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BUGC PAU THIET LAP VA DANH GIA QUY TRINH GIAI TRINH
TY THE HE MGl GEN VWF
TAI VIEN HUYET HOC - TRUYEN MAU TRUNG UONG

TOM TAT

DPat van dé: Phan tich gen VWF hd trg xac dinh
nguyén nhan phan t& va tw van di truyén trong bénh von
Willebrand. Tuy nhién, viing exon 23-34 twong déng cao
voi gid gen VWFP1, lam tdng nguy co can chinh sai va goi
bién thé& khong chinh xac.

Muc tiéu: Danh gia chat lwong, hiéu nang ky thuat va
murc d6 phu hop cla quy trinh NGS gen VWF trong phat
hién SNV va Indel nho.

D6i twong va phwong phap nghién ctru: Nghién ctru
thwe nghiém trén 34 m&u DNA nguwdi bénh VWD bam sinh.
Toan bd 52 exon va vung tiép giap exon—intron ctia VWF
dwoc lam giau bang panel xGen, giai trinh tw MiSeq v3
cAu hinh doc 2 dau 2 x 150 bp va phan tich bang VarSome
Clinical. Két qua bién thé dwoc dbi chiéu vai mét quy trinh
NGS ddc lap.

Két qua: Trung binh méi mau thu dwoc 137.848 doan
doc; ty Ié on-target 63,54%, anh xa duy nhat 92,62%, trung
1ap 1,51% va dd sau trung binh 195,5X. Ty Ié nucleotide
vung dich dat 230X la 99,17%. Tai exon 23-34, MAPQ
trung binh dat 51,23 £ 0,71; c6 225/2.875 bp (7,83%) c6
MAPQ dudi 30, tap trung & exon 24, 26 va 34. Ca 42 bién
thé dbi chiéu déu phu hop gitra hai co s&'.

Két luan: Quy trinh dat d sau, d6 bao phi va muc
do phu hop cao trong phat hién SNV, Indel nhé. Exon 26
va cac doan MAPQ thép tai exon 24, 34 can xac nhan
bd sung.

Ttr khéa: Bénh von Willebrand, VWF, NGS, lai bat gitr.
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Background: VWF genetic analysis supports molecular
diagnosis and genetic counseling in von Willebrand
disease. However, high homology between VWF exons
23-34 and the VWFP1 pseudogene increases the risk of
read misalignment and inaccurate variant calling.

Objective: To evaluate the quality, technical
performance, and concordance of a VWF next-generation
sequencing workflow for detecting SNVs and small Indels.

Materials and Methods: This laboratory study included
34 DNA samples from patients with inherited VWD. All 52
VWF exons and flanking regions were enriched using an
xGen capture panel, sequenced on MiSeq v3 with 2 x
150-bp paired-end reads, and analyzed using VarSome
Clinical. Variant calls were compared with an independent
NGS workflow.

Results: The mean reads per sample were 137,848;
on-target, uniquely mapped, and duplicate read rates were
63.54%, 92.62%, and 1.51%, respectively. Mean depth
was 195.5X, and 99.17% of target nucleotides reached
230X. Across exons 23-34, mean MAPQ was 51.23 *
0.71; 225/2,875 bp (7.83%) had MAPQ <30, involving
exons 24, 26, and 34. All 42 variants were concordant
between laboratories.

Conclusion: The workflow achieved high depth,
coverage, and concordance for SNVs and small Indels.
Exon 26 and low-MAPQ segments in exons 24 and 34
require supplementary confirmation.

Keywords: Von Willebrand disease,
generation sequencing, hybrid capture.
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I. DAT VAN DE

Bénh von Willebrand (VWD) Ia rdi loan chay mau
di truyén do giam sé lwong hodc bat thuwdng chirc
nang cta VWF, protein két dinh tiéu ciu, bao vé yéu
t& VIIl. Chan doan dwa trén biéu hién chdy mau, tién
st gia dinh va xét nghiém VWF. Do néng dé VWF
bién thién va cac thé bénh chéng l4p, phan tich VWF
hé trg chdn doan phan t&, phan loai va tw van di
truyén [3,4].

