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Xac dinh phan nhém bién thé s6 ban sao dwo'c phat hién bang ky thuat

giai trinh tw thé hé méi theo tiéu chuan cia ACMG/ClinGen
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Tém tat

it van dé: Dé tai nay nhdm hai muc tiéu: 1) Khao sat déc diém ving genome bj bién d6i clia cdc CNV
duwoc phat hién bang k§ thuat gii trinh tu thé hé mdéi; 2) Xac dinh cac phan nhém CNV dwoc phat hién bang
ky thuat giai trinh tw thé hé mdi theo tiéu chuan clia ACMG/ClinGen. P6i twong va phwong phap nghién
ctru: 33 bién thé s6 ban sao clia 31 trudng hop dugc phat hién bang gidi trinh tw thé hé mdi dén khdm va tw
van tai B& mén Di truyén Y hoc trong thdi gian tir thdng 01 ndm 2023 dén thang 12 ndm 2024. K&t qua: Vé dic
diém genome clia cdc CNV, mat doan va nhan doan lan lugt chiém 51,5% va 48,5%. Phan 1én cac CNV 1a cac
vi mat doan/nhan doan, kich thudc dudi 5 Mb (chiém 75,8%). S8 lwvong gene ma hod protein trung binh Ia
33,4 +49,4. Cac CNV phan b6 trén hau hét cac nhiém sic thé. Vé cac phan nhém CNV theo tiéu chuan ACMG/
ClinGen, CNV gay bénh va cé kha nang gay bénh [an lwot chiém ty 18 36,3% va 12,1%, CNV lanh tinh va c6 kha
nang lanh tinh déu chiém ty 1é 6,1%, CNV chua chic chan y nghia 1am sang chiém 39,4%. C6 su khéc biét vé
kich thuwdc trung binh cdia CNV nhdm gay bénh/cé kha nang gay bénh so va&i hai nhédm con lai la CNV VUS va
lanh tinh/cé kha ndng lanh tinh. K&t luan: Cac CNV dwoc chin dodn bao gdbm cd mat doan va nhan doan, hau
hét c6 kich thudc nhé (dwdi 5 Mb). Ching t6i da phan loai dwoc cdc CNV theo y nghia 1am sang dwa trén bd
tiéu chi cha ACMG/ClinGen, tir d6 cung cip théng tin quan trong trong tw van di truyén.

Ttr khod: Bién thé s6 ban sao, gidi trinh tw thé hé mdi, tiéu chuén ACMG/ClinGen, CNV gdy bénh, VUS
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Abstract

Background: This study aimed to: 1) Investigate the genomic content of CNVs detected by next-generation
sequencing; 2) Determine CNV classification detected by NGS using ACMG/ClinGen standards. Materials and
methods: 33 CNVs detected by next-generation sequencing of 31 individuals examined and consulted at the
Department of Medical Genetics from January 2023 to December 2024. Results: Regarding the genomic
characteristics of CNVs, deletions and duplications accounted for 51.5% and 48.5%, respectively. The majority
of CNVs were microdeletions/microduplications, less than 5 Mb in size (75.8%). The average number of
protein-coding genes was 33.4 + 49.4. CNVs were found to be distributed on almost all chromosomes. In
terms of CNV classification using ACMG/ClinGen criteria, pathogenic CNV (pCNV) and likely pathogenic CNV
(IpCNV) accounted for 36.3% and 12.1%, respectively. Meanwhile, benign CNV (bCNV) and likely benign CNV
(IbCNV) both accounted for 6.1%. Notably, variant of uncertain significance (VUS) accounted for 39.4%. There
was a difference in size of p/IpCNVs compared to the VUS and b/IbCNV. Conclusion: The detected CNVs
included deletion and duplication, most of which were minor in size. We classified CNVs based on clinical
significance using the ACMG/ClinGen criteria, providing valuable information for genetic counseling.
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1. DAT VAN DE trong chan doén bénh ly di truyén bao gbm ca trudc
B4t thudng nhiém sac thé la mot trong nhitng  sinh va sau sinh. Pén nay, nhiéu k§ thuat chan doan
nguyén nhan hang dau gay dj tat bAm sinh, chdm phat  cdc bénh ly di truyén da ra doi, trong d6, 1ap karyotype
trién tm than va bat thudng thai san. Viéc xac dinh 13 k§ thuat kinh dién trong phat hién cac bat thuong
cac r6i loan nhiém sac thé 13 mot phan quan trong  nhiém sdc thé. Mic du c6 thé khao sat toan bd bo
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nhiém sdc thé, nhung ki thuat truyén thdng nay cé
nhuoc diém 13 mat nhiéu thoi gian va khéng phat hién
duoc cac bat thudng cau tric kich thuwée dwdi 5 Mb
[1]. Hién nay, v&i su phat trién cla cac k§ thuat sinh
hoc phan tlr, dac biét |13 ky thuat gidi trinh ty thé hé
mdi (Next-generation sequencing: NGS) ¢é nhiéu uu
diém vuot troi da tao nén ky nguyén mdi trong chan
dodn bénh ly di truyén. Mét céch ti€p can cldia NGS 13
dya trén viéc giai trinh ty bién thé s& ban sao (copy-
number variant: CNV) - vung trinh tw DNA c¢é su bién
déi (tdng thém hodc giam di) trong genome ngudi.
Bang k{ thuat nay, cac CNV trong genome c6 thé duoc
phan tich nham chan doan bat thudng ca cau tric va
s8 lwong nhiém sac thé, déc biét cé thé phat hién cac
vi mat doan, vi nhan doan vai kich thudc doan thay
déi chi tir 50 - 100 kb trd 1&n [2]. Ngoai ra, vdi cac hé
théng gidi trinh tw NGS hién nay, viéc phan tich CNV cé
thé dwoc thyc hién ty déng hod va cé hiéu suat cao.
Bén canh cac wu diém, phan tich CNV bang kj thuat
NGS c6 thé cho ra cac két qua bao gdbm ca bién thé gay
bénh, bién thé lanh tinh va ca bién thé chua rd y nghia
|am sang. DAy 1a mot thach thirc I&n d6i véi cac nha di
truyén l1am sang trong viéc phién giai két qua va tu van
cho bénh nhan va gia dinh.

