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Abstract: Objective: To evaluate the effectiveness of artificial intelligence software in building
human g-banded karyotype. Research method: Cross-sectional description. Results: The study on
237 chromosome cluster images corresponding to 10,841 Giemsa-stained single metaphase
chromosome images of patients undergoing karyotype testing from peripheral blood at the Center
for Clinical Genetics - Hanoi Medical University from June 2023 to August 2024 in evaluating the
effectiveness of automatic chromosome classification and polarization of artificial intelligence
software showed that the chromosome classification accuracy was 95.9%, the average chromosome
classification accuracy on a chromosome cluster was 95.9 + 4.1%. F1-score, Recall, and Precision
of chromosome classification were 94.59%, 93.85%, and 96.16%, respectively. The accuracy of
chromosome polarization is 98.7%, and the average chromosome polarization accuracy on a
chromosome cluster is 98.74 + 1.99%. Conclusion: The artificial intelligence software in the study
has a good chromosome classification and polarization model, which can be applied to support and
reduce the effort of people performing karyotype testing.
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Tém tit: Myc tiéu: Danh gi4 hiéu qua cua phan mém tri tué nhan tao trong 1ap cong thirc nhidm sic thé
(NST) & ngudi. Phuong phap nghién ctiru: M6 ta cat ngang. Két qua: Nghién ciru trén 237 hinh anh cym
NST tuong trng véi 10841 hinh anh NST don 1€ ki gitta nhud¢m bang Giemsa cua cac bénh nhan lam xét
nghiém NST dd tir mau ngoai vi tai Trung tdm Di truyén 1am sang- Bénh vién Pai hoc Y Ha N¢i tir thang
6/2023 dén thang 8/2024 trong danh gia hiéu qua phan loai va phan cuc NST tu dong ctia phan mém tri tué
nhan tao cho théy, dd chinh xac phan loai NST la 95,9%, do chinh xac phan loai NST trung binh trén mot
cum NST la 95,9 + 4,1%. Fl-score, Recall va Precision phan loai NST lan luot 1a 94,59%, 93,85% va
96,16%. DJ chinh xac phan cuc NST la 98,7%, dd chinh xac phan cuc NST trung binh trén mot cum NST

14 98,74 + 1,99%. Két luén: Phan mém tri tué trong nghién ctru ¢c6 mé hinh phan loai va phan cuc NST tdt,

¢6 thé ing dung hd trg 1am giam cong strc cho ngudi thue hién xét nghiém NST do.

Tuwr khoa: tri tué nhan tao, nhiéem sac thé, phan loai, phan cuc.

1. Pit van dé

Cung véi sy phét trién cta di truyén
hoc va nhu cau phan tich di truyén, xét
nghiém NST d6 van 1 tiéu chuén vang trong
sang loc va chan doan nhiéu rdi loan di truyén
& mirc d9 € bao. Phéan tich NST cin nhan luc
dugc dao tao chuyén sau, mét nhiéu thoi gian
va cong stc. Chat lwong hinh anh, kinh
nghiém va chuyén moén cua nhiing nguoi
phan tich NST ¢ anh huong 16n dén phan
tich két qua [1]. Pac biét khi phan tich cac bd

NST c6 ty 1¢ kham thap, viéc phai danh gia
trén 30-50 cum té bao lam ting thoi gian phan
tich xét nghiém nay 1én déng ké. Tl nhiing
nam 1970, mot s6 hé théng sip xép NST duoc
tao ra dé cai thién d6 chinh xac phan tich NST
dd, nhung ty 1& sai sot van roi vao khoang
10%[2]. Cung vé&i sy phat trién cia tri tué
nhan tao, ung dung cua nd vao lap va phan
tich NST d6 trén thé gii da dem lai hiéu qua
budce dau kha quan nhu hé théng CIR-net cua

Chengchuang Lin va cac cong sy dat d§ chinh
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x4c phan loai NST nhuém biang G 1én dén
95,98% [1]. Hé thong CNN network cua
Somasundaram va cong su cho két qua phan
loai chinh xac 98,9% va 98,4% vd&i NST binh
thuong va NST bét thuong hodc chdng 1ap
[2], tuy nhién & Viét Nam cac nghién ctru con
han ché va chwa c6 nhiéu. Vi vay chung t6i
thuc hién: “Nghién ctru ng dung tri tu¢ nhan
tao trong lap cong thic nhiém sic thé ¢
nguoi” voi myc ti€éu: Panh gid hi€u qua cia
phén mém tri tué nhan tao trong 1ap cong thirc
nhiém sic thé & nguoi.