Gen VWF nadm tai vi tri 12p13.31, dai khoang 178
kb va gdbm 52 exon. Kich thuwéc gen Ién khién gidi
trinh tw Sanger toan bd ving méa héa can nhiéu thoi
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gian va ngudn lyc. Ngoai ra, gen gia VWFP1 tai vi
tri 22911.1 c6 mérc dd twong dong khoang 97% voi
exon 23-34 ctia VWF, c6 thé gay bét gitr chéo, cin
chinh sai locus va goi bién thé dwong tinh hodc am
tinh gia [5,6].

Cong nghé gidi trinh tw thé hé méi (next-
generation sequencing — NGS) cho phép khao sat
dong thdi toan bd ving ma hoéa va vung tiép giap
exon—intron cta VWF trén nhiéu mau, gilp tang
néng suat so véi giai trinh tw Sanger. Tinh kha thi
ctia NGS trong chan doan phan t& VWD da dwoc
ching minh, trong dé thiét k& lam gidu dac hiéu
locus dac biét quan trong déi v&i ving twong dong
voi VWFP1 [1].

Tai Vién Huyét hoc — Truyén mau Trung wong, k¥
thuat giai trinh tw thé hé méi dang dwoc ng dung
nh&m nang cao nang lwc chan doan di truyén bénh
von Willebrand b&dm sinh. Tuy nhién, quy trinh chuwa
c6 danh gia mot cach hé thdng vé hiéu néng ky thuat
va mirc d6 phu hop trong phat hién bién thé. Vi vay,
nghién ctvu dwoc thwc hién nhdm danh gia chét
lwong cla quy trinh NGS phan tich gen VWF, lam
co s& cho viéc tiép tuc chudn héa va rng dung xét
nghiém. Nghién ctru dwgc thyc hién véi muc tiéu:
Panh gia céc chi sb chat luong va hiéu nang ky thuéat
quy trinh giéi trinh tw gen VWF.

I. DOl TUGNG VA PHUGONG PHAP

2.1. B6i twong nghién clru

Nghién clru dwgc thwe hién trén 34 mau mau
ngoai vi clia ngwdi bénh dwoc chan doan bénh von
Willebrand badm sinh tai Vién Huyét hoc — Truyén
mau Trung wong.

2.2. Phwong phap nghién ctru

Thiét ké nghién ciu

Nghién ciru mé t& két hop thwec nghiém phong
xét nghiém.

Thoi gian va dia diém nghién ctru

Nghién ctru dugc thye hién tlr thang 2 nam 2025

dén thang 2 nam 2026 tai Khoa Di truyén — Sinh hoc
phan t&, Vién Huyét hoc — Truyén mau Trung wong.

Xét nghiém dbi chiéu dwoc thye hién tai Vién Di
truyén Y hoc, Thanh phd H& Chi Minh.

Quy trinh giai trinh tw gen VWF

Pham vi khdo sat

Panel lai bat gitr tuy chinh khao sat bay gen lién
quan dén yéu té6 von Willebrand, gbm VWF, STAB2,
TC2N, GP1BA, CLEC4M, STXBP5 va SCARAS.
Panel co 454 probe dai 120 nucleotide, trong dé 101
probe danh cho VWF. Pham vi VWF gém viing ma
héa cua 52 exon, 5'UTR, 3'UTR va 20 bp hai bén
ranh gi¢i exon—intron, nham phat hién cac SNV va
Indel nhé.

Giai trinh tw gen VWF

DNA dwoc tach tr mau ngoai vi bang QlAamp
DNA Blood Mini Kit (QIAGEN, Btrc), tao thw vién
bang xGen DNA Library Prep EZ Kit (Integrated
DNA Technologies, Hoa Ky) va lam giau bang
xGen Hybridization Capture Panel (Integrated DNA
Technologies, Hoa Ky). Thw vién dwgc gidi trinh ty
trén hé théng lllumina MiSeq (lllumina, Hoa Ky) bang
MiSeq Reagent Kit v3 (lllumina, Hoa Ky), vé&i cu
hinh paired-end 2 x 150 bp, khdo sat 52 exon cua
VWF.

Dir lieu dwoc phan tich bang VarSome Clinical
13.14.3 (Saphetor SA, Thuy Si). Poan doc dwgc can
chinh theo GRCh38; SNV va Indel nhé dwoc phat
hién, loc va chu giai. Bién thé VWF dwoc mo ta theo
NM_000552.5 va danh phap HGVS. Chét lwong
dwoc danh gia dwa trén do sau, chéat lwong can
chinh, sb doan doc mang alen thay thé va can bang
alen. Vi tri nghi ngd duwoc kiém tra trén IGV va xac
nhan bang Sanger khi can. Viing bao céo phai dat do
sau toi thiéu 30X; vi tri khdng dat ngudng duoc ghi
nhan |a han ché ky thuat va khoéng két luan am tinh
néu chua kiém tra bd sung. Bién thé dwoc phan loai
theo ACMG/AMP 2015 va ClinGen VWF VCEP theo
nam murc tlr gay bénh dén lanh tinh.

2.3. Déi chiéu két qua NGS

Toan bd 34 mau dwoc thue hién NGS doc 1ap tai
hai co' s&. Phan tich chi bao gém bién thé ndm trong
vung khao sat chung cia VWF, dwoc phan loai gay
bénh, c6 kha nang gay bénh hodc khéng ré chirc
nang. Két qua chi phu hop khi hai co' s& phat hién
cung bién thé va trang thai hop t&r. Moi khac biét vé
bién thé hoac trang thai hop t&r dwoc kiém tra lai trén
di liéu gidi trinh tw.

2.4. Xtr ly sé liéu

Sé liéu dwoc xir ly bang Excel va SPSS 20.0.
Bién dinh lwong trinh bay bang trung binh va do
léch chuén hodc trung vi, khodng t& phan vi; bién
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phan loai béng sé lwong, ty 1&. KTC 95% tinh theo
Clopper—Pearson.

2.5. Pao dirc nghién cru

Nghién ctru thudc d& tai “Dac didm bién thé di
truyén va kiéu hinh bénh von Willebrand”, da dwoc
Hoi déng Pao dirc trong nghién cru y sinh hoc cla
Trwoéng Dai hoc Y Ha Noi phé duyét theo gidy chap
thuan sb 1111/BB-HDDD ngay 14/03/2024.

ll. KET QUA NGHIEN CUU

3.1. Panh gia cac chi s6 chat lwong va hiéu
nang ki thuat quy trinh NGS phan tich gen VWF.

Cac chi s6 chat lwong va hiéu nang ky thuat
quy trinh NGS phan tich gen VWF

34 méau duoc thwe hién gidi trinh tw NGS panel
gen VWF. Bac diém phan nhém bénh dwoc thé hién
trong Bang 3.1. Phan bd diém chét lwgng cia mé
gidi trinh tw tap trung chi yéu & ving chét lwong
cao. Phan I&én cac vi tri c6 diém chét lwong trén Q30,
trong d6 nhiéu ving dat dinh phan b tiém can Q40.
Két qua chirng td giai trinh tw c6 chat lwong doc tét
va di liéu phu hop dé tiép tuc can chinh ciing nhw
goi bién th&. (Hinh 3.1)

Bang 3.1. Bac diém phan nhém VWD bénh nhan
clia cac mau DNA

Dic diém 86 L“I;‘::%,Z;*"h
VWD type 1 7 (20,6)
Thé bénh VWD type 2 14 (41,2)
VWD type 3 13 (38,2)
Téng 34
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Hinh 3.1. Phan bé diém chét luong gidi trinh tw
NGS panel gen VWF

Giai trinh tw cho hiéu suét trung binh 137.848
doan doc/mau, dao dong tlr 61.314 dén 187.076
doan doc. Ty Ié doan doc on-target dat trung binh
63,54%, trong khi ty I&é doan doc anh xa duy nhét
cao va twong ddi &n dinh. Ty 1é doan doc trung |&p
thap, trung binh 1,51%, va ty 1& doan doc khong dat
ngwéng chét lwong chi chiém 3,45%. Do sau trung
binh dat 195,5X theo nucleotide va 187,7X theo vung
dich, mé&c du ¢c6 sw dao ddng gitra cac méau, 1an lwot
tir 83-287X va 81-275X. Cac két qua nay duoc tém
tat trong Bang 3.2. vé dac diém cac chi sb chat lwong
giai trinh tw ca ca panel chung bao gébm gen VWF
va 6 gen con lai.

