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[Abstract ] Objective To investigate the value of genome copy number variation sequencing (CNV-seq) combined with karyotype
analysis technology in prenatal diagnosis of fetal chromosome abnormalities. Methods A retrospective study was conducted on 107
pregnant women who underwent amniocentesis and were indicated to have copy number variation (CNV) from June 2019 to June
2022 at the department of prenatal diagnosis, Mianyang People’s Hospital. All participants underwent both CNV-seq testing and
karyotype analysis. Results In the amniotic fluid samples of 107 pregnant women,karyotype analysis identified 58 cases (54.21%)
of fetal karyotype abnormalities, including 36 cases (62.07%) of numerical abnormalities, 11 cases (18.97%) of structural
abnormalities and 11 cases (18.97%) of mosaicism. CNV-seq testing successfully confirmed all 58 karyotype abnormalities
identified by karyotype analysis. Among these, 54 cases (93.10%) were pathogenic,and 4 cases (6.90%) had unknown clinical
significance. Additionally, CNV-seq detected 13 cases of mosaicism, including 2 cases (less than 10%) that were not detected by
karyotype analysis.In the 49 amniotic fluid samples with normal karyotypes, CNV-seq identified 20 cases (40.82%) of pathogenic
variants, 23 cases (46.94%) of variants of unknown clinical significance,2 cases (4.08%) of likely benign variants,1 case (2.04%)
of likely pathogenic variants and 3 cases (6.12%) of benign variants. The positive rate of fetal chromosomal abnormalities using

karyotype analysis was significantly lower than that of CNV-seq and the combined testing method (X*=115.654,P <0.05).There
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were no statistically significant differences in the detection rates for chromosomal numerical abnormalities, structural abnormalities,

and mosaicism among the three testing methods (P > 0. 05). Conclusion In the prenatal diagnosis of fetal chromosome

abnormalities, CNV-seq can effectively and specifically detect pathogenic genomic CNVs that cannot be identified by karyotype

analysis. This provides more detailed reference information for prenatal genetic counseling.