Hiép hdi Di truyén va hé gene y hoc Hoa Ky (The
American College of Medical Genetics and Genomics:
ACMG) d3 phan cidc CNV thanh 5 nhdm bao gébm lanh
tinh, c6 kha nang lanh tinh, chua ré y nghia lam sang,
c6 kha nang gy bénh va gdy bénh. Nam 2019, déng
thuén gitta ACMG va du dn Ngudn hé gene |dm sang
(Clinical Genome Resource: ClinGen) d3 théng nhat
cac tiéu chi phan nhém CNV nhu sau: (1) Cé chtra
gene m3 hod protein hay céc thanh phan cé chic
nang quan trong hay khéng; (2) Mc d6 bao phd
cac gene nhay cdm liéu hodc gene lanh tinh d3 duoc
céng nhan; (3) S6 lvgng gene ma hod protein cd
trong CNV; (4) Panh gia chi ti€t thanh phan genome
cGa CNV dua trén céc ca 1am sang tlr cac bai bao
khoa hoc, co s& dit liéu chung va/hodc dit liéu ndi bd
cla phong thi nghiém; (5) Danh gia phuong thirc di
truyén/tién st gia dinh cdia bénh nhan [3].

Viéc 4p dung cac tiéu chudn cla ACMG/ClinGen
dé phan loai mot CNV cu thé |3 can thiét dé phién
giai y nghia 1am sang cla k&t qua CNV trong chan
dodn bénh ly di truyén va tu van cho bénh nhan va
gia dinh. Trong d9, viéc truy cap céc co s& dit liéu vé
genome va bién thé nhw UCSC, ClinGen, DECIPHER,
OMIM (Online Mendelian Inheritance in Man), DGV
(Database of genomic variants), ClinVar... d& xac dinh
cac gene nam trong CNV, chitc ndng clia ching, cling
nhu céc kiéu hinh lién quan |3 d3c biét quan trong.
Vi vdy, chiing téi tién hanh nghién clru dé tai nay véi
hai muc tiéu sau:
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1) Khédo sdt dédc diém ving genome bij bién déi
cla cdc CNV duge phdt hién bdng ki thudt gidi trinh
tw thé hé mdi.

2) Xdc dinh cdc phdn nhém CNV dugc phdt hién
béng ky thudt gidi trinh tu thé hé mdi theo tiéu chudén
ctia ACMG/ClinGen.

2. DOl TUQNG VA PHUONG PHAP NGHIEN CU'U

2.1. Ddi twong nghién ciru

31 trwong hop cé két qua gidi trinh ty thé hé mai
phat hién CNV ciu truc dén kham va tu van tai B
mon Di truyén Y hoc trong thai gian tir thang 01 ndm
2023 dén thang 12 ndm 2024.

2.2. Phuwong phap nghién ctru

Nghién clru mé ta cat ngang.

Cac budc nghién clru dwoc tién hanh nhu sau:

Buwdrc 1: Khdo sdt déc diém viing genome bi bién
ddi ctia cdc CNV dwoc phdt hién bdng kyj thudt NGS

- Xac dinh viung genome chita CNV duogc phat
hién b&i NGS.

+ Vi tri trén nhiém sic thé ctia CNV.

+ Kich thwdc CNV (Mb).

- Khao sat sy mat can bang vat chat di truyén:
mat doan, nhan doan.

Buwdrc 2: Tinh diém CNV (CNV-scoring) theo tiéu
chuén cua ACMG/ClinGen

Theo huéng din clia ACMG/ClinGen nam 2019,
CNV dwoc phan nhém dua vao céc tiéu chuan sau [3]:

(1) Bdnh gid so lwgc vé thanh phén chire ndng
cua CNV

- Xac dinh CNV c6 chira céc thanh phan nhw gene
m3a hod protein hodc cac yéu té cé chilrc ndng quan
trong trong genome khong.

- S&r dung co s& dit liéu cha UCSC va DECIPHER.

