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Abstract: [Objective] To investigate the value of medical exome sequencing in copy number variation detection in
genetic diseases. [Methods] Here we tested two separated cases. There are no similar symptoms except intelligent
disability between the cases. Fragile X syndrome, G-—banding, chromosome microarray and medical exome sequencing
were sequenced tested for the two cases and their parents. [Results] We found the copy number variants in both of the
patients from the two families, which distributed from 11.4 kb to 13.03 Mb in size. The copy number variants were all
verified by other technologies. [Conclusion] medical exome sequencing is useful for the detection of copy number
variation in genetic diseases, although the value still need more verification.

Key words : high throughput sequencing; medical exome; copy number variation; Mendelian disease

AR L IR R IR L AR5, H
TBOZ W R M, s 20 R S A s R D 4
S E BT A DN A RE S B R B2 WA . e
O AR 37)-B A T et F 0 P AR A S R DA 2 A6
TR A B AR X T3 A o B4 i PR 2 T FL AT T 22
M AE AE R T 2 A0S 0 J& 39 45 R i DA

I #5 B #9:2018-05-31
BEEWE . R EERAH AR 4 (B2017121)

[J SUN Yat-sen Univ(Med Sci),2019,40(1) : 144—149 |

{91 5 — PP B — AU AR IR T 58 o X T R
T L B T Fh 28 B A 19 B A% 1 TR 2 57 (single
nucleotide variation , SNV ) Al 5¢ 18 A% 95 1, #5 U1 4L
A% 5% (copy number variation, CNV ) 5 £ i izt 1%
ARG e R R AR X AN Rl RS Y
PRI A AN R BRI 7 52, (R 2202 5 X SNV [ £

2|

TEE RN 9K, oAt B AT F 0/ 220, 5 7 1] < L2 WA P= T2 87, E-mail : zhangyan1981_2003@aliyun.com ; 721 il {5

YE# , E-mail : yinaiwa@vip.126.com



55 13 TR, A BEAA T 2H I G 35t % 1 DL S R PR R 145

I, X5 CNV BRI, AT SR B 22 4l R 28K
R IN J7 FE AR PR 4240 2. F- 21 (whole exome ) B F:
2 FE A (panel ) HEAT LG AL . ARSI 1)
SRR 8 0 A SRR Th 0t — 2 A K
P HIF RSB )T Z AR, EAEANE FAH
(medical exome )M 77, 1Y Iifi R #1720 (clinical
exome )l J7° , 45 EF X H HI 0114 5 38 1% 955 AH 5
%) JI A 5 TR 1) G e DX R JH A 3 DX A7 4 4R S U
Pt AN T A 0 BI04 YRR i R A A 2
St R HIBA AR SR I AN R, RO R i B AR
3 DX AED0 TR 2 H0st A2 s i AG I , JEH 2 SNV
AR, BTt b Y 28 B A B AT DL o SR T
T CNV ByAG , B F AT RS 1) 5B X 8D AR
FAAL N 2015 AR TF A6 B B2 24 1 k. T2 00 AT
LRI T, BT ST T8 S8 1Y CNV K
W7, © B 20 B rh A5 RIS Wr I IE , A< 3¢
ACLAT AN 52 22 R )%k B2 2 Ah 15 2H T P 72 CNV
AH DG Y388 12 6 R AR v () T AT PR SR A T 4347 o

1 #MH5FH*®

1.1 ARG

FZ LEA) IEH MK 1-11-3 F 2017 4 8 /]
KB, AURA R IR ML 2 B R
(1-I-1 N 1-1-2) ¥R B . BE 1-11-1(36 %)
F1-11-2(34 % ) R R LB (I TR ), &
TBREMT EFRe 12, 29hie 1 IER . BE

| O

1-1-1 1-1-2

' =

1-1-1 1-1-2 1-1-3

1-1-1

1-11-2 P4 AR RS T 2, nT R, 325 Bl /A
S54RI H LS 2% .
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2-1-1 2-1-2