[Key words] genome copy number variation sequencing;karyotype analysis;chromosome abnormality; prenatal diagnosis
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Table 1 Prenatal diagnosis results of fetal chromosomal abnormalities by karyotype analysis and CNV-seq testing
i CNV-seq 5 il ¥
& ﬁﬁ AR S b
e CNV-seq 25 3t s K (n)
BEHSH  47.X7,+21 seq[hg19]dup(21)(q11.2q22.3) chr21:g.14600000_ w1k 9
48100000dup
47,X7,+18 seqLhgl19] dup (18) (pll.32q23) chrl8: g. 20000 _ itk 6
78000000dup
47,X7,+13 seq[ hgl9]dup (13) (ql1q34) chrl3: g. 19300000 itk 2
115100000dup
45,X seq[hgl9]11q14.1(81.36Mb-81.72Mb) X 1,(X) X 11 5 YL (@ {A fl 2 Ifi 7K 2 1
1,(Y) X0 SR, X — R Hom v
seq[ hgl9 ] del (X) (p22.33q28) chrX: g. 2700000 _ gtk 1
154920000del
47, XXX seq[ hgl9 ] dup (X) (p22.33q28) chrX: g. 2700000 gtk 4
154920000dup
seq[hg19]dup (8) (p21.2p21.2) chr8.: g. 24240000 _ 8 5 Y o {4 & & Iifq K = 1
25300000dup; seqChgl19]dup(X) (p22.33¢28) chrX:  SCAN B XXX B i
2.2700000_154920000dup
47 ,XXY seq[ hgl19 ] dup (X) (p22.33q28) chrX: g.2700000 _  Hk 9
154920000dup
47, XYY seq[ hgl19]dup(Y) (pl11.31q11.23)chrY:g.2660000_  Hgtk 3
28780000dup
i SREHE 45,X7.der(13;14)(ql05q10) seq[hg19]10p12.31(19.44Mb-20.44Mb) X 3 IV B 2% SR 1
46,X7,del(5) (pl4.1) seq[hg19]5pterpl4.1(0.02Mb-25.10Mb) X 1 otk 1
46,XX,del(18) (p11.2) seq[ hg19]del(18) (p11.32p11.22) chrl8:g.20000_ itk 1
10100000del
46,X7,del(3)(q25.1925.3) seq[ hgl19]3q25.1925.33(149.12Mb-160.16Mb) X 1 o 1
46,X,idic(Y) (q11.22) seq[hgl9]dup (Y) (pl11.31q11.221) chrY: g.2660000_  Htk 1
16000000dup
46,X7,dup(2) (q12.2q13) mat seq[ hgl9]dup (2) (q12.2q13) chr2: g. 107100000 _ IIfi R & LA BH 1
113000000dup
46,X7,del(11) (q24.2) seqhg19]del (11) (q24.2q¢25) chrll:g. 126300000  #tk 1
134940000del
46,X7,del(2) (p21pl6)inv(2) (pl1.2q13)  seq[ hgl9]del (2) (p21pl6.2) chr2: g. 44140000 _  HUH M 1
53320000del
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(8 130
51 CNV-seq £l ¥
PR P 2 b
S CNV-seq 45 5 s SR (n)
46,X7,del(X)(pl1.4) seq[ hgl9 ] del (X) (p22.33pll.4) chrX: g. 2700000 _  EHUmE 1
38500000del
46,X7,dup(3)(ql1.1q12) seq[hgl19 ] dup (3) (qll.1q12.3) chr3: g. 93540000 _ Il /K& X AN 1
101500000dup
46,X7,del(13) (q22q31.1) seq[ hg19]del (13) (q22.2q31.1) chrl3: g. 75780000 _  IIfi IR & X ASHH 1
85860000del
ok mosd5.X[387/46,XX[12] seq[hgl9](X) X 1[70% 1, (Y) X0 How Tk 1
45,X[15]/46,X?,+mar[ 15] seqlhgl19](X) X 1,Ypl1.31q11.221(2.66Mb-19.58Mb) *  Efstk 1
1[70%7, Ypll. 31qll. 221 (2. 66Mb-19. 58Mb) * 0
[30%],Yql1.222q11.23(20.00Mb-28.78Mb) * 0
mosd5,X[8]/46,XX[42] seq[hgl9](X) X1[15%],(Y) X0 o 1
mos45,X[46]/46,XY[4] seqLhgl9]19p12 (22.34Mb-23.20Mb) X 3, (X) X 1, 19 5 §u o ik & & I K & X 1
(Y)X1[8%1.(Y)xX0[92%] B L Y o A AR S B0 T
mos47,X?,+21[10]/46,X? [40]  seq[hgl9]dup(21) (qll.2q22.3) moschr21:g. 14600000 _  FjH P 1
48100000dup
mos47,X?,+16[5]/46,X? [45] seq[ hgl19]dup(16) (p13.3q24.3) moschrl6:g.80000_  HUm M 1
90160000dup
mos45,X[3]/46,XY[47] seq hgl19 1del (Y) (p11.31ql1.23) moschrY: g. 2660000 K P 1
28780000del
mos47,X?,+21[7]/46,X7 [43] seq[ hgl91dup(21) (ql1.2q22.3) moschr21: g. 14600000 i Pk 1
48100000dup
mos47,X?,+17[40]/46,X? [80]  seq[ hgl9] dup (X) (ql3. 1q21. 1) chrX: g. 70560000 _ itk 1
77240000dup
mosd7,X?,+9[17]/46,X? [83] seq[ hg19] dup (9) (p24.3q34.3) moschr9: g. 200000 HUjx 1
141020000dup
mos45,X[4]/46,XX[94] seq[ hgl97] del (X) (p22.33928) moschrX: g. 2700000  HUFE M 1
154920000del
2.2 CNV-seq #& il 7£ % BY IE & Bg JL 7= BT 12 BT (46.94 %) , AT AE R ME 2 1] (4.08 %) . AT REECHG 1 1 #l
BTE R (2.04%) B8 5 (B) 3 ] (6.12%) ., i Pk