(2) Bdnh gid mirc d6 bao pht cdc gene nhay cdm
liéu hodc gene lanh tinh d& dugc céng nhan

- Xac dinh CNV ¢ chira hoan toan hodc mét phan
cac gene/vung genome ma da dugc xac nhan vé kha
nang gdy bénh khi mat doan hodc nhan doan:

+ Gene ¢80 tinh thiéu hut don boi
(haploinsufficient: HI)

+ Gene co6 kha nang gay bénh khi cé ba ban sao
(triplosensitive: TS)

+ Vung genome lanh tinh c6 trong CNV da duwoc
cong nhan.

- S&r dung co s& dit liéu cta UCSC, ClinGen va
DECIPHER, gnomAD.

(3) Bdnh gid sé lugng gene trong CNV

- Xac dinh s6 lwgng gene m3 hod protein bao gébm
nhirng gene hién dién mét phan hodc toan bd trong CNV.

- Tra cru trén di¥ liéu cha DECIPHER.

(4) Pdnh gid chi tiét thanh phdn genome cta CNV
dwa trén cdc ca Idm sang tir cdc bai bdo khoa hoc
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dd céng bé, cdc co sé& dit liéu chung va/hodc néi b
trong phong thi nghiém

- Tra clru céc céng bd khoa hoc, cac co s& dit liéu
nhu OMIM, Pubmed, ClinVar.

- S dung co s& dir liéu cla quan thé trén DGV
(Database of Genomic Variants Genomic Variants) va
gnomAD structural variant.

(5) Bdnh gid phuong thire di truyén/tién st gia
dinh déi véi bénh nhdn dang dwoc nghién ciru:

- Khai thac yéu td tién str, tham kham 1am sang,
lap pha hé;

ClinGen

Ciinical Genome Resource

- Khai thac két qua phan tich CNV cla céc thanh
vién khéc trong gia dinh néu co.

Bwdc 3: Phén nhém CNV theo tiéu chudn cia
ACMG/ClinGen

St dung cbéng cu truc tuyén ClinGen CNV
Interpretation Calculator (https://cnvcalc.
clinicalgenome.org) (Hinh 1). Trong dé, cé hai thang
diém CNV-Gain va CNV-Loss dugc sir dung lan luwot
cho trwdng hop tang/giam s6 ban sao. S dung diém
cat dé phan nhém CNV theo tiéu chuan ctia ACMG/
ClinGen (Bang 1).

ClinGen CNV Pathogenicity Calculator

Switch to CNV-Loss.

ClinGen CNV Interpretation Calculator

Welcome to the ClinGen CNV Interpretation Calculator. The calculator is based on the CNV scoring metrics that appear in the ACMG Technical Standards. This tool is designed to
help you keep track of the points you have assigned based on the evidence you have observed, then tallies the points to help you arrive at preliminary CNV classification.

Bang 1. Diém cat phan nhdm CNV theo tiéu chudn ACMG/ClinGen

Piém cit

Phan nhém CNV

<-0,99

-0,9 dén-0,98
- 0,89 dén 0,89
0,9 dén 0,98
>0,99

Lanh tinh (benign: bCNV)

C6 kha nang lanh tinh (likely benign: IobCNV)

Chua r6 y nghia (Variants of uncertain significance: VUS)
C6 kha nang gy bénh (likely pathogenic: [pCNV)

Gay bénh (pathogenic: pCNV)

3. KET QUA

K¥ thuat phan tich CNV dua trén NGS (CNV-seq) da phat hién 33 CNV ciu trdc cha 31 trwdng hop tham
gia chan doan trudc sinh, trong d6 cé hai trvdng hop mang hai CNV.
3.1. Dac diém vung genome bij bién ddi ciia cic CNV dugc phat hién bang ki thuat gidi trinh tw thé hé méi
Bang 2. Dic diém ving genome bj bién d&i ciia CNV

Pic diém S6 lwong Ty 1& (%)
Sw bién déi cla vat chét di truyén
M4t doan (deletion) 17 51,5
Nhan doan (duplication) 16 48,5
Kich thudc (Mb)
<5Mb 25 75,8
>5Mb 8 24,2

X+ SD (Min - Max)

4,5+7,2(0,4-36,8)

S6 lwong gene md hod protein
Chung (X £ SD; Min - Max)

33,4 £49,4 (0 - 214)

Mat doan 32,2+25,5
Nhan doan 34,6 67,1
Tong 33 100,0

Cac CNV la mat doan va nhan doan tuong duong nhau, [an lvot chiém 51,5% va 48,5%. Pa s6 cac CNV
6 kich thudc dudi 5 Mb (vi mat doan/nhan doan), chiém 75,8%. S8 lvgng gene m3 hod protein trung binh

la 33,4 +49,4.
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S6 ca

4 ‘
1 2 3 4

Céac CNV phan b6 trén hau hét cac nhiém sic thé, trong d6, cac NST 4, 16, 22 c6 bén dén ndm truong hop.

