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LOI CAM DOAN
T6i cam doan rang cong trinh nghién ctru nay 1a thanh qua cta cong strc ca
nhan t6i va khong sao chép tir bat ky ngudn nao khac. Tét ca thong tin dugc trinh
bay trong dé an nay déu 1a san pham cua cong viéc ca nhan hodc duoc tong hop tir
nhiéu nguon tai liéu khac nhau. Moi tai liéu tham khao déu duoc trich din mot cach
hop phép va c6 ngudn goc rd rang. Cac dit liéu va két qua duge trinh bay trong dé

an déu 13 trung thuc va chua timg duogc cong b trong cac cong trinh nao khac.

Tac gia dé an

Nguyén Anh Tuén



LOI CAM ON

Pé hoan thanh dugc dé 4n ndy, em xin giri 16i cdm on chan thanh ti nhing
nguoi da giup do toi trong qua trinh hoc tap, nghién ciru khoa hoc.

Pau tién em xin cam on thidy PGS. TSKH. Hoang Dang Hai da tan tinh
huéng dan truyén dat nhitng kinh nghiém quy bau va giup d& tac gia tir nhitng ngay
bt ddu hudng dan dén ngay bao vé.

Tiép theo, em cam on céac thiy cb trong Truong Hoc vién Cong nghé Buu
chinh Vién théng d tan tinh day dd, truyén dat kién thirc quy bau.

Em cling xin tran trong cam on don vi noi to1 cong tdc va lam viéc da tao

moi di€u kién thuan lgi cho t61 trong su6t qua trinh hoc cao hoc.
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MO DAU
1. Ly do chon dé tai

Ung thu 1a mot trong nhitng nguyén nhan gay tir vong hang dau trén thé gidi,
v6i cac dang bénh da dang va phuc tap. Trong nhiéu trudong hop, cic bénh nhan
méc cung mot loai ung thu lai c6 phan tng diéu tri khac nhau, do su khac biét &
mitc d6 phan tr. Ung thu c6 lién quan dén nhiéu thong tin sinh hoc genomics,
transcriptomics, proteomics,... Do do, viéc phan nhoém ung thu (cancer subtyping)
dua trén thong tin sinh hoc sau hon c6 y nghia quan trong trong chan doan va diéu
tri ca nhan hoa [1].

Dt liéu omics 1a tap hgp cua nhiéu loai dir liéu sinh hoc. Khai niém Omics
Xuét phat tor cum tur cudi trong cac dir liéu sinh hoc nhu: Genomics (dir licu Gen
DNA), Transriptomics (dit licu phién ma RNA), Proteomics (ditr li¢u protein),...
Phén tich nhiéu loai dit liéu omics (multi-omics) cung cip cai nhin toan dién vé co
ché sinh hoc cua ung thu [2, 3]. Hién nay, ngudn dit liéu da omics dang ngay cang
nhiéu va duoc cung cip cong khai cho cong dong, dién hinh 13 cac tap dir liéu ban
d6 bo gen ung thu TCGA (The Cancer Genome Atlas) [4].

Phan nhom ung thu 1a mét bai toan nhé trong hd trg chan doan, tién lugng va
diéu tri c4 thé hoa [5, 6, 7]. Tuy nhién, viéc phan nhém theo cac phuong phap hoc
may truyén thong t6i nay van chua tan dung hét nhiing loi thé cia ciu trac dir lidu
da omics [8].

Céc md hinh mang no ron d6 thi, dac biét 1a mo hinh hoc biéu dién da thé
hién duoc kha ning trich xuét dic trung hiéu qua tir dit liéu phuc tap. Ap dung hoc
biéu dién dé phan cum dir liéu da omics 1a hudng tiép can méi me, c6 thé gitip phan
nhom ung thu tiém 4n ma cac phuong phép truyén thong khong nhan ra.

Xuat phat tir nhu cau thyc tién va dinh huéng cong viéc noi em dang cong
tac, em quyét dinh chon d¢ tai "Nghién ciru xdy dyng mé hinh hoc biéu dién sir
dung dir lidu da omics trong phan nhom ung thu". Dé an tét nghiép hudng t6i muc

tiéu nghién ctru cach thir xay dung mé hinh hoc biéu dién trén dir liéu multi-omics



dé phan nhom ung thu, ap dung mé hinh vao xay dung mot tng dung don gian
nham hd trg cac bac sy cach st dung dit li¢u omics trong cong tac chan doan, ho tro
diéu tri bénh nhan.

2. Tong quan vé van dé can nghién ciru

Trong nhiing nim gan diy, nhu cau c4 nhan hoa trong diéu tri ung thu da
thic ddy su phat trién cta cac phuong phap phan nhom bénh nhan dya trén dir liéu
phan tir (subtyping). Cac chién lugc phan nhom nay déng vai trd quan trong trong
viéc du doan tién luong, lua chon liéu phap diéu tri phu hop va hiéu 16 hon vé co
ché sinh hoc dic trung cua timg nhom ung thu. Sy ra doi clia cong nghé giai trinh tyr
thé hé méi di cung cdp luong dit liéu da omics khong 15, bao gdm mRNA, CNV,
methyl héa DNA va miRNA [1, 2, 3]. Tuy nhién, viéc tich hgp hi€u qua cac loai dix
liéu nay van 1a mot thach thie 16n do su khéc biét vé dinh dang, chiéu dit liéu, d¢
nhiéu va tinh phtec tap sinh hoc giita cac omics [9-16].

Céc phuong phap truyén théng nhu phén tich don omics hodc ghép ndi don
gian (early fusion) thuong khong ¢ kha ning ndm bat dugc méi lién hé phic tap
gitta cac 16p dir liéu [9]. Mot s& phuong phap hién dai hon st dung autoencoder,
mang hoc sau hodc ky thuat hoc biéu dién (representation learning) da cai thién
phan nao hiéu suat nhung van thiéu su twong tac sinh hoc c6 ¥ nghia giita cac bénh
nhan [13-16]. Gan day, cac mo hinh hoc sdu dua trén mang do thi (Graph Neural
Networks - GNNs), dic biét 1a cac mod hinh mang dd thi di thé (Heterogeneous
Graph Neural Networks - HeteroGNNs) [14], d3 chimg minh tiém ning manh mé
trong viéc biéu dién va hoc cac moi quan hé phtrc tap gilra cac loai dir li¢u sinh hoc
khac nhau. Tuy vay, phan 16n cac nghién ctru chi tip trung vao mdi quan hé noi tai
trong ting bénh nhéan, bé qua nhiing két ndi sinh hoc lién bénh nhan vén rat quan
trong trong co ché bénh sinh va phan nhom 1am sang.

Céc tap dir liéu ban d6 b gen ung thu TCGA (The Cancer Genome Atlas)
[4] dang m& ra mot co hdi méi cho viée tich hop va phan tich dong thoi nhiéu loai

dir liéu omics nham phat hién cac dac trung tiém an, tor d6 gitp hd tro cho céac bac



sy trong cong tac chan doan, phan nhom ung thu, du bao tién luong va diéu tri cho
bénh nhan.

Cac md hinh hoc biéu dién trén dd thi da ndi 1én nhu mot hudng tiép can
hiéu qua, cho phép biéu dién dir liéu bénh nhan dudi dang d6 thi, tan dung co ché
attention dé hoc ra dic trung quan trong giita cic mau va gitra cac tang dit liéu. Mo
hinh khong chi cai thién d¢ chinh xac trong phan nhom ung thu ma con tao ra kha
nang ho tro cac bac sy hiéu o hon nhirng loai dir liéu omics, quan hé sinh hoc cua
cac dir liéu mot cach 18 rang hon so véi cac phuong phap hoc may truyén théng.

Tuy nhién, cdc mo hinh biéu dién dir liéu omics con kha m&i mé, chua duogc
trién khai nhiéu trong thuc tién. D& an nay hudng tdi viéc nghién ctru, tim hiéu cach
thirc xay dung mot mé hinh hoc biéu dién trén dit liéu multi-omics voi cac tap dir
lidu TCGA dé phan nhém ung thu, 4p dung mo hinh vao xdy dung mot tng dung
don gian nham hd trg cac bac sy cach st dung dit liéu omics trong cong tic chin
doan, hd tro diéu tri bénh nhan.

3. Muc dich nghién ctru

Muc dich nghién ciru chinh cia dé an t6t nghiép nay 1a:

- Nghién ctru, xdy duyng mé hinh hoc biéu dién trén dir liéu multi-omics.

- Trién khai thir nghiém mo hinh véi tap dir liéu TCGA dé phan tich, danh

gia kha nang phan nhom ung thu.

- Ap dung md hinh vao xdy dung mot img dung don gian nham hd trg cac

béc s¥ trong cong tac chan doan, hd trg diéu tri bénh nhan.
4. P6i twong va pham vi nghién ciru

Déi twong nghién ctru:

- M0 hinh hoc biéu dién st dung dit li¢u da omics.

- Phuong phap phan nhém ung thu

- Tap dir lieu TCGA

Pham vi nghién curu:

Nghién ctru s& dugc thyc hién trén 5 loai ung thu tir TCGA bao gém:

- BRCA (Breast Invasive Carcinoma)



- LUAD (Lung Adenocarcinoma)

-  GBM (Glioblastoma Multiforme)

- KIRC (Kidney Renal Clear Cell Carcinoma)

- UCEC (Uterine Corpus Endometrial Carcinoma)

Pé tai tap trung vao viéc tich hop bbn loai omics chinh: biéu hién gene
mRNA, bién thé s6 ban sao (CNV), methyl héa DNA, va biéu hién miRNA.

5. Phwong phap nghién ciru

Phuong phap nghién ciru trong dé tai bao gdm hai huéng chinh: nghién ciru
ly thuyét va nghién ctru thuc nghiém.

Vé phuong phap nghién ctru 1y thuyét, Vé mat 1y thuyét, nghién ctu tién
hanh khao sat va tong hop cac cong trinh lién quan dén phuong phap tich hop dir
li¢u da omics, dac bi€t 1a cac k¥ thuat hoc sau va mang no-ron dd thi (Graph Neural
Networks).

Vé mat thuyc nghiém, nghién ctru st dung dit li¢u tr ndm loai ung thu phé
bién thudc co s¢ dit liéu TCGA (BRCA, LUAD, GBM, KIRC, UCEC), véi day du
bdn loai omics cho mdi bénh nhan. Dit liéu duoc xtr 1y thong qua cac budc tién xur
1y nghiém ngat nhu loai bo dit liéu thiéu, chudn hoa theo timg omics, va t6 chirc lai
cac dic trung theo mirc do twong quan. Mo hinh omicsGAT duoc huin luyén va
danh gia dya trén cac chi sé nhu C-index, log-rank test, silhouette score, va phan
tich Kaplan-Meier nham kiém tra hiéu qua phan nhom va kha ning dy doan thoi
gian song sot.

6. Céu tric ciia luin vin

Ngoai phan m& dau, két luan, danh muc tai liéu tham khao va phu luc, luan
vin gdm 03 chwong nhu sau:

- Chuong 1 trinh bay co so 1y thuyét vé da omics va cac phuong phap hoc

bieu dién trén dir liéu sinh hoc

- Chuong 2 trinh bay vé xay dung mot mo hinh hoc biéu dién véi da omics

- Chuong 3 trinh bay cic budc trién khai thir nghiém da omics trén mé

hinh omicsGAT



Chuwong 1: CO SO LY THUYET

1.1 Kh4i niém vé omics va da omics

Dit liéu omics dé cap dén khéi dir lidu cuc 16n, duoc tao ra tir cac viéc phan
tich hét cac tap hop cua mot loai phan tir sinh hoc cu thé, chéng han nhu toan bo
DNA (genomics), RNA (transcriptomics) hodc protein (proteomics). Nhitng dit licu
nay duoc dung véi mong mudn gitp hiéu biét toan dién va tong thé vé mot hé théng

sinh hoc.

MULTIOMICS APPROACHES HELP US TO UNDERSTAND
COMPLEX BIOLOGICAL SYSTEMS

METABOLOMICS

Identifies and quantifies small molecules,
or metabolites, within biological systems.
Compared to earlier points in the “omics”

cascade, such as the genome and
transcriptome, the metabolome more
closely reflects the phenotype.

PROTEOMICS/
PHOSPHOPROTEOMICS

Proteomics involves studying the entire set
of proteins expressed in an organism, while
phospho-proteomics focuses on phosphorylated
proteins. These fields help scientists understand
cell signaling, post-translational modifications
and cellular functions.

TRANSCRIPTOMICS

Studies the entire set of RNA transcripts
found within an organism, offering insight
into how DNA is transcribed and translated
nto proteins mMIRNA mIRNA miRNA / sRNA
Explores the regulatory roles
of microRNA (miRNA) and small
RNA (sRNA) in gene expression.

GENOMICS ¢
Analyzes an organism’s complete set of
genes - the genome. Provides insight into
inheritance, evolution and the impact of

genetic variation

EPIGENOMICS

Studies DNA modifications that influence
--CG--CG-~ --CG--CG-- the expression of genes without altering the
--CG--CG-= --CG--CG-- underlying DNA sequence. Epigenetic studies
reveal the intricate regulatory mechanisms
that help to shape cellular functions

Hinh 1.1: Céc loai dir liéu omics

1.1.1 Genomics

Genomics 1a mgt nhanh quan trong trong linh vyc D liéu Omics, tap trung
vao viéc nghién ctru toan bd bo gen (genome) cuia madt sinh vat. Thay vi chi xem xét
tirng gen riéng 1é, genomics phan tich cdu tric, chirc ning, tién hoa va tuong tac cua
tat ca cac gen trong ciing mot hé thong sinh hoc. Cong nghé giai trinh tur gen thé hé
m&i d3 mé ra kha nang thu thap dit liéu genomics & quy mé 16, gitp hiéu sau hon
vé co ché di truyén cua bénh tat, da dang sinh hoc va tién hoa. Dit liéu genomics
thudng bao gém trinh ty DNA, bién thé di truyén (nhu SNPs, CNVs) va ving diéu
hoa gen. Thong qua céac phan tich tin sinh hoc, genomics hd tro phat hién gen lién
quan dén bénh, phat trién y hoc ca thé hoa, va t6i uu hoa liéu phap dicu tri. Day la

nén tang co ban giup két noi va tich hgp véi cac loai dit lieu Omics khac nhu



transcriptomics hay proteomics dé cé cai nhin toan dién vé hé thong sinh hoc.
1.1.2 Transcriptomics

Trong dit licu Omics, Transcriptomics chuyén nghién ctru toan bo tap hop
RNA duoc phién ma tir DNA trong mét té bio hay mo tai mot thoi gian cu thé,
duoc goi 1a transcriptome. Khong giéng genomics — von tip trung vao thong tin di
truyén tinh, transcriptomics phan anh hoat dong dong hoc cua gen, cho biét gen nao
dang dugc biéu hién va ¢ muc d6 ndo. Bang cach st dung RNA-Seq hay
microarray, transcriptomics cho phép dinh lugng va so sanh biéu hién gen giira cac
diéu kién sinh hoc khac nhau, vi du nhu m6 bénh va mé binh thuong. Dir li¢u
transcriptomics gitip xac dinh cac gen diéu hoa, con dudng tin hiéu va co ché phan
tr lién quan dén sy phat trién, bénh 1y hodc dap mg modi truong. Phan tich
transcriptome cling gop phan kham phd cac RNA khong mi héa (nhu miRNA,
IncRNA) — nhiing yéu t6 quan trong trong diéu hoa biéu hién gen. Khi dugc tich
hop vé1 dit liéu genomics va proteomics, transcriptomics gitp ta ¢d cai nhin khai
qua hon vé hoat dong cua té bao, tir thong tin di truyén dén biéu hién chic ning, hd
trg manh mé& cho phat trién y hoc chinh xac.
1.1.3 Proteomics

Proteomics nghién ctru toan bo tap hop protein — hay con goi 1a proteome —
duge tao ra boi mot t& bao, md hodc sinh vét tai mot thoi diém cu thé. Néu
genomics cho biét “kha nang” di truyén cia sinh vat, thi proteomics phan anh truc
tiép “thuc té hoat dong” cua hé théng sinh hoc, vi protein 1a nhitng phan ti thuc
hién gan nhu toan bd cac chirc ning trong té bao. Thong qua cac k¥ thuat hién dai
nhu khéi phd (mass spectrometry — MS) va dién di hai chiéu (2D-PAGE),
proteomics cho phép xac dinh, dinh lugng va phan tich céc bién ddi hau dich ma
ctia protein. Dit liéu proteomics gitip hiéu r& hon vé mang ludi tuong tic protein,
con dudng tin hi¢u va co ché phan tir trong cic qua trinh sinh hoc hay bénh 1y. Ung
dung cua proteomics rat rong, tir phat hién biomarker chan doan, thiét ké thuéc méi,
dén ca thé hoa diéu tri. Khi dugc tich hop véi genomics va transcriptomics,

proteomics gop phan hoan thién vé hoat dong cua té bao, gitp két ndi thong tin tir



gen dén chirc nang sinh hoc cubi cing.
1.1.4 Metabolomics

Mot loai dit li¢u khac trong dit liéu Omics 1a Metabolomics. Loai dir li¢u nay
két qua cua viéc phan tich cac chat chuyén hoa nho (metabolites) trong té bao, mo
hodc dich co thé. Day la tang thong tin phan 4nh rd rang nhat trang thai sinh 1y va
sinh hoa ctia mot hé théng sinh hoc tai thoi diém do, vi cac chat chuyén hoa chinh 1a
san pham cudi cing cua cac qua trinh gen — protein — enzyme. Bang cac k¥ thuat
tién tién nhu sic ky long ghép khéi phd (LC-MS), sic ky khi (GC-MS) hay cong
huong tu hat nhan (NMR), metabolomics gitip dinh danh, dinh lugng va so sanh
ndng do rat nhiéu cac tir nho nhu amino acid, lipid, dudng hay acid hitu co. Di liéu
metabolomics cung cip cai nhin rd hon vé con duong trao do6i chat, phan g sinh
hoa va sy thay ddi ctia co thé trude cac yéu té bénh 1y hodc méi truong. Trong
nghién ciru y sinh, metabolomics dong vai tro then chdt trong phat hién biomarker,
theo do1 qua trinh bénh. Khi dugc tich hop vdi genomics, transcriptomics va
proteomics, metabolomics giup xay dung ban do toan dién vé hoat dong sinh hoc —
tir gen dén biéu hién phan tir va chtic ning trao d6i chat.
1.1.5 Epigenomics

Epigenomics 14 linh vyuc trong Dit liéu Omics nghién ctru toan bd cac bién
d6i biéu sinh (epigenetic modifications) dién ra trén b gen ma khong lam thay doi
trinh ty DNA, nhung lai anh hudng dén cach gen dugc biéu hién. Nhitng bién doi
nay bao gdm chu yéu methyl héa DNA, bién dbi histone, va cdu triic nhiém séc thé
(chromatin remodeling). Epigenomics gitip giai thich tai sao cac té bao c6 clng bd
gen lai co thé biéu hién khac nhau va thyuc hién nhitng chirc ning riéng biét. Vi cac
cong nghé¢ nhu bisulfite sequencing, ChIP-seq, hay ATAC-seq, linh vyc nay cho
phép lap ban d6 toan dién vé trang thai biéu sinh trong cac loai té bao va diéu kién
sinh hoc khac nhau. D li€u epigenomics v0 cung gia tri trong qué trinh nghién ctru
phat trién phéi, 130 héa, va bénh 1y phirc tap nhu ung thu, noi sy diéu hoa gen bi rdi
loan & muc biéu sinh. Khi dugc tich hop véi cac tang dit liéu khac nhu genomics va

transcriptomics, epigenomics cho thay ro moi lién hé gitta di truyén, moi truong va



biéu hién gen, gop phan thuc ddy y hoc ca thé hoa va lidu phap diéu hoa biéu sinh
trong diéu tr1 bénh.

Dt liéu da omics 1a tap hop céac loai dit liu sinh hoc dugc thu thap tu nhiéu
ting phan tir khac nhau chang han nhu genomics, transcriptomics, proteomics,
metabolomics hay epigenomics. Viéc két hop nhiéu 16p dir liéu omics cho phép cac
nha khoa hoc c6 cai nhin toan dién hon vé co ché hoat dong cua sinh vat, tir 6 hiéu
& mdi quan hé giita gen, biéu hién va kiéu hinh. Dir liéu da omics hién dugc tng
dung manh mé€ trong nghién ctru y sinh, dac biét la trong y hoc chinh xéc, gitp xac
dinh biomarker, du doan bénh, va lira chon liéu phap diéu trj c4 thé hoa. Tuy nhién,
viéc xu ly va tich hop dit li¢u da omics khong don gian do su da dang vé dinh dang,
kich thudc va do phirc tap cta ting loai dir liéu. Cac phuong phap phan tich théng
ké, hoc may va tri tué nhan tao dang duoc phat trién dé giai quyét thach thirc nay.
Nho d6, dir liéu da omics dang dan trd nén cuc quan trong trong ky nguyén sinh hoc

hé théng va y hoc dir liéu 16n.
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Hinh 1.2: Cong dung néi bit cia cac loai omics
Dt li¢u da omics gitip lam rd buc tranh toan di¢n vé hé sinh hoc bz"mg cach
lién két thong tin tir nhiéu ting dit lidu, qua dé ting sy chinh x4c trong du doan, hd
trg tim ra co ché bénh phirc tap va thuc day cac ing dung ctia y hoc chinh xac.
1.2 Céac phwong phap hoc bién dién trén dir liéu sinh hoc

Hoc biéu dién (representation learning) trén dit li€u sinh hoc 1a mot hudng



rit quan trong trong tin sinh hoc (bioinformatics) vi dir liéu sinh hoc thuong c6 kich
thudc 16n, nhidu chiéu va phtrc tap (chudi DNA, RNA, protein, biéu hién gen, hinh

anh mo, v.v.).
1.2.1 Hoc biéu dién co giam sdt

Hoc biéu dién c6 giam sat (Supervised Representation Learning) 13 phuong
phap mo hinh dugc huin luyén béng dir 1iéu c6 nhan, vo1 muc tiéu hoc ra cac dac
trung tiém an phan anh thong tin quan trong cho nhiém vu du doan. Trong linh vyc
sinh hoc tinh toan, cdc nhan nay cé thé 1a loai bénh, loai md, chirc nang protein,
hoic kha ning twong tac gitta cac phan tir. Qua trinh huin luyén gitip mé hinh
khong chi thyc hién tét nhiém vu cu thé ma con hoc duoc cac biéu dién tiém an giau
thong tin sinh hoc.
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Hinh 1.3: Kién triic mé hinh hoc c¢6 giam sat
Mot trong nhitng hudng phd bién trong hoc biéu dién c6 giam sat 1a sir dung
mang no-ron hoi tiép va mang Transformer, ddc bi¢t phu hgp véi cac loai dir licu
dang chudi nhu DNA, RNA, hodc chudi amino acid cua protein.
RNNs (Recurrent Neural Networks) duoc thiét ké dé xir 1y dir liéu co tinh
tudn ty, gitp mo hinh ghi nhé nglt canh va mdi quan hé gitta cac phan tir trong
chudi sinh hoc. Cac bién thé nhu LSTM hodc GRU thuong duoc sir dung dé hoc

biéu dién tir cac chudi DNA hoic protein, hd tro cac bai toan nhu:

- Du doan vi tri promoter hodc enhancer trong DNA.

- Phan loai dot bién gen gay bénh (pathogenic vs benign).
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- Du doan ciu tric bac hai cua protein.

Transformers, véi co ché self-attention, cho phép mo hinh hoc cac phu thudc
dai han trong chudi mot cach hiéu qua hon RNNs. Ciac moé hinh dua trén
Transformer nhu DNABERT, ProtBERT, hoac ESM (Evolutionary Scale
Modeling) di thé hién kha ning trich xuét biéu dién sinh hoc c6 ¥ nghia mot cach
vuot troi.Biéu dién hoc duoc tir cic md hinh nay cé thé duoc dung cho da tac vu

nhu:

- Du doan chtric ndng protein (protein function prediction).

- Xéc dinh ving diéu hoa gen (regulatory region identification).

- Duy doén tac dong cua bién thé di truyén (variant effect prediction).

Nho kha nang hoc biéu dién manh mé&, cac md hinh Transformer hién dang
dan tré thanh tiéu chuan trong hoc biéu dién chudi sinh hoc, tuong tu nhu cach
ching da cach mang hoa linh vuc xtr Iy ngdn ngtt tw nhién (NLP).

1.2.2 Hoc biéu dién khéng cé gidm sdt

Hoc biéu dién khong giam sat (Unsupervised Representation Learning) 1a
phuong phap trich xuat ddc trung tiém an tir dir liéu ma khong can dén nhan. Thay
vi dua vao thong tin gan nhan (nhu loai bénh hay chirc ndng protein), mo hinh dugc
huén luyén dé kham pha cac ciu tric, quy ludt va mdi quan hé trong dir liéu. Cach
tiép can nay phu hop véi dir liéu sinh hoc, noi viéc gan nhan chinh xac thuong kho

khin, ton kém va doi khi khong kha thi do tinh phirc tap ctia hé thong sinh hoc.
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Hinh 1.4: Kién tric mé hinh hoc khong giam sat
Cac phuong phap hoc khong giam sat phd bién géom Autoencoder (AE),
Variational Autoencoder (VAE), PCA, va dac biét la Self-Supervised Learning (hoc

tur giam sat) — mot huéng tiép can hién dai da cho thay hiéu qua rd rét trong viéc
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hoc biéu dién sinh hoc ¢ y nghia.

Self-Supervised Learning (SSL) 1a phuong phap trung gian gitra hoc khong
giam sat va c6 giam sat. Thay vi can nhan that, SSL tu tao ra nhiém vu phu (pretext
task) tir chinh dit liéu dau vao, budc md hinh phai hoc hiéu cau tric coa dir liéu dé
giai quyét nhiém vy d6. Khi mo hinh hoc xong, biéu dién thu dugc co thé dugc
dung lai (fine-tune) cho nhiéu bai toan khac nhau trong sinh hoc.

M6 hinh DNABERT hoic GenomeGPT sir dung co ché twong ty nhu ngdn
ngit tu nhién (NLP). Mbi nucleotide hodc doan k-mer dugc coi nhu mot “tir”, va md
hinh dugc huin luyén voi nhiém vu du doan nucleotide bi che gidu. Cach nay gitp
mo hinh hoc duoc ngir canh sinh hoc va cac motif quan trong trong chudi.

Bén canh d6 con c6 cac m6é hinh nhu ProtBERT, TAPE, hay ESM
(Evolutionary Scale Modeling) hoc biéu dién chudi amino acid bang cach dy doan
cac phan bi che gidu hodc mbi quan hé tién hoa giita cac protein. Biéu dién thu dugc
tir cac mo hinh ndy thé hién thong tin cdu tric va chirc ning cua protein, c¢6 thé ing

dung trong:

- Du doan cAu tric bac ba cua protein.

- Phan loai chirc nang protein.

- Phan loai chirc nang protein.
1.2.3 Hoc biéu dién dwa trén do thi

Hoc biéu dién dva trén dd thi (Graph-based Representation Learning) la
hudng tiép can tdn dung ciu trac mang phirc tap vbn cé trong nhiéu loai dit liéu sinh
hoc. Thay vi xem dit liéu nhu chudi, hinh anh hay ma tran, cic phuong phap nay
biéu dién dir liéu dudi dang dd thi (graph), trong d6 cac dinh (node) cé thé 1a gene,
protein, té bao, phan tir hodc bénh, con canh (edge) mo ta mbi quan h¢ gifra chung
nhu tuwong tac protein—protein, mang diéu hoa gen, hodc lién két héa hoc trong phan

tur.
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Hinh 1.5: M hinh hgc biéu dién trén do thi

Trong s6 cac mo hinh hoc dd thi, Graph Convolutional Networks (GCNs) 14
mot trong nhitng mo hinh dan trd nén quen thudc va dem lai hiéu qua nhat. Graph
Convolutional Networks (GCN) m¢ rong khai niém tich chap (convolution) tir anh
sang ciu trac do thi. Thay vi quét trén ludi pixel, GCN “tong hop” thong tin tir cac
node 1an can dé cap nhat biéu dién cua mét node. Piéu nay gitlp mo hinh hoc dugc
thong tin cuc bg va ban cuc by trong mang sinh hoc.

Mot s6 tmg dung ctia GCN trong dit liéu sinh hoc:

- Mang tuong tac protein—protein (Protein—Protein Interaction, PPI)

- Duy doan tuong tac thuéc—protein (Drug—Target Interaction prediction)

- Mang d6ng biéu hién gen (Gene Co-expression Network)

Nho kha nang tin dung truc tiép cau trac do thi von cé trong hé sinh hoc,
GCN va cac m6 hinh d6 thi hién dai manh mé dé phan tich dir liéu da dang, tir phan

tir dén mang tuong tac cap hé thong.
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Hinh 1.6: Kién tric ciia cic md hinh d6 thi hi¢n dai
1.3 Graph Attention Network (GAT) va irng dung trong phan tich dir li¢u

omics

1.3.1 Khdi qudt vé Graph Attention Network (GAT)
GAT la mdt loai mang no-ron dd thi ma tai d6 mdi nit (node) trong dd thi s&
tap trung (attend) t6i cac nat 1an can (neighbours) voi cac trong sd khac nhau, thay

vi xur ly tat ca cac neighbour nhu nhau.

/ LEGEND \

—— Weighted sum

—— Element-wise sum
e

hi Features of nodes

_ Attention weights
l,]  between nodes

= The aggregated
i features of nodes

Hinh 1.7: GAT gan cac trong s6 khac nhau cho céc nit lan can khac nhau
Graph Attention Network (GAT) la mdt kién trac hoc siu trén dd thi st dung
co ché attention dé hoc biéu dién nit mot cach linh hoat va thich nghi theo ciu trac
lan can [18].

Khac véi cac md hinh dua trén tich chap d6 thi truyén thong (GCN) vén gan
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trong s6 c¢d dinh cho cac nat lang giéng (thudng 1a chuin héa theo bac), GAT cho
phép mé hinh ty hoc mirc 46 quan trong cua ting lang giéng thong qua cac hé sb
attention duoc tinh theo ndi dung dic trung cua cac nut. Didu nay gitip GAT xir 1y
t6t cac dd thi khong dong nhat, giam phu thudc vao cau trac dinh sin va ting kha
ning tong quat hoa. Kién tric GAT tin dung attention da chiéu (multi-head
attention) dé 6n dinh qua trinh hoc va ting tinh biéu dién. Nho d6, GAT tré thanh
mot trong nhiitng mo hinh ndi bat trong xur 1y dir li¢u dang dd thi, duogc ung dung
rong rdi trong cac bai toan phan loai, du doan lién két va nhiéu bai toan khai pha d6
thi phtrc tap khac.

Y tudng chi yéu ctia GAT 1a thay vi sir dung gia tri trong s6 trung binh hoic
chuan héa dat c6 dinh cho cac nut lang giéng, GAT ty hoc trong s6 phu hop cho
timg mdi quan hé gitra cac nit. Pidu nay dugc thuc hién thong qua mot attention
coefficient giita ntit / va nat lang giéng j, phan anh muc do dong gop cua j dbi véi
biéu dién mdi cua i. Trong sb attention duoc tinh dua trén ndi dung dic trung
(feature) cta cac nat, nhd @6 moé hinh co thé:

- Nhan biét nat ndo quan trong, ngay ca khi bac niit cao hoac thap.