TE 49 Bl JLRZBLR DL S 6 i 22 1 P, CNV-seq

o R BOR P 20 6] (40.82%0) | lim IR & A B 23 4

Table 2 Results of 20 cases of pathogenic CNV-seq detection

K2 20 6IBHEME CNV-seq M E R

CNV-seq K25 R W3 2,

1% T 25 St CNV-seq 44 3# 75 S A A B8 (n)
RISEH  seq hgl9]15q11.2(22.76 Mb-23.10Mb) X 1 otk 5
KILSEH  seq[hgl9]16pl1.2(29.64Mb-30.20Mb) X 3 Btk 4
RILSEH  seq hgl9]17q22(56.34Mb-56.92Mb) X 1 Hopw bk 1
KIWSEH  seqlhgl9]19q13.12(35.92Mb-36.14Mb) X 3, Xp11.23p11.22(48.22Mb- 19 S {0 {4k & 5 I K 2 X A B, X 4 1
52.68Mb) X 1 SRR
KIS seqhgl9]22q11.21(18.90Mb-21.46Mb) X3 Btk 3
R 3
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Ik CNV-seq 45 3 Ap S B H(n)
KWHE  seqlhgl9]2q37.3(239.68Mb-243.04Mb) X 1 g TRes 1
RIWFH  seq[ hgl9 ] 4g35. 1qter (185, 64Mb-190. 78Mb) X 3, 14q32. 3lqter 4 SYOIATEZIGKZE LAY, 14 5 Yt 1
(103.08Mb-107.28Mb) X 1 6 A B0 M itk
RIWWEH  seq hgl9] 7p22. 1p21. 3 (6. 86Mb-7. 58Mb) X 3, Xp22. 31 (6. 46Mb- 7 S YL (A {K T & I JK & LA W], X Y (4 1
8.12Mb) X0 PR BO M i R
RILSEH  seq hgl9]del(11)(q13.4q14.1)chrl1:g.74900000_81880000del HOw 1
KWHRHE  seqlhgl9]Xq28(153.94Mb-154.54Mb) X 3 U P 1
KIWHH  seq hgl9] 15q26. 1q26. 2 (93. 58Mb-97. 14Mb) X 3, 15q26. 2q26. 3 15 S YK EZ I K Z X AW, 15 5 1
(97.16Mb-102.4Mb) X 1,17q24.3(70.00Mb-70.32Mb) X 3 PeREOREEL 17 S ROk EE
e PR 2 LR

2.3 S BEZBE S HF CNV-seq ¥ 4 R
X bk

YR A% R S T AE 7R T2 R L e G R SR Y
FHMER S 54.21% . ¥R T CNV-seq # il Jz — 35 Hk
AR AR R WG L Y a0k SR R BH M R

100.00% . 8 b2 A Ge it 2% B L (P <C0.05) ; 44
O ARAZ T A3 A AE e 0 R B H R e R 25 4 S5
R A VR 1K R I K F CNV-seq A6 A1 — 35 Bk
BRI L 28 F i 22 S G2 5 (P >>0.05) . AL
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x3 FBEEESNMES CNV-seq @MEFHISHBILLEEREREERNLER (n(VD]
Table 3 Comparison of positive rates in prenatal diagnosis of fetal chromosomal
abnormalities between karyotype analysis and CNV-seq testing [n( %) ]
Y (R S5
o 0 7 1k B8 (n) 2 451 %
P OARBH S8 e R 5 [EREN
I o A B 43 B 107 58(54.21) 36(33.64) 11(10.28) 11(10.28)
CNV-seq il 107 107(100.00) 80(74.77) 14(13.08) 13(12.15)
1 A A ) 107 107(100.00) 79(73.83) 15(14.02) 13(12.15)
X2 115.654 3.458
P <20.001 0.484
3 i1t 3.1 CNV-seq RREFHICH LA BEREDRHN

CNVs JZAA1E T N 24 1kb~3Mb iy 44
RAR v A FE A4S G Y 6 PR A% B 43 BT TG kA T Y
Tk R E R, 5 18— =R G A1 21 — = k45
BAE B G LR B AE L H AE T R A A R R
JUH A= e B 2 DD AR SCH Y . AR G i 7 RIS K 32 R
i 3 AR U JL DNA 17 3% (AR A% L 53 A %) e 40K b
B BT = A A R A A A2 W ME R 3 L HL 5
2 10Mb LLF 3 k8 0. CNV-seq K3 Il
X AR AR LR AR, TC T #EAT 3 K i MBS SR TR
50~100kb Y& o (A A8 5. 52 38 S0 BF 58 kB,
CNV-seq F¢ AN HOw M Yo 4 0k 55 B g s 1
4.76%
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CNV-seq K H B 5 5 2R 22 0 3o o o ek
BHREL 21— ZAREEA AR (47, X7, +21) 5 [GER
AAE A7 XXY) M 18— ZARZEAHE (47.X7, +18) &
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[CZEAE LA B b K L BH 25 0 /08 L 52 L/ i 5L TG A
FIEE N EEINIRRI, 2B AT & H Wi A,
L™ R ) R BE A T S A e A R R RN I AR T
i, CNV-seq FARE P | ofE 6 1o 4G 3 e 5 (A 20 B
SH AL 21 — SR LE S AETE N B £ Rl e 1Y
WS AR

