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Abstract

Genetic disorders represent a group of diseases characterized by low population prevalence, scattered
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cases, complex pathogenic mechanisms, and severe clinical manifestations. Most of these disorders
are caused by inherited genetic defects, posing significant challenges to affected families and clini-
cal management. Genetic testing has emerged as a crucial diagnostic approach, with copy number
variation (CNV) detection serving as a primary methodology. CNVs result from genomic rearrange-
ments leading to DNA segment gains or losses, primarily manifesting as submicroscopic deletions
and duplications that are intrinsically linked to the pathogenesis of genetic diseases. While CNV de-
tection has significantly improved diagnostic yields for various genetic disorders, substantial chal-
lenges remain in interpreting certain complex CNVs. Genetic counseling plays a pivotal role in ex-
plaining CNV results to patients and families, facilitating risk assessment and reproductive planning.
This review comprehensively examines the characteristics of genetic disorders, molecular diagnos-
tic techniques, clinical interpretation of test reports, practical applications, and genetic counseling
considerations.
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1. BRI

TR A — 2 BB A TR A AR T 51 AR ) B Y SO B R TR A o, HL R AR S R A AR
RFAEFTGHEL] [2]. BEARMBREZ N T2 Wr, BTSRRI P R, —BfEKE 1 kb BLE
3 R AR R B i 95 DL in el >, it kR 21 5 ) A e ) B B 2H R 0 [3] 0 A AR P 3 A7 AE IR 5
MR, R AR ST, R IRZ S, R RA ZreEmERE. %
PRI 25 75 U1 K2 St E R LA B K T B R A 2, et ik R 2 FR Y (i B3 —/NBL DNA |7
G EK . HH Y kb B Mb, R > FHARN Bk, T EIEN FEE AR . DNA B siE 2R
SN B DR (R T2 17 BT S B0 B R Je R R etk 1 —/NBe DNA PRI #iANE UL,
HH Y kb-Mb 2, B I R E 2 B R ) SRR S M R R R R BRI A . R CNV 5
NRFIEVIMR, W ARG, AR EIBSE. S RIIBAE[4] [5]. RAZEFE RN T — e
TPy AT CAAS I8 DL AR AR 00, SR OEAR S B IRAR R I 20 TR S IRPREOR VE 72 RIS R, Nl
RZG TARSR S HERA B2 W AR T oK

2. WUEE
2.1 REFHETS O

Bett AR 51585 Fr 23T (chromosomal microarray analysis, CMA) & 7£ 4= 5E R 2 K- HEAT 33, K6 4y
AR RN . EREATHTEARN CNV [6]-[8] AN “0 TR —F. HJRHEZH
KBRSy T I R S 5 A IR B, s HARIER ) cDNA B RNA 55 5 B R AFBRIRET BT 2420 . fE 2%
AR, H bR S PR E 2 ) 2 AR R RO, AT T AR e I AS A . @il e 2 &
Vi sce, FTDES Y B bR RIA KT o # BRI 3 8 B AN, CMA RT 40 2, Lok
[l 4H 2% %2 (array-based comparative genomics hybridization, aCGH) % A H1 3 T~ 8 AN k% 1 2 £ 45 Pk (single-
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nucleotide polymorphism array, SNP array)E:RIRU R . AT 75 2K AR IIFE A DNA 5 IE 50 fEFEA DNA
Sy AIFRIC . HEAT 564 VR A U5 BAS 8 B HE DIBOR NS5 3L, 1 )5 & W R f i Al AR 4 DNA 5 — B & EH
FE R0 R VRl AT 6 EL B AT SR T SR . @3t aCGH FRBEMS IR 47 M kS HH CNV, [ i g 32 (R 41
O Fr bR B 2H (International Standards for Cytogenomic Arrays Consortium, ISCA Consortium) 1 %
JE RSB 0 R B IR G 4 W5 22 P T B ATMUIE B 2 505 26 5 1) 20 — 2R A M R [9], AH A i
1M SNP array & T Bef5H H CNV 4k, BB H I H K 22 £ 558 — % 4& (uniparental disomy, UPD)F1=1%
1, Fe MBS (loss of heterozygosity, LOH) & — & LU F R AR [9]. (HAZ30 F #eiF PR, ZHARTCIES
RACHIAS I H G 24 () - 465 55 N R0 867 DA B R 78 7 R R IR S, AN BRI R TP 1) /8 B ) i N
IREL B PR A R, A AT REAS IR B SR B CNV, X B8 CNV I AR A (B 75 R B KBk -

2.2. T—RMFHAR

T A BN SRR R — 4G (next-generation sequencing, NGS), H R ¥ 25T DNA 4 28 {# A& al
PAK A CERE FIVE T, @ AE SR B4 s BT 754 DNA B3I, TR 265 S5 34700 . ZEAR
ELA ORI B R o, AT R AR H K B R IR . R T NGS AR I R 4 5 DLE0AR S5
(copynumber variation sequencing, CNV-seq) K A B ik e/ 5 52 K S0 1t 35 DRl 4 % D1 50248 S ) 36k [k 4 o
AL T B R FBL10]. CNV-seq Al A5 R MK ZE 10~50 ng ) DNA FEAS, DPLAARE 5% He ik R4
ARG, HET NGS AR 0T, AT 7E A3 R 2H Y0 6] P 7] B A 00 22 b e A 1 5 B s A0,
R 7= w4t 2 0 23 LAV R RN BT 72 1 0 75 S 28 J5 B AR 2 . I ARE ) 72 [10]-[12]. NGS 1%
PR BRI E R, 48RV, BRI REEVPE MG IR bR .

3. MERRIE

5 [ |52 2 1 4% 2% 2> (American College of Medical Genetics, ACMG)#l€ T CNV 2 W7 1 &Ik H5 #5[13] .
WPIATBURMEE > e 5 oy R, o ABuRtE. ATREEURME. IRRE SCRIA . ArRE R M. M. &
14 I 1Y 804 % A5 Decipher database. OMIM database. ClinVar database. DGV database 2 H:Ah . S0 CNV
ISR AEN: 1) CNV £E MR ST A # 7 B0m e RS S, B2 CNV JhERAF, RE %=
o 2) KK CNV XIAE T HBMEURK/N CNV, JREIXA CNV A BRI STHIRIRE, 3 %5075
PE CNV 5 1AM IS LA , 4% DT A RIS 2% (1 2 50 )8 T Gy (44 e A5 1 X3 1) CNV (I KT 3~5 Mb),
W R B PR B 2% A AE S LR B0 1t CNV BRI rTREBURTE CNV AR #EN: 1) CNV HIEAE
ANGEARE S H AT TR W RN A HUR R I R RFIEAR OG- 2) 7E CNV XA W 2 1 D e AN S8
WA G R o ANHEF U2, DU DD BEASTHLLHE I T >k Y v BEAH O CNV. IR B A B CNV ) HI5E
PRAHEDN: 1) CNV DX B8 2R, (EL3E PR 75 2 R U R Ko 2) CNV £ 25 A SCRR AR 128 (1 410
GERTPIE, HERUIIR AR XTS5 8. ATRERTE CNV IHEARAE . 1) B CNV K/ T see =
SERIRRETI AR T, (HiZ% CNV XIRA %A EEIK . 2) 1% CNV 72508 2 (D Bom il b g Hiik, ErdEL s
PE. RPECNV: 1) CNV £ 24O 1 SCHR B 5 RS IRIE A RIEAL R . 2) CNV A St 2% Wi 2
A B BORHIE SE I R AE R IA 1%0) CNV 5E LN ZBTE).

