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MO PAU

1. Tinh cép thiét cia ndi dung nghién ciru

Trong linh vyc sinh hoc phén tir viéc dy doan va xac dinh dugc
chinh x4c cac gen gdy bénh 14 rat quan trong. Trude ddy, viéc xac dinh
gen giy bénh thuong duoc thuc hién bