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Abstract: Autism spectrum disorder (ASD) is a complex neurological disorder with an incidence rate of 1% to 2%, character-
ized by significant genetic heterogeneity. Three-dimensional genomics research has revealed the core role of dynamic regulation
of chromatin spatial topology in the pathological mechanism of ASD, especially the disruption of boundaries or internal interac-
tions within topologically associated domains (TADs), which could lead to spatiotemporal expression dysregulation of key neuro-
developmental genes through epigenetic reprogramming. However, ASD-related three-dimensional genomic variations related has
not been systematically clarified and the existing clinical diagnostic system lacks the integrated application of three-dimensional
genomic markers. The article systematically reviewed the molecular mechanisms of TAD-mediated chromatin compartmentaliza-
tion regulation in ASD neurodevelopment and summarized the technological innovations of high-throughput chromosome confor-
mation capture technology (Hi-C) and its derivative methods in the construction of three-dimensional epigenomic maps of ASD,

in order to provide theoretical support and technical paradigms for the early molecular typing and targeted treatment of ASD.

Key words: chromosome three-dimensional structure; autism spectrum disorder; topologically associated domains; non-coding

region variation; Hi-C technology

FIPRE S 2 B g (ASD) & —Fh LIt e 38t 4% R 3R A 2 DD IR &%, A0 4 7 & 2% 5 (de novo
T2 B2 AT R AL DR A M2 K F R variants, DNVs) DL BURZ IR 2 5 (single-nucle-
fi , R &R LR 1%~2% , it 15 25 15 60%~ otide variants, SNVs) LA M 501 28 8 A G 2 35
90% ", ILAFEA WAL EIF s R T ASD 52 Fh A 3T 43 (polygenic risk scores) 551X 26 % P £

Wom B H#A :2024-12-24; 35 B H§:2025-02-27
EEWA 1774 R & F$01 50 H (2021JH2/10300121)
BKZAR: 75 W E-mail: gaohm@sj-hospital.org; *3# 5 /E# % E-mail: her@sj-hospital.org



R A R S S T AEAH G R BT R | 419

B, 35t 1 PR TE ASD XURS: r i) BTk 1 25 ik PR 58
WE . BEESEN A A BRI WE 5 H B A8
B PR A B 1) 22 4 FE s A AL PR L T =
Ak HE PR 2H 2 1 24 R R BT ASD 1Y 4 1 HIL ] 4 4t
TR . Ho e 5T = A LA Y AR T gt
JC— ¥ Fb S B 45 #4 3] (topologically associated
domains, TADs) , DX 7E 3 K 41 2 ] 2H 20 Fi 56 A 3%
R TP R CBEVE T © R P 2 Rk B R ST
AIFR AT o TADs 38 2o I8 958 B DR A A B[] 2 36
FIRERZ I 5 ASD AHOC A 28 K 8 s X 487
ASD H R IR BLT T RE 18 RIS 7 10

S B E I IS B, {H ASD Y
B ERM R 2 F . H Y, HHTZY 80%ASD i 4
T A O A 545 78 S 58 AR SRR AT A
TE A AU Y 5 A5 BRI 2R . R,
A WG 22 T AT G i XA S TR 3 i i [X A8
S B SCTEARR AN 2 o ARG b X A7 AR 2H 1Y
989", HLAZ 5 T R 18 3ok 9] 442 i PR Rk w4 (0 Jt
BER S B R B AR SCALHI7E ASD T3 A W]
. MeHh, =YL 20 22 7R ASD WESE b B I 1
Ab TR B . R TADs S5 #4957 B & B
52 MR E PR AHC B IAE ASD iy BAAMEH]
B 0 BN AT S 0 e 28 T AR DG RE D ) R
IK, DL B3k e Al iy 5 A 38 4% 728 S B[R] S 2L
P e B A () @, ) B = R GRS 5 TR A
Mro ARSCRYELEAR T TADs 7 ASD &£ % R rh iy
WEVE R, G2 T i i i e (0 A RAE PR K
HAT A BORTE ASD = 4 3 WLk [A] 11 1% A 2 P A
WF5E IR e, DUSH 38 2k 22 48 B2 i L) e b, o s
ASD B A PR BHLR A 1 o B (AR 2 S

1 BHERNBEEFHRER

F PE 35 2 B0 181 A W S s 1
JIE 5 BT VE 1O 38 A JE AL, 7 S DNVs (SNVs 2 3L K]
U 7 53 LA K e WL st A% 18 42 14 52 2% AR B AR
(K1) BT RIBRRZEAR 2T T AP
(whole exome sequencing,WES)ﬁﬁ%%fﬁ ,DNVs.
SNV LA e 22 2 R KU 1 73 5 - UL OB D R &R
(R B R A O . — TR XS 5 100 44
ASD 84 1) WES WF 58 71 , 14.1% 195 1] 455 iy
ASD H S5 DL AR S, 7E3X B0 55 L AR S5 S 5 TP 52%
N R B/ e B A AR S (g L TE X
GEAL) (460 Ry Yl (0 55 1 78 S (A0 455 48 DL KR
S B R Bl A CBROE AR R E A
1) 2% R LRI DNA ZE 51 X SR = ]
AL PR TE ASD g A 2 i o 4 32 5 AL, T BR
355 PR 2R AT B A W) 2 LB A 6 T 45 T 4 I
P

ACBEAE B AR IS X 48 ASD XU Y 5% e B A
B FERYBAEHLH . A RIS K22
A0 DNVs R HIESE 5 il 28 % B AH G KL
DI BEE IR 2 DA DG o (AT B2, #5 5F
DA S BE DA 1 5 SR PR 28 0T b ) 1 R AR
JE T WS A SRR X — R B E T
ASD ZFRAY S5 TR IR T 28 K T O SHEE P (40 52 ik
eI G 0 5 ) B BALA SR PR 28
I3 Wit — 20 AR B, oM R A T i iR A e
A B ASD KA, S 7% X G AR I AL K 1
E G E T Nt i e ARG U £ T 7

TE ASD B st (& 2 AU | B R 25 A AIE (vett syn-

®1 BRAEZMERSE

Table 1  Classification of factors affecting autism
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Fig.1 Schematic diagram of TAD structure
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Table 2 Pathological mechanisms of chromatin three-dimensional structure affecting the occurrence and development of autism
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Fig. 2 Flowchart of Hi-C technology detection
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