3.2. Cac phan nhém CNV dwoc phat hién bang ki thuat giai trinh tu thé hé méi theo tiéu chuan cla
ACMG/ClinGen

w

8]

[uny

6 7 8 9

10 11 12 13 14 15 16 17 18 19 20 21 22 X/Y
Nhiém sic thé

5

Bang 3. D3c diém cla CNV theo tiéu chuin ciia ACMG/ClinGen
Tiéu chi danh gia CNV theo ACMG/ClinGen S6 lwong (N = 33) Ty 1& (%)

Tiéu chi 1: CNV c6 chira gene m3 hod protein hodc yéu t6 cé chirc
nang quan trong

Co 31 93,9

Khéng 2 6,1
Tiéu chi 2: Mrc d6 bao phu cac gene nhay cam liéu hoac gene lanh
tinh d3 dwgc cong nhan

Chi bao pha vung genome lanh tinh 2 6,1
Bao phl hoan toan it nhat mot gene HI 11 33,3
Bao phu hoan toan it nhat mot gene TS (d6i v&i nhan doan) 0 0,0
Chira mot phan gene Hl ho3c TS 0 0,0
Khong chira céc gene/ving genome & trén 20 60,6
Tiéu chi 3: S6 lvgng gene trong CNV
0 - 24 (d6i v&i mat doan); 0 - 34 (d6i v&i nhan doan) 20 60,6
25 - 34 (d6i v8i mat doan); 35 - 49 (d6i véi nhan doan) 0 0,0
> 35 (d&i v&i mat doan); < 50 (d8i v&i nhan doan) 13 39,4

Tiéu chi 4: Ca |am sang lién quan tur cac bai bao khoa hoc da cong
b6, cac co s dit liéu chung

Co 19 57,6

Khéng 14 42,4
Tiéu chi 5: Phuong thire di truyén/tién st gia dinh

CNV cb ngudn goc tir me 2% 6,1

Khéng xac dinh dugc ngudn gdc CNV 31 93,9

Chu thich: *Cé hai ngudi me déu khéng cé ki€u hinh bt thudong. Két qud CNV-seq & hai ngudi me nay Ian
lwot la dup(13)(q31.2-g31.3) va dup(21)(q21.1), twong trng vdi cdc thai nhi P3 va P4 trong Bdang 4.

Phan l&n cac CNV ciu tric dugc danh gid ¢ chira cdc thanh phan quan trong, chiém 93,9%. Cac CNV cé
chira cac vung lanh tinh, gene Hl va gene TS Ian lugt 13 6,1%, 33,3% va 0%. C6 39,4% CNV c6 chira rat nhiéu
gene (> 35 gene d6i vdi mat doan; > 50 gene d6i véi nhan doan). Cé 57,6% trudng hop CNV ¢ cac ca 1am
sang lién quan d3 dugc bdo cdo trong cac bai bdo khoa hoc va/hodc céac co sé dit liéu chung. Chi ¢ 6,1%
duoc xac dinh thira hwdng CNV tir ngudi me khéng cé ki€u hinh bat thuong.
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Bang 4. Phan nhém CNV theo tiéu chuin cia ACMG/ClinGen
Kich thuwéc

M3 sé CNV (Mb) Piém Phin nhém Tylé%
P1 del(4)(q13.2) 0,6 -1 o
Lanh tinh 2 (6,1%)
P2 dup(4)(q35.2) 1 -1
p3* dup(13)(q31.2-931.3) 2,3 -0,9 C6 kha ning
o 2 (6,1%)
p4* dup(21)(g21.1) 2,4 -0,9 lanh tinh
P5 dup(2)(932.1-932.2) 0,4 -0,6
P6 del(16)(p12.2) 0,4 0
P7 dup(16)(q23.1) 0,6 0
P8 dup(16)(q23.1) 0,7 0
P9 dup(9)(p24.3) 0,7 0
P10 dup(8)(q11.21-911.23) 0,7 0
P11 del(2)(q21.1) 0,8 0 VUS (39112%)
P12 dup(6)(q14.2-q14.3) 0,9 0
P13 dup(18)(q12.3) 1,0 0
P14 dup(4)(g35.2) 1,1 0
P15 dup(18)(p11.32-p11.31) 1,2 0
P16 del(11)(p14.3) 1,4 0
P17 del(13)(g33.2-933.3) 1,4 0,15
P18 del(14)(q32.33) 1,3 0,9
P19 dup(12)(q24.31) 4,2 0,9 co Akhé’\néng 4 (12.1%)
P20-C1** dup(16)(p13.3-p13.13) 11,4 0,9 gay bénh
P21-C1*** dup(9)(p24.3-p13.2) 36,8 0,9
P22 del(16)(p13.11) 1,2 1
P23 del(17)(q12) 1,4 1
P24,25,26,27  del(22)(q11.21) 2,4-2,5 1
P21-C2*** del(1)(q44) 5 1
P28 del(3)(p26.3-p25.3) 9,9 1 Gay bénh (361’5%)
P29 del(6)(q25.3-927) 11 1
P20-C2** del(3)(p26.3-p25.3) 8,7 >1
P30 dup(18)(p11.31-p11.21) 14,1 >1
P31 del(4)(q32.2-q34.3) 15,8 >1
Chu thich:

*Ki€u hinh binh thud'ng & hai ba me clia cd hai triérng hop P3 va P4 dé gitip cde CNV dup(13)(g31.2-g31.3)
va dup(21)(q21.1) dwoc phdn nhém la ¢6 kha ndng lanh tinh thay vi phdi phdn nhém la VUS.

