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3 5 16p11.2 B K S 1ERE JLAY
FEENZ T R E =R = o4

WIS, A, B, EAm, KK, BEET, AL, ATWE, RiEF
(W& B4 RER B AR, B AR 430070)

HE : BB 2 36 16p11.2 ek X 25 4L Lag s A, IR LSS W72 Ag AR,

R 3 6] A5 A 16p11.2 sk k (593 kb) BEILM e R R oM, EHFHR S AW MES (SNP fﬁ'ﬂi
7)) AMLER, HHTX 3 HIEILA FATA BAF b, BR R ARl 2 BBILFEREERER A 46, XX, A
5] 3 B IUFKF AR R A 46, XY, Ja] 1 69 SNP #4745 R arr[hgl9]16p11.2 (29, 428, 531 ~ 30, 350,
748) X1, BP 16p11.2 A48 922 kb 698 %k, JA 1 2 &9 SNP #4345 R 4 arr[hg19]16p11.2 (29, 591, 326 ~
30, 176, 508) X1, BF 16p11.2 #7E 585 kb #9%k %k . 54 3 69 SNP #4525 R 4 arr[hg19]16p11.2 (29, 428,
531 ~ 30, 176, 508) X1, BP 16p11.2 A& 748 kb #9 8 k . 3 WA XA R K, €4 PRRT2. KCTDI3,
TBX6. HIRIP3. SEZ6L2 S &AW, bl 1. 2 F AR 5 427 ILEAMER T . AT, mbl 3~
WA B PTFREILANFERRIG T EiL lopl1 2 MR GZAAEE ZA TR AR ZREREFF, (A
HHAFIL, FRAAREZHRE P4k BIIEILEMR AT . FEMNT, BEE 16p11.2 Mtk k Eo4E

89T RE . SNP #5247 T A 25T 16p11.2 Sk 42 A48, A LM L EABR NS R LR, A8 TH

MEEAAR S EZ Mt X A,
KA . W, RS ; 16p11.2 MK LRAAE ; BHFER $ A4S
FESZES . R7155 XERARIRED . A

Prenatal diagnosis and prenatal phenotypes of 16p11.2 deletion
syndrome*
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Abstract: Objective To analyze 3 cases of 16p11.2 deletion syndrome diagnosed prenatally, and to define
the prenatal phenotypes of this syndrome. Methods The results of G-banded karyotyping and single nucleotide
polymorphism array (SNP array) of 3 fetuses with 16p11.2 deletion syndrome were reviewed and the prenatal
ultrasound of these 3 fetuses were analyzed. Results All amniocenteses revealed normal karyotype. Whereas SNP
array detected a 922 kb deletion at 16p11.2 [arr [hgl19] 16p11.2 (29, 428, 531-30, 350, 748) XI] in fetus 1, a 585 kb
deletion at 16p11.2 [arr [hgl9] 16p11.2 (29, 591, 326-30, 176, 508) X1]in fetus 2, and a 748 kb deletion at 16p11.2
[arr [hg19] 16p11.2 (29, 428, 531-30, 176, 508) X1] in fetus 3. All deletions have overlapped with the critical region
of chromosome 16p11.2 deletion syndrome and involved candidate genes such as PRRT2, KCTD13, TBX6, HIRIP3
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and SEZ6L2. Prenatal ultrasound of fetus 1 and 2 showed hemirertebra and scoliosis, and prenatal ultrasound of

fetus 3 showed increased nuchal translucency (NT). Conclusions Chromosome 16p11.2 deletion syndrome could

be seen in several types of prenatal ultrasound abnormalities, and vertebral anomalies are the most frequent. If the

prenatal ultrasound showed hemirertebra and scoliosis in Chinese Han population, chromosome 16p11.2 deletion

syndrome could be put into consideration. SNP array can efficiently detect chromosome 16p11.2 deletion syndrome

and accurately map the breakpoints and involved genes, which may facilitate understanding of the genotype and

phenotype correlations.