Bang 3.2. béc diém céc chi sb chat luong gidi trinh tw NGS cua panel gen VWF trén 34 méu

Chisé Trung binh Trung vi Nho nhét Lén nhét

Téng doan doc 137,848 140,940 61,314 187,076
On-target (%) 63,54% 68,46% 45,52% 71,05%
Trang 1ap (%) 1,51% 1,57% 0,68% 2,53%
Anh xa duy nhéat (%) 92,62% 92,91% 90,40% 93,75%
Doan doc dwéi mirc chat lwong tdi thidu (%) 3,45% 3,22% 2,71% 5,21%
Do sau TB / vi tri (X) 195,5 209,5 83 287
Do sau TB / vung (X) 187,7 200,0 81 275
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Khi danh gia riéng trén gen VWF, d6 sau gidi trinh tw nhin chung cao trén toan b6 52 exon cta gen VWF,
phan I&n dao déng khodng 150-250X. Exon 52 c6 dd sau trung binh cao nhét, dat 250,9X, trong khi exon 26
thap nhét, chi dat 31,8X va ndm sat nguéng tbi thiéu 30X. Trong viing exon 23-34, hau hét cac exon van cé
dd sau twong dwong cac vung con lai trlr exon 26 c6 dé sau giam manh. Theo dé bao ph, ty Ié nucleotide
dat 230X dwoc ghi nhan la trén 100% tai ca 52 exon. Ngworc lai, ty |é nucleotide dat 2100X cé sw khac biét
gira cac exon, phan I&n & mirc trén 90% nhwng giam tai mot s6 exon. D&c biét, exon 26 khdng cé nucleotide
nao dat dd sau 2100X. Cac théng tin dwgc minh hoa & Hinh 3.2.

D6 sau va db bao phi 52 exon gen VWF trén 36 méu

A. B sdu trung binh theo exon (trung binh = 5D)
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Exon gen VWF

Exon 26 6 99 sau trung binn thip nhk (31,8 %) vi coverage =100x bing 0%, nhung coverage =30x van dat 100% theo 2dng nguén.

Hinh 3.2. D6 séu va dé bao phi 52 exon gen VWF

Vuing exon 23-34 dwoc phan tich riéng nhdm danh gia dé tin cay ctia quy trinh. Phan tich 34 mau tai viing
exon 23-34 clia gen VWF ghi nhan tdng cong 218.222 doan doc so cap, dat tiéu chuan chét lwong va khong
tring 18p. MAPQ trung binh theo mau dat 51,23 + 0,71. Ty |é doan doc c6 MAPQ =30 dat trung binh 87,77
1,23% gan twong dwong véi ty |é tinh gdp 87,78%, cho thdy chét lwgng cén chinh twong déi én dinh gitra cac
mau. Toan bd 2.875 nucleotide thudc ving khdo sat déu cé doan doc bao phi & tat ca cac mau. Tuy nhién,
khodng 12,22% doan doc c6 MAPQ duwéi 30 va 9,54% doan doc c6 MAPQ bang 0 (Béng 3.3.).

Bang 3.3. Céc chi sb chét lrong cén chinh trinh tw tai ving exon 23-34 cta gen VWF (n = 34)

Chisé S6 lwong
S6 mau duy nhét 34
Téng sb doan doc khdng trung 1ap tai exon 23-34 218.222
MAPQ trung binh theo mau 51,23 £ 0,71 (49,01-52,25)
Ty 1& MAPQ =20 trung binh theo mau 89,72 + 1,14% (86,11-91,36%)
Ty 1& MAPQ =30 trung binh theo mau 87,77 £ 1,23% (84,06-89,65%)
Ty 16 MAPQ 230 tinh gop 87,78%
Ty 16 MAPQ = 60 tinh gop 72,12%
Ty 16 MAPQ = 0 tinh gop 9,54%
Vi tri khéng cé d6 sau & bat ky mau nao 0/2.875 bp
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Chu thich: Cac chi sb dwoc tinh trén doan doc
so cap, da can chinh, dat tieu chuan chét lvong
va khong trung lap. MAPQ 230 dwgc sir dung lam
nguwdng quy wéc cho doan doc co dd tin cay can
chinh cao.