** p20-C1 va P20-C2 & hai CNV cda bénh nhdn P20.

***% p21-C1 va P21-C2 Ia hai CNV ctia bénh nhén P21.

Ty 1& cdc bCNV va Ib CNV déu la 6,1%. Ty 1& pCNV va Ip CNV [an lwot 13 36,3% va 12,1%. C6 hai bénh nhan
mang hai CNV ph&i hgp, gdm mét IpCNV va mot pCNV. Cé 39,4% trudng hop khong chic chin y nghia [am
sang (VUS).
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Kich thuéc (Mb) p=0,018
16 ]
14
p < 0,001
12
10
8
6
p=0,237
4 1 |
1,6+0,9
C B=—4 —
0
Lanh tinh/cé kha néng lanh tinh VvuS Gay bénh/cé kha ning gdy bénh

Kich thwdc trung binh clia CNV nhém gy bénh/co kha nang gay bénh cao hon cé y nghia so va&i hai nhém
con lai la CNV VUS va lanh tinh/c6 kha nang lanh tinh (p < 0,05).

4. BAN LUAN

4.1. Pic diém vung genome bi bién ddi ctia cac
CNV dugc phat hién bang ky thuat gidi trinh tw thé
hé méi

Phan tich bién thé s& ban sao (CNV) trong genome
nguwoi nham phét hién cac vung trinh tyw DNA cé su
bién d6i tang thém (duplication, triplication) hodc
giam di (deletion) duwgc khuyén cdo la phuong phap
ti€p can dau tién dé danh gid cac di tdt bam sinh
cling nhu chdn doan trwdc sinh nhirng thai nhi cé bat
thuong hinh thai duoc phat hién bing siéu am thai
[3]. Svw ra doi va &ng dung réng radi trong lam sang
cla céc ky thuat sinh hoc phan t& nhu phan tich CNV
bang microarray (CMA) hoac gidi trinh ty thé hé mai
(NGS) da giip md rong phat hién cac CNV va nang
cao hiéu biét vé anh huwdng clta cac bién thé déi vdi
strc khoé con ngudi va trong céng ddng ndi chung.

Trong nghién ctru nay, cdc CNV la cdc mat doan/
nhan doan duwoc phat hién bang ki thuat phan tich
CNV dya trén NGS hay con goi 1a gidi trinh ty bién
thé s6 ban sao (CNV-seq). K&t qua tir Bang 2 cho théy,
trong s& 33 CNV duogc phét hién, ty 1é mat doan va
nhan doan twong duong nhau, 1an luot 13 51,5% va
48,5%. M6t trong nhitng wu diém cla CNV-seq so
vGi karyotype thuwong quy la khd nang phat hién vi
mat doan/nhan doan vdi kich thuwdc dudi 5 Mb. Diéu
nay phu hop vdi kich thudc trung binh cla cac CNV
trong nghién cttu nay la 4,5 = 7,2 (Mb), trong dé cé
nhitng CNV kich thuwdc chi 0,4 Mb. Phan 1&n cdc mét
doan, nhan doan nay cd kich thudc dwéi 5 Mb, chiém
75,8%. Day |3 cac vi mat doan/nhan doan khong thé
phat hién bang kj thuat 1ap karyotype thudng quy.
Céc nghién clru twong ty cling da chirng minh duwoc
kha nang phat hién cac vi mat doan/nhan doan cla
ky thudt CNV-seq nhu nghién cru cla Nguyén Thi
H3o0 (2022) cho thdy CNV-seq d3 phat hién thém 4,5%
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truong hop bat thuong nhiém sac thé so vdi ki thuat
|4p karyotype truyén théng trong chan doan trudc
sinh [4]. Tuy nhién, hdu qua 1am sang khong chi phu
thudc vao kich thudc ciia CNV. D& xac dinh y nghia
|&m sang cla céc bién thé nay, theo khuyén cao cla
ACMG can ddnh gid cac gene bj thay d6i s6 ban sao
cé trong CNV. Két qua & Bang 2 con cho thay s6 luvong
gene ma hoa protein trung binh trong ving genome
bi mat doan/nhan doan 13 33,4 + 49,4 trong d6 thap
nhat |a CNV khéng chira gene nao va nhiéu nhat la cé
dén 214 gene m3 hod protein. Sy khac biét s6 lugng
gene cla cac CNV cling phu hgp vdi kich thudc CNV
dwoc phat hién cling thay d6i trong pham vi kha 16n
(tir 0,4 dén 36,8 Mb). S8 lugng gene khéng cd sy
khac biét gitra hai nhdm mat doan va nhan doan.