Keywords: abnormalities, severe teratoid; chromosome 16p11.2 deletion syndrome; polymorphism, single

nucleotide

16p11.2 B R LR G AE R Ry 16 5 4L A4k p11.2
FFTE S R F 6 B 2R DX BT 5 | A 1 — SR 25 B Ik
16p11.2 R 2554 T 2008 4F 1 KUMAR %575 [ 4]
T ZR BRI R A i v il e R AMRA T A
WF 5% H ABE LR 0.3%0 . B 1) 32 B AR E TR
{46 REIRGE, B I/ B FRE RS R BT
SR IR R I R R R Y BRI IR 2 8], (HE
IEH WA AL B, s S R FIRES#H
I PAIE T R B ¥ RER o A AR e R B
BB o 209 BF AR AR, 2 % Z R I ILE
SRIRIE o 16p11.2 TR £ 5 A A48l H A= e 4 2 s
Tl AEL A AR B R 5 DL

16p11.2 fof S 2% 2% 5 4F o] LA ¥ U1 84
B J7 2 g o 4K L% 51 ( chromosomal microarray
analysis, CMA ) B H AR 5307 7 Bk Ao I A 22 28
(fluorescence in situ hybridization, FISH ) ${ AR H .
KR Z2 51 (single nucleotide polymorphism
array, SNP array ) $RBEUZKEH >50 kb ) CNVs, RE#HE
WA Y 16p11.2 TR ZRA1E. BT, 16p11.2 1%
BRERE MR HISWHGE R, AW X 3 4
16p11.2 i R A MENG LR = AT s (5 2 0 b, 858
HORAS S i R R, PR R R R S SR B R AR

1 ARSI

HRITE
W1, DUG, G4AP1, 223 JER AR LR Hm i
TEEAAEME, L, ~ S, BPHERITE, HFshlk (4
MBRAN ), AL EIEHE, Q2 AE RS R T4 24
JARFEARZERIA . 0 2, W%, G3P1, %24 FIMA
JUEB A AR RS L, _ ., S, HEMR A IS ),
HEVRHES AT CLEMEAR ), /K IR EU T IEHEH FRR,
2 IS R RS T2 25 AT FR ZERIAR . e 3,
D%, G1PO, 2% 13 JE KR J LB A $27R NT 4.8 mm, fi

1.1

LG WA, G4 R B )5 742 18 W73
KFAR . 4, BUE, G3P1, HGJILRGH S KA
WA, 219 FEERE (41 %) &0 R R
TTHEKGERIAR, N TEH AT HRLE 4 A9 BTl Y =
KT HHL G AP O IRAZ MR SNP array A2 o
1.2 FHi&

121 WHFRFEMRZA S AR TS
SN FATFEREZRIA, ShBUIG LK 28 ml, JoR
FAE T 0 AT ME IR o BRI R S K AL 2l |
W5 AL AR G A o G AR AR R A
S5 A% 2 B i 44 UK 2016 R )o

122 AJEZ DNA R f# ] QlAamp ® DNA
Mini Kit (250) 180G @i IR K 19 4 BN 20 DNA,
FEHUAY DNA & T 20 COKFR S URAR A7 3 . 5
B HIEEH Nanodrop one ZMEIGEETHE R, ARifEfLIfHi
BEFEAREE 2 50 ng/ 1o

1.2.3  SNP array #2ml sk £ 2L RH Cyto Scan 750K
B CELEE 55 T35 DU EE A 20 J7 4 SNP #85)
VEAFRSIN S A AS I FIF S DNA B 250 ng. K H
Affymetrix 23 F) BB G 0] € S AR AL i bR HE 4R AR I
e, JATREY] . %4, PCR. PCR #aiifk, HBfL.
FRic. 2858, BERE. SRS AR
F PR ESE T H Affymetrix Chromosome Analysis
Suite Software 47734 o F1| i [l 5 & DA 20 A% S $c0
DGV ( http://dgv.tcag.cal/dgv/app/home ) FIFRH W 27
P CNV, H4y CNV 5 CNVs £l %2 DECIPHER( https:/
decipher.sanger.ac.uk/patient/ ), OMIM ( https://omim.
org ). ISCA ( https://www.iscaconsortium.org/ ) FLXT54T,
1E PubMed %t 8 JE ( https://www.ncbi.nlm.nih.gov/
pubmed ) A ZAH [ SO IX B CNV IF 5 %) STk
124 FHEAZERESIER T ( quantitative real—
R 3 4
16p11.2 R 2 1) DNA 2k IX I8, e 347 w2k