- Xur 1y d6 thi khong dong nhét, noi cac canh c6 ¥ nghia khac nhau.

- Giam phu thudc vao cu tric tinh ciia do thi.

Co ché attention trong GAT nhu sau [18]: Gia st mdi nit co vecrtor dic
trung /;, GAT s€ thyuc hién:

1) Bién doi tuyén tinh dic trung thanh: ;=W h;

2) Tinh Attention giita cap nut lin ké: e;;=a (h’i, b))

Vo1 a la ham attention hoc duoc.
3) Thuc hién chudn hoa véi ham Softmax: a;; = softmax; (ei;)

4) Tiép d6, GAT tong hop thong tin véi:

h{l =0 Z Ofij ], (11)

JEN(D)
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Viéc tong hop thong tin tao kha ning hoc dugc tir nhiéu vector dic trung, qué trinh
huén luyén 6n dinh hon, GAT ting dugc kha ning hoc biéu dién. Hé sb attention
gitp cho xac dinh dugc nut nao quan trong hon. GAT s€ khong phu thu¢c vao ma
tran ké chudn héa trudc nhu GCN, c6 kha ning xir Iy do thi khong déu, khong dong

nhat, kha nang dién giai tt hon va c6 tinh linh hoat, d& mé& rong.

1.3.2 Kha nang ap dung GAT cho phdn tich dir liéu omics

D@ li€u omics (nhu transcriptomics, genomics, proteomics, metabolomics,
methylomics, hay multi-omics) c6 dic diém phuc tap, phi tuyén, va chira nhiéu méi
quan hé an giita cac thuc thé sinh hoc (gene, protein, mau bénh nhan, v.v.). M6 hinh
Graph Attention Network (GAT) t6 ra dac biét phu hgp vi né c¢6 kha nang hoc dugce
cac moi quan hé phi tuyén, c6 trong sb dong, giita cac thuc thé trong mang ludi sinh
hoc.
a. GAT mo hinh hoa dwoc cdu triic mang lwdi sinh hoc

Thong thudng dit liéu omics s& cd cdc mang twong tac sdn c6. Vi du nhu
mang gene-gene (Gene Regulatory Network) thé hién quan hé diéu hoa hodc tuong
tac gitta cac gene/protein hoic mang mau-mau (Sample Similarity Network) biéu
dién d6 tuong déng vé biéu hién gene hodc ddc trung sinh hoc gifta cic bénh nhan.
Trong GAT, mdi nit (node) co thé 1a mot gene, protein hoac la mot mau bénh nhan,
va cac canh (edge) s& thé hién méi lién két sinh hoc (twong quan, twong tac vat ly
hodc cting mot pathway). Va ciing nho co ché attention, GAT c6 thé hoc duge mirc
d6 quan trong cua timg mdi lién hé nay, thay vi gia dinh rang moi lién két déu c6
anh huéng nhu nhau giéng GCN.
b. GAT hoc dwoc tim quan trong dong (dynamic influence) giia cdc niit

Trong sinh hoc, khong phai cac gene lan cian déu dong vai tro gidng nhau
trong viéc quyét dinh trang thai cia mot gene hodc mau. Co ché attention coeficient
cia GAT cho phép mé hinh ty dong hoc trong s cho timg nut lan can, phan anh
murc doc chi y ma mdt gene hodc bénh nhan nén danh cho cac lién két ctia no. Vi
du trong mang gene, m{t gene diéu hoa trung tam nhu TP53 s€ nhan dugc trong s6

cao hon cic gene it lién quan khéac. Diéu nay hd tro GAT tip trung vao ciac moi
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quan hé sinh hoc c¢6 y nghia thay vi nhiéu.
c. GAT hé tro tich hop va hoc biéu dién da téng (multi-omics integration)
Mot thach thure 16n cua phan tich omics hién nay la gém nhiéu loai dir liéu
(gene expression, miRNA, methylation, proteomics,...). Cac loai omics nay co thé
dugc biéu dién thanh db thi khac nhau (mdi omics = mot 16p graph), hodc db thi di
thé (heterogeneous graph) gdm nhiéu loai niit va canh. GAT dé dang mé rong sang
mo hinh Heterogeneous Graph Attention Network (HetGAT) hodc Multi-Head
GAT dé xtr Iy da ngudn dit liéu cung lc, hoc duoc cach chi ¥ khic nhau cho ting
loai quan hé cho phép mé hinh hop nhét thong tin sinh hoc da chiéu ma khong can
gia dinh tuyén tinh hay déng nhat.
d. GAT giup khai thac y nghia sinh hoc (biological interpretability)

Mot loi thé dic biét cua GAT trong omics 13 kha ning giai thich két qua
thong qua cac trong sb attention. Cac hé sd attention ngoai viéc xac dinh gene hoac
protein quan trong trong mang diéu hoa con c6 thé phat hién mau bénh nhan tuong
tr v& miat phan tir hay xac dinh duong dan sinh hoc (pathway) c6 vai trd quyét dinh

trong phan nhom bénh.

e. GAT xir ly tot dir ligu chiéu cao, sé mdu nhé va nhiéu lon

Dir liéu omics thuong co s6 luong dic trung (gene, protein, CpG site) gap
hang nghin 1an sé luong miu — diéu nay khién nhiéu mé hinh hoc may c6 dién
(SVM, RF, MLP) bi qua khép (overfit). Con trong GAT mdi nit chi tong hop thong
tin tir lang giéng tryc tiép, gip giam nguy co lan truyén nhidu. Attention ciing cho
phép mo hinh ty dong giam trong sb cho cac neighbour khong quan trong. Va khi
dugc két hop véi dropout, regularization va multi-head attention, GAT thudng 6n
dinh hon va téng quat tot hon trong méi truong dit lidu nhidu dic trung, it mau.

1.4 M6 hinh GAT khong dong nhit

Trong thot gian tré lai day, bai toan phan nhom ung thu dua trén dir liéu da
omics da duoc thuc hién nhiéu, dic biét khi cac mo hinh mang no-ron db thi ching

minh hi¢u qua rd rét trong viéc khai thac moi quan h¢ phirc tap gilra cac loai dit li¢u
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sinh hoc.

Trong s6 cic hudng tiép can hién dai, md hinh GAT khong dong nhat
(Heterogeneous Graph Attention Network) [15] dugc coi 1a sang kién dot pha, cho
phép tich hop da omics theo cach phan anh dung ban chét sinh hoc cia dir liéu.

Tabakhi va cong su (2024) [15] dé& xudt mo hinh Heterogeneous Graph
Attention Network (HeteroGAT) nham giai quyét nhirng nhugc diém con ton dong
ctia cac phuong phéap ¢ dién trong phan nhém ung thu. Khong giéng nhu cac mo
hinh chi don thuan ghép ndi dic trung (feature concatenation) hodc dung
autoencoder cho tirng omics, HeteroGAT mo hinh hoa dir li¢u dudi dang dd thi di
thé — noi mdi loai dit liéu omics duoc xem 1a mot loai node khac nhau va duogc két
nbi bang cac mdi quan hé sinh hoc ¢ ¥ nghia.

a. Céu triic do thi di thé
HeteroGAT xay dung d6 thi gdm nhiéu loai niit (heterogeneous nodes), mdi

loai dai dién cho mét téng thong tin sinh hoc:

- Gene/mRNA node: ddc trung tu dir li¢u biéu hién gene.

- miRNA node: dai dién cho cac phén tir diéu hoa biéu hién gene.

- CpG/methylation node: phan anh trang thai epigenetic.

- CNV node: mé ta bién thé s ban sao anh huong dén hoat dong gene.

Gitta c4c node ton tai nhiéu loai canh (heterogeneous edges), vi du:

- Quan hé miRNA-mRNA (diéu hoa phién ma).

- Quan hé CpG-gene promoter (methyl héa rc ché hoic kich hoat phién
ma)

- Quan h¢ CNV—gene expression (tdng/giam ban sao anh huéng muc do
biéu hién)

- Quan hé twong dong giita bénh nhan dua trén profile omics.

Viéc dua cac méi quan hé nay vao do thi giap mé hinh phan anh chinh xac

mang ludi tuong tac sinh hoc thay vi chi xem dir li¢u dang bang (tabular).

b. Co ché Attention trong HeteroGAT
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Piém ndi bat nhit cia HeteroGAT 1a co ché heterogeneous attention, trong
do:

- MQdi loai canh (edge-type) c6 mot bo tham sd attention riéng.
- MBJi loai node (node-type) c6 qué trinh chuyén dbi dic trung doc lap.
- Mo hinh hoc duoc trong sé quan trong ctia timg mbi quan hé sinh hoc,
thay vi coi moi tuong tic c6 tAm quan trong nhu nhau.
Diéu nay gép phan dam bao md hinh chi chil ¥ vao cac quan hé mang y
nghia sinh hoc manh, chiang han nhu miRNA diéu hoa truc tiép gene lién quan ung
thu, hodc nhitng CpG site c6 mirc methyl héa anh huong rd rét dén hoat dong gene.

c. Quy trinh tich hgp multi-omics
Quy trinh tich hop ctia HeteroGAT dién ra theo cac budc:

- Biéu dién tung loai omics dudi dang node didc trung.
- Két ndi cac node dua trén kién thirc sinh hoc (biological prior
knowledge).
- Truyén thong tin qua mang GAT da loai canh, tao ra embedding hop nhat
cho mdi node va mdi bénh nhan.
- Phan nhém ung thu dua trén embedding cudi cing.
d. Hiéu qua mo hinh
Trong thir nghiém cua bai bio nay trén cac bd dir liéu ung thu tr TCGA dat
dugc mot s6 thanh qua mang tinh dot pha:
- Phan nhom 6n dinh hon so v&i Autoencoder, VAE va cac mo hinh GCN
tiéu chuan.
- Tang 13 rét cac chi s6 nhu silhouette score, NMI va ARIL.
- Céc nhom ung thu thu dugc twong quan tbt voi biéu dd Kaplan—Meier,
cho thay y nghia 1am sang trong du doan thoi gian sdng sot.

e. Han cheé

Mac du dat két qué an tugng, mo hinh van con nhitng di€ém can cai thién:
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- Can tai nguyén tinh toan 16n véi sb lugng node/canh cao.

- Kho trién khai trong moi trrong lam sang vi mo hinh phuc tap, kho giai

thich hon cac mo hinh truyén thong.

Nghién ctru HeteroGAT cho thiy huéng tiép can dya trén d6 thi di thé két
hop attention rat phu hgp véi bai toan multi-omics. Viéc m6 hinh hoa truc tiép quan
hé sinh hoc ¢ nhiéu ting giup ting chat luong biéu dién dir liéu, nim bat tét cac
tuong tac omics, dong thoi tao ra cac két qua phan nhoém co gia tri sinh hoc va 1am
sang. Tuy nhién, dé trién khai rong rai, can toi wu hoa mo hinh va lam giam sy phtrc
tap trong tinh toan.

1.5 Van dé nghién ctru dit ra trong dé an

Mac du cac phuong phap phan tich dir li€éu omics va multi-omics da mang lai
nhiéu trong nghién ciru ung thu nhung van ton tai han ché khién viéc phan nhém
ung thu chua co két qua cao. Trudc hét, dir liéu omics c6 s6 chiéu rat 1on, nhiéu
nhidu va phan bd khong dong nhat gitta cac loai dir lidu (RNA-seq, miRNA,
methylation, CNV...). Thong thudng cac kiéu hoc may truyén thong khé khai thac
day du cau tric phi tuyén va mdi quan hé phire tap giita cic ting thong tin sinh hoc.
Bén canh d6, nhiéu mé hinh hién tai chi xir 1y doc lap tung loai omics, hodc don
thuan ghép ndi ching theo kicu concatenation ma khong xem xét cac quan hé sinh
hoc tiém 4n giita cic phan tir va giita cic bénh nhan.

Mot thach thirc khac nam & viéc xay dyng biéu dién dir liéu (embeddings) c6
kha nang khai quat tdt, vira gilt dugc thong tin sinh hoc ndi tai cua tung mau, vira
phan anh dugc mdi twong quan giita cac miu trong khong gian biéu hién gen. Céac
mo hinh mang no-ron d6 thi (GNNs) di cho thay tiém ning manh mé trong viéc hoc
tir cu trac mang, song phan 16n nghién ctru chi sir dung cac mo hinh dua trén tich
chap (GCN) va chua khai thac hiéu qua co ché attention — von gitip chi rd muc do

quan trong khéac nhau gifta cdc moi quan h¢ sinh hoc.

Tu nhitng van dé trén, dé an dat ra cac cau hoi nghién ctru chinh sau:
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- Lam sao dé tao ra md hinh hoc biéu dién tan dung tdt cau trac dd thi cua
dir liéu sinh hoc, thay vi chi dwa vao ma tran biéu hién gen thuan tuy?

- C6 thé xay dung mdt pipeline tich hop tir tién xtr 1y dir liéu, xay dung do
thi, hoc biéu dién dén phan nhom nham danh gia hiéu qua cia mo hinh
trén dit lieu TCGA thyc té?

Tir cac cau hoi nghién ciru nay, dé an hudng téi viéc phat trién mo hinh
omicsGAT — mot kién tric hoc biéu dién dua trén Graph Attention Network — nham
khai thac mot cach hi¢u qua mbi quan hé gitra cac mau bénh nhan trong dir licu
omics. Muc ti€u la danh gia kha nang ctia mo hinh trong viéc phat hién cic nhom
ung thu tiém an trén dir liéu TCGA, so sanh voi cac phuong phap co dién, ké hop

xdy dung mot cong cu truc quan hd trg tmg dung.
1.6. Két chwong

Chuong nay di néu rd cac Iy thuyét co sd cho toan bo dé an, bao gdm céc
khai niém quan trong vé dit liéu omics va multi-omics, dic diém phtrc tap cua dit
liéu sinh hoc phén tir ciing nhu nhu ciu cap thiét trong viéc tich hop va khai thac
hiéu qua cac tang dir liéu nay. Nhitng ndi dung vé genomics, transcriptomics,
proteomics, metabolomics va epigenomics giip hinh thanh cai nhin toan dién vé

cau trac va chirc nang sinh hoc tr mitc DNA dén mtrc bi€u hién phan tu.

Bén canh d6, chuong ndy ciing tong quan cic phuong phap hoc biéu dién
phd bién trong sinh hoc tinh toan, tir hoc ¢ giam sat, hoc khong giam sat dén céc
mé hinh hién dai dya trén do thi. Dic biét, Graph Attention Network (GAT) dugc
phan tich nhu mot huéng tiép can tiém nang va pht hop cho dit liéu omics nho kha
ning hoc trong s dong, mo hinh hoéa méi quan hé phi tuyén gitta cic mau sinh hoc
va giam tac dong cta nhidu. Cac nghién ciru gan day ciing chi ra rang cac mé hinh
d6 thi di thé va co ché attention mang lai tién bo déng ké trong phan tich dit liéu

ung thu.
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Chuwong 2: XAY DUNG MO HINH HQC BIEU DIEN VOI
MULTI OMICS

Chuong 2 trinh bay qua trinh xdy dung md hinh hoc biéu dién multi-omics
dua trén kién tric omicsGAT, trong d6 dir liéu dau vao co ban 1a biéu hién gene va
ma trdn twong quan gitta cac mau bénh mo ta quan hé twong tac giira cac gene. Mo
hinh str dung omicsGAT encoder véi co ché multi-head attention, cac GAT layer va
ham kich hoat ELU dé trich xuat embedding Z giau thong tin sinh hoc. Kién tric
duoc thiét ké theo dang da nhiém vd&i1 hai nhanh ra: nhanh c6 giam sat thuc hién
phan 16p ung thu, va nhanh khong giam sat véi1 Decoder phuc vu tai tao dic trung

va hoc bi€u dién 6n dinh.