2-1-1 -2 B

The patients are all male and share intelligent disability. A : case 1, two of the three siblings are patients. B : case 2, the old brother is patient.
1 AMRENRR

Fig.1 Pedigree for the two families
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Patient from case 2(2-1-1), the boy was thin, the symptoms

included special face, short eyebrow, protruding low ears, slender
fingers.
2 f&Bl2-N-155RE
Fig.2 Photos of patient 2—1I -1
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1.2.4 % &R 4 3] 2 H (chromosome microarray
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20 DNA T Q800R i 7 M iR A rh 4T W , H Uk BTk
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Hlumina platforms & 4 & 77 35 o 47 SCFE# 4 < 7
DNA § 4 A9/ T AT R ImiE 52, 37 i =A™,
JEAE T 3 b A4 P 9 43k L R )RR AR AN
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Dynabeads #£47 B #5 X A 38, TR 485 7= 1 ik
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BRI SRR X S B A PR g A 8 7 1 B
AR, ETAS R L DU A . Bg L EE
KRR R 1, BIIEH 5 k2R — 95 DUARTE M 0.5,
R 2R 5 B s BRI 288 DUARTE ]y 0, RIZE5 /25
BRI B G I B ) 2% S kR P E D 0.55+
0.07, &% 75 A5 : GRCh37/hgl9, HR 45 3 [
2 2% i3 4% 2% 2% 2> (American college of medical
genetics, ACMG) 8 #5"*, XI SNVs Fll CNVs # 17 1F
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211 BEEX FEREAIEARAERN X R
H1-1-2 JEAT P X PRSI, 25 58 h [ (4 4%
KR,

212 EFshRFaAMEF HEFRIEW A
1-11-3 3= 724 1 & 4F 8% 20 J& , 755 2 4600 i ]
TR R R B G AT O R RIGIRE =4 T4
(4 000 1~ C 0 BOW 3L ) 19 25 G K i A A
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[X.,8 423 367 bp, “F-¥J%8E W R 344 %218, KT
10x 7 35 X 8] (5 99.1% , K T 20x & 5 X 1] 5
98.8%. Z5 A MEE 1-11-2 7q36.3 X I A £ 3.14
Mb FZ S B B (chr7:155 595 594-158 738 470
KI3A), 16p13.3 XA K2 11.4 kb 72 A5 8Lk A
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CNVs from different regions in genome can be called out with medical exome sequencing combined the special algorithm. A and B heterozygotes

deletion of 7q36.3 and 16p13.3 in patient 1-1I-2, C heterozygotes duplication of 19p13.3 in patient 1-1I1-2, D heterozygotes duplication of 9¢33—

q34 in patient 2-11-1. Vertical axis shows the ratio of average coverage of tests to that of reference , horizontal axis shows the genes at the given chro-

mosome loci. Orange lines in A, B, C and D are the probands (1-11-2 and 2-11-1)and the gray lines show their fathers (1-1-1 and 2-1-1).

E3 FANGSBZREHITEES CNV O

Fig.3 CNYV analysis data after medical exome sequencing
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Balanced translocation of members in family 2, 46, XY, t(3;
9)(¢29; 33 )were detected in 2-1-1(figure not shown) and 2-11-2.
B4 RZE2EBEMP(2-11-2)5MNE MiZEE
Fig.4 Karyotype of 2—-II-2

Bt (chr16:215997-227410; 81 3B) , [Al i} 19p13.3 X
A K29 330.8 kb 2 K Bt (5 LK 3)
(chr19:589946-920748 ; 81 3C) , Hirh 7¢36.3 X1,
3.14 Mb F Br iy 2% A& 82 F 19p13.3 X3, 330.8 kb
R BB R AEAC TR AR I E] , 16p13.3 X4 11.4
kb Jr Be iy 2 G i s A% F Bk