Khi khao sat vi tri ctia cac CNV, tac gia Zarrei (2015)
da 1ap ban d6 CNV cla genome ngudi va cho thay sy
phan bd cta CNV rai rac va khong déng déu trong cac
ving genome va trén cac nhiém sic thé (NST). P&i véi
nhan doan, cdc NST 22, Y c6 tin sut cao nhat, tiép
theo |a NST 16, 9, 15; trong khi d6, d6i véi mat doan,
s phan bd cla CNV tap trung nhiéu & cdc NST 19,
22 va NST Y [5]. M3c du nghién ctru cda ching téi chi
danh gid mot s6 it la trong 33 CNV, tuy nhién ching téi
nhan thdy cdc CNV phan bd trén hau hét cac nhiém
s3c thé, dic biét cac NST 4, 16, 22 c6 tir bon dén ndm
trwdng hop (Biéu d6 1). Sy xuat hién nhiéu trudng
hop trén cac NST nay phu hgp véi cac vung genome
c6 tan suat tai td hop cao nhu cac ving 16p11.2 va
22q11.2 theo nhan dinh cta Rein (2020) va Sue (2021)
[6, 71.

4.2. Cac phan nhém CNV dwoc phat hién bang
ky thuat gidi trinh tw th€ hé méi theo tiéu chuan
cta ACMG/ClinGen

N&m 2019, dé hd tro cac phong xét nghiém trong
viéc phan loai va bdo cdo CNV, ACMG cung véi dy an
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ClinGen d3 dua ra bd tiéu chi nham phan loai y nghta
CNV. B6 tiéu chi nay gidi thiéu cach chadm diém dua
trén bang chirng va khuyén khich s dung rong rai hé
théng phan loai CNV theo ndm cép trong thuc hanh
lam sang.

Bang 3 cho thay két qua danh gid CNV theo nam
tiéu chi phan loai cia ACMG/ClinGen. Trong d4, tiéu
chi 1 khao sat so luvgc vé thanh phan cda CNV, két
qua cho thay phan I&n cdc CNV dwoc danh gid déu cé
chira céc thanh phan quan trong nhu gene ma hod
protein hodc cdc yéu t6 chirc nang quan trong, chiém
93,9%. Tuy thudc vao chlrc ndng cla cac protein
dwoc m3 hod ma cdc CNV cé thé cé cac hdu qua 1am
sang khac nhau.

Do cic CNV phan &nh sy bién déi vat chat di
truyén nhu mat doan (deletion) hodc nhan doan
(duplication), déng thoi tuy thudc gene HI/TS ¢
trong CNV ma hau qua Iam sang khac nhau, vi vay,
tiéu chi 2 chu trong vao mdrc dd bao phi vdi céc
gene nhay cam liéu. Trong nghién ctru nay cé dén
33,3% trwong hop bao phd hoan toan it nhat mét
gene c6 tinh thi€u hut don béi (HI), day la céc gene
ma néu chi con mét ban sao duy nhat con hoat dong
thi khéng du d& ddm bao chirc ndng binh thuong. Vi
vay, nhitng mat doan chlra nhitng gene nay sé duoc
xép vao phan nhém gy bénh trén |1am sang. Péng
chiy, c6 dén 60,6% CNV khdng chira cac gene/vling
genome nhay cdm liéu nhu HI, TS cling nhu vlng
genome lanh tinh da dugc cong nhan, vi vay ACMG
cling d3 dwa ra cac tiéu chi khac dé cé thé danh gia
hau qua 1am sang & nhitng trudng hop nay bao gbm
s lwong gene, bang chirng 1dm sang va phwong thirc
di truyén/tién st gia dinh (Ian luot 1a tiéu chi 3, 4, 5).

Vé s8 lwong cac gene cé trong CNV, ACMG/
ClinGen chia thanh 3 mlrc d6 nhuw d3 mo ta & Bang 3.
Déc biét, cé dén 39,4% CNV c¢b chira rat nhiéu gene
(> 35 gene dé&i v&i mat doan; > 50 gene d6i vdi nhan
doan), diéu nay co thé lién quan dén hau qua 1am
sang & mirc d6 tram trong. Ngoai ra, khi tra clru bang
chirng 1am sang lién quan, chi khoang 57,6% truong
hop cé cac ca lam sang lién quan da duwoc bao cdo
trong cac bai bao khoa hoc va/hodc céc co s& dir liéu
chung. Do tinh chat d3c thu cda cac bénh Iy di truyén
- phan 1&n 14 cdc bénh hi€m nén viéc thu thap dit liéu
cdc ca lam sang lién quan dén tirng bién thé CNV tr&
nén dac biét khd khan. Piéu nay tao ra thach thirc
lén trong qud trinh tim kiém bang ching dang tin
cay dé phan loai CNV mot céch chinh xac. Vi vay, mét
yéu té quan trong trong cai thién do tin cdy cla phan
tich y nghfa CNV 1a cédc phong xét nghiém di truyén
can chd déng va thudng xuyén cap nhat, bao cdo cac
CNV dugc phat hién kém theo dic diém |am sang 1én
cac co s& dit liéu chung. Day sé 13 ngudn tai liéu quy

gid gilp cac nha khoa hoc va bac st lam sang cé thém
cdn c& dé tham khdo va dwa ra danh gia chinh xac
trong phan loai bién thé CNV [3, 8].

