UHJXODWLRQV (AWWHQWLRQ 

DHILFLW H\SHUDFWLYH DLVRUGHU, ADHD). UQGHU WKLV FDWHJRU\ VRPH RI WKHP DUH VLQJOH JHQH 

GLVRUGHUV. ASD DQG ADHD DUH FRPPRQ DQG WKH\ UHVXOW LQ PDMRU IXQFWLRQDO LPSDLUPHQW 

UHODWHG WR KLJK FR-PRUELGLW\ UDWHV. IGHQWLILFDWLRQ RI WKH GLVRUGHU-JHQH DVVRFLDWLRQ LV PDLQO\ 

XVHG WR XQGHUVWDQG WKH SDWKRJHQLHV DQG WKHUDSHXWLF WDUJHWV GLVFRYHU\. RHODWLRQVKLS EHWZHHQ 

WKH GLVHDVH/GLVRUGHU DQG JHQH FDQ EH GHWHUPLQHG E\ DQDO\VLQJ WKH JHQRPLF VHTXHQFHV. OQH RI 

WKH FKDOOHQJHV LQ SUHGLFWLQJ WKH FRPSOH[ KXPDQ GLVHDVH VWDWXV LV XVLQJ JHQRPLF GDWD. TKH 

FXUVH RI GLPHQVLRQDOLW\ UHVXOWV LQ XQVDWLVILHG SHUIRUPDQFH RI PDQ\ DOJRULWKPV. RHFHQW 

DGYDQFHPHQWV LQ PDFKLQH OHDUQLQJ LV WKH GHHS OHDUQLQJ ZKLFK FDQ EH XVHG WR H[WUDFW 

PHDQLQJIXO IHDWXUHV IURP KLJK-GLPHQVLRQDO DQG FRPSOH[ GDWDVHWV WKURXJK VWDFNHG DQG 

KLHUDUFKLFDO OHDUQLQJ SURFHVV. DHHS LHDUQLQJ DOJRULWKPV  VKRZV SURPLVLQJ SUHGLFWLYH 

SRWHQWLDO E\ DSSO\LQJ OHDUQLQJ VWUDWHJLHV EDVHG RQ SDWWHUQ FODVVLILFDWLRQ RI WKH LQSXW JHQH 

VHTXHQFH WR WKH W\SH RI SRVVLEOH GLVRUGHUV(MRKDPPHG HW. DO., 2019).  

ObjecWiYeV: 
 
Design and optimize the pathway for diagnosis, therapeutic intervention, and prognosis by 
using large multidimensional biological datasets that capture individual variability in genes, 
function and environment to identify neuro developmental disorders.  

x Duchenne muscular dystrophy  
x Cerebral palsy 
x Autism  
x ADHD 



Scope:  

To identify and predict the genomic variations among children in the following neuro 
developmental disorders using deep learning model  

� Duchenne muscular dystrophy  
� Cerebral palsy 
� Autism  
� ADHD 

The effective development of deep learning model helps to the early detection of embryonic 
neurodevelopmental disorders (ENDs) based on its prognostic values could render quality 
diagnosis and health management. 

MeWhRdRlRg\ aQd OXWcRPe: 