time polymerase chain reaction, qRT—PCR )
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WRIFAA, 45 - 3 9 16p11.2 OISR A AR LI~ T B = i 4007

FEA X WO Y1 7, Bt iER 514, B ALB Jk
WoANZ, MR8 DUBORI & B 5 By
1Yt Ky 50 R S L X 34 44 Primer 5.0 and
National Center for Biotechnology Information Basic Local
Alignment Search Tool software ( blast.ncbi.nlm.nih.gov/
Blast.cgi ). ZSIEREIR LNS LTI 1, 4
R Z ] ABI SYBR Green PCR Master Mix, FEAHJf
H TE Fi B 5 ng/ w1, JFERTEC 2 w1 VEAAR 5
ABI 7500 7 GE & PCR Y, 3%4% SYBR Green Reagent
B PIEARME : 95 CHUENE 5 min XIS ShEERET ,
95°CAEPE 155, 60°CIRAK 40s, 45 PMEH, FAFEAD
Kl 3 ANEAL, SH AT 3 IKEH A,

=1 16p11.2 (hg19) RERK XA LEE PCR
KMAT S F 5
FEH AR EiL7)sel K bp
16P11.2 TEm: 5'-GGTTGATCTCCCAAGACCG-3' 19
JZ ] : 5'-GGGAGAGCACAAGCGAAAA-3' 19
N IEM: 5'-AGAAAACGCCAGTAAGTGAC-3' 20
Szl : 5'-CGTATGTTTCATCGACTTCCAG-3' 22

1.3 SitFEAZE
AR M K F Microsoft Office Excel 2010 % 3%K
e, THRARXHE . P bR

2 #R

21 G EHERESTER

il 1 ARG 2 B LK YL R R R 46, XX,
P 161] 3 Fipg 1] 4 it ) LK Ge R A% 0 46, XY LT 1,
2.2 SNP array &R

J7afil 1 1) SNP array 2550 arr [hg19]16p11.2( 29,
428, 531 ~ 30, 350, 748 ) X1, HJl 16p11.2 7£4E 922 kb
(B2, afil 2 1Y SNP array 45 54 arr[hg19]16p11.2
(29, 591, 326 ~ 30, 176, 508) X1, HJ 16p11.2 f¢1E
585 kb BRI, 9% B 3 () SNP array 45 5 4 arr{hg19]
16p11.2 (29, 428, 531 ~ 30, 176, 508) X1, H 16p
11.2 fE7F 748 kb BB 2R (DL 2), 3 Nk 1] 35 R A
I 381 JHC At 5 PR 457 S B O P s ] BEBOR TS o e
18] 4 1) SNP array 25 5 AAG I 21 S0 14 5 T SE B0 4
2.3 gRT-PCR &R

W 1 ~ 37 16p11.2 (hgl9) X% D EULF-
BRI B 4 119 50%, WG ~ 3 6 JLFE K A0 A7 A
16p11.2 Z4A 5, et 4 AAEEEL . I 2.
2.4 WIRER

W L. G 2 R 3 4 T2 27 JE L 2 28
JaAFZE 21 JAATRIEAR, AR FIEIFAT T )5 W
FfgEH . R 4 T2 387 JE e e AR B S 1 3],

S0 X dahwn wo
ERNRERN R AR NN E NN
43 ddd Ll ddrdby ey
T RS B T A P R R Y

A: 1 BRILE R QBRI 46, XX5 B: S 2 B LK @IBIZAL 46, XX C: il 3 frJLSE KB GIRZEy 46, XY,

& 1

RILFEKRBEZE
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T A TSR b gy VCmEw SI gt