RAEZIRF AR EM I CNV RVl T i@ B 0 B 1o R, {8 T 1 PR ol 11 A 22 (1 R ik
PE, ZIRREIFIE NG . X CNV BT RGOV Al R A LU LS. 1) CNV JBER/AN 5748 57
KAZREFEMN? KB CNV Al e 2 2 &M H SRR RIER R[14]-[17]: /N B CNV K2 1] RE
W E R A B, IO AR 2 b S50 = IS R B AR LR AR B U5 SR R AT A R
1) CNV BB AR 1. 2) &6 58 E R IR CNV — R BUR A 7 B I N T 57 135t
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1677 R BB EIR R ML, B 2 5 R SERRRF R UMR, WS iHERUAMHRK; K
P30 % A S AT PR P8 DL AR s R AR R A Y o FLKORTEZI O BUR AL 7R R B 2 B D RNz ?
R AL BRI R A L SRR IR R R IR, s DHOE I T RE A R A, 495 DI n
R RIER—HB85r I [18] [19], AT BEAEHE DA (45 M e IR g b e 31k A e AR T S Zhig o 2t — 250y
PrIa ETHRER o fJa, IR SR DR IR L 45 R X35, SRS T2 N1 R RN & T 751/ CNV
FTREXS BRI DhRETCREMT . 3) BUMTE CNV 5RA—EAMAKIEA? EHEINE A2 22911 EE LG
fiEs HRMISRUE X GO ARENLIE AT REE . Sk, (E/ T2 CNV RS IR R R E 4 &
REM T A A R

4. s

1) JLEE . FEIBERGE: W RS, AKRFRE. ZEREE. IUERIRRED, HEkR
Jute i ARUPRAINENE X Z861E2 Ja AL R4 CNV A .

2) WEGRFEVIREAE R ARG BRSEE N B LSBT . N — IR RO TE ZiA
iR, RN RAR T 0, R RIS H AN (R B AR 0 B, 4 M 77 2 O Y ik S35 TR o BT AR 18
(AR T BX[10] [20] [21]. HB¢4% A 1B 55 & 5 51 (short tandem repeat, STR)KS Il LA 7] LU I 7 4L 41 e i
Gt R H R A R, i — AR Hg A 22 R [22] .

3) AR TR HI LN MRS Wb AR B R AFTE R, a0 AR A B 3 i ek
D FRC G R DL R TG IR A B SRIR IV, CNV-seq BT LAEAT BERE4H 31T

4) WGPKIKFE bR SIZ B G RATFZ 20 00 W 224 H B0 118 79 A 2 5 T e (8 PR A% B 4 SR TE H
LK AR JLEAT HE— 20 B AL A I . G ERRZ B BT (23 528 > 5 Mb DL & A RER 58, T CNV-seq
ALK H1>1 Kb )7 BEE S sl 2k [23]

5. IRIEE ARk

PR (B84 2 AL ) o 2 (3 3L, IR AL ) 2 F I 22 304 22 5 N 5 BRI R R A Bk N2k
DR ZH 35 AR K384 22 R, R A TP BL & . SRS W . BRI T SRR 2R 5% G L
N T8 B W R BOR E R AR Z, WA E A E RN E RN, X AR & = A
YesE, W IE AR | L AR REGHAT PR RIS WS T UL 2R A YREEAT IR YT 5 o AR Y 3 A AT CNV
PRI HIRFIR T 1) 7 SCRBALL AT AR S R 38 A 0k S SO S A A 0 0 5 R I PR e SO A 2 A S
(variant of uncertain significance, VUS), SE40= 5 ZHEAT KFEATEIT, & BIE B0 X E B, Bk
TFR IR LT FT, M B BE e . % T VUS CNV JIG LIS, B BURIE G )L RF CNV 45 5k iy
5 )L CNV 38 AL SRR KR 15 T R AR, 1&06] fa 827 pie Wi B A B2 X [24] . S5 Kk CNV KJF
ST B LR A VY, DDA R RS EE B W& 2) FEFEA SR E G ). ANFEFE IS
BEARFE, ERIENRESIHREA G LU TFHE R, FE%5 8RR TR —J7 (I AE TR
wE, ERMBKEERENERER . EREATIENT, 446K NGS B oy i Bh Wi % 477
AN, D AR AR M R G L. 3) BOWPEECRTREEUN CNV BBfL &l 45 G 75 25 R el
PRI, BHRRR A, AR AR R P P A U AT PR Al o $RAEF= RIS T . WEAGAE N A8 A% A
FEEFR. 4 RYESATRE R CNV MBHE S &5 CNV 5EBGIER. FHARARRMES, &Y%k
BFMEEE. 5) WWIKIAIT ML B TR A A SR T T B g e i 0Oy b 8, i B AR07
A G IR B BEE BT BRIV o X TR 8RN, AE G I B T BT R VR . RERI
AL BT
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