IQ WKLV SDSHU ZH SURSRVH PHWKRGRORJLHV WR IRUPXODWH WKH NHXUR DHYHORSPHQWDO DLVRUGHU 

GDWDVHW ZKLFK FRPSULVHV RI WKH IDVWD VHTXHQFH FRUUHVSRQGLQJ WR ADHD, ASD, DXFKHQH 

MXVFXODU DLVRUGHU (DMD) DQG CHUHEUDO PDOV\ (CP) XVLQJ ZHE VFUDSSLQJ DSSURDFK DQG 

QDWXUDO ODQJXDJH SURFHVVLQJ. TKH IRUPXODWHG GDWDVHW LV YDOLGDWHG E\ VSOLWWLQJ WKH JHQH LG IURP 

WKH VHTXHQFH XVLQJ QDWXUDO ODQJXDJH SURFHVVLQJ WHFKQLTXH DQG PDWFKLQJ ZLWK WKH GDWDVHW 

SURYLGHG E\ NCBI UHODWHG WR GHYHORSPHQWDO EUDLQ GLVRUGHU 

KWWSV://ZZZ.GEGE.XUPF.URFKHVWHU.HGX DQG GEGAP IRU ADHD WKURXJK ZHE VFUDSSLQJ 

WHFKQLTXH. TKH GDWDVHW LV IHG DV LQSXW WR WKH FRQYROXWLRQ QHXUDO QHWZRUN WR FODVVLI\ WKH JHQH 

VHTXHQFH EDVHG RQ WKH FODVV ODEHO ZKLFK FRUUHVSRQGV WR ADHD, ASD, DMD DQG CP. TKH 

SURSRVHG CNN SURYLGHV DQ DFFXUDF\ RI 95%. PURSRVHG CNN DUFKLWHFWXUH LV VKRZQ LQ ILJXUH 

1.  

  

Figure 1: Proposed CNN for classification of NDD gene sequence  

 

 



Hyperparameter Range 
Kernel size for convolution  3  
Number of kernels (in two convolution layers)  256X64 and 128X32  
Pooling method  Max pooling 
Pooling in second layer  Max Pooling  
Number of units in hidden layer (ratio to input layer)  1/3, 1/2, 2/3, 3/4, 1  
Learning algorithm  Adam 

Table 1: Hyperparameters used for CNN 

TKLV ZDV IROORZHG E\ WKH VWDWLVWLFDO DSSURDFK WR ILQG WKH FRUUHODWLRQ EHWZHHQ WKH JHQHV ZKLFK 

SOD\V D YLWDO UROH LQ GLDJQRVLQJ WKH GLVRUGHU DQG ZKLFK KDV OHDVW FRUUHODWLRQ LQ WKH GLDJQRVLV 

DQG ZKLFK W\SH RI JHQH RYHUODS EHWZHHQ WKH GLVRUGHUV. TR SHUIRUP WKLV SURFHVV ZH XVHG WKH 

ELRLQIRUPDWLFV WRROV OLNH PHWDVFDSH IRU HQULFKPHQW JHQH DQDO\VLV, MDODFDUGV IRU FRUUHODWLRQ 

DQDO\VLV DQG VLAD: GHQH LLVW AQDO\VLV DQG VLVXDOL]DWLRQ. FXUWKHU WKH SUHGLFWHG JHQHV ZKLFK 

SOD\ D OHVV VLJQLILFDQW UROH LQ WKH LGHQWLILFDWLRQ RI WKH GLVRUGHUV ZHUH LGHQWLILHG DQG WKH UHVXOWV 

DUH FRPSDUHG ZLWK WKH OLWHUDWXUH UHYLHZ WR MXVWLI\ WKH UHVXOWDQW RXWSXW. TKLV UHVHDUFK ZRUN KDV 

FOHDUO\ UHYHDOHG FRQVLGHUDEOH RYHUODS RI JHQHV LQYROYHG LQ PRUH WKDQ RQH NDD. TKH 

SURSRVHG RXWFRPH LV YDOLGDWHG ZLWK WKH WES approach which clearly demonstrated in a 

recent study based in consanguineous families with NDDs, in which 14 new candidate genes 

not previously associated with NDD disorders were identified (GRM7, STX1A, CCAR2, 

EEF1D, GALNT2, SLC44A1, LRRIQ3, AMZ2, CLMN, SEC23IP, INIP, NARG2, FAM234B, 

and TRAP1) all in patients who were homozygous for truncating mutations in each of the 

genes and with SFARI Gene bioinformatics tool. The phylogenetic tree generated for the 

formulated dataset to identify the similar and dissimilar gene sequences. The phylogenetic 

tree plotted between the gene sequences clearly depicts that Each major clusters has sub-

clusters. DMD disease sequences are clustered in the first and third major clusters. They are, 

NM 001365584.1 Homo sapiens neuroligin 4 Y-linked (NLGN4Y) transcript variant 6 

mRNA DMD and NR 028319.1 Homo sapiens neuroligin 4 Y-linked (NLGN4Y) transcript 

variant 4 non-coding RNA DMD , NM 001365591.1 Homo sapiens neuroligin 4 Y-linked 

(NLGN4Y) transcript variant 10 mRNA DMD and NM 001365586.1 Homo sapiens 

neuroligin 4 Y-linked (NLGN4Y) transcript variant 7 mRNA DMD , NM 001282145.2 

Homo sapiens neuroligin 4 X-linked (NLGN4X) transcript variant 3 mRNA DMD and NM 

181332.3 Homo sapiens neuroligin 4 X-linked (NLGN4X) transcript variant 2 mRNA DMD 

were closely related.  CP and DMD disease sequence comes under the second and third major 

clusters respectively. 