Trén co s& embedding thu dugc, nd1 dung chuong ciing trinh bay phuong
phap phan nhém va phan cum ung thu bang omicsGAT va omicsGAT clustering.
Tiép d6, d& 4n mo ta quy trinh huan luyén, danh gid mo hinh va cach thic hién thi

truc quan hoa két qua phan nhém ung thur.
2.1 Tong quan vé mé hinh omicsGAT

Trong bai toan phan nhom ung thu dua trén dir liéu da omics, viéc hoc biéu
dién dit liéu co v nghia sinh hoc dong vai tro quan trong, do dir li¢u co sb chiéu 16n
va chira nhidu nhiéu. Cac phwong phap hoc may truyén thong thuong biéu dién mdi
bénh nhan mot cach doc lap dudi dang vector dac trung, tir d6 chua khai thac duogc

moi quan hé tiém 4n gitra cac bénh nhan trong khong gian dic trung phan ti.

Pé khic phuc han ché nay, dé an dé xuat mé hinh omicsGAT (omics Graph
Attention Network) — mot md hinh hoc biéu dién dua trén mang no-ron dd thi véi
co ché attention. Trong mo hinh omicsGAT, mdi nat cua do thi tuong tng voi mot
bénh nhan, trong khi cac canh biéu dién mirc do twong dong giita cac bénh nhan dya
trén dir liéu omics di dugc tién xir 1y. Cach tiép can nay cho phép mé hinh hoa dong
thoi ddc trung phan tir cta timg bénh nhan va cdu trac quan hé giita cac bénh nhan

trong toan bo tap dir licu.
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Khac véi cac mo hinh Graph Convolutional Network truyén thdng, von gia
dinh mtrc d¢ anh hudng nhu nhau gitra cac nit 1an can, omicsGAT st dung co ché
attention dé tu dong hoc trong s6 anh huong khac nhau cho tirng mbi quan hé. Nho
d6, mo hinh c¢6 kha niang 1am ndi bat cac mdi quan hé sinh hoc quan trong giita cac
bénh nhéan, dong thoi giam tac dong ctia nhidu — mot van dé phd bién trong dir lidu

da omics.

Trong pham vi dé an, omicsGAT déng vai trd 14 mo hinh trung tam dé hoc
cac vector biéu dién (embedding) & mirc d6 bénh nhan. Cac embedding nay dugc st
dung cho cac tdc vu phan nhém, phan cum va tryc quan hoa dit liéu ung thu, tao nén
tang cho cac phan tich va danh gia két qua dugc trinh bay trong cac phan tiép theo
cua luan van.

2.2 Phén tich cic yéu ciu ddi véi mé hinh hoc biéu dién Multi-omics

Dé thiét ké kién triic mo hinh, viéc xac dinh 1 cac yéu cau dit ra ddi véi mot
hé théng hoc biéu dién multi-omics 13 cAn thiét nham dam bao mé hinh vira pht hop
véi ban chat dit 1iéu sinh hoc phtrc tap, vura dép ing dugc muc ti€éu phan nhom ung

thu trong dé 4n nay. Cac yéu cau cu thé gdm:
2.2.1 Kha ndng tich hop déong thoi nhiéu dang div liéu omics

M6 hinh phai c6 kha nang tich hop déng thoi nhiéu dang dir liéu omics, dic
biét 1a dir liéu biéu hién gene (gene expression) va thong tin vé mang tuong tic gene
(gene interaction network). Hai ngudn dir liéu nay khong chi khac biét vé ciu tric
ma con ton tai sy khéng dong nhat vé phan phdi, nhidu do ludng va muc do bién
thién giita cac mau; do d6 mé hinh phai hoc dugc biéu dién thong nhat va chit ché
ngay ca khi dit li¢u c6 do phan tan 16n.

2.2.2 Kha ning khai thdc céu tritc do thi

Mo hinh can c¢6 kha niang khai thac dugc cdu triic d6 thi tiém an trong tuong

tac sinh hoc. Céac gene khong hoat dong doc lap ma c6 sy lién két phtrc tap. Vi vay
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viéc tan dung cau truc adjacency matrix dé lan truyén thong tin gifta cac gene la yéu

cau quan trong.

Do d6, kién trac mé hinh can hd trg cac co ché hoc trén d6 thi, ddng thdi cho
phép hoc trong sd thich nghi giita cic gene thay vi dung trong sd ¢b dinh, nham

phan anh dang trognj s6 va mirc d6 anh hudng cia timg twong tac sinh hoc.
2.2.3 Kha nding hoc biéu dién da nhiém

Mo hinh cdn dam bao kha niang hoc biéu dién da nhiém (multi-task), bao
gdém ca nhiém vu c6 giam sat (supervised) nhu dy doan phan nhém ung thu, va
nhiém vy khong giam sat (unsupervised) nhu tai tao dit liéu dé 6n dinh embedding.
Cac nhiém vu nay phai dugc thiét ké sao cho twong hd, giup mé hinh vira c6
embedding phan biét t6t cho phan 16p, vira gitt duoc dic trung tong quat cho phan

cum.
2.2.4 Kha nding xir Iy di¥ ligu da chiéu

Dit liéu sinh hoc thuong c6 sé chiéu rat 16n nhung s6 mau lai han ché. Diéu
nay doi hoi kién trac phai ti wu vé sé tham s, co co ché regularization phu hop, va
du linh hoat dé tranh overfitting. Ngoai ra, qua trinh huan luyén can hd trg kha ning
giai thich (interpretability), dam bao cic embedding va trong s6 hoc dugc ¢ ¥
nghia sinh hoc, dac biét khi ing dung trong bdi canh phan nhoém ung thu.

2.2.5 Khd nding biéu dién trwc quan va hé tro phén tich

Mo hinh can tao ra kha ning biéu dién tryc quan va gitp cho viéc phan tich
chuyén sau, hd tro chan doan cta bac sy. Do vdy, dau ra cia mé hinh can cho phép
dé dang tich hop vao cac ung dung hién thi tryc quan két qua phan nhém, phan

cum.
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2.3 Kién triuc mo hinh hoc biéu dién

Output heads
(supervised)

Input

Gene Expression

Decoder
(unsupervised)

Adjacencyy Matrix

Hinh 2.1: Tong quan ciia mdt md hinh omicsGAT

Kién trac trong mo hinh omicsGAT biéu thi ¢ hinh 2.1 dugc thiét ké nham
dap ung cic yéu cau da néu ¢ phan trén va cho phép khai thac dong thoi thong tin

biéu hién gen va cau triic mang tuong tac gitra cac gen.

Mo hinh sir dung Graph Attention Network (GAT) dé hoc cac biéu dién an
(embeddings) giau ngit canh sinh hoc dwa trén co ché multi-head attention, cho
phép md hinh tap trung vao nhitng mdi quan hé quan trong trong do thi gen. Dir li¢u
dau vao gdm ma tran biéu hién gen va ma tran ké (adjacency matrix) mé ta két nbi
gifra cac gen. Nhitng dit li€u nay dugc dua vao by ma hoa omicsGAT Encoder, noi
mot hoac nhiéu 16p GAT dugc ap dung va kich hoat thong qua ham ELU, tao ra

vector biéu dién Z cho timg mau sinh hoc.

Tu embedding Z, mo6 hinh chia ra hai hudng xtr 1y:

- Nhanh supervised gdm nhiéu 16p fully-connected (FC) phuc vu cho céc
nhiém vy du doan c6 gidm sat nhu phan loai hodc du doan dic tinh mau.

- Nhanh unsupervised (decoder) tai tao lai dit liéu dau vao nham hoc biéu

dién 6n dinh va tong quat hon.
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Céch thiét ké hai nhanh nay giap mé hinh vira hoc dugc dic trung dic thu
cua nhiém vu dy doan, vira dam bao kha nang téng quat héa nho co ché ty m3 hoéa
khong giam sat.

2.3.1 Pau vao ciia mé hinh

Trong cac md hinh hoc biéu dién, dir liéu ddu vao dong vai tro then chét
trong viéc xac dinh pham vi va chét lugng thong tin ma mo hinh co thé hoc dugc.
Thong thudng, dit lidu dau vao khong chi bao gdm cac dic trung mo ta dbi tuwong
(feature vectors) ma con c6 thé bao gdbm mbi quan hé giira cac dbi tugng, giap mo

hinh hoc duoc cau trac tiém an cua dir lidu.

DPdi v6i cac bai toan trong linh vyc sinh hoc, dac biét 1a phan tich dit licu
omics (nhu RNA-seq, scRNA-seq, proteomics,...), dit liéu dau vao thudng mang
tinh da chiéu va phtic tap. Do d6, viéc biéu dién dir liéu ban dau dudi dang c6 ciu
tric — vi du nhu ma tran biéu hién gen hoidc mang twong dong giita cic mau — 1a

budc quan trong dé mé hinh ¢6 thé hoc duge dic trung sinh hoc c6 y nghia.

Xt ly biéu hién gen
r ~
1. Loai bo gen biéu hién Ma tran bieu
thap/khong bién thién hién gen X
—_—
2. Chuén hda Log,(x+1) I —
G Y
Dit liéu tho RNA-seq e e .
(Bénh nhan ung thu) oSl el
> S i J s
M0 hinh
v — - omicsGAT
Xu ly tuong quan mau
(M8u x Hang nghin gen) 1. Tinh tyong quan Pearson giita Ma tran k& A
L J cac mau (trén di liéu glém Chléu) (Mang tudng d\ﬁng)
| 2. Gill lai két n6i manh nhét N
(tao mang)
3. Thém self-connection (Bénh nhan x Bénh nhén)
. J

Hinh 2.2: Qua trinh xit Iy dit liéu dau vao
Trong mo6 hinh omicsGAT, dir li¢u dau vao dugc xay dung tur cac thong tin
biéu hién gen RNA-seq cuia bénh nhan ung thu. Ngudn dit liéu nay ban dau ¢ dang

tho, thé hién mirc d0 bi€u hi¢n cua rat nhi€u gen trong moi mau sinh hoc. Trudc khi
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dua vao md hinh, dir liéu duoc xur 1y qua nhiéu budc dé dam bao tinh 6n dinh va
giam nhiéu.

Trudce hét, cac gen c6 mirc biéu hién thap hodc khong bién thién giira cac
mau dugc loai bo. Tiép theo, dir liéu dugc chuan hoa bang phép loga(x+1) nham
lam tron phan phdi va giam anh hudng cia cac gia tri bén ngoai. Pé giam chiéu va
loai bo du thira, tic gia 4p dung phan tich thanh phan Chinh va giir lai cac thanh
phan chinh cé gi tri thong tin cao nhat. Két qua thu dugc 1a ma tran biéu hién gen
X, trong do moi hang twong tng v41 mot bénh nhan va mdi cot biéu dién mot thanh

phan dic trung tong hop tir cac gen.

Song song v&1 d6, mo hinh omicsGAT con khai thac su tuong quan gilra cac
mau bénh nhan, dugc biéu dién thong qua ma tran ké A. Ma tran nay dugc xay dung
dua trén hé sb twong quan Pearson giira cdc mau trong tap dir liéu biéu hién gen da
giam chiéu. Chi nhirng két ndi c6 tuong quan manh nhat méi duoc gitr lai, nham
lam noi bat cac mdi quan hé sinh hoc dang tin cay. Ngoai ra, mo hinh thém self-
connection (tu két nbi) dé mdi bénh nhan c6 thé duy tri thong tin ciia chinh minh

trong qua trinh lan truyén trén do thi.
2.3.2 Lop xuw ly chinh

Trong cac md hinh hoc biéu dién (Representation Learning Models), 16p xir
Iy chinh déng vai tro ¢t 16 trong viéc trich xuat dic trung va hoc biéu dién tiém an
(latent representation) tir dit liéu du vao. Pay 1a noi mé hinh thuc hién cac phép
bién ddi phi tuyén dé chuyén doi dir lidu gbc co kich thude 16n, nhidu va phic tap

thanh khong gian dac trung c6 y nghia hon.

Tuy vao dic diém cua dir lidu, cac md hinh hoc biéu dién c6 thé s dung
nhiing kién trac khac nhau cho 16p xtr 1y chinh. V&i dit liéu anh, pho bién 1a cac
mang tich chap (Convolutional Neural Networks — CNNs) dé hoc dic trung khong
gian. Vi dit liéu chudi hodc vin ban, thudng dung mang tuin tu (Recurrent Neural
Networks — RNNs) hodc Transformers dé hoc phu thudc theo thoi gian hodc ngir

canh. Con véi dir ligu co cau truc mang, chang han nhu dir liéu sinh hoc, xa hoi
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hodc giao thong, cac mo hinh hién dai thuong sir dung mang no-ron dd thi dé mé

hinh h6a md61 quan hé gitra cac doi tugng.

Trong cac mo hinh dua trén GNN, 16p xi 1y chinh thudng bao gdm hai budc
chinh: Lan truyén thong tin va Toéng hop dic trung. Tuy nhién, diém han ché cia
hau hét cic mo hinh GNN truyén théng (nhu GCN — Graph Convolutional
Network) 1a ching coi tit ca cac nut 1an c4n c6 tdm quan trong nhu nhau, trong khi

trén thuc t&, mirc d6 anh hudng giita cac mau sinh hoc khong dong déu.

Trong mo6 hinh omicsGAT, 16p xtr Iy chinh 1a Graph Attention Encoder,
duoc thiét ké dé hoc trong sb chi y (attention weights) gitra cac miu trong dd thi, tir
do cho phép mo hinh ty dong xac dinh mirc d§ anh hudng cua tung mau 1an can d6i
véi mau dang duge xem xét.

Cu thé, mdi bénh nhan duge biéu dién béng mot vector dac trung tr ma tran
dau vao X, va cac moi lién két gifra ho duoc thé hién trong ma tran ké A. Mdi ntt i
(dai di¢n cho mot bénh nhan) hoc cach téng hop thong tin tir cac nit 1an cén j € Ni

thong qua co ché attention nhu trong cong thirc (2.1):

cij =al [Wx; | Wx;] 2.1)

trong d6, W 1a ma tran trong s6 dung dé bién d6i khong gian dic trung, a 1a vector

trong sd attention, va || 12 phép ndi vector.

Sau khi tinh toan gia tri twong tic c;, mo hinh sir dung ham Softmax dé
chuan héa, tao ra trong s6 chu ¥ aij thé hién muc d6 quan trong cua mau Ji ddi véi
mau i theo cong thirc (2.2)

exp (LeakyReLU(cl- ]))

Yren, exp(LeakyReLU(c;)) (2.2)

aij

Nho vy, mo hinh c¢é thé “tap trung” vao nhiing lang giéng mang thong tin hiru ich

hon, bd qua cac két ndi it lién quan hodc nhiéu.



28

Tiép theo, biéu dién méi ciia mau i duoc tinh bang cach tong hgp c6 trong s6

cac dic trung tlr cac lang giéng nhu cong thic (2.3)

x{ =0 Z (XijW x]' (23)

JEN;

trong d6 o 14 ham kich hoat phi tuyén (thudng 1a ReLU).