213 FERMEIN 5 AR REBEEN
PR, AR A e 3 o 0 &5 5 6 R 1-T1-1 IE R A
R 1-11-3 e HZEF I i )L 1-110-1 R4y T
CMA R . 45 53k 90 B8 1-11-1 ££ 7E 7q36.2-
q36.3 X I £y 4.5 Mb 1 2% A Bk R Bt (chi7:
154655991-159119707) 4 3 19p13.3 [X I £ 841
kb 1Y 5 & F Bt (chr19:260911-1102063) ; 1F % 4
T 1-11-3 B G LA 0 21 B A 57

22 ZKRHR2

221 EFSEFaAMNFE HOXFRQ-1-1.2-
1-2 . 2-11-1) AT I R B 24 A1 i 41 (2 4000 4~ 2
PRV 2 ) 25 A K DU A 2 B o SR AR I 50585 4
fih1X., 8423367 bp. V¥ w5 R EE 220x£127, K
T 10xE % X 7] 5 99.0% , K F 20x 7 5 X
98.7% . ik CNVs 34t (U5 2.1.2) , R EH
2-11-1 9q33-q34 X3l K24 13.02 Mb Y 52 | Bt
(#2 01 %0 K 3) (chr9: 127998871- 141016451 ; [
3D) , ACBEA A I 2 BH 6 57 o

222 FE&kEASN LR RBHUE

55 O, % BB AC R K o o R AT A0 ] il G o AR A% A
ST, BRI E AL 2-1-1 B o 2-11-2 F7 75 F
AL 1 46,XY ,1(359;q29; ¢33 K 4, A SER R
R, BRERESE -T2 R R WL S

3 i #®

CNV PRSI R 22 38 1o Yo o (A B 51) kv 3
NP S A SC IR 9 9] T 340 1 e (e (R DX S 2 4K
I GRCh37/hg19 %4 g

RERNFIEZ KB, A BE Y B e
P X Ye o R BE R (FMRI 3R CGG H L HE 42 ) fifi A
FIPE , BE 1-11-2 B 2400 4Ll )y, kB8 = B
CNV, Hd16p13.3 49 11.4 kb Hit 2k 1% HBA2 3t
[K 421K B2 HBM I HBAT KA B9 R EB 43, 5 o Hi
VBT A AH G, [R] B2 R B e R 3 1 vt g A
XX RSEERLEEFH KT
MIERE . TSR RFERERTE, KiFTRR
HoAth A~ K CNV B 3E . 7q36.3 1% 3.14 Mb it 4 Al
19p13.3 119 330.8 kb 5 &2 ] 3 BT WS A, A
HO-N-208 o 5 & BT B 1-1-1 38
CMA #3258 3F , 1-11-3 & H: iz L 1-111-1 34 R B
P, B TERE R (G LE 2R BT 44~ H K,
PR RIS ) . 7936.3 B XIS A 54
OMIM JE A, #73 CNV e 26 9 19l 4 38 5 AR K & op
BOFE IE R ZE L (nssv1604681, nssv706407,
nssv1608164) , H SHH Fl MNX1 F [R %8 45 22 = 81
J 5 PE 3 AL (OMIM ID: 600725, 142994 ) 1,
19p13.3 X I (chr19: 589946-920748) & 4 3 4
OMIM JE A, fiiB /b o ARPE I PR R B K AW s
B0, 0] LUK 7q36.3 Fl B4 J) 52 A 5E L 20
CNV, 1M 19p13.3 I E W & U], 255 K &
FRTHEWT XK R P A2 — AT REAEAE 75
19 S YL o PR G -1 5 A, 75 B b AT 5 20 Y6 R A
7442 (fluorescence in situ hybridization , FISH ) $5IE .

KE 230 1L B A i 7 )y e B 2-11-1 47
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5 L2 (0] B G450 | W1 Aok A i /E 45 (DECIPHER 1D :
256749 .269998 ) LA K Ifil i 72 4t %5 9 5k £ R 45 Wi
B %% FR L 9q33-q34 X 48 13.02Mb Ay T
58 B 438 T LMX1B LRSAM1 .SPTAN1 .COL5AI .
NOTCHI .CARDY . EHMTI %5 OMIM ZuJi FE K, AR
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