524 4 5 3 1 & HF H R Vol.24 No.3

2020 4 6 H Life Science Research Jun. 2020
TR DOI:10.16605/j.cnki.1007-7847.2020.03.006

ETERARBMEMRKIZHE B RES RESHINE
RIR S E H

FIREE BT M e, Rk B oY
(BRHERKE a. 0 TFIRIKREANR S R A TARA A EFE SRR E b, RE, PE=F B 650500)

1 E: A A g & A (autism spectrum disorder, ASD)% —F LA &% 45 M 6 R F Rt A A 4 B 42 Mg Ad
BATAVEIF L IR, AIEHR ASD K A& ZJEEAR P 6 o ab itk 5 A7 KB, A SR B B 2 38 R AT 0% 9% 2038 &
FRBCASD A8 % A 5 A M STRING #3% &My 32 ASD A0k A W 69 % & T ZAEM % idid MCODE H k4% &
T B AR P 4 3 4T BB AT IF 0 iAo I B SRJG AT &S A3k i 47 KEGG @ 38447, 95 G 42 2 a9 il 38 £ 7|
AE AR Z MG A AR . BREF, 3 ANRRARMIEEFi R I2 AEARE, MENRORIERN
B A 171 A¥ &40 1041 430, 3 F NRXN1.GRIN2B.GRIN2A .DLG4 NLGN3 .MECP2.CNTNA P2 .BDNF.
NLGNAX FMR1 3 23 /IR B LA 4% % 09 £ 38 % (degree), ARG AR 26 54743 2] 5 Ao a4k, 245 68
Mz R, KEGG & &9 LN e A5 S AN i85, QLIEmBEN T 458 Ti83% A 2E %
Y BEAR - ZRAREAE TR . S CRRAEAT 2 RS S LRI T, 124809 ASD Fik A o AR K & F A
BAEH AT TAETHESLE, AR EERN LR A ASD 69X A K &,

KR g ik R EFF(ASD); & @R AR %, JhaeAEs; s AR

rhE 422 Q811.4, R749.94 X ERARIRAD: A X EHE: 1007-7847(2020)03-0214-08

Identification of Functional Modules and Hub Genes in Autism
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Abstract: Autism spectrum disorder (ASD) is a neurobehavioral disorder with high heritability, clinical he—
terogeneity and biological complexity. It is necessary to identify functional modules and hub genes related to
ASD. Herein, ASD related genes were obtained from disease —gene databases and imported into STRING
database for protein—protein interaction (PPI) network construction. Then module analysis and hub gene se—
lection were performed by MCODE algorithm. Subsequently, KEGG pathway enrichment analysis of each
functional module was performed for evaluating the interactions between the functional modules based on the
enriched pathway categories. A total of 182 related genes were screened from disease—gene databases. These
overlapped genes were translated into PPI network consisting of 171 nodes and 1 041 edges, including
NRXN1, GRIN2B, GRIN2A, DLG4, NLGN3, MECP2, CNTNAP2, BDNF, NLGN4X and FMR1 with higher
degree. Five functional modules including 68 hub genes were extracted using MCODE algorithm. KEGG en—
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richment analysis of detected modules revealed that these modules are related to cell adhesion molecules,

calcium signaling pathway, neuroactive ligand —receptor interaction and dopaminergic synapse. The results

suggested that most of the ASD functional modules and hub genes are concentrated in neuronal activity, sig—

nal molecules and signaling transduction, and the interaction of each module affects the occurrence and de—

velopment of ASD.
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Fig.2 The PPI network of ASD related genes

Each dot represents a protein corresponding to each gene, and the edge represents the interaction between the proteins. The

center nodes with deeper color represent higher degree.
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Table 1 Basic information of each module