Pé ting tinh 6n dinh va kha ning biéu dién da chiéu, omicsGAT 4p dung
multi-head attention, tirc 14 c¢6 nhidu “dau” attention song song cing hoc trong sd
gilta cac mau theo cac hudng nhin khac nhau. Két qua tir cac head nay duoc ndi lai

dé tao thanh vector embedding cudi ciing cho mdi mau theo cong thirc (2.4)

z; = |Ih_,0 Z aPw Ry, (2.4)

JEN;

Trong d6, 4 14 s6 lugng head, con W® va a®la tham sd riéng ciia timg head.

Hinh 2.3: Quan hé giira cac nit dya trén trong sé
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Nho co ché nay, mo6 hinh omicsGAT c6 thé hoc duge cac moi quan h¢ khac
nhau giita cac mau — ching han nhu nhom mau cung kiéu phan tir, cung phan tng
thudc, hoac co6 bi€u hién gen twong tuw — thay vi chi dya vao mirc tuong quan tuyén

tinh don gian.

Lép xtr 1y chinh ciia omicsGAT khong chi dong vai tro trich xuat dic trung
biéu sinh (molecular features) ma con mo hinh héa mang twong tac giita cac bénh
nhan, gitp mo hinh hiéu duoc cau tric dir lidu & ca cap do cuc bd (local) va toan
cuc (global). Nho viéc st dung attention da dau, mo hinh dat dugc kha nang hoc
biéu dién On dinh, linh hoat va c6 tinh khai quat tréi hon khi dit canh cac phuong

phap dua trén GCN truyén thong.

Cac embedding dugc sinh ra tir 16p ndy chinh 1 nén tang cho céc tac vu
downstream nhu phan loai phan nhom ung thu (omicsGAT Classifier) hoac phan
cum bénh nhan ung thu (omicsGAT Clustering). Diéu nay ching minh rang, viéc
dua co ché attention vao qua trinh lan truyén thong tin trén d6 thi da gitip moé hinh
hoc dugc murc d¢ anh hudng sinh hoc khac nhau gitra cac bénh nhan, tir do cai thién

1d rét kha ning phan biét va nhom mau trong khong gian dic trung.
2.3.3 Pdu ra ciia mé hinh

Trong cic mo hinh hoc biéu dién (Representation Learning Models), dau ra
1a phan thé hién két qua cudi ciing ciia qua trinh trich xuat dic trung tir dir liéu dau
vao. Néu nhu 16p xir 1y chinh dam nhiém nhiém vu bién d6i dir liéu thong qua céac
phép hoc phi tuyén, thi dau ra chinh 14 khong gian dic trung méi (latent space) ma

mo hinh da hoc duoc.

Pau ra ndy dong vai tro trung gian giita dit liéu gbc va cic tac vu
downstream nhu phan loai, phan cum hay du doan. Thay vi lam vi€c truc tiép voi
dit liéu ban dau c6 kich thuée 16n, nhiéu nhidu va kho xu 1y, cac mo hinh s€ dya
vao embedding - cac vector ddc trung gon nhe nhung mang nhiéu thong tin - nham

tang d0 chinh xac va hiéu qua cua cac thuat toan phia sau.
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Trong hau hét cac md hinh hoc bicu dién, embedding duogc thiét ké dé thoa

man ba ti€u chi quan trong:

- Tinh c6 dong: giam kich thudc so véi dir liéu goc ma khong lam xot cac
thong tin quan trong.

- Tinh phan tach: loai miu giéng nhau nén c6 embedding gan nhau, cac mau
khéc biét nén cach xa nhau.

- Tinh khai quat: co thé sur dung dugc cho nhiéu nhiém vy khéac nhau ma
khong can huin luyén lai tur dau.

' D liéu gan nhan |
(Labeled Data:

ER+/-, TN+/-) |
Cé giém sat ;’ Phan loai | y 9"\"0 ©
(Supervised) _¥| (Classifier) | . \® o)
— J &
- < Dw doan phan
| Cac Vector nhém ung thw
. Dactrung (Subtype Prediction)
(Learned
\Embeddings Zl‘r
\\\\ : Thugt todn Két qua Phan cum
: A Phancym L o """ ponh nhan
Khong glém skt (Clustering (Patient Clustering)
(Unsupervised) Algorithm) 0

Hinh 2.4: Dir liéu diu ra dwoc sir dung dé phan loai
Trong linh vuc sinh hoc, dédc biét 1a phan tich dir licu omics, embedding chét
luong cao gitip moé hinh nhan dién cac nhém bénh nhan tiém an, méi lién hé vé co
ché phan tir, va tham chi hd tro dy doan tién luong 1am sang — diéu ma dir liéu biéu

hién gen tho kho co thé dat duoc.

P6i v6i mo hinh omicsGAT, dau ra cia 16p hoc biéu dién 1a ma tran
embedding Z, trong d6 mdi hang 1a mot vector dic trung hoc duoc dai dién cho mot
bénh nhan hoic mét mau sinh hoc. Cac embedding nay dugc tao ra thong qua qua

trinh tong hop thong tin tir cac lang giéng trén d6 thi véi trong sd chu y (attention
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weights), nén ching khong chi chtra dic trung noi tai clia timg mau ma con phin

anh moi twong quan sinh hoc gitta cic mau trong toan b tap dir liéu.

Néu p 1a kich thuéc embedding mdi head va / 1a s6 lugng head attention
dugc st dung trong omicsGAT, thi embedding cudi cing ciia mdi mau c6 chiéu
z; € RP*"_ Cac embedding dugc ndi lai tir tit ca cac head dé tao thanh biéu dién
giau thong tin, ddm bao mo hinh hoc dugc nhiéu kiéu quan h¢ sinh hoc khac nhau

gitra cac bénh nhan.

Cac dac trung sinh ra tr qua trinh nay thuong mang tinh triru twong hoa, tirc
1a chiung khong con tryc tiép 1a mirc biéu hién cia timg gen, ma 1a sy mi héa cia
cac quan hé phirc tap gitta cac mau — tht ma dit liéu tho khong thé hién mét cach rd
rang. Chinh vi vay, embedding tor omicsGAT dugc danh gia la giau gia tri hon trong

cac tac vu phan tich ung thu.
2.4 Phuwong phap phan cum, phan nhom ung thw

Trong nghién ctru ung thu hién dai, phan nhom ung thu (cancer substype
classification) va phan cum bénh nhan bang ung thu (cancer patient clustering /
stratification) 1 hai nhiém vu quan trong nham hiéu 6 tinh di hop (heterogeneity)

cua bénh nhan

Phan nhom ung thu 1a bai toan c6 gidm sat (supervised), trong d6 mo6 hinh
hoc tir dir li¢u da gan nhan dé du doan mét loai ung thu hodc trang thai phan tir (vi
du: ER+/ER—, TN+/TN-). Muc tiéu la xac dinh nhom ung thu da dugc dinh nghia
trudce, thuong gén voi co ché sinh hoc hodc dic diém 1am sang. Nguoc lai, phan
cum bénh nhan ung thu 1a bai toan khong giam sat (unsupervised). Nhiém vu 1a tim
cac nhém bénh nhén tiém an, dya trén sy twong dong trong biéu hién gen ma khong
can nhén trudce d6. Két qua phan cum gitp phat hién:

- Céc phan nhom méi chua dugc biét dén

- Nhimg nhém bénh nhan c6 tién lugng hodc dap tmg diéu tri khac nhau

- Nhitng md hinh phan tir dac trung ctua cac dang ung thu di hop
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Trong ca hai nhiém vy, hoc biéu dién dong vai tro trung tdm: cac vector dac
trung tot s& gitp mo hinh phan loai chinh x4c hon va phan cum rach roi hon. Pay 1a
1y do cac phuong phap hién dai dua trén mang no-ron dd thi, dic biét trong dir li¢u

sinh hoc.

‘ RNA-seq Data ‘

\ 4
‘ Tién xCr ly: log2 + PCA ‘
v o
‘ Adjacency Matrix H‘ omicsGAT Encoder ‘

v

‘ Embedding Layer ‘

v

‘ 4-FC Layer Decoder ‘

\ Tai tao d¥ lieéu |

v

‘ Thuat toan phan cum ‘

‘ Phan nhém bénh nhan ‘

Hinh 2.5: So' @6 phan cum / phian nhém
2.4.1 Phin nhém ung thw bang omicsGAT

Phuong phap omicsGAT Classifier dugc thiét ké nham khai thac cdu trac
quan hé giira cac mau trong dir litu RNA-seq dé cai thién chét luong phan nhom
bénh nhéan hoic té bao. Pay 1a mé hinh hoc ¢ gidm sat (supervised learning), duoc
xay dung trén nén tang Graph Attention Network (GAT) — mdt dang mang no-ron

d6 thi c6 kha nang hoc trong s6 chu ¥ (attention weights) gitra cac mau sinh hoc.

Mo hinh omicsGAT gia dinh rang cic bénh nhan (hoic mau té bao) co biéu
hién gen twong tu nhau s& c6 két qua 1am sang hodc phan nhém ung thu tuong tu.
Thay vi coi tat ca cic mau “hang xom” (neighbor) c¢6 mirc anh huong nhu nhau,
omicsGAT st dung co ché multi-head attention dé hoc ra mac do quan trong khac
nhau cia timg miu hang xém khi xdy dung biéu dién (embedding) cho mot bénh
nhan va két hop thong tin tir nhiéu “hudng nhin” khac nhau qua cac head doc lap,
gitip biéu dién 6n dinh va giau thong tin hon. Mdi 16p GAT tinh todn embedding

cho timg mau bang cach tong hop biéu dién cua cac lang giéng, co trong s6 chu y
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riéng biét (attention coefficient). Cac embedding tir nhiéu “head” duoc ndi lai dé tao

vector bi€u dién cudi cung cho moi mau.

Embedding s& dugc dua qua ba 16p fully connected. Hai 16p dau s& sir dung
ham kich hoat ReLU dé hoc dic trung phi tuyén trong khi 16p cudi cing sir dung

Softmax dé du doan x4c suat mdi mau thudc vé timg nhom ung thur.

DU liéu RNA-seq TCGA
Ung thu va BRCA

l

Tién x(r ly
Chuén héa, chon gen

l

Tao dé thi mau
Graph Construction

M3u = Node M&i quan hé miu = Edge
Bi€u hién gen = Node Dua trén d tudng dong
features bi€u hién gen

S~ 7

Dau vao OmicsGAT
Graph: Nodes + Edges

Hinh 2.6: So' d0 phan nhém ung thw bang mé hinh omicsGAT
M6 hinh omicsGAT Classifier dugc ap dung 1én dir liéu RNA-seq cua ung
thu vii (BRCA) trong bo dit liéu TCGA, véi hai bai toan du doan trang thai thy thé
Estrogen (ER+/ER-) va du doan trang thai Triple Negative (TN+/TN-). So sanh véi



34

cac mod hinh co s gdm SVM, Random Forest, Deep Neural Network (DNN) va
Graph Convolutional Network (GCN), mé hinh omicsGAT dat AUC cao nhat.
Ngoai ra, embedding do omicsGAT hoc dugc con thé hién kha nang dy doan tdt
hon thoi gian sdng sot va thoi gian tai phat cia bénh nhan khi sir dung trong mo
hinh héi quy Cox, minh chimg rang embedding niy mang thong tin sinh hoc c6 gia

tr1 cao hon so v&i dir liu biéu hién gen tho.

Khac vé1 phan cum, bai toan phan loai (phan nhém) ung thu la bai toan hoc
c6 giam sat, trong d6 mo hinh duoc huan luyén trén dit liéu c6 nhan nham dy doan
loai ung thu hodc nhom bénh nhan twong ung. Trong dé 4n, md hinh omicsGAT
khong tryuc tiép dam nhiém vai tro phan loai, ma dugc su dung dé hoc cac vector
biéu dién & mirc d6 bénh nhén tir dit liéu da omics. Cac embedding nay dong vai tro
1a d¢au vao cho cac md hinh phan loai downstream, gitip cai thién kha nang phan biét
giita cac nhom ung thu khac nhau. Cach tiép can nay cho phép tach biét rd rang giai
doan hoc biéu dién va giai doan phéan loai, ddng thoi cho thy tiém ning tng dung
ctia omicsGAT trong cac h¢ thong hd tro chan doan ung thu dya trén dit liéu phan
tu.

2.4.2 Phén cum bing omicsGAT Clustering

OmicsGAT Clustering, mot phién ban hoc khong giam sat (unsupervised)

ctia omicsGAT, dé tu dong phat hién cac nhom bénh nhén tiém an tir dir liéu RNA-

seq ma khong can nhan phan loai san co.

Trong giai doan diu, omicsGAT déng vai trd 1a encoder cua kién tric
autoencoder. Muc tiéu cta encoder 14 hoc mot biéu dién gon nhung giau thong tin
ctia mdi mau, dya trén ca dir liéu biéu hién gene va quan h¢ gitra cac mau. Trudc
khi dua vao mé hinh, dir liéu dugc chuan hoa loga(x+1) va giam chiéu bang PCA,
chon ra cacthanh phan chinh quan trong nhét lam dau vao cho omicsGAT. Céc siéu
tham s6 nhu s6 head, kich thude embedding va mat do mang dugc lya chon béng
grid search dé dat hiéu ning t6i wu. Sau d6 Encoder str dung mé hinh omicsGAT dé

hoc embedding tir dit liéu PCA va mang ludi quan hé giita mau (adjacency matrix).
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OmicsGAT str dung co ché multi-head attention dé xac dinh muc do quan trong cua

cac mau va tao embedding phan dnh quan hé gifta cdc mau.

Sau khi encoder tao embedding, embedding nay duoc dua vao decoder gdm
4 16p fully-connected nham tai tao lai dit liéu dau vao. Autoencoder dugc huin
luyén theo phuong phap khong giam sat bang cach tdi thiéu hoa sai s6 binh phuong
trung binh (MSE). Sau khi huan luyén, embedding tir encoder duoc dung cho budc
phan cum. Sau khi qua trinh huan luyén autoencoder hoan tt, embedding duoc xut
ra va dua vao thuat toan phan cum phan cap (Hierarchical Clustering), K-means str
dung khoang cach Manhattan va phuong phap lién két Average linkage dé nhom

cac bénh nhan c6 bi€u hién twong ty nhau.