2. Pdi twong va phwong phap nghién
curu

2.1. Déi twong nghién civu

Nghién ctru trén 237 hinh anh cum

NST tuong tmg v61 10841 hinh anh NST don
1¢ ki gifra, nhuoém bang Giemsa cua cac bénh
nhan 1am xét nghiém NST d6 tir mau ngoai vi

tai Trung tdm Di truyén 1dm sang- Bénh vién

Dai hoc Y Ha Nai tir thang 6/2023 dén thang
8/2024.
2.2. Phwong phap nghién ciru

Thiét ké nghién ctru: Nghién ctru mo
ta cit ngang,

Phuong phap chon mau: Chon mau
thuan tién.

Tién trinh nghién ctru: Céc hinh anh
cum NST trong nghién ctru dugc tién xir 1y,
tach chong dinh thanh cac NST don 1¢. Céc
NST don 1¢ dugc sip xép tu dong thanh cac
cap NST trong bo NST nguoi dudi trg giup
ctia phan mém tri tué nhan tao st dung mang
no-ron tich chap ETPC tich hop trong phan
mém BioChrom.Al.

Hiéu qua cua phin mém tri tué nhan
tao dugc danh gia b'flng d6 chinh xac phan loai
va phan cyc NST. Xir 1y s6 liéu theo phuong
phap thong ké y sinh hoc bang phan mém
SPSS 20.0.

Trays
e
L
| g——

.- »

L W 4 "% ] L 4
LI 2 T T O O 1
6 7 8 9 10 1 12

B Wty i
13 14 15 16 17 18
t

L A L L) ' .
19 20 21 22 X Y

Hinh 1. Vi du vé phan loai cac NST
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3. Két qua
3.1. Higu qud phan loai nhiém séic thé ciia phan mém tri tu¢ nhén tgo

Bang 1. P chinh xic phan loai NST

Do chinh xac
Trang thai phan loai n (%)
(%)
bung 10397 95,9
Sai 444 4,1
. 95,9
Khong phan loai 0 0
Tong 10841 100

Nhan xét: Trong téng s6 10841 hinh anh NST don 1é, trang thai phan loai dung chiém ti 1&
cao nhat v6i 95,9% twong tng v6i do chinh xac phan loai NST ctia phan mém tri tué nhén tao 1a
95,9%. Khong c6 NST nao khong dugc phan loai.

Bang 2. D¢ chinh xac phin loai NST trung binh trén m¢t cum NST

Min Max Mean Std.Deviation
n

(%) (%) (%) (%)
237 73,9 100 95,9 41

Nhan xét: Trong 237 hinh dnh cym NST, d6 chinh xac phan loai NST trung binh trén mot
cum NST cua phén meém tri tué nhén tao 1213 95,9 + 4,1%.

Bang 3. Chi s6 F1-score, Recal, Presicion phan loai NST

Nghién ctru Accuracy F1-score Recall Precision

(%) (%) (%) (%)

Al-Kharraz va cs (2020) 94,7 94,68 94,75 94,61

Zhang va cs (2018) 92,5 - - -

Lin va cs (2020) 95,9 96 96 96

Qin va cs (2019) 98,9 98,7 - -

Zhang va cs (2021) 98,1 98,1 - -

Nguyén va cs (2024) 95,9 94,59 96,16 93,85
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Nhén xét: Do chinh x4c (Accuracy), d6 chudn xéac (Precision), do phu (Recall) va F1-score
trong phéan loai NST ctia phdn mém tri tué nhén tao 1an luot 13 96,16%, 93,85% va 94,59%. Céc
chi sb nay >90%, cho théy phén mém tri tué nhan tao c6 md hinh phan loai t6t. So sanh véi mot sd
nghién ctru 4p dung cua tri tué nhan tao trong phéan loai NST ciing cho thiy cac chi sé trong nghién
ctru kha tuong duong.