4y MK cehp Wegtes Logt R
gy M e S Mumter St

0y M o Al Dewrence

4T A Copy Namvet State (vegmenia

e

1 7E 16p11.2 7E7E 922 kb A2, B: Jf) 2 78 16p11.2 7E1E 585 kb AUBRAE, C. Wl 3 78 16p11.2 7E1E 748 kb I

2 35| SNP array Z55%

% 2 qRT-PCR ##E%it

A Gty 202 ( Target & Target HENS

FR MG o mswL) ARtk
sl 1 1.134 0.230 0.462 0.106
B2 1.080 0.070 0.474 0.033
Jwfhl 3 1.182 0.08 0.442 0.034
Jafl 4 -0.136 0.001 1.099 0.058

3 itig

16p11.2 ff i 2 25 A AIE AR 418 it 2% X 35 32 2293y
225 IR 16p11.2 B2 255 AE (OMIM : 611913),
916 5 YL 0 K 295 ~ 30.1 Mb X 45 I 500 ~ 600 kb
FERAG, R WA, XIS E 5 A : PRRT2.
KCTDI3. TBX6. HIRIP3. SEZ6L2 %% 29 M, @4k
HL 16p11.2 B2 (OMIM : 613444 ), g 16p11.2 K %
28.73 ~ 28.95 Mb [Xi I- 200 ~ 220 kb ffise, X5
Bhoei /L, XD & SH2BI . CD19 ., SPNSI 4 9 4>
SR, PIRRE R 16p11.2 B2k 28 A AE IR b Bk X
BRI AER I ARTR], ARSI
16p11.2 BARLESAE

16p11.2 TR 2k 25 A 1IE 19 & A2 02 IR AFE 16p11.2
X3 Pt A3 A5 DU S 751 (low copy repeats, LCRs ),
B TR M v, K24 147 kb B (147A F
147B), EMIZIAA 99.5% 75 FE . 2 Befikds Il &
ST H 1 AR A AR M, A5 A 40 R B o) 24
bR S5 R FRIE Yk LIRS B A E . (non-

allelic homologous recombination, NAHR ), M-S 2%k
B S B =

16p11.2 {2k Py 3B 41 7 25 4N vE B L IR i i it
T, [FIEAEAGEE D EH P8 P id il & 4 ANEAMYSERA ,
o4 & JLASE A DI e SE K 4N PRRT2. KCTDI3 .,
TBX6. HIRIP3, SEZ61.2 %%, HH, XEEHEH A B &
el SR A R AHLE] RN, (R RO 2
W55 A n iz L R P E R LA B A 15 R R ALY
YiGei %, PRRT2 B AT RE/E G| 16p11.2 fllfk R 25
B IE B E N S L B R 0 L . PRRT2 35
A=A DIRE R R AEOR AR 5 7] LU S BUR VRS shifs S
18 3 AT S5 [ R SR LA 5 B T A
BIZEAAE T, KCTD13 R BE D F N U 2 oc e i
IR SR, 25 S 16p11.2 TR 28 A AR Sk
W Y FEEEAK B K 1, Bk XN 1 MAPK3 1 MVP
FE R AT BEAE MM L P 1 i KCTDI3 FE R (1) 338 ™,
HIRIP3 F [H 7= ¥) Al HIRA 45 & & it HIRA-HIRIP3 &
Y, TER M4 E AR L E SR Y 6E,
16p11.2 B4 J5 T BE K 4 HIRIP3 J& K P57 B AN 2
AT 80 3 Bl BRI IR 19 & 2E ', SEZL6L2 FEPH 1)
FEF AN A A2 S8 16p11.2 2 45 A 1E1E 5 R
Gz, INFIRERR AN A MGE M EE N K, 5 SEZL6L2 $:
[FIE 1Y SEZ6 HEPRIEpa /N BRI s Hh 28 RHE 2 32 4
iz B i AN AR IR R AR . SEZ6L2 BEP AU AE N3
KA Eeis, H5 58000 M S 15 RAG1) SRPX2
FEHEERE ", TXB6 LR IE 51 16p11.2 S sk
ZEOAE BBE HEVRIHE 1 S BERE N " TBX6 JEH 4%
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WEWHA, 55 - 3] 16p11.2 BUBRREE S AN LK PRI W B A 20