Quy trinh omicsGAT Clustering

|

D@ liéu RNA-SEQ dau vao (khong c6 nhan phan loai = Unsupervised) ‘

v

Tién xt Iy diF liéu

1. Chuén hoa: log2(x+1)
2. Giam chieu bang PCA
3. Chon céac thanh phan chinh quan trong nhat

Y

Pau vao cho omicsGAT

1. D& liéu PCA (Features)
2. Adjacency Matrix
(mang lwéi quan hé mau)

v

KIEN TRUC AUTOENCODER

ENCODER (omicsGAT model)

+ Multi-head Attention
+ Xéac dinh md&c d6 quan trong gitra cac mau
+ Tao embedding phan anh quan hé mau
+ Siéu tham s gom:
- S6 head (grid search téi wu)
- Kich thwéc embedding
- Mat d6 mang

v

DENCODER (4 Fully-Connected Layers)

+ Tai tao di liéu dau vao tlr embedding
+ 4 |6p Fully-Connected

Muc tiéu huén luyén: Téi thiéu héa Mean Squared Error (MSE)
Phwong phap ap dung: Unsupervised Learning

Hinh 2.7: Phin cum omicsGAT bang Clustering
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EMBEDDING dau ra tv ENCODER
(biéu dién tém tat, giau théng tin ciia méi mau)

v

PHAN CUM (CLUSTERING)

1. Hierarchical Clustering

+ Dung phuwong phap lién két theo khoang cach trung binh
2. K-means Clustering

+ Dung khoang cach Mahattan

> Két qua: Nhém cac bénh nhan cé biéu hién gene twong tw nhau

v

CAC NHOM BENH NHAN TIEM An
(Tw ddng phat hién, khéng can nhan phan loai s&n)

Hinh 2.8: Két qua phin cum dya vio Embedding dau ra tir Encoder

Trong dé 4n ndy, phan cym ung thu dugc xem 13 mot bai toan hoc khong
giam sat, nham kham pha cac nhom bénh nhén c6 dic trung phén tir tvong dong ma
khong dua trén nhan c6 san. Y nghia chinh ciia bai toan phan cum khong nam &
viéc du doan nhin ung thu cu thé, ma & kha nang phat hién cac ciu tric tiém an
trong dir li¢u da omics, tr do6 goi y su tdn tai cua cac phan nhém ung thu maéi1 hodc
cac kiéu hinh phan tir khac biét trong ciing mot loai ung thu. Viéc ap dung céc
phuong phap phan cym trén khong gian embedding hoc dugc tir mo hinh
omicsGAT giup cac cum bénh nhéan thé hién rd rang hon so véi khi st dung dir li¢u
gbc, qua do6 cho thidy embedding thu duoc da phan anh duoc cac dic trung sinh hoc
cO y nghia.
2.5 Phwong phap huin luyén va danh gia mé hinh
2.5.1 Phwong phdp hudn luyén

Trong cidc mod hinh hoc biéu dién néi riéng va mo hinh hoc siu néi chung,
phuong phap huan luyén dong vai tro kién quyét trong viéc dam bao chat lugng cua
biéu dién duoc hoc va hiéu qua cua cac tac vu downstream nhu phan loai hodc phan

cum. Viéc huin luyén mot mo hinh thuong gém cac thanh phﬁn:

- Ham mat mat (Loss Function): xac dinh muc ti€u ma moé hinh can t61 vu
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- Thuat toan tdi uvu (Optimization Algorithm): diéu chinh trong s6 dé ham
giam mat mat

- Chién luoc huin luyén (Training Strategy): cach chuan hoa dit liéu, chon
batch, early stoping v cac tham sé nhu learning rate hoic epoch.

Va ciing tuy thudc vao bai todn ma mé hinh c6 thé dugc huan luyén theo hai

cach pho bién:

- Hoc c6 giam sat (Supervised Learning): mé hinh hoc tir dit liéu gin nhén,
phu hgp voi cac bai todn phan loai
- Hoc khéng giam sat (Unsupervised Learning): M6 hinh hoc cau trac ndi
tai cua dir lieu ma khong can nhin, phu hop cho cac bai toan phan cum
hodc giam chiéu.
M5 hinh omicsGAT duoc hudn luyén theo hai ché do tuy thudc vao nhiém vuy:
- omicsGAT Classifier: 1a ché do hoc c6 giam sat, cho viéc phan loai phan
nhoém ung thu
- omicsGAT Clustering: 1a ché do hoc khong c6 gidm sat, cho phan cum
bénh nhan.
Mic du hai nhiém vu ¢6 muc tiéu khac nhau, céa hai déu sir dung Graph Attention

Encoder lam 161 hoc biéu dién, nén c¢6 nhi€u di€ém chung trong cach huan luyén.

Viéc két hop hai ché d6 huan luyén — supervised va unsupervised — cho phép
omicsGAT trg thanh mo hinh da ning, ap dung hiéu qua cho nhiéu bai toan sinh
hoc phan tir. Co ché attention giip mo hinh danh trong s6 khac nhau cho timg méi
quan hé giita cic mau, tir d6 cai thién dang ké kha ning hoc biéu dién so véi cac
phuong phap GCN truyén thong.

2.5.2 Danh gia moé hinh

Panh gia mo6 hinh (Model Evaluation) 1 buéc thiét yéu dé xac dinh muc do
hi¢u qué ctia mod hinh trong viéc hoc dic trung tur dir liéu va thuc hién nhi€ém vu cu

thé nhu phan loai, phan cym hay du doan. Viéc danh gia thuong dugc thuc hién dya
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trén tap kiém tra doc lap hodc théng qua cac phuong phap kiém dinh chéo (cross-

validation), nham dam bao tinh khach quan va kha nang khai quat cia mo hinh.
Céc phuong phap danh gia c6 thé khac nhau tity vao ban chat ctia nhiém vu:

- V6i bai toan phan loai (supervised learning) cac chi sé phd bién gom:
AUC, Accuracy, Recall, Precision, F1-Score,...

- V6i bai toan phan cum (unsupervised learning) do khong c¢6 nhan dau ra
tuong tng, cac chi s danh gia thuong dua trén mirc do twong ddng giita
cac két qua phan cum va cAu tric thuc té, ch:flng nhan nhu: Normalize
Mutual Information (NMI) hay Adjust Rand Index (ARI).

- Trong céac bai toan y sinh, ngoai hi¢u qua phan loai, phan cum, moé hinh
cling c¢6 thé duoc danh gia dya trén kha ning dy doan thoi gian séng sot
hodc tai phat cua bénh nhan, thong qua moé hinh Cox Proportional
Hazards va cac thudc d6 nhu C-index.

Viéc Iya chon thudc do danh gia phu hop 1a can thiét dé bao dam mo hinh khong
chi hoat dong tdt vé mat toan hoc, ma con phan anh diung y nghia sinh hoc va lam
sang cua dir ligu.

Mo hinh omicsGAT dugc danh gid trén nhiéu khia canh, twong ng voi cac

nhiém vy ma mo hinh dam nhan: phan loai phan nhom ung thu, phan cym bénh
nhan, va dy doan tién luong séng con. Mdi nhiém vu sir dung bd chi sé phu hop

nhim phan anh tot nhat hidu qua ctia biéu dién hoc dugc.

2.6 Xay duwng rng dung hién thi true quan

Muyc ti€u cua Uing dung hién thi truc quan la tao mot giao dién cho nguoi
ding dé c6 thé twong tac (nha nghién ctru, bac si, hodc nha phan tich dit liéu) dé:

- Kham pha va giai thich cac embedding do m6 hinh omicsGAT sinh ra

- So sanh két qua phén loai va phan cum

- Truy vét cac moi quan hé mau
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OMICSGAT CLASSIFIER WORKFLOW

I:l (ﬁpervised Learning for RNA-seq Daﬁa) |:|
RNA-seq Data Graph OmicsGAT Pred
TCGA BRCA Construction Model Results
Input: Nodes: Multijhead ER+/ER-
* Genes Samples Attefition TN+/TN-
* Labels Edges:

Similarity

Embedding

* Rich representation
* Biological info

Classifier

FC - RelU - Softmax

KEY ACHIEVEMENTS

« [J Highest AUC vs SVM, RF, DNN, GCN
« [] Embeddings predict survival/recurrence
« [] Captures biological relationships

N

Hinh 2.9: Vi du vé mjt giao dién hién thi truc quan két qua

2.7 Két chwong

Sau khi tim hiéu cac kién thirc can ban vé da omics va cac phuong phéap hoc
biéu dién, trong chuong nay tim hiéu ki qua trinh thiét k& mé hinh hoc biéu dién
omicsGAT, tur viéc xay dung kién trac téng thé dén mo ta cac thanh phﬁn chinh cua
mo hinh. Cac khéi xtr Iy gdm dau vao (input), 16p ma hoa dua trén Graph Attention
Network, va diu ra (embedding) da dugc phan tich 1d rang vé vai tro, co ché hoat

dong cling nhu 1y do mo6 hinh nay phu hop véi dir 1iéu omics.

Trong phan trinh bay trén con néi t6i hai huéng tmg dung ciia mé hinh gom
omicsGAT Classifier (phan nhém ung thu c6 giam sat) va omicsGAT Clustering
(phan cum bénh nhan khong giam sat). Mdi huéng duoc thiét ké nham dap ung voi
yéu cau ting bai toan, nhung déu khai thac chung nén tang embedding do mé hinh
GAT cung cap, gitp tdn dung hiéu qua ciu tric mang gitta cic mau bénh nhan. M6
ta phuong phap huan luyén, lua chon tham sb, co ché tdi vu va tiéu chi danh gia
cling duoc lam ré nhim dam bao mo hinh van hanh 6n dinh va c6 kha ning tong

quat tot.
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Chuong 3: TRIEN KHAI THU NGHIEM

Chuong nay trinh bay toan bd quy trinh trién khai thir nghiém mé hinh hoc
biéu dién st dung dir liéu da omics cho bai toan phan nhém ung thu. Cac ndi dung
bao gém: thu thap va chuan bi dit liéu tir TCGA, tién xir 1y ting loai dit liéu omics,
xay dung do thi bénh nhan, huan luyén mé hinh omicsGAT, va cudi cing 1a phan
tich — danh gia két qua thir nghiém dua trén cac chi s6 phan nhém va phan tich song

con.
3.1 Thu thap dir liéu tr TCGA

Dt 1iéu duoc léy tr co s& dir ligu TCGA (The Cancer Genome Atlas), dugc
danh gia 1a ngudn dit liéu ung thu 16n trén thé gidi véi hé thong dir liéu duoc chuin

hoa & muc do cao. D61 voi dé tai, ndm loai ung thu pho bién dugce lya chon:

BRCA (Breast Invasive Carcinoma)

- LUAD (Lung Adenocarcinoma)

- GBM (Glioblastoma Multiforme)

- KIRC (Kidney Renal Clear Cell Carcinoma)

- UCEC (Uterine Corpus Endometrial Carcinoma)

Va cho mdi bénh nhan s& c6 bon loai dir liéu omics dugc thu thap, bao gom:

-  mRNA expression (RNA-seq)

- DNA methylation

- Copy Number Variation (CNV)

- miRNA expression

M&i loai dit liéu omics sau khi tién xtr Iy déu duoc chuan héa va chuyén vé
chung mdgt dinh dang dau vao dang ma tran ) (numeric matrix) vi cAu trac:

- Hang (rows): cac mau bénh nhan (Sample ID)

- CoOt (columns): cac dic trung (features) nhu gene expression, CpG

methylation sites, CNV gene-level score hodac miRNA expression
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- Gia tri (cells): gia tri s6 lién tuc (float) biéu dién mutc do hoat dong sinh
hoc tuong Umg
3.1.1 Cac field (features) chinh trong dir liéu

D@ liéu RNA-seq dugc st dung dé thu nghiém ban dau mang ciu trac nhu bang

dudi day.
Bang 3.1: Ciu tric cia file RNA-seq
Téntruong | Kiéudirlieu |Mota
Sample String M3a mau bénh nhan, vi dy TCGA-AR-A5QQ-01
Genel Float Biéu hién gene 1
Gene2 Float Biéu hién gene 2
Float
Gene Float Biéu hién gene N

3.2 Tién xir ly dit li¢u
3.2.1 Logi bo cdac gene khong hgp I¢ hodc it thong tin

Véi dau vao 1a mot luong 16n cac dit liéu, ta can loai bé cac gene khong co
biéu hién hodc khong mang gia tri. Cac gene c6 tong dém (count) rat thap thudng la
nhiéu hoic khong dugc biéu hién trong m6 ung thu. Hodc néu mot loai gene co
phuong sai thap, c6 biéu hién gan nhu gidng nhau & moi bénh nhan s& khong gitp

phan bi¢t nhém cling s€ bi loai bo

df [df.sum(axis=1) > 10]

df|[df.std(axis=1) > 0.5]]
df.fillna(df.median(axis=1))

Hinh 3.1: Code loai b6 cac gene khong hop 1€
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3.2.2 Chuén hod di¥ ligu
a. RNA-seq / miRNA

RNA-seq c6 phan phéi rat 1éch (skewed), vo1 mot sb gene co biéu hién cuc
16n nén sé& dung log2 nham gitp lam tron dit liéu, giam anh hudng gene qua 16n va

lam phan phdi chuan

x: np.log2(x + 1))

df.apply(lambda x: (x - x.mean()) / x.std(), axis=1)

Hinh 3.2: Code chuin hoa dir liéu cho RNA-seq
b. Methylation Data

from sklearn.preprocessing import MinMaxScaler
scaler = MinMaxScaler()

df_scaled = pd.DataFrame(
scaler.fit_transform(df.T),
index=df.columns,
columns=df. index

). T

Hinh 3.3: Code chuin ho4 dir liéu cho Methylation
c. CNV (Copy Number Variation)

CNV tir TCGA thuong 13 log2 copy-number ratio, c6 nhiéu manh va thuong

khong dong déu. Vay nén can phai cat ngudng vé [-3,3] dé giam gid tri outliers.

df = df.clip(lower=-3, upper=3)

Hinh 3.4: Code chuin hoa dir liéu cho CNV
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3.2.3 Dong bj giita nhiéu loai omics va xudt file

common_samples = list(
set(df_mrna.columns)
& set(df_methyl.columns)
& set(df_cnv.columns)
& set(df_mirna.columns)

df_mrna = df_mrna[common_samples]
df_methyl = df_methyl[common_samples]
df_cnv = df_cnv[common_samples]
df_mirna = df_mirna[common_samples]

Hinh 3.5: Code xuit file input
3.3 Chay thir mé hinh omicsGAT va wng dung hién thi
3.3.1 Ciu triic va workflow ciia ieng dung

U{‘i;‘g’,‘,ﬁ,ﬁ“' Pipeline X 1y M hinh GAT Phan cum Kieans Trufc quan héa & Xudt file

1 file d
Hién thi kich thuféc & mAu di °
Chon tham 6 mé hinh
(K, epochs, learning rate, k-NN)
o
o
Nhéin "Run Model”
o
L°4
-
° G X_scaled + edge._index + tham 56
Train GAT Encoder (unsupervised)
Embedding 7
o
©
° Kteans(z, K)
Nhén cum (Cluster Labels)
o
©
Y Tao PCA/UMAP 2D
o
Bi€u 6 PCA/UMAP + bang két qua -
0
Nhéin "Tai CSV két qua”
o
o
- Sinh file két qua
©
omicsgat_clusters.csv °
Ung dung GUI Pipeline X Iy MG hinh GAT Phén cum Kieans Tre quan héa & Xudt file
(Streamlit) peli v . u: i
Neudsi ding

Hinh 3.6: Workflow ciia wrng dung moé phong
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Trudce ti€n, nguol dung truy cap giao dién Ung dung thong qua trinh duyét
web va tai 1én tép dit liéu RNA-seq (vi du bd dir litu TCGA-BRCA). Sau khi dir
liéu duwoc nhap vao, hé théng hién thi thong tin co ban dé xac nhan ngudi dung tai
dung dinh dang. Tiép d6, ngudi dung lwa chon cac tham sé mé hinh nhu s6 cum K,
sd epoch huan luyén, learning rate hodc s lang giéng k trong d6 thi k-NN.

Khi ngudi dung nhan nit Run Model, toan b pipeline xir Iy duogc kich hoat.
Ung dung thyc hién chuan héa dir liéu, xay dung d6 thi k-NN, huan luyén mé hinh
GAT dé hoc biéu dién cho tirng méu dir liéu, sau d6 ap dung KMeans dé gan nhan
cum. Cudi pipeline, hé théng thuc hién giam chiéu PCA/UMAP dé truc quan hoa va

hién thi két qua phan cum trén giao dién.

Nguoi ding c6 thé xem bang két qua twong mg véi timg bénh nhéan, dong
thoi tai xudng file CSV chira nhan phan nhom dé phuc vu cho cac phan tich tiép
theo. So @6 nay minh hoa rd rang chudi hanh dong tir phia nguoi ding va phan hdi
ctia hé théng, dam bao cai nhin tong quan vé cach tng dung hoat dong tir dau dén
cudi.

3.3.2 Upload dit ligu va cdu hinh tham so

Ung dung dugc phét trén bang Streamlit, cho phép chay trén méi truong

local véi giao dién web than thién. Giao dién gém hai phan chinh:

a. Khu vwc upload

1. Upload dif liu omics
Upload file dif liéu (CSV hodc PKL)

Drag and drop file here
Limit 200MB per file « CSV, PKL

Browse files

Hinh 3.7: Phan upload dit liéu céia ngwoi ding
Nguoi dung lya chon tép dir licu RNA-seq ¢ dinh dang CSV.

