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Abstract: Objective To evaluate the diagnostic value of whole-exome sequencing (WES) combined with copy number
variation (CNV) analysis in children with unexplained developmental delay or intellectual disability (DD/ID), so as to
provide a reference for clinical practice. Methods A retrospective study was conducted among 109 children with
unexplained DD/ID who visited the Department of Rehabilitation, Anhui Provincial Children’s Hospital, from January to
December 2024. WES data were analyzed to systematically evaluate single nucleotide variants (SNV), small insertions/
deletions (Indel), and CNV. Pathogenicity was comprehensively interpreted integrating family validation and clinical
phenotypes.  Results SNV/Indel analysis identified 18 pathogenic and 23 likely pathogenic variants, with a diagnostic
yield of 37. 61%. Frameshift variants were the most prevalent (36. 6 %), and heterozygous variants constituted the majority
(90.2%). Autosomal dominant inheritance was the most common mode (48. 8% ). Furthermore, CNV analysis identified
10 pathogenic or 2 likely pathogenic variants involving multiple genes associated with neurodevelopment, increasing the
overall diagnostic yield by 11.01%. Conclusion WES combined with CNV analysis significantly improves the molecular
diagnostic yield in children with unexplained DD/ID, which provides crucial reference for genetic counseling and precision
medicine.
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Tab. 1 SNV/Indel of pathogenic and likely pathogenic variation in positive WES results
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G(p. Tyrd86Asp)
3 LP TUBB2A chr6:3154902 NM_001069. 3:¢c. 533C>T 4 XL R4
(p. Thr178Met)
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Tab. 2 Analysis of CNV results based on WES
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Tab. 3 Analysis of results from dynamic repetitive amplification
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TER— T 5 WES [i2 7%k 48. 8%, H A
EPXE 101 BIfEE AR 4 kB W R B BRI
WES Wi %y 53. 3%, 1fif o [# == /a4 /9 0F 5 )
TE 93 il L &3 43. 0% B EUR AR F Y L 2
RESF RGP ANFEMWIGIKR A &, AWK
22508 LI TR 2 B0 AH X 52 1k, TR L 22 &R 48 I 4%
BB F S fE 2 4R T WES 2 Wi %=, it 4h, WES
HENEFAS AT RERY 1 P AT WK
W5 T AEAE — 5 B X % CNV ARG I 72 4508 o ik
TR 61 I R 2 Y S 0 AR S A i AR oS
— IR 25 R R e ED Y ARG L 45. 87 %
LR VUS, KZER FEMPMAE KT X
BRI R AE IS X, Fr VUS AT REH A W 7R 5
IR 5 {H 32 BT I PR IE 4l R 2 ok ) B S 56 i % i
TS, XTI VUS, B F R &F o 1 7k 1 o
fE S50, AR ZH AR AR R A 2 TR -5 R R IR B L RE 1)
Xt VUS 47 143 87 B & ClinVar 28 8048 12 11 8
w84y VUS H B F B F M BORAL 5. A5
Hst i 5 L AD(48. 8 %) Fll AR(39.0%) i ¥, [z

it DD/ID [ i B 345 5 Bk . R &R RE R 3
RRAWH B E, SRAEFRSERE -8, 4
55. 56 Y0 MY AR SR VR T AC B 1 5 R 2, W AE R O
TRPEXT 5% B P A B RS Al 2 56 Y, AR ¥R
ACRETRIIG 25 00 & & IRV » T 47 7= 1 sl U i A A /i
AL 2RI 5 AD FRUG A B ) 75 A OR 58 42 Ak ok
A R A BT RENE . PR X T A ARk E S
FE TR E 18T 5 1000 T 22 B G 2800 A0 B, )
T A A TRAN Y S 0 U A N R AE R P ) TR
HAL