3.2. Higu qud phdn cwc nhiém sdic thé ciia phin mém tri tu¢ nhén tgo

Bang 4. Dy chinh xac phan cuc NST

Trang thai phan cuc n (%) Do chinh xac (%)
Pung chiéu 10703 98,7
Nguoc chiéu 118 1,1
98,7
Léch 20 0,2
Tong 10841 100,0

Nhan xét: Trong tong s6 10841 hinh dnh NST don 1¢, trang thai phan cuc diing chiéu chiém
ti 16 cao nhat véi 98,7% tuong g vé1 d§ chinh xac phan cuc NST cua ph?m mém tri tué nhan tao
12 98,7%. Mot ty 18 0,2% cac NST dugc sap xép 1éch khoi truc cia NST.

Bang 5. D chinh xac phian cwe NST trung binh trén mot cum NST

Min Max Mean Std.Deviation
n

(%) (%) (%) (%)
237 86,7 100,0 08,74 1,99

Nhan xét: Trong 237 hinh anh cum NST, d6 chinh xac phan cuc NST trung binh trén mot

cum NST cua phén mém tri tué nhan tao 13 1a 98,74 + 1,99%.

"

Diing chiéu Nguwgc chién  Léch

Hinh 2. Vi du vé phén cwc nhiém sic thé
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4. Ban luian

Phén loai va sip xép bo nhiém sic thé
ngudi 1 mot phan cong viée quan trong trong
1ap cong thirc nhidm sic thé dd. Viéc sap xép
cac nhidm sic thé thanh 23 cip trong bod
nhiém sic thé cia ngudi gilp cac nha di
truyén hoc danh gid sy thém, bét mot hay
nhiéu nhiém séc thé, hay so sanh giita cac
nhiém sic thé trong cp v6i nhau dé xac dinh
cac bat thuong cau tric tir d6 gitip chan doan
céc bat thuong lién quan dén nhiém sic thé.
Tuy nhién viéc sap xép thu cong cac nhiém
sic thé nay c6 thé mat nhiéu thoi gian cong
stre, cac thao tac 1ap di lap lai co thé gay nén
nham chan va lam ting ti 1é sai sét. Ung dung
cua tri tu¢ nhan tao trong viéc sép xép cac
NST ¢6 d6 chinh xac cao co thé gitp d& cac
nha di truyén hoc tiét kiém thoi gian va cong
strc trong thuc hién NST dd do mét it thoi
gian hon trong vi¢c nhin dinh va phan loai
NST thanh cac cap NST. Pac biét trong cac
truong hop ngudi mang cac bat thuong NST
dang kham 1am ting s6 lwong cum hinh anh
NST phai khao sat 1én 30-50 cum thay vi 20
cum nhu céc truong hop binh thuong, viée hd
trg 1am giam thoi gian va cong strc 1a hét sirc
¢6 ¥ nghia véi cac nha di truyén hoc.

Nghién ctru thu dugc két qua do chinh
xac phan loai NST la 95,9%, do chinh xac
phan cuc NST 1a 98,7%, F1-score la 94,59%.

So sanh véi nghién ctru cua Zhang va
cong su nam 2018 danh gia trén 2061 hinh
anh NST don 1¢ cho két qua do chinh xac
phan loai 1a 92,5%, nghién ctru khong danh
gia d¢ chinh xac phan cuc . Trong nghién clru
cho két qua cao hon (95,9% so v&i 92,5%).
Két qua nay c6 thé duogc giai thich 1a do trong
nghién ciru cia Zhang va cong su su dung
mang no-ron tich chap trong hoc may cé it 16p
hon (4 16p so v&i 7 16p trong nghién ctru), nén
kha ning trich xuat dic diém NST thip hon
[3].