—NEFER T, N R R AT R T O E
JHi ', POURQUIE % ™ TF5¢ % 8L TXB6 PR i/ R
IS N ZEAR R B HER B & B AN e M A
LERR, SPARROW 45 " HIEH] TXB6 FE[H 28745 J 5%
i) TBX6 £ [ e s iE M AT S BCAHERD B R B A4,
IR BHET 14 TBX6 To)AE 5 3 K Y /N BUE i
46% 7 1% BE (I BTHERRIG L 30% fEE R B, FEI 425 ™
W R, TErh EDUE AR TBX6 B i 2 A~
KA e 2 AP A« 12289292 il 153809624, iX 2 4>
A5 ) 2 A AR S R A R 25 14 & AL ] o e e 2
MIVEF . WU %5 " gE— A WF 53 & B0 A o [ R R
H TBX6 FE K L —FhERER I /E I X« TEThRE S 3%
B (AFE 16p11.2 Tl G AE R TBX6 FE [ Sk )
B I T A DL A5 5 7 R B R T-C-A (3 4>
B UL AL AT R 2 A AT+ 12289292, 153809624
153809627 ) T FECEHEAFIE HEMZ

16p11.2 TR LEAAE B3 I R A S5 ebE
ANJR] B Ah i %<, ROSENFELD 254138 16p11.2 il 2k
ZEATE (TBX6) FIAMNE R 46.8% ( 31.5%~64.2% ), %
A REYS TBX6 H:H MR IR BN I 2 (1 A JCHIRE S
FE DR I 55— A UL I I 85045 A7 i R PR AL T—-C—-A )
2" FET ANBWRE S, TBX6 [N T-C-A ik
HIZE R EDUEABET G 44%, FitL, S AP ETL
TEARET 16p11.2 SR ZEAAE (TBX6) HYSR 3R
R 44%. i H TBX6 FE N 25 PEB R 1) 2 BUAE A [R]
TSR], 7 o DU AR 2 O A (AR
FJNI £ =1 T

HT, 16p11.2 {2 £ B AE 7 112 Wik 4
A AT Bk R LR 7 S AR AT ORI
U AR SRR R Eh K e N R B IR
16p11.2 B R LA AR HAL R AN A TR S . Bk
TR/ B8 A PR % ZR B B S5 e A HL A AR R A0 f
M, TCRAEE IS, TREHEARRTE | BRI SE T
DURABE P AN RS ge, il MRS =R A 2 s W
SEH TR AL 2 19 AR 9 35 e R AR IR | A
o el 1B AR IR LB, L, ~ S 2
HERITE, S Shk (ArmiEean ), f0 s ias,
Wl 2 R IR LB (L, o, S, HEMRm A
25 ), HEARHESIAREST (CEMERR ), SFRIBEU T IE
A R T B 3 8 RS AR AR iR LR 2 7 B
48 mm, SERRANE. —HHEATREEH T 16p11.2 i
BURLERIEAAEAN R S R 2R i —Jrmh
AIRESE TR R SR TIG LR GOR i — 25 W Dl

TERHERE . TEABIGE T, EF R FE 4 SNP array
BARXE 3 AIRGIHAT 50T, AAE ST F 7K A
G IL 16p11.2 SR A E, 1M HAHRER H A 5L 20
DL

Zi LA, 16p11.2 fli R 25 4 AEAE = i o] H B
BRGSO, AHERIRIE O R W, E DU
NHE= W P TP an S UG LR T | B A S
7% & 16p11.2 R ZEGAER AT BE. SNP array 347
A LUA 02 W 16p11.2 TR LA AL, W LM
ML IS BRI, A BT i H DR R R R Y
X KRR
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