3.2 ENHEFHEAEAINOMALS AR AW
FLF WES B4 1R 510 H 12 4> o M 5T 58 80w 1
CNV, & /MEE s W% 11.01% ., SRR HF 5T —3%,
4 WES 5 CNV G I o] 458 T #h 28 % 1 B A5 A9 a5t
Bz Wi 0 B A SCHR R E, Y iR R RE 3 A
CNV {7 0] fi# B 10% ~20% 1y ID g 0, % F
WES i) CNV 20 M Bl 300500 & B 5 1 o 55 10 55
ULEE UL S EE ALK CNV 8 5 % B SNV/
Indel figr 8 4, [ 42 7 WES W52 Wihe 1. AR
M. WES #E47 CNV 20 B 475 77 76 A BH 14 3 5 L Skt
ARRAERR K2 B E T — g A HALE &
HATHIE

3.3 HARELRAMBEERES WP ey FE L
WK Wi CTG/CAG H&E 54, 4 Bl $2 78 % B



+ 1188 -

R E LR R 2026 4F 11 H %8 34 555 11 ] Chin J Child Health Care,Nov. 2026, Vol. 34, No. 11

PENLE AR 1 RS 46/ it L o g8 8 A, 1
B /NI P S G R 8 AR AN AEAE TREAR, AT
REVs MBI A S 2 s R R A 2R RRHS
GEAR N 5 [ 22 A SRR AR R v TR EE I O W TR A 1
A A 1 Bl R 22911, 21 X Bk 2 {H R
AL B AR i — 20 i E 5 AR 8t AL U A 4T 3 0 T B
ik B imm gL,

ABFIEIRFEAE SR FRE . WES 78 1% 5 8 45 X | 4
o A i HE S = A U 5w R0 Oy T BE O A B L R Sk T
5L AN T s CMA B4 345 CNV 53
BRARFEINK ZIAE . B = Th e S0 563 . 75 K
1 B U E — 2B i DA I B0 M L A B A e B Bl g A
AU B A 28 AF I BUR HL I

ZE L RTR A 1 RS AL A T B R
GfRHT T ASBIE B DD/ID L 1 i 1% 2 R0 1E L 38 5%
T SNV/Indel (CNV K ah#& 8 ¥ W A8 5 76 1% A\ BE
Hh I A AR R LI PR DG B L SR RS M I 24 12 b S st
s AR EE T S %, kA S B AR 5 RN
TEAEIR YT W0 S 0 T A BE o T SE A

PSR A SORETE R £ b R

HIEWAMER ARG EEREE XS5 ERRR
P A B Rk A AR R R N T SR 2 B b
B 09 B TR 4R A B oK, 3TN U5 A CHB AR -
328480704 @qq. com) H i AR ML, AT I A A S A8 B & B 2
A 52 2B

£ % 3Lk

[1] Vasudevan P, Suri M. A clinical approach to developmental
delay and intellectual disability[J]. Clin Med, 2017, 17(6):
558-561.

[2] Shevell M, Ashwal S, Donley D, et al. Practice parameter;
Evaluation of the child with global developmental delay[ RE-
TIRED]: Report of the Quality Standards Subcommittee of
the American Academy of Neurology and The Practice Com-
mittee of the Child Neurology Society[ J]. Neurology, 2003,
60(3): 367-380.

[3] MecLeod S, Kawamura A, Orsino A. Assessing children and
youth with global developmental delay and intellectual devel-
opmental disorder[ J]. Paediatr Child Health, 2026, 31(6):
690-697.

[4] TIsmail FY, Shapiro BK. What are neurodevelopmental disor-
ders? [J]. Curr Opin Neurol, 2019, 32(4): 611-616.

[5] Pauper M, Kucuk E, Wenger AM, et al. Correction: Long-
read trio sequencing of individuals with unsolved intellectual
disability[J]. Eur ] Hum Genet, 2021, 29(4);: 720.

[6] Vissers LELM,van Nimwegen KJM, Schieving JH, et al. A
clinical utility study of exome sequencing versus conventional
genetic testing in pediatric neurology[]]. Genet Med, 2017,
19(9): 1055-1063.