The CNN algorithm was implemented for classification of the gene sequence resulted in an 

accuracy of 95% with Area under ROC curve=0.90. The Statistical Interpretation between the 

gene sequences using metascape.org enrichment analysis was done. The  genes with negative 

correlation was analysed and validated using gene analytics tool.  
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    GO:0071625 

vocalization behavior -0.33386 1 

   GO:0042391 

regulation of 

membrane potential -0.25214 0.527101636 1 

  GO:2000146 negative 

regulation of cell mo -0.2014 0.527101636 0.206349206 1 

 GO:0071560 cellular 

response to transform -0.10325 0.168408267 0.213844343 -0.02916 1 

 
Table 1: Negative Gene Correlation 

Genes with negative correlation related to Vocalization behaviour GO:0071625 are 

CNTNAP2,NLGN3,NLGN4X,NLGN4Y, Regulation of membrane potential GO:0042391 

are DMD,HTR3A,MEF2C,NLGN3,NLGN4X, Negative regulation of cell motility 

GO:2000146 are DAG1,KANK1,MEF2C,SPOCK3 and Cellular response to transforming 

growth factor beta stimulus GO:0071560 are DUSP15,LTBP4,MEF2C.  

Justification: 

Positive correlation of the finding with review of literature & Gene ontology study 

Pathogenic mutations in the X-linked Neuroligin 4 gene (NLGN4X) in autism spectrum 

disorders (ASDs) and/or mental retardation (MR) are rare (Daoud , 2009).  



According to gene antology annotation DMD and NLGN4X has not been associated with 

Regulation of membrane potential while MEF2C the gene associated with AUTISM, DMD, 

ADHD and NLGN3,NLGN4X which is associated with autism  is based on  positive 

regulation of excitatory postsynaptic potential and it is unclear according to the literature of 

how mutations in NLGN4X result in neurodevelopmental defects is associated with autism 

(Lingling, 2013). According to gene ontology study SPCOK3 is not associated with Negative 

regulation of cell motility because it is associated with Hemostatic Risk Factors and Arterial 

Thrombotic Disease (Reiner,2001) and MFC2C negative regulation of blood vessel 

endothelial cell migration (Schechter DS et. al., 2017). 

Cellular response to transforming growth factor beta stimulus DUSP15 which is associated 

with ADHD  is identified as a key regulator gene for oligodendrocytes differentiation which 

is associated with autism(Tian Y et. al.,2017). HTR3A gene involved in Autism is associated 

with regulation of membrane potential according to gene ontology annotation but it is 

associated with suicidal behaviour(Souza et. al., 2011). LTBP4 is associated with 

transforming growth factor beta receptor signalling pathway and leads to kidney disease 

(https://maayanlab.cloud/Harmonizome/gene_set/Kidney+Diseases/CTD+Gene-

Disease+Associations) 

Negative correlation of the finding: 

Neurobiological, genetic, and imaging data provide strong evidence for the CNTNAP2 gene 

as a risk factor for ASD and related neurodevelopmental disorders (Peñagarikano et. 

al.,2012). Negative regulation of cell mobility DAG1 gene responsible for DMD is associated 

based on gene ontology study, Negative correlation of MEF2C gene responsible for Autism is 

a Gene to cellular response to transforming growth factor beta stimulus based on gene 

ontology study online tool mismatches with the findings. 

Code Repository: 

� Github Repository of the Project: angayarkannipitchumani/DeepLearning-for-NDD-

Classification 

Recommendations: 

Electronic health record pertaining to the on medical profiles and diagnostic testing like 

SDWLHQW¶V SURILOH, YLWDO VLJQV, V\VWHPV UHYLHZ, FOLQLFDO LPSUHVVLRQ DQG GLDJQRVLV, PHGLFDO 

orders and disposition, if made available in the public repository for NDD it will help in 

identifying the major cause. 



Due to the very complex nature of NDDs, interdisciplinary approaches combining 

genetics, functional genomics, robust biological models and objective measures of 

response, such as biomarkers, as well as the capability of researchers and clinicians to 

work side by side, will be essential. 
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