Ngoai ra, trong phan loai CNV, viéc xac dinh
phuong thirc di truyén/tién st gia dinh déng vai tro
quan trong. Diéu nay cé thé cé thé cung cap thém
bang chitng hd tro hodc bac bd kha niang gay bénh
cla bién thé duwoc phat hién, vi vay, thuc hién xét
nghiém trio (xét nghiém cho b8, me va con/thai nhi)
duoc khuyén cdo thyc hién nham ting thém bang
chirng cho hau qua l1am sang cla cac bién thé duoc
phat hién, dic biét trong chan dodn truwdc sinh [9].
Thuec vay, nghién ciru cGa chung t6i ghi nhan cd hai
ngudi me kiéu hinh binh thuwdng, [an lwot mang
CNV dup(13)(g31.2-931.3) va dup(21)(g21.1), ca hai
CNV nay déu duoc di truyén cho céc thai nhi P3 va
P4 trong Bang 4. Dua vao kiéu hinh binh thudng clia
hai ba me nay, chidng t6i d3 phan nhém ca hai CNV
trén |13 ¢ kha nang lanh tinh (-0,9 diém), thay vi phan
nhém VUS (-0,6 diém). Nhuw vay, cé thé thay viéc xét
nghiém trio déng vai trd quan trong trong cung cap
bang chirng dé phan loai bién thé duwoc phat hién
trwdc sinh. Tuy nhién, trén thyc té, viéc trién khai
xét nghiém nay con gdp nhiéu khé khan, dac biét
tai cdc nudc dang phat trién nhu Viét Nam khi ma
ngudn luc kinh t& con han ché va sy hiéu biét cong
ddéng chua thuec sy cao. Trong nghién clru cla chdng
toi, chi cé 2 trudng hop (chiém 6,1%) d3 dé cap &
trén dugc phat hién cé ngudn gdc CNV tir ngudi me
khoéng cd kiéu hinh bat thudng, tuy nhién, hai truong
hop nay khdng thuc hién xét nghiém trio ban dau ma
chi tinh co phat hién qua théng qua xét nghiém sang
loc trudce sinh khdng xam 18n. Nhu vay, viéc khuyén
cdo cho nhan vién y té€ va truyén théng vé vai tro cla
thyc hién xét nghiém trio trong cac bénh ly di truyén
hét strc quan trong. Dac biét, cac nha di truyén y hoc
va bac si san khoa can phéi hop chit ché, tirng buéc
dua xét nghiém trio vao trong chan doan trudc sinh.

Theo ACMG/ClinGen, cdc CNV duwgc phat hién
bang cac ky thuat dya trén NGS hodc microarray
duogc chia thanh 5 nhém bao gdbm pCNV (CNV gay
bénh), IpCNV (cé khd nang gdy bénh), VUS CNV
(khéng chéc chan y nghia 1am sang), IbCNV (cé kha
nang lanh tinh), bCNV (lanh tinh). Trong nghién ctru
nay, c6 12,2% truong hop la khéng cé hau qua 1am
sang bao gdbm bCNV (6,1%) va IbCNV (6,1%). Pay
ld nhitng bién thé cé bang chirng manh (“strong
evidence”) 1a khdng lién quan dén bénh ly di truyén
va dugc gdp vdi tan suat kha phd bién trong quan
thé. Vi vay, ACMG d3a khuyén cdo cdc phong xét
nghiém cé thé lya chon khéng thong bdo nhirng bién
thé nay. Mt khéc, cac CNV gay bénh va cé kha ndng
gay bénh déu |a nhitng bién thé cé bang chirng rat
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manh (“very strong evidence”) gdy nén hau qua lam
sang. Trong d6, nhitng bién thé IpCNV mac du ¢6 sb
diém tinh theo tiéu chuin cia ACMG thap hon so
v@i pCNV, tuy nhién trén thwc hanh 1am sang, ca hai
bién th& pCNV va IpCNV déu duwoc xem 1a cd nguyén
nhan cla bénh ly di truyén, vi vay thai d6 quan Iy va
tu van di truyén trén phuong dién 1dm sang cda hai
nhém nay 1a twong tu nhau [10]. Két qua tir Bang 4
cho théy, ty I& ca nhdm cé hdu qua 1am sang nay la
48,4%, bao gébm 36,3% pCNV va 12,1% IpCNV.

Theo khuyén cdo ciia ACMG/ClinGen, khi phan
loai d6i véi trudng hop cé nhiéu CNV khac nhau, can
danh gid dong thoi doc 1ap tirng CNV dugc phat hién
va thai dé quan ly Idam sang sé dua trén phan loai hau
qua ndng né nhat. Trong nghién clru cta chuing t6i,
6 hai truong hop cé su phéi hop hai CNV khac nhau,
dé la trwong hgp P20 va P21, cd hai déu mang mot
IPCNV va mot pCNV. Pay la nhitng truong hop vira
mang monosomy mét phan cta NST nay va trisomy
mot phan cla NST kia, thudng |a con céi cla céc cap
vo chdng ma mot trong hai ngudi mang chuyén doan
twong ho gitra hai NST lién quan [11]. Chuyén doan
twong ho 13 bat thuong cau tric NST dang can bang
vi vAy ngudi mang thudng cé kiéu hinh binh thudng,
trén thyc té 1dm sang, ho chi dwoc phét hién khi d3
c6 nhitng lan sinh con bat thudng va/hodc say thai
lién ti€p. Hai trudng hop cla ching téi 13 déu 13
nhitng cap vo chdng mang thai [an d4u, vi vay can lap
karyotype cla hai vo chdng dé xac dinh ngudi mang
chuyén doan tuong hd va tu van di truyén. Nhu vay,
trong bén trudng hop IpCNV, chdng téi ¢d hai trudng
hop mang mét CNV don déc. Thong tin [am sang cla
céc bién thé tir hai trwdng hop nay trong nghién ctru
clia chung t6i la s& nhitng bang chirng 1am sang gop
phan b6 sung cho co s& dit liéu di truyén dé cac nha
chuy&n mén cé thé tham khao.