Sau khi tai Ién, ing dung ty dong:

- Boc dir liéu

- Hién thi kich thudc (s mau, gene)
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- Xem trudc mot vai dong dau dé xac dinh dinh dang

b. Ciu hinh tham sé mé hinh

S6 cum (K)
3
ﬁ

S6 epoch hudn luyén
80
@

Learning rate
0.005

k cho k-NN graph
10
ﬁ

Hinh 3. 8: Phin diéu chinh tham s6 huén luyén
Tai sidebar, nguoi dung c6 thé diéu chinh cac tham sb:
- S6 cum K: s6 nhom can phan
- Sé epoch huan luyén: sb vong lip t6i vu GAT
- Learning rate: tbc do hoc ctia optimizer
-k ctia k-NN graph: s6 hang xom khi x4y dung d6 thi miu-mau
Céc tham s6 nay c6 thé thay doi linh hoat tuy muc tiéu phan tich.

3.3.3 Huén luyén mé hinh

Sau khi cdu hinh, nguoi dung bam nat “Run Model” dé bat dau qua trinh

huin luyén. Ung dung s€ dugc thuc hién theo ting budc nhu sau.
a. Chudn héa di¥ ligu bing Z-score.

Sau khi nguoi dung tai tép CSV/PKL vao hé théng, dir liéu duoc thyc hién
qua tung budc:

- Chuan ho4 céu tric dir lidu: S& xac dinh cot dau tién 1a SamplelD, céc cot

con lai phai la dang numeric float va loai bo cac cot khong hop.
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- Lua chon déc trung: Vi cac b dit ligu co sb lugng dac trung 16n, hé
théng s€ chon lgc top-k dac trung c6 phuong sai cao nhét. Viéc lua chon
s& giup giam nhiéu, giam chi phi tinh toan va cai thién chat luong
embedding.

- Chuan hoa gia tri: Ap dung Z-score normalization cho timg dic trung dé
dua cac dic trung vé cung thang do, tranh trudong hop nhimg gene cé gia
tri 16n chi ph6i mé hinh.

b. Xdy dung do thi k-NN giita cdc méu dwa trén khodng cdch Euclid.

Dit liéu omics sau khi chuan hoa dugc xem nhu mot tap cac vector dic trung

c6 kich thudc 1on. Pé mo hinh GAT c6 thé khai thac mdi quan hé giita cic mau

bénh nhan, hé théng xay dung dd thi k-Nearest Neighbors (k-NN) theo cac budc:

- Xac dinh s6 lang giéng gan nhat k: Gia tri k dugc cdu hinh boi nguoi
dung.

- Tinh khoang céch gitta cac mau: St dung khoang cach Euclidean dé do
murc do twong dong.

- Xay dung danh sach canh: véi mdi mau i, chon k mau gﬁn nhét dé tao
canh (1,j). Tap cac canh dugc ghép thanh ma tran edge index theo chuan

PyTorch Geometric. Két qua sé& 1a mot d6 thi vo huéng G = (V, E)

x1
Category 1
Five Nearest Neighbor
X
X
X «
L~ .
/
\ /R\
(x x~x) "
X\ AL
~_ XS
x X X 4 Euclidean Distance

x2

Hinh 3.9: D6 thi K-NN giira cac miu
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c. Hudn luyén mé hinh Graph Attention Network dé hoc biéu dién

(embeddings) d6 chiéu thap.

Mo hinh huén luyén s& gdm hai 16p chinh:

Lép GATConv thir nhat (multi-head attention): Nhan dau vao 1a ma tran

dic trung X € RV*D- Hoc representation phi tuyén bang co ché Attention

r6i Str dung nhiéu head dé ting kha ning bicu dién.

Lép GATConv thir hai: Nén khong gian biéu dién xudng chiéu thip hon
(d =16 - 32). Cho ra embedding cubi cing Z=GAT(X,G)

Ham mét mat khong giam sat: Mo hinh khong c¢6 nhan (unsupervised),

nén st dung smoothness loss, nham lam cho embedding ciia moi node

“gan” embedding trung binh ctia hang xom.

Téi wu: St dung cac chi s6 Learning rate, Epochs do ngudi dung chon.

Trong mdi epochs truyén xudi qua hai 16p GATConv. Tinh embedding,

tinh loss theo smoothness va cap nhat trong $6.

d. Thyc hién phan cum bang thudt toan KMeans trén embedding thu dwoc.

Sau khi c6 embedding Z:

- Ap dung thuat toan Kmeans: s cum k do nguoi dung chon. Sau do

Kmeans chay trén embedding.

Before K-Means

A @
e @
...
..
et e
.' ° 0 s
.. ....

After K-Means

&

A

Hinh 3.10: Thuit toan phan cum K-Means
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- Nhan nhan cym: Mdi mau s& duoc gan 1 cluster ID. Embedding Z giup
dé tach nhém hon vi giam chiéu, khai thac duoc cau tric giita cac bénh
nhan va loai bé duoc nhidu tir dic trung ban dau.

3.3.4 Trwe quan hod két qud

Sau khi m6 hinh hoan thanh, tng dung tu dong hién thi cac két qua sau:
a. Biéu do PCA 2D

Embedding hoc dugc tir md hinh dwoc giam chiéu bang PCA, sau d6 vé
thanh scatter plot:

- MGJi diém 1a mot bénh nhan.

- Mau sic biéu thi cum ma mé hinh gan.

- Biéu dd cho phép quan sat murc do tach biét giita cac nhom.

PCA 2D cua embedding (omicsGAT-like)

® Cluster

2“ ' ) 0
O

o 1

o 2

3
o

O

T T T T T T

-0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0
PC1

Hinh 3.11: Biéu d6 PCA

b. Biéu d6 UMAP
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Néu nguoi dung bat tinh naing UMAP, ting dung s& tinh embedding phi tuyén

2D va hién thi ban 46 UMAP — tryc quan hon véi dit liéu c6 ciu trac phirc tap.

UMAP2

10

11

c. Bang gan nhan

»
> o, 0g 4..0 o,

» »
ﬂ. ‘- Wogpet ot "0
o4 W fo

. c-i‘.".f'
5 .a? "'"":i o W 0
¢ 8 PR
8 e ° *):@' o.,‘ °

<y
e
*“.‘L. ::
10 12
UMAP1

Hinh 3.12: Biéu d0 UMAP

Mot bang dir liéu liét ké:

- ID mdi bénh nhan,

- Nhan cum ma mé hinh du doan.

Cluster

3

1

0

Nguoi ding c6 thé dbi chiéu hodc so sanh véi cac nhom phan nhom 1am sang
c6 san (vi du: PAMS50).

Bang 3.2: Céu tric ciia bang gan nhin

Sample Cluster
0 | TCGA-AR-A5QQ-01 1
1 | TCGA-D8-A1JA-01 1
2 | TCGA-BH-A0OBQ-01 2
3 | TCGA-BH-AOBT-01 2
4 | TCGA-A8-A06X-01 1
5 | TCGA-A8-A096-01 2
6 | TCGA-BH-A0C7-01 1
7 | TCGA-AC-A5XU-01 1
8 | TCGA-PE-ASDE-01 1
9 | TCGA-PE-A5DC-01 1
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Ung dung cho phép tai vé két qua phan cum duédi dang tép CSV, bao gdm:
Cot Sample va cot Cluster.
3.4 Phén tich, danh gia két qua thir nghiém

Pé danh gia hiéu qua ciia mé hinh omicsGAT trong viéc phan cum céc phan
nhom ung thu v, chiing t6i tién hanh so sanh v&i ba phuong phap co sd (baselines)

pho bién trong linh vyuc phén tich dit liéu omics:

- K-Means: Phuong phap phan cum truyén théng, ap dung truc tiép trén dir
liéu biéu hién gene da chudn hoa, khong qua budc hoc biéu dién
(representation learning).

- VAE (Variational Autoencoder): Mo hinh hoc sau sinh (generative deep
learning) sir dung kién tric encoder-decoder dé hoc biéu dién tiém an
(latent representation) cua dir li¢u.

- GCN (Graph Convolutional Network): Mang no-ron do thi truyén thong
st dung co ché tich chap dd thi dé hoc biéu dién node, nhung khong co
co ché attention nhu GAT.

3.4.1 Thiét lap thi nghi¢m

a. Dii liéu

- Nguodn dit liéu: TCGA-BRCA (The Cancer Genome Atlas - Breast
Cancer)
- S6 miu: 956 miu khéi u vii (sau khi ghép véi nhan PAMS50)
- S6 dac trung: 5,000 genes c6 phuong sai cao nhat
- Ground truth: Phan loai PAM50 gdm 5 phan nhom phan tir
b. Metrics danh gia

- ARI (Adjusted Rand Index): Po d¢ twong dong giita két qua clustering va
ground truth, c6 diéu chinh cho yéu té ngau nhién. Thang do: -1 dén 1 (1

= hoan hdo, 0 = ngau nhién).




- NMI (Normalized Mutual Information): Do lugng thong tin chung gitra

hai phan cum. Thang do: 0 dén 1 (1 = hoan hao).

c. Ciu hinh thi nghi¢m

Bang 3.3: CAu hinh ciia thi nghiém cho cic mé hinh

Tham sd Gia tri

S6 cum (n clusters) 5

So epochs 300

Learning rate 0.001

k-NN neighbors 10

Embedding dimension 32

3.4.2 Két qua
Bang 3.4: Ban so sanh két qua giira cic mé hinh

Phuong phap ARI NMI
K-Means 0.4245 0.5649
VAE 0.4172 0.5468
GCN 0.2753 0.4507
omicsGAT 0.4204 0.5475

3.4.3 Phén tich két qud

- omicsGAT dat ARI = 0.4204 va NMI = 0.5475, két qua twong dwong véi
K-Means (ARI = 0.4245, NMI = 0.5649) va VAE (ARI =0.4172, NMI =

0.5468).

- omicsGAT nén dit liéu tir 5000 chiéu xudng 32 chiéu trong khi van duy

tri hidu suat clustering twong duong K-Means trén dit liéu gdc.

- Co ché attention cho phép mo hinh ty dong x4c dinh murc d quan trong

cua cac mau lan can, vuot trdi hon so véi GCN sir dung trong so6 ¢6 dinh.

- Embeddings hoc dugc co thé tai st dung cho cac tdc vu downstream khac

nhu phan loai, dg doan tién lugng.

Quy trinh thir nghiém véi dit lisu TCGA-BRCA cho théy:

- MO0 hinh omicsGAT chay 6n dinh trén dit liéu RNA-seq kich thuéce 16n.

- PCA va UMAP cho thiy cac cum duoc tach biét twong dbi rd rang.
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- He thdng c6 kha niang mé rong cho cac bo multi-omics khac (DNA
methylation, miRNA, proteomics,...).
Ung dung chtimg minh dugc tinh kha thi cua viéc tich hop mé hinh deep
learning d6 thi vao mét hé thong GUI local, phuc vu phan tich dit liéu ung thu theo

hudng truc quan va thuc nghiém.

3.5 Két chuong

Chuong 3 da trinh bay toan bd quy trinh trién khai thir nghiém mo hinh
omicsGAT trén dir liéu thuc tir TCGA, gom thu thap, tién xtr 1y dir lidu, xay dung
d6 thi mau—mAu, huan luyén mo hinh va truc quan hoa két qua. Quy trinh thu thap
nim loai ung thu phd bién cing bdn loai dit liéu omics di cho thdy kha ning mo
rong va kha niang tich hop da ngudn dit liéu cta hé thong. Cac budc tién xt Iy — nhur
loai b6 gene nhiéu, chuan hoa biéu hién, cit ngudng CNV va déng bd nhiéu bo dir
liéu — dam bao dau vao 6n dinh, giam nhiéu va phu hop véi kién trac mé hinh.

Viéc xay dung dd thi k-NN gitra cdc mAu bénh nhan 1 budc quan trong gitp
tao co s& cho GAT hoc duoc ciu tric quan h¢ sinh hoc. M6 hinh omicsGAT sau do
duoc huan luyén dé sinh ra embedding co chét lugng cao, thé hién 16 su phan tach
gilta cac mau khi truc quan hoa bang PCA hoic UMAP. Két qua phan cum tir
embedding cho théy cac nhém bénh nhan dugc mo hinh xac dinh c6 su khac biét
tuong ddi 1& trong khong gian giam chiéu, chimg minh tinh hi¢u qua cia co ché

attention trong viéc hoc nhitng moi quan hé quan trong giita cac mau.

Chuong nay cling dua ra viéc trién khai mot ung dung truc quan dua trén
Streamlit, giup ngudi ding dé dang tai dir liéu, diéu chinh tham sé mo hinh, theo
ddi qué trinh huan luyén va quan sat két qua phan nhém. Pay 1 bude tién 16n nham

kéo mé hinh tir méi trudng nghién ciru sang céng cu hd trg phan tich thuc té.
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KET QUA VA HUONG PHAT TRIEN TIEP

1. Két luan

Trong dé an nay, nghién ctru di tap trung xdy dung va danh gia mo hinh hoc
biéu dién dua trén mang no-ron dd thi — omicsGAT — nham khai thac hiéu qua dir
liéu da omics cho bai toan phan nhom va phan tich ung thu. Két qua chi ra rd viéc
mo hinh hoéa dir liéu & dang do thi, két hop co ché Attention, gitp cai thién 13 rét
kha ning trich xut dic trung va biéu dién mdi quan hé sinh hoc phtc tap giita cac

bénh nhan.

Nghién ctru da hé théng hoa nhing 1y thuyét vé dir liéu omics, multi-omics,
cung cac phuong phap hoc biéu dién hién dai, tir d6 chi ra nhimg han ché cua cac
phuong phap truyén thong khi xt 1y dit liéu phan tir c6 chiéu cao va cu trac phi
tuyén. Céch tiép can dya trén GNN, dic biét GAT, duoc ching minh 1a phi hop
hon nho kha ning hoc trong s6 dong giira cac mau va giam thiéu nhiéu trong dir liéu

sinh hoc.

M6 hinh omicsGAT dugc trién khai thir nghiém trén dit licu TCGA véi
nhiéu budce tién xir 1y chat ché€, bao g@)m loc gene, chuin hoa da omics, xay dyng dd
thi mau—mau va huan luyén encoder dya trén multi-head attention. Cac embedding
thu dugc cho thdy tinh phan tach tot hon so voi PCA truyén thdng, thé hién qua cac
biéu 46 PCA/UMAP va kha ning phan cum rd rang giira cac nhom bénh nhan. Diéu
nay khing dinh rang omicsGAT khong chi hoc dugc dic trung cuc bo tir timg bénh

nhin ma con nam bat dugc quan hé sinh hoc ¢6 y nghia & cap quan thé.

Nghién ctru da xay dung mot ung dung truc quan dua trén Streamlit, cho
phép ngudi dung tai dir liéu, thiét 1ap tham sé moé hinh, quan sat truc quan
embedding va két qua phan cum. Ung dung d3 phan nio cho thay tinh kha thi cta
viéc tich hgp mo hinh deep learning do thi vao cac cong cu hd tro bac si, nha nghién

ctru va phong xét nghiém trong qua trinh phan tich dir liéu ung thu.
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Nhin chung, két qua cho thdy mé hinh omicsGAT c6 tiém ning 16n trong
viéc phan nhém ung thu dua trén dir liéu da omics, gitip cai thién chat lugng phan
tich, hd trg khdm phé cic phan nhom tiém 4n va mang lai nhiing goi y quan trong
cho nghién ctru y hoc chinh xac. Tuy nhién, mé hinh con nhiing diéu can cai thién
khi trién khai trén cac b dir liéu 16n da tang, va yéu cau tai nguyén tinh toan dang
ké. Do d6, hudng nghién ciru sap t6i don vao tdi uu héa kién trac mo hinh, mé rong
sang do6 thi di thé multi-omics ddy du, dong thoi kiém chimg trén cac dir liéu 1am

sang thyc té nham nang cao gié tri mg dung.