[7] Srivastava S, Love-Nichols JA, Dies KA, et al. Meta-analy-
sis and multidisciplinary consensus statement; Exome se-
quencing is a first-tier clinical diagnostic test for individuals
with neurodevelopmental disorders[J]. Genet Med, 2019,
21(11) . 2413-2421.

[s]

9]

[10]

[11]

[12]

[13]

[14]

[16]

[17]

[18]

[19]

[20]

Y 5 B #9:2025-07-07

Riggs ER, Andersen EF, Cherry AM, et al. Correction:
Technical standards for the interpretation and reporting of
constitutional copy-number variants: A joint consensus rec-
ommendation of the American College of Medical Genetics
and Genomics (ACMG) and the Clinical Genome Resource
(ClinGen)[J]. Genet Med, 2021, 23(11). 2230.
Jo YH, Choi SH, Yoo HW, et al. Clinical use of whole ex-
ome sequencing in children with developmental delay/intel-
lectual disability [ J ]. Pediatr Neonatol, 2024, 65 (5);
445-450.
Hiraide T, Yamoto K, Masunaga Y. et al. Genetic and
phenotypic analysis of 101 patients with developmental de-
lay or intellectual disability using whole-exome sequencing
[J]. Clin Genet, 2021, 100(1): 40-50.
E, X2, BT, D AUER R F RS/ MR E R
LR WA RO (T]. P EEFEY, 2023, 26
(8): 933-938.
Wang J, Liu Y, Huang HY. et al. Developmental delay/
mental retardation of unknown origin in children: Genetic
analysis of 93 cases[]J]. Chin Gen Pract, 2023, 26 (8):
933-938. (in Chinese)
Trujillano D, Bertoli-Avella AM, Kumar Kandaswamy K,
et al. Clinical exome sequencing: Results from 2 819 sam-
ples reflecting 1 000 families[J]. Eur J] Hum Genet, 2017,
25(2) . 176-182.
Han JY, Lee IG. Genetic tests by next-generation sequen-
cing in children with developmental delay and/or intellectual
disability[J]. Clin Exp Pediatr, 2020, 63(6): 195-202.
Snoeijen-Schouwenaars FM, van Ool JS, Verhoeven JS, et
al. Diagnostic exome sequencing in 100 consecutive patients
with both epilepsy and intellectual disability[J]. Epilepsia,
2019, 60(1): 155-164.
Garcia-Salinas O, Hwang S, Huang QQ. et al. The im-
pact of ancestral, genetic, and environmental influences on
germlinede novo mutation rates and spectral J]. Nat Com-
mun, 2025, 16(1). 4527.
Du X, Gao X, Liu X, et al. Genetic diagnostic evaluation
of trio-based whole exome sequencing among children with
diagnosed or suspected autism spectrum disorder[]J]. Front
Genet, 2018, 9: 594.
Zhai Y, Zhang Z, Shi P, et al. Incorporation of exome-
based CNV analysis makes trio-WES a more powerful tool
for clinical diagnosis in neurodevelopmental disorders: A
retrospective study [ ] ]. Hum Mutat, 2021, 42 (8):
990-1004.
Vissers LELM, Gilissen C, Veltman JA. Genetic studies in
intellectual disability and related disorders[J]. Nat Rev
Genet,2016,17(1):9-18.
Rajagopalan R, Murrell JR, Luo M, et al. A highly sensi-
tive and specific workflow for detecting rare copy-number
variants from exome sequencing data[]J]. Genome Med,
2020, 12(1): 14.
F TN WA AR T B M X A R B IR G/ T R
BILR AL =0 R Ay B LT, o L 3 Ak 4 L 2024, 32
(9):1008-1013.
Wang Y, Ma XP, Yao R, et al. Genetic etiology analysis of
children with developmental delay and intellectual disabili-
ties in Ningxia region[ J]. Chin J Child Health Care, 2024,
32(9): 1008-1013. (in Chinese)

&6 A #:2026-05-27 A3L4mLE 2/