Bén canh d6, mot ty 1€ kha lon (39,4%) CNV dugc
phan nhém VUS, day 1a nhdm khong chéc chén vé y
nghia 1dAm sang. Phan I&n cac bién thé VUS nay |a mat
doan/nhan doan co kich thudc nho, dudi 5 Mb, khéng
hodc chira it gene m3a hod protein va chua cd nhiéu
cbng bé lién quan. Diéu nay dat ra thach thirc d6i véi
cac nha 1am sang va tuw van di truyén trong phién giai
cac bién thé nay. Vi vay, cac bat thuong duoc phat
hién trén siéu am thai va/hodc dic diém cla tré duoc
sinh ra la nhitng dit liéu quan trong gilp cdp nhat va
tai phan nhom y nghtia lam sang cta CNV VUS nay.

Khi danh gia vé kich thudc cha CNV theo phan
nhém, Biéu dd 2 cho thay kich thuwdc cia CNV nhém
p/lp CNV cao hon cd y nghia théng ké so v&i nhém
b/lb CNV va VUS CNV, lan lwot 1a 8,2 + 9,1 Mb so vdi
1,6 + 0,9 Mb va 0,9 + 0,3 Mb. Két qua nay twong tu
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nhu nghién ctru cda Tiago (2019) khi cho thdy nhém
CNV gay bénh cd kich thudc trung binh 7,77 Mb, cao
hon so v&i nhdm CNV lanh tinh (0,483 Mb) va CNV
VUS (0,666 Mb) [12]. Biéu nay phu hgp véi viéc kich
thwdc CNV cang lén cé thé chira cang nhiéu gene.
Tuy nhién, ching tdi chua tim thay sy khac biét co y
nghia vé kich thudc gitra hai nhém b/Ib CNV va VUS
CNV, hdu nhu cdc CNV thudc hai nhém nay déu cé
kich thudc khd nho, dudi 5 Mb. Vi vay, mét lan nira
cho thay viéc danh gid chi tiét vé thanh phan cu tric
gene trong CNV theo cac tiéu chuin clla ACMG 3 rat
quan trong dé phan loai chinh xac bién thé dwoc phat
hién.

Tom lai, nghién ctru clia chidng t6i d3 ng dung
bd tiéu chuan c6 tinh dinh lwong va dua trén bang
chirng clia ACMG/ClinGen trong phan loai y nghia
|&m sang cla cac bién thé CNV. D4y |13 hé théng phan
loai hiéu qua trong dién giai két qua phat hién bat
thudng cau tridc NST, tir d6 cung cap théng tin quan
trong trong tu van di truyén. Tuy nhién, nghién ctu
nay van con han ché la ¢& mau tuwong déi nho (33
CNV cla 31 trudng hop thai nhi dugc chan dodn
trudc sinh).

5. KET LUAN

Qua nghién ctru trén 33 bién thé s& ban sao cla
31 truong hop duoc phat hién bang ki thuat giai trinh
ty thé hé mdi, ching tdi cd mét sd két luan nhu sau:

5.1. Vé dic diém genome clia cac CNV:

- M4t doan va nhan doan lan lvot chiém 51,5%
va 48,5%.

- Phan I&n cdc CNV 13 cac vi mat doan/nhan
doan, kich thudc duéi 5 Mb (chiém 75,8%).

- S8 lugng gene m3 hod protein trung binh 13
33,4 + 49,4. Cac CNV phan bé trén hau hét cac
nhiém sac thé.

5.2. V& cac phan nhém CNV theo tiéu chuin
ACMG/ClinGen:

- Cac CNV gay bénh va cé kha nang gay bénh
[an luot chiém ty 18 36,3% va 12,1%. Cac CNV lanh
tinh va cé kha ndng lanh tinh déu chiém ty 1€ 6,1%.
Céc CNV chua chac chdn y nghia 1am sang chiém
39,4%.

- C6 sy khac biét vé kich thudc trung binh cua
CNV nhém gay bénh/cé kha ndng gdy bénh so vdi hai
nhom con lai la CNV VUS va lanh tinh/c6 kha nang
lanh tinh.

L&i cam on:

Pay la két qud cua dé tai nghién clru khoa hoc
cap Trudng Pai hoc Y - Dugc, Pai hoc Hué, ma s dé
tai 132/23.
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