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Molecular diagnosis of children with unexplained intellectual disability/
developmental delay by array-CGH

HE Xi-Yu, CHEN Xiao-Chun, LI Ran, LI Pei, LU Ai-Mei. Department of Pediatrics, Affiliated Hospital of Academy of
Military Medical Sciences, Beijing 100071, China (He X-Y, Email: hxyjs2001@aliyun.com)

Abstract: Objective  To analyze the potential pathogenic genomic imbalance in children with unexplained
intellectual disability (ID) and/or developmental delay (DD) and its association with phenotypes, and to investigate
the value of array-based comparative genomic hybridization (array-CGH) in clinical molecular genetic diagnosis.
Methods The whole genome of 16 children with ID/DD was scanned by the array-CGH for detection of genomic
copy number variations (CNVs), and the revealed genomic imbalance was confirmed by multiplex ligation-dependent
probe amplification. Results  G-band karyotyping of peripheral blood cells showed no abnormalities in the 16 children.
The results of the array-CGH revealed that 6 (38%) of the 16 patients had genomic CNVs, and 3 cases of CNVs
were normal polymorphic changes; 1 CNV was a microdeletion of 4p16.3, which was the critical region for Wolf-
Hirschhorn syndrome, and 1 CNV was a microdeletion of 7q11.23, which was the critical region for Williams-Beuren
syndrome. Moreover, a CNV was identified with two duplications at 2q22.2 and 15g21.3 in a boy, which proved to have
a clinical significance due to its association with ID, brain DD, unusual facies, cryptorchidism, irregular dentition, etc.
Conclusions  Array-CGH allows for the etiological diagnosis in some of the children with unexplained ID/DD. As a
high-throughput and rapid tool, it has a great clinical significance in the etiological diagnosis of ID/DD.
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B LT (intellectual disability, ID ) 7E M. Y
N R RLYH 0.25%~1.39%", 1D FIA KK
BB (developmental delay, DD ) [R]85 i S ik 32
IR, By — R B A A SRR ]
i, HID/DD Mok, Bl S i L
R, (e A PSR B ID/DD 3R TRZ, K
2015 309%~60%""s G s Ye (O AL R S M4 A e
EHARE ) Z TR @A AR, Hi%05k
XFF 5 Mb RUR RS 0 (457 5 0k U0, 1 2 L EE
FREHY R (multiplex ligation-dependent probe
amplification, MLPA ) #E £ H} 5%~10% A B Ji
ID/DD & JL A7 75 . 3 B X 8 5 [A] 45 D1 $0 A8 S5

(CNVs ) P AR A G0 2R 1 1 5 28748 T e f
PGS AL, R — 0T K3z BRRBEFHE T R
B Bl JEATI IR R XE B R 91 e A TR 2 2 52 42
A (array-based comparative genomic hybridization,
array-CGH ) 280% TG it 1% 5 i 2 R
i, © T A I A Bt P A AR £ A Y
ID/DD, AR EE e 50 B0 e AR A% B 23 A7, array-
CGH BERIN F) <5 Mb 38t 548 55 0 ARBFFE AL
RN K ID/DD &L 16 4], R array-CGH
BORPEAT I H A, DIFATAB]EE 1ID/DD
TR BRI, O e — 2 ih R s Al i i fe At
BrE s .

1 RS

1.1 HRMER

WEFE X4 2012 4F 8 H % 2014 4F 1 H ok FK
Be JL BB AL T 12 B R T 112302 B AS B D A
ID/DD L 16 61, 4% ID/DD L7 K i rofe
BRI WA R R0, A Wt ) e (0 (AR A 2 S
ORI TESR | BB RE A | U AR |
R 2 RGURRE . ) S R S A B Ak
YRR . CANR A TELR S AR R 2. BT A &
JLE IR B, s R S 5 502638 s
[, RIS ER eI v ox it 16 1L
YRR, PR e % (JEE2 MHE16%) ,
Hop B 110, 2ot 5 6.

1.2 HFARERTLAE

TEZ I E ZEIRE T RE L LR

(EDTA ) $T&E S I 2 mL, 850 A 32 2 e Sk

A 4 DNA, DNA & & 76 50 ul UL |, He N
100~150 ng/ul., —20 CKAIRAER

1.3 array-CGH #&ill

BB )L 20 DNA 2 g 52% DNA 2 pg

FH Alu T #1 Rsa 1 7 37 CAF FECETHAE 2 h, 4T
DNA 4iifk, & ILELFIZ DNA ffi IR AL (5 %
cy5-dCTP FRic, S MEFEA DNA ffi FHRREE S (08
% cy3-dCTP #3ic, #ricf5 DNA FH MicroCon YM-30
AT REAR 4L, ¥ Lk B aifbbric L DNA &5
Z M DNA E iR A, JIIA 50 pg Cot-IDNA, Ff
95% L EEDLVE, SRJG A28 (50% WYt |
10% B A B BE . 4% SDS, 2*#SSC. 10 pg/ul Btk
tRNA ) i DNA U3, 5o C i) DNA B
T 70°CAEPE 10 min 72828, [ FEF] Oligo244K
WSH b 65 C AR 40 h, 24385 10 Uk 22
MRE VE LS Fr o i Genepix 4200A F1 48 43 47 4
T 7 I RIS R 5, SR Agilent Feature
Extraction 9.1 #FATEHEFEHCZ DNA Analytics 3.4 &
RTS8, FHRIES 45 52 DNA #5011
B SRR E . DL 45 28 B AT e A 0 U5
EULBIETT (Agilent AF])