Nghién ciru ciing cho két qua do chinh
xéac phan cuc tot hon tét hon khi so sanh véi
nghién ctru cia Al-Kharraz va cong su danh
gid trén 2454 hinh anh NST (95,9% so véi
94,7%), nhung F1-score ctuia hai nghién ctru
thi twong duong[l]. Tuy nhién nghién ctu
cua Al-Kharraz danh gia trén bd dir li¢u
khong bao gdm NST chong va NST bat
thuong cau trac NST.

Trong nghién ctru cua Lin va cOng su
danh gia cho 2990 hinh anh NST cho két qua
dd chinh xac phan loai 1a 95,98%, tuong
duong véi két qua trong nghién ctru [4]. Tuy
nhién dir li€u dung trong dadnh gia ctia nghién
ctru ctia Lin va cong sy khong chira NST bét
thuong cau tric.

Nghién ctru cho két qua thdp hon so
véi nghién ctru cta Qin va cong su va Zhang

va cong su (2021), trong nghién ctru ctia Qin
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va cong su cho két qua vuot troi so voi cic
phuong phap khac vdi do chinh xac phan loai
la 98,8%, do chinh xac phan cuc 1a 99,2%,
F1-score 12 98,7% [5,6]. Piéu nay co thé dugc
giai thich bang s6 luong cum NST duoc sir
dung trong qua trinh training cua nghién ctru
nay la kha 16n (1990 cum) va phuong phép str
dung két hop 2 loai mang lu6i no-ron tich
chap G-net va L-net trong trich xuat hinh anh.
Két qua trong nghién ctru ciing thap hon so
v6i nghién clru cua Zhang va cong su (2021)
voi do chinh xac phan loai va phan cuc la
98,1% va 99,8% [6]. Tuy nhién do chinh xac
trong nghién ctru nay giam khi nghién ctru voi
cac dir liu NST bat thuong (do chinh xac
phan loai 92,3% va phan cuc 91,0%). Trong
nghién ctru ctia dé tai bao gdm cac bat thuong
céu tric NST.

Khi so sanh v6i nghién ctou cua Le
Anh Quoc va cong su su dung cung mdt loai
mang no-ron tich chap, cac két qua phan loai
va phan cuc NST cua hai nghién ctou kha
twong duong nhau [7]. Vi phan loai NST,
nghién cuu ciia Le Anh Quoc cho d chinh
x4c thap hon khong dang ké so véi trong
nghién ciru (95,3% so voi 95,9%). C6 thé do
di li¢u trong nghién ctru cia Le Anh Quoc st
dung bo dir li€u thr nghiém da trung tam (3
trung tdm), bao gdm ca NST véi 2 phuong
phap nhu¢m bang (R va G), trong khi dir li€u

ctia nghién ctru dong nhat nhat (1 trung tam —

1 phuong phap nhud¢m). Véi phan cuc NST,
trong nghién ctu cho két qua thip hon
(98,7% so véi 99,0%), co thé mot phan vi
nghién curu da khong tinh NST phan cuc léch
truc trong ti 1€ chinh xac, mac du cac NST nay
van duoc phan cyuc voi nhanh p quay 18n trén
va q quay xudng dudi.
5. Két ludn

Thuc hién NST dd c6 thé mat nhiéu
thoi gian va cong strc. Phan mém tri tué nhan
tao trong nghién ctru hd tro phan loai va phan
cuc NST - mot phan quan trong trong phan
tich NST do. D¢ chinh x4c phan loai va phan
cuc NST cta phan mém tri tué nhan tao lan
luot 14 95,9% va 98,7%, chi s6 F1- score la
94,59% cho thdy phan mém tri tué trong
nghién ctru ¢c6 mo hinh phan loai va phan cuc
NST tdt, c6 thé tng dung hd tro 1am ting do
chinh x&c, giam cong strc trong thyc hién xét
nghiém NST db.
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