Trong vung exon 23-34 cta VWF, ba doan tai
exon 24, 26 va 34 c6 MAPQ trung binh <30, vo&i

tbng chiéu dai 225 bp (7,83%). Exon 26 bi anh
hwéng nhiéu nhat: toan bo 159 bp c6 MAPQ 2,20-
2,45 va 96,31-96,93% doan doc cdé MAPQ <30.
Doan MAPQ thép tai exon 24 dai 60 bp, véi MAPQ
20,39-29,92 va 44,12-59,27% doan doc c6 MAPQ
<30; exon 34 chi c6 doan 6 bp v&éi MAPQ 29,24—
29,92 (Bang 3.4).

Bang 3.4. bac diém céac doan c6 MAPQ trung binh duéi 30 tai ving exon 23-34 ctia gen VWF

Exon Vi tri GRCh38, 1-based Chiéu dai DPic diém
24 | chr12:6.025.634-6.025.693 60 bp e o oo M oot a1 20 279
26 | chr12:6.022.740-6.022.898 159 bp Tt 58 6301 oan doe <6 MARG 230, "
34 | chr12:6.011.789-6.011.794 6 bp 45,8045 555 Somm hee oo MAG. <30

3.2. Banh gia mirc d6 phu hop cta quy trinh giai trinh tw gen VWF trong phat hién SNV va Indel

nhé bang déi chiéu véi quy trinh NGS doc lap.

Hai quy trinh NGS phat hién phu hop toan bo 42 bién thé doc nhat dwoc dwa vao déi chiéu, bao gom 32
SNV va 10 Indel nhé. Khéng ghi nhan bién thé chi dwoc phat hién tai mot trong hai don vi; trang thai hop tir
clia cac bién thé ciing hoan toan théng nhat. Ty 1é phu hop dwong tinh dat 100% dbi véi ca SNV va Indel nhé.
Ca 14 bién thé ndm trong viing exon 23-34 d&u dwoc phat hién phu hop (Bang 3.5).

Bang 3.5. Murc d6 phu hop giira két qua xét nghiém gidi trinh tu gen VWF thuc hién tai Vién Huyét hoc
— Truyén mau Trung Uong va Vién Di truyén Y hoc Thanh phé H6 Chi Minh (déi véi céc bién thé cé y nghia

lam sang).
Cép dé Nhém Phu hop Ty 18 phit hop, % (KTC 95%)

SNV 32/32 100% (89,11 - 100%)

Indel nhd 10/10 100% (69,15 - 100%)

Céap d6 bién thé Exon 23-34 1414 100% (76,84 - 100%)
Ngoai exon 23-34 28/28 100% (87,66 - 100%)

Téng 42/42 100% (91,59 - 100%)

Ma&u phat hién bién thé 32/32 100% (89,11 - 100%)

Cép d6 mau Mé&u khéng phat hién bién thé 2/2 100% (15,81 - 100%)
Téng 34/34 100% (89,72 - 100%)

IV. BAN LUAN

Quy trinh NGS st dung ky thuat lai bat gitr dat
cac chi sb chat lwong doc, do sau va dd bao phi
tot trén phan I&n vung khao sat ctia gen VWF, déng
thoi phat hién dwgc cd SNV va Indel nhd. Toan bd
42 bién thé duoc dbéi chiéu déu cho két qua théng
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nhét gitra hai co' s& vé& sw hién dién cla bién thé va
trang thai hop t&r. Tuy nhién, do c& mau nghién cltru
va sb lwong Indel nhd con han ché, ty 1& phu hop
dwong tinh 100% khéng thé dwoc dién giai twong
dwong véi dd nhay va do dac hiéu 100%. Bén canh
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do, cac doan c6 chat lwgng cdn chinh thap van dwoc
ghi nhan tai exon 24, 26 va 34.