3.2 CNV-seq BARFA RS =AM ICH L BERE
B H =

AWEIE B o B BT 802 T A A% S A,
CNV-seq £t 20 BB £ 7228 S 250 1 4 AT BB
o P S 2R R, HL g €0 AR A% AU 43 B 7 TS G L G
oA S 1 P R B B AIK F CNV-seq £ J H BE
BRI $E 7R CNV-seq £ AR 77 HiT 12 W JiG L34 644K 5
B RLBE R T e €0 AR A2 B 4 BT B R 3 R A A
A HE— 20 e LG AR S A R BRAE IR Y
E I RN YA & R G o S R B
Jr BL ¥ DUEL, CNV-seq AR AT — M 43 Bt K a1
LHFHN BT OX 4 3 R A W ¥ A0 B 5, v X 4 S A
A1 I I / A DX TR B R AT A DU, % CNVs
32 Wi A7 76 B A0 370 AR BF 58 B 7R CNV-seq
HARGE A T £ S0 P e 0K S w, A% TR
seqLhgl9] 7p22. 1p21. 3 (6. 86Mb-7. 58Mb) X 3,
Xp22.31(6.46Mb-8.12Mb) X 0 f) X Z& {1 {4 2 g 1
iR (H G €8 AR AL 23 B 45 R R UL 5 s X T <<10Mb
(4 5 B, 77 A2 W s ok 1 e £ R A% T 43 BT A
B 1% 25 R ik — 25 B CNV-seq £ AR 78 £ Il
CNVs I HA S0 R, B IR AE— ke
PRIERY AR B Sy or, S WA B A I i 4 22 R0 1 G 68
A 35 22 5 B30T U 24 T 2% Yo o IR K R R B
Mgk, mEEK., PRGMITHNAR E i
T2 R RS S AELRE AN 1R & T R 5 /N AR o ke B
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1 e o {4 B 2 B Ry 45, X2, der (135 14) (ql0;
ql0) i % [ B 7 AR A . CNV-seq K Il 45 K seq
[hgl97]10p12.31(19.44Mb-20.44Mb) X 3,i% 45 F- 42
K10 SR ARG IR E XA ES , K2R 5 13
514 S Y PR AR DG Y B DR SR R TR ik R B 1
e AR A% B34 R 46,X7,del(2) (p21p16)inv(2)
(p11.2q13) BARA , CNV-seq ¥l 45 A seq[ hgl9]
del(2) (p21p16.2)chr2.:g.44140000 53320000del , 2
R 2B Y R p21pl16.2 {3 B R LR R AR 2
YL R TR E 4, %85 R R W] CNV-seq AN K
W2 G 5 o7 Tl B0 6 188 5 o7 % e 20 A SF- A M 45
GG A LN P T Bl W SR G Nl e 7
B AG ) ot 2 ¢ s HE i, B e AN BE B CNV-seq
tho AT UL ETZE ARG LV RSP 1 5 k) R HE
G 1] RIS, Y 0 R A% L A3 BT AT S B b o

3.3 CNV-seq A RBIERE X FHEB
CNVs B4 H &

T A IE UE 3K CNV-seq A I 1T 9% #h A%
R/ RSN R B TS B N b -1 1 S O s R
i R AN CNV's £ 76 B & R #. AHF5
/NS CNV-seq &l #F K5t T 23 1IR3 LA BT 1Y
CNV's, K& e R B SCAR BT CNVs AL Z I IR
15 1) TR ok B, A B TG LA BE 0 3
T, PR I R 52 B v PR 2 O I PR R SCAS Y 1Y
CNV's R FFEAT 256 A4 56 0F , O 38t 4% % 1h) 2 41 57 4 1
MESEER.

25 BTk, CNV-seq $ AR TE MR LY 614 55 1Y
P2 T R T R A S A e e R R A BT
AR TCTERE B B0 P L R4 CN Vs, 1] 2l 77 i 3 1%
HRERALE R S A
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(LU kA 0 /N A H O ML IX 478 iR L 51
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