1.4 MLPA %l

% JH MLPA P064 . P096 V.St ir X A% ) 42

( MRC-Holland ) 5 iiF array-CGH K2 BlLE S
TS, HREF 2438 . HEHE RN SARET IS ¥ 2 )
A UL IIHET, §73 W24 Beckman 8% 73 B
1 (CEQ8000 ) HHfTEANE LIk /TS, GeneMarker
v1.6 A HTIE R s, 153t MLPA &3,

2 #R

2.1 IeAKRFRM
16 il &L, 6 14 (38% ) LA A [E i 5
R FRERAE (B HTA , TAREE . RS R
INFEIEE) 5 66 (38% ) fA HAETIE, 465k
KON . ZA5a b miy . JEAEE . REESE,
A BILB TR T WM lk G ke, R
DB o 16 Bl LIGIR R 1,
2.2 array-CGH #&il|&5 R

6 % (38%) f& JL f¢ 7 CNVs, £ [k X}
DECIPHER %% #i )& #1 % £ MR/DD u{ ID/DD #H
K array-CGH BF 5% 41 45, 2 B BH #f o (A1, Hivpod
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il CNVs ¥ 2 4p16.3 IX I f ik 2, % & Wolf-
Hirschhorn ZE&1E, 55 1 6] CNVs ¥ & 7q11.23 X
W2, 2% BN Williams-Beuren 255 1E. 3
CNVs NIEH ZATERZE . 1 4] CNVs i RS A
W, & 2 DEERE, BILCEEZ array-CGH
R AR A BARIF] CNVs 228, 2 BT A RAR

28 SCHR A if) S KA - BEIA 3 B, R AR
ARHGAP . GTDC1.KYNU . LRP1B, WDR72 Z&3L A
HREIMET . BiAFRZE., FRmaE (HES.

REAL, bHG TS ) | BRsE. FIIAFEHEAR,

UESZ % CNVs HA7 Ml PR o 12 DX T, 5 110 2
Ko FH R TR 26 B UL 2% 2 Chitps://decipher.sanger.
acuk/) o I, array-CGH $iR M 19% (3/16) #)
BILHIEL TR Er (K1) .
2.3 MLPAIEZER

1E# N B MLPA 73 87 181335 B 47 38 78 B 7E
(0.7~1.3) ZIal, /T 0.7 R DR, KT 1.3
FIFE DUBY 3, X array-CGH ¥ H 1 2 Bl A1E
PR 2 B, 2R S 255

#*z 1 1641 ID/DD #ILIGRER K array-CGH £ R

g5 PRI AR Ilfa AR array-CGH I R S
LB SAA EAEE. BOREA. i, B 3ﬁ§§ggﬁ?&Mb Wolf-Hirschhorn 25 2
BhisshkBisla, Fokimz, Ul 46.xy del(7)(q11.23), - Ay
g ” 22 72726578-74339044, 1.61 Mb WillameBouen or e
46,xy dup(2)(q22.2),
; 5 5% BB RS FRA 142531489-143887051, 1.36 Mb & SR
dup(15)(q21.3),
53226828-54280813, 1.05 Mb
e 46.xy dup(15)(q11.1q11.2), ”
4 % 0% BIKAER 20481702-22784582, 2.3 Mb EHZE
- . 46,xy dup(15)(q11.1q11.2), A 4 e
3 7 3% HIMEE. WP 20481702-22509254, 2.03 Mb EWZE
46,xy dup(12)(q24.33),
132528220-132631660, 0.1 Mb ”
6 % 4% EAET Sl LT 1.2 EHZE
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S J
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11 Lz 13% KM, SIEAN BRI
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Bk, Frkmgs, SN, K )
14T 16 i, BRI iz
15 5 3MH KFEIR% BR:
16 B 16% R IEshkakn, FRnE PR
K2 2N HERTRIBAESHNERNREXIGRERN
AL A B IR

dup2: 142531489-143887051

dupl5: 53226828-54280813

ARHGAP15(2: 143848931-144525921)

KYNU(2: 143635067-143799890)

LRP1B(2: 140988992-142889270)

WDR72(15: 53805937-54055074)