2. Huéng phat trién tiép
Hién tai mo hinh chu yéu str dung RNA-seq; cac hudng mé rong gom:
- Tich hgp thém DNA methylation, copy number variation (CNV),
proteomics hodc metabolomics.
- Thiét ké multi-branch omicsGAT, trong do mdi loai omics c6 mot
encoder riéng (GAT, GNN, MLP...), sau d6 hop nhit bang attention hoic

contrastive learning.
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BO KHOA HQC VA CONG NGHE CONG HOA XA HQI CHU NGHIA VIET NAM
HOQC VIEN CONG NGHE Dgc lap - Ty do - Hanh phic

BU'U CHINH VIEN THONG

BAO CAO GIAI TRINH

SUA CHUA, HOAN THIEN PE AN TOT NGHIEP THAC SI

Ho va tén hoc vién: Nguyén Anh Tuin

Chuyén nganh: Hé thdng thong tin
Khoa: 2024 dot 1

Tén dé tai: Nghién ciru xdy dung mo hinh hoc biéu dién sir dung dir liéu da omics cho phin

nhom ung thu
Ngudi huéng din khoa hoc: PGS. TSKH. Hoang Diang Hai
Ngay bao vé: 24/01/2026

Céc ndi dung hoc vién da stra chira, bd sung trong dé an tét nghiép theo y kién déng

gdp cta Hoi ddng chim dé an &t nghiép:

T Y kién hoi dong Sira chira ciia hoc vién
1 |Bang so sanh cac gid tri NMI, ARI cia mo hinh | Da chay thi nghiém voi
omicsGAT véi cac phuong phép co s& nhu K-means trén | phuong phdp khac va co 56
dir liéu thd, VAE hodc GCN truyén thng liéu so sanh & muc 3.4
2 | Giai thich rd mo hinh omicsGAT Da bd sung muc 2.1 dé giai

thich & vé md hinh
omicsGAT

3 | Lam rd 2 bai toan khac biét 1a phdn cum va phan nhém | Da giai thich thém trong
ung thu (phén 16p) va cich giai quyét sir dung mo hinh | muc 2.4.1 va2.4.2
omicsGAT.

Ha Néi, ngay..9... thang &. nam 2046
Ky xac nhén cua
CHU TICH HQI PONG THU KY NGUOI HUGNG DAN HOC VIEN
CHAM DE AN HOI DPONG KHOA HQC

TS. Nguyén Duy Phuong ~ TS. D3 Thi Lién

o — v

PGS.TSKH. Hoang Pang Hai  Nguyén Anh Tuén
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BO KHOA HOC VA CONG NGHE CONG HOA XA HQI CHU NGHIA VIET NAM
HOQC VIEN CONG NGHE DPic lip - Tw do - Hanh phiic
BUU CHINH VIEN THONG

BIEN BAN
HQP HQI PONG CHAM DE AN TOT NGHIEP THAC SI

Can ct quyét dinh sb Quyét dinh sb 3299/QD-HV ngay 26 thang 12 nim 2025 cta
Gidm déc Hoc vién Cong nghé Buu chinh Vién théng vé viéc thanh lap Héi dong chim dé
4n t6t nghiép thac si. Hoi ddng da hop vao hdi .A1... gid AC..phut, ngay 24 thang 01 nim
2025 tai Hoc vién Coéng nghé Buu chinh Vién thong dé chém dé 4n t6t nghiép thac si cho:
Hoc vién: Nguyén Anh Tuén
Tén d& an t6t nghiép: Nghién ciru xiy dung mé hinh hoc biéu dién si dung di ligu da
omics cho phin nhém ung thw

Nganh: H¢ thong thong tin M s6: 8.48.01.04
Céc thanh vién ciia Hoi ddng chim dé an tét nghiép c6 mat: 5 ..... / 05

TT HQ VA TEN TRACH NHIEM TRONG HP GHI CHU
1 | TS. Nguyén Duy Phuong Chu tich

2 | TS. P6 Thij Lién Thu ky

3 | PGS.TS. Nguyén Long Giang Phan bién 1

4 | PGS.TS. Nguyén Hiru Quynh Phan bi¢n 2

5 | PGS.TS. P5 Trung Tuén Uy vién

Cic ndi dung thwe hién:

1. Chd tich Héi ddng didu khién budi hop. Cong bd quyét dinh clia Gidm déc Hoc vién
Céng nghé Buu chinh Vién thong vé& viéc thanh 1ap Hoi dbng chim d& 4n tét nghiép
thac si.

2. Ngudi huéng din khoa hoc hogc thu ky doc 1y lich khoa hoc va céc diéu kién bao vé dé
an t6t nghiép ciia hoc vién (C6 ban 1y lich khoa hoc va Kkét qud cac mdn hoc cao hoc
cta hoc vién kém theo).

3. Hoc vién trinh bay tém tit dé an t6t nghiép.

4. Phan bién 1 doc nhin xét (¢4 vin ban kém theo)

5. Phan bién 2 doc nhén xét (c6 van ban kém theo)

6. Cac ciu héi cu;zotha%wen Hoi dong

Ul i

....................................................................................................................................................

....................................................................................................................................................

....................................................................................................................................................



7. Tra o1 cia hoc vién:

....................................................................................................................................................
....................................................................................................................................................
....................................................................................................................................................
....................................................................................................................................................

8. Thu ky doc nhin xét vé qua trinh thuc hién d€ an tot nghiép cua hoc vién (cé vdn ban
kém theo).

9. Hoi déng hop riéng:

- Biu Ban kiém phiéu: R
. . 0 r/
1. Truéng Ban kiém phiéu: }D ..... fw ﬁom ....................
o r (‘) . 2]
2. Uy vién Ban kiém phidu: .88 S et

3. Uy vién Ban kiém phiéu: WW@‘? ..............

- Hoi ddng chim dé 4n t6t nghiép bang bo phiéu kin.
- Ban kiém phiéu 1am viéc:
- Truéng Ban kiém phiéu bao cdo két qua kiém phiéu (cd Bién bdn hop Ban kiém
phiéu kém theo)
- Diém trung binh ciia dé an tot nghiép: }5 ...............
Két luin:
1. Cac ndi dung cén h1nh su:a hoan thié n sau bao vé de an tot n

. ai.... i ff; O k...
.f.;w ﬁfm/» A ’3f ............................................... o

.........................................................................................................................................
.........................................................................................................................................
.........................................................................................................................................
.........................................................................................................................................
.........................................................................................................................................

.........................................................................................................................................

2. P& nghi Hoc V1en cong nhan (hoac lai“eng) va cip bing (hoic Khéng) thac si cho hoc

vién: ........ N SYIARIN 4.7 22 m ..............................................................................................
3. D& 4n tdt nghiép c6 thé phat trién thanh dé tai nghién ctru cho

Budi lam viéc két thiic vao... 4,4 4V.... cing ngay.

Chai tich Thu ky

Py ot

TS. Nguyén Duy Phwong TS. P Thi Lién



CONG HOA XA HQI CHU NGHIA VIET NAM
Poc lap — Tu do — Hanh phic

BAN NHAN XET PE AN TOT NGHIEP THAC SI
(Diing cho nguoi phdn bién)

Tén d? tai d& 4n tdt nghiép: NGHIEN CUU XAY DUNG MO HINH HQC BIEU DIEN SU
DUNG DU LIEU PA OMICS CHO PHAN NHOM UNG THU

Chuyén nganh: HE THONG THONG TIN

M3 chuyén nganh: 8.48.01.04

Ho v4 tén hoc vién: Nguy&n Anh Tuén

Ho va tén ngudi nhan xét: Nguyén Hitu Quynh

Hoc ham, hoc vi: PGS.TS

Chuyén nganh: KHMT

Co quan cong tac: Truong Dai hoc CMC

S6 dién thoai: 0912174793.....covevvrenesencnes E-mail: nhquynhml@gmail.com..........ccccccenvee

NOI DUNG NHAN XET

1/ Co s& khoa hoc va thuc tidn, tinh cp thiét cta dé tai:
Viée khai thac cac ngudn dit liéu cong khai nhu TCGA, két hop cic k¥ thuét hoc sau hién dai,
dic biét 1a mang no-ron db thi va co ché attention, phtt hgp v6i xu huéng nghién ciru hién nay

trong tin sinh hoc va y hoc chinh xac.

TI/ Noi dung ciia d& 4n tét nghiép, cdc két qua da dat dugc:

-Hoc vién da hé théng héa'duqc céc khai niém vé dir liéu da omics va cac phuong phap hoc
bidu difn hién dai (c6 gidm sat, khong gidm sat va dua trén b thi).

- D4 x4y dung dugc md hinh omicsGAT véi chu trac da nhiém, sir dung Encoder @& trich xuét
Embedding va cac nhanh Decoder/Classifier dé thuc hién phén nhém.

- D2 4n da trién khai thir nghiém trén dir liéu TCGA va xay dung duoc tmg dung hd trg truc
quan hoa két qua thong qua céc biéu dd PCA va UMAP (Buéc du cho thiy md hinh ¢6 kha
ning phin tdch nhém bénh nhén & mirc dd truc quan).

[T/ Nhitng vén d& cn giai thich thém:

- Trong @8 4n, hoc vién trinh bay hoc bidu didn nhu mot khdi tach biét. Cén 1am 15 hon ring
thuc chét ddy chinh 1a giai doan trich xudt dic trung tu dong (feature learning) — thanh phén
cbt 161 cia kién tric hoc sdu dé tao ra cac vector embedding trung gian. Viéc nhén manh vai
trd caa hoc bidu dién nhu mot bude xir Iy thong tin gidu y nghia sinh hoc hon dir liéu tho s€

lam ting gié tri khoa hoc ctia @8 tai.



- Mic di trong Chuong 2 ¢ liét ké cac do do nhu NMI, AR, silhouette score va phén tich
séng s6t (C-index), nhung trong Chuong 3 (Trién khai thir nghiém), cac bang sb ligu két qua
dinh lrgng cu thé vin chua théy xuét hién. Danh muc bang chi c6 chu trac dir liéu va bang
gan nhan mAu. Cén bd sung:

+Bang so sanh cdc gia tri NMI, ARI cia md hinh omicsGAT véi cdc phuong phép co s&
(baselines) nhu K-means trén dit liéu tho, VAE hodc GCN truyén théng.

+Két qua phan tich sbng sot (Kaplan-Meier, p-value) dé chimg minh y nghia 1dm sang cta cac

nhém da phén tach.

v/ Két luan:

D3 4n c6 céu triic hop ly, trinh bay 18 rang va c6 tinh ing dung cao. Tuy nhién, dé dam bao
tinh thuyét phuc vé mit khoa hoc, hoc vién cAn lam 18 mbi quan hé giita hoc biéu dién voi
hoc séu va dic biét 1a phai bd sung c4c bang dit liéu thue nghiém dinh luong theo cac d¢ do
da néu.

Pdng y cho phép hoc vién bao vé & 4n tbt nghiép.

Céu hdi 1:

Trong dé 4n, hoc vién nhin manh vao viéc xdy dyng 'MO hinh hoc biéu dién’
(Representation Learning). Du6i gbc do kién tric ctia cdc mang no-ron sdu (Deep
Learning), em héy giai thich ban chit ciia khau 'hoc biéu dién’ nay thuc chét 1a gi? Tai
sao dbi v6i dit liéu da Omics cé sé chidu rét 16n va d6 nhi€u cao, viéc st dung hoc
biéu dién thong qua mang dd thi (GAT) lai wu viét hon so voi cac phuong phép trich
chon dic trung (Feature Extraction) hodc gidm chidu dit liéu truyén théng nhu PCA
hay LDA? '

Cau héi 2: Dua trén sé lidu nao dé khing dinh ring viéc két hop co ché Attention trén
db thi gitip céi thién do chinh x4c cla viéc phan nhém so véi cdc mo6 hinh mang no-ron

thong thudng?
Ngay 19 thang 1 ndm 2025

NGUGI NHAN XET



CONG HOA XA HOI CHU NGHIA VIET NAM
Doc ldp - Tw do - Hanh phic

BAN NHAN XET PE AN TOT NGHIEP THAC SI
(Diing cho nguoi phan bién)

Tén d& 4n: Nghién ctru xdy dung m6 hinh hoc biéu dién s dung dit liéu da OMICS
cho phan nhém ung thu

Chuyén nganh: Hé théng thong tin

M3 s6: 8.48.01.01

Ho va tén hoc vién: Nguyén Anh Tuén

Ho va tén ngudi nhén xét: PGS.TS. Nguyén Long Giang

Co quan cong tac: Vién Cong nghé théng tin, Vién Han Lam KH&CN Viét Nam
S dién thoai: 0904739189 Email: nlgiang@ioit.ac.vn

NOI DUNG NHAN XET

1. Co 56 khoa hoc va thuc tién, sy can thiét lwa chon dé tai

P& 4n giai quyét bai toan phan 16p/phan cum cic loai ung thu sir dung dit liéu da
omics bing cong cu omicsGAT va thir nghiém trén dit liéu TCGA. Chu dé nghién ctru
ctia d& 4n c6 ¥ nghia khoa hoc va thyc tién.

2. Noi dung cua dé dm, cdc két qud dad dat duoc

D& 4n da dat dwoc két qua chinh nhu sau:

1) St dung mé hinh hoc biéu dién omicsGAT trong phén 16p/phan cum ung thu

tir dir 1iéu omics

2) Thir nghiém, d4nh gi4 m6 hinh omicsGAT véi bai toan phan 16p/phén cum dit

lidu tir TCGA, bao gdn tién xir ly, chay thir nghiém va dénh gia két qua.

V& co ban, cic két qua dat duoc ciia dé 4n dép tmg yéu cdu di véi dé 4n tot
nghiép thac sT nganh H¢ théng thong tin. Tuy nhién, @& &n cin chinh sira, bd sung dé
lam 1o cac dong gop cua hoc vién trong viée xdy dung mé hinh va timg dung md hinh
omicsGAT.

3. Nhitng véan dé hoc vién cdn chinh sira, bo sung

- Ra sodt, chinh stra d& 4n v& trinh bay, cin bd sung trich dén tai lidu tham khéo
cho céc ndi dung trinh bay.

- Chn trinh bay, giai thich nhiéu khdi niém trong tin sinh hoc st dung trong dé

an.



- Lam rd 2 bai toan khac biét 1a phan cum va phan nhom ung thu (phéan l6p) va
céch giai quyét str dung mo hinh omicsGAT. Mb ta rd md hinh omicsGAT tir tai li€u
nao?

- Phén thir nghiém (chuong 3), dic ta 1o rang dit liéu va quy trinh tién xt Iy (dit
liéu sau xi ly nhu thé nao? Lam rd Phuong phép huén luyén va cac tham s6 mé hinh,
két qua dat duoc vé cac d6 do nhu d6 chinh xac, F1...

4. Két luén
- Pdng y cho phép hoc vién bao vé d& an tot nghiép.
- D& nghi hoc vién chinh stra/bd sung ludn vin theo gop ¥.
Céu héi: 1) Lam rd bo dit liéu.va tai sao lai str dung m6 hinh omicsGAT cho

nghién ctru nay ?
Ha Néi, ngay 20 théng 01 ndm 2026
XAC NHAN CUA CO QUAN NGUOINHAN XET

Nguyén Long Giang