Module ~ Score  Node number Edge number

Hub genes

GRIN2B, GRIN2A, DLG4, MECP2, NLGN3, CNTNAP2, NLGN4X, FMR1, SHANK2,

CHDS8, GABRB3, NRXN3, SHANK1, UBE3A, SYN1, SYNGAP1, CDKL5, NRXN2,

BDNF, SNAP25, PAX6, TBR1, HTR2A, FOXG1, DRD2, STX1A, SLC6A3, SEMAS5A,

CNTN4, GRM7, CDH10, SATB2, ASTN2, DRD3, FEZF2, DLX2, APBA2, DLX1

GAD1, PTEN, CACNA1C, HRAS, MAPK1, SLC6A4, NOS1, FOXP2, MET, FOXP1,

ATP2B2, CACNA 1D, CUX1, CACNA1G, TSC1, CACNA 11

M1 15.368 20 146
CASK, HOMER2
M2 5.684 20 54
M3 4.400 16 33
M4 4.000 4 6
M5 3.143 8 11

IFNG, HLA-A, HLA-B, HLA-DRB1
OXTR, CACNB2, EIFAE, WNT1, PPP2R5D, GRPR, AVPR1A, TRIO

YEHI (M1 M2, M4 F1 M5) 5 #if 28 2 48 (M1 M2 Fl
M3 3K 91488 4% 53 24 ) 00 e o
3 g

ASD JE— P AR R AL PR 281 T o B2 R
i, FRTE A —2E ASD AR FHL OB E ),

{HA S BT Z Bl = — B3R ASD |
re S S PE R, R R R Ty b Z2 b A it
FEAAH A, Tk S8 BAR O R B i L i) LA AL
il W AN B8 . ASBETESS 5 ASD S 5 R i 5
FEABEARRZERAT, M T ASD XS
P25, 3l ok 265 20 ik, 47254 H SR 1B AR A D e
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Fig.3 Network of each functional module
The nodes represent the hub genes in functional module, and the deeper colors represent genes with higher degree.
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Fig.4 Diagram of functional modules and pathway classification
Blue indicates the module and red indicates the pathway classification.
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Table 2 The results of KEGG pathway enrichment analysis in each functional module

Module KEGG ID Pathway name FDR Pathway classification

M1 hsa04724 Glutamatergic synapse 1.617E-06 Nervous system
hsa04514 Cell adhesion molecules (CAMs) 1.073E-04 Signaling molecules and interaction
hsa05033 Nicotine addiction 6.188E-04 Substance dependence
hsa05030 Cocaine addiction 8.558E-04 Substance dependence

M2 hsa05030 Cocaine addiction 9.243E-04 Substance dependence
hsa04721 Synaptic vesicle cycle 1.867E-03 Nervous system
hsa04728 Dopaminergic synapse 5.646E-03 Nervous system
hsa04080 Neuroactive ligand-receptor interaction 5.646E-03 Signaling molecules and interaction
hsa05034 Alcoholism 9.245E-03 Substance dependence

M3 hsa04929 GnRH secretion 9.742E-08 Endocrine system
hsa04713 Circadian entrainment 6.238E-07 Environmental adaptation
hsa04010 MAPK signaling pathway 1.319E-05 Signal transduction
hsa04925 Aldosterone synthesis and secretion 1.540E-05 Endocrine system
hsa04020 Calcium signaling pathway 1.540E-05 Signal transduction
hsa04930 Type II diabetes mellitus 2.371E-05 Endocrine and metabolic disease
hsa04726 Serotonergic synapse 2.371E-05 Nervous system
hsa04927 Cortisol synthesis and secretion 7.558E-05 Endocrine system
hsa04934 Cushing syndrome 7.602E-05 Endocrine and metabolic disease
hsa05230 Central carbon metabolism in cancer 7.602E-05 Cancer
hsa04218 Cellular senescence 7.602E-05 Cell growth and death
hsa05218 Melanoma 7.602E-05 Cancer
hsa01521 EGFR tyrosine kinase inhibitor resistance 1.018E-04 Drug resistance
hsa04912 GnRH signaling pathway 1.810E-04 Drug resistance
hsa04725 Cholinergic synapse 3.525E-04 Nervous system
hsa04140 Autophagy—animal 7.284E-04 Transport and catabolism
hsa04261 Adrenergic signaling in cardiomyocytes 9.431E-04 Circulatory system
hsa04150 mTOR signaling pathway 9.431E-04 Signal transduction
hsa04921 Oxytocin signaling pathway 9.431E-04 Endocrine system
hsa05213 Endometrial cancer 9.855E-04 Cancer
hsa05206 MicroRNAs in cancer 9.855E-04 Cancer

M4 hsa05330 Allograft rejection 1.234E-08 Immune disease
hsa05332 Graft-versus—host disease 1.234E-08 Immune disease
hsa04940 Type I diabetes mellitus 1.234E-08 Endocrine and metabolic disease
hsa04612 Antigen processing and presentation 1.015E-07 Immune system
hsa05320 Autoimmune thyroid disease 1.107E-05 Immune system
hsa05416 Viral myocarditis 1.346E-05 Cardiovascular disease
hsa05168 Herpes simplex virus 1 infection 1.025E-04 Infectious disease
hsa04650 Natural killer cell mediated cytotoxicity 1.073E-04 Immune system
hsa04514 Cell adhesion molecules (CAMs) 1.322E-04 Signaling molecules and interaction
hsa04145 Phagosome 1.343E-04 Transport and catabolism
hsa05169 Epstein—Barr virus infection 2.823E-04 Infectious disease
hsa05166 Human T-cell leukemia virus 1 infection 3.345E-04 Infectious disease

M5 hsa04020 Calcium signaling pathway 1.627E-02 Signal transduction
hsa04080 Neuroactive ligand-receptor interaction 4.231E-02 Signaling molecules and interaction
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