GTDCI1(2: 144695635-145090135)
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3 itit HAEER) SR REFEIRATEAR, iyl

e fk CNVs fE M 2V & B REi%, WD,
DD AIAUAE A 20 20 DL R HC Al 58 X o 45 K
AL R E AR P AiRE, RN
PRASSE i AR i 5 | Y 1D, 28 B T A1 DD (4 3
A, WL G WA A A A B BOR B R R 2y
15%~40%"", array-CGH R ZEME T 1558 4 st %
SR Z BRG], G NS A B
ARG DU G o A R B A RO S . CNVs R (8 (OR
AL, A AL SR G AL AL BT, array-
CGH BA il it . mor PR, Ik ge @
(AT I S5 fofede e e A 2 4 1R LA SR HRGE
TEEFXT ID ., 22 R MRS R WIE 46 [ 35 1Y 7 I
Wi, array-CGH BYK HH R 7%~1 19", w]
Rt 92% LA - RLAN B8t 1 R AR Wl ARG 81 174 s
BRIRAT, LA 8% 1) B AR FNFAL 4SS HAR A fiE
6 I 3 1) 5 PR 2 iy 1 ASHIF S R ) array-CGH %
ARXSAB A ID/DD &L T A 14, &R
6/16 4 ( 38% ) B ILAFAE CNVs S8, N 19% (3/16)
LIRS T 2

Wolf-Hirschhorn ZE4&HFE X FR 4 5 Y 0 {4 ja
A SR BRI LR A AR, 2 T0% A HR 3 RE & B
&, AL 10%~15% 1585 SCEE Ry G (0 P S 4%
i 1 Wolf-Hirschhorn ZEAMEAX R FEIL, %
43R K 1/50000, 50%~100% B JLAEA R, i
R TR IE A I S 2R 2, N AR S
EREAFRZ, WK T FHsmIE. Xtk
O MERT . W 3% AR B i 3 W I S L A
W R 5 A H B, LI VRS AR A
SR . BSOS EIUFELZ, 4 array-CGH 43
Br, ZIG IR 4p16.3 FH — 2 1.95 Mb Bk, 1%
DX 174 e 2 2 H R ME— BA B 1Y Wolf-Hirschhorn 27
BIEER IR, FIGiZ H L Wolf-Hirschhorn ZE&
MEZ WA

Williams-Beuren Z¢ & 1iF 2 7 5 Ye @ K K
UL 22 ki B Tq11.23 TR AR5 1R, LLDAHIERE |
BRER s R BN R M ES IR FERR A, &
FIERARTIZS (Emia . gt BLREE IR
KA, KB FIREH . RTME., R/,
MR KERIE” ) o S MUAE . 4R A v I A
KL, RFEFEN 1/20000~1/7500%, ELN ( HhaE

F ke LA, J& Williams-Beuren Z5 5 1iF U FF
TEPERCAE; GTR2I LK SIAFIRE ST | 43 B FE I8 G
GTF2IRD1 5 ¥ 3l % 5 8 J1 7 %5 1 GTF2IRD1/
GTF21 % A 7% 2 5 1 3 55 8 fb 2 22, Williams-
Beuren ZEGfE A AR BT . AN, B>
MR IG R LB, w12 16 4~ H 3 12 % A
&, P s, T2 s. 205Kl KT
(1) P A% AR 25 5 i N 2 AAT T 38 g ) R Y i) 2
h2 B BEGIL, R Iissh kB . Friki
5. SR, RERERGTTTRE, &
array-CGH 73 M7, KIGL AR 7q11.23 75— K/
25 1.61 Mb ik, ZIXIAFE A BORIERA, W
CLIP2, ELN, LIMKI., FKBP6. GTF2IRD1/GTF2I
FERFE N EIF4H S5, 275 Williams-Beuren £5
HIEA X, EsimAEfe, DIEEA . RIK, W
FIEEF KA, BIZ B ILISAETE R B ks |
15 45 ILAE IR L2 W Williams-Beuren 255 fiF
A, (AR R 2 B AR Lo JO 5 551X B I8
MRS, HIGR TGS HERM, FEME LD
W S B S . I e SR AR TP R ARk, LA
FAR, BERAFERHE

Mulatinho %5 P 338, 78 4 (41K 2q22.1q22.3
X B fE 7E 8 A~ A K, 43 #5: HNMT, SPOPL,
NXPH2. LOC64702. LRP1B, KYNU., ARHGAP15
1 GTDCL, JFFUESHZARA I ER 58 LT . 5k
KA W T I S0 A G o ASBIF9 38 3o b X
DECIPHER %4l & & S YL (a4 2q22.2 A X3 &
T AL 45 LRP1B, KYNU, ARHGAP15 fil GTDC1 3£
4N, Lynn % PVRIE, LRP 1B & JLEAR RS
&5 KN 22—, Timms %5 ™ @14 array-CGH | %
BIAHT . AN A T R 3 AN KRR SUIE K
RRI % B, LRPIB H: PR 2 5 R #i 4 245E KUK
FHOCIABTIEA o iYLt iAk 15q21.3 B4 Xl 3222
Uife K WDR72 SPHIRIE . FRBEEATARA
Ko AW 3 BILFSHT 2.5 %, RIKET)
BENRBIEG . THIARFE, array-CGH Kl & Bl
ORETE 2 DA EE RE, HEHEmE
AL 5 G R R, HOvBoREAz, B
HIGIKRE X, HAHERAE, ZEILFRR M/,
KA e A I SRS A 73 240E 25 AH DB 1 K
W, Rl UWER
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