Mac du ty 1& doan doc on-target dao dong tw
45,52% dén 71,05%, quy trinh van bao dam dd sau
can thiét cho phan tich, vé&i ty 1& bao pha 230X trung
binh dat 99,17% theo nucleotide va 99,47% theo
vung dich. Do ty & on-target chju dnh hwéng cla
thiét ké panel, hiéu qua lam giau va sé lwong mau
duwoc gop trong mébi lan giai trinh tw, cac tiéu chuén
kiém soat chéat lwong can dwoc xac lap phu hop
véi muc dich sir dung cuta xét nghiém [2,7]. Ddng
thdi, d6 sau trung binh cao khang thé thay thé viéc
danh gia chét lwong tai tirng nucleotide, bao gébm
do sau cuc bo, chat lwong base va dé tin cay cda vi
tri can chinh.

MAPQ phén anh mirc d6 tin cay khi dinh vi doan
doc vao hé gen tham chiéu va cé y nghia khac véi
dod sau giai trinh tw. Mac du exon 26 van cé doan
doc bao pht, hon 96% doan doc cé MAPQ <30, cho
thay phan I&n doan doc khong thé dwoc dinh vi chéc
chén vao locus VWF. Viéc hién twong nay lap lai &
nhiéu mau goi y day 1a han ché co tinh hé théng,
lién quan dén marc dd twong déng cao gitra VWF va
gid gen VWFP1 [1,6]. Vi vay, exon 26 va cac doan
c6 MAPQ thép tai exon 24 va 34 khéng nén duoc
dwa vao pham vi két luan am tinh néu chwa c6 kiém
tra bd sung. Cac vung nay can dwoc danh gia truc
quan trén IGV tai ca locus VWF va VWFP1, sau dé
xac nhan béng PCR dé&c hiéu locus két hop gidi trinh
tw Sanger.

Khuéch dai d&c hiéu locus trwdc gidi trinh tw la
mot gidi phap cé thé cai thién kha nang phan biét
VWF vé&i VWFP1. Corrales va cong sw da thiét ké
mdi long-range PCR dya trén cac nucleotide khac
biét gitra hai locus, méc du viéc chuan héa phan ¢ng
va khuéch dai cac viung giau GC van gap kho khan
[1]. Ngoai ra, két hop long-range PCR v&i gidi trinh
tw doc dai cé thé ho tro xac dinh pha alen va phat
hién cac bién thé cau tric phirc tap [8]. Tuy nhién,
phwong phap nay can dugc thdm dinh doc lap trwéc
khi ap dung trong xét nghiém thwdng quy.

M6t han ché khac ciia nghién ctru |a chwa danh
gia bién thé sb lwong ban sao va cac bién thé cau
trdc, vén cé y nghia dic biét & nguwdi bénh VWD
type 3. Mac du mot sb pipeline NGS c6 thé phat hién
CNV dwa trén d6 sau doan doc, hiéu nang phu thudc
vao thiét k& panel va thuat toan phan tich; phwong

phap nay can dwoc thdm dinh riéng va khong thé
phat hién tat ca bién thé cu truc. Do d6, cac trudng
hop VWD type 3 khéng phat hién bién thé hoac chi
phat hién mot alen gay bénh can dwoc khao sat b
sung bang MLPA hoadc phwong phap dinh lwong sb
ban sao da dwoc tham dinh.

V. KET LUAN

Nghién ctru da bwdc dau thiét 1ap dwoc quy trinh
NGS dé khao sat khao sat 52 exon va vung tiép giap
exon—intron ctia VWF dat chat lwong tét, cho phép
phat hién SNV va Indel nho tai cac vung dat tiéu
chudn. Viing exon 26 va cac dang bién thé ngoai
pham vi thdm dinh nhw CNV can duwoc khdo sat
bang phwong phap bé sung nhw Sanger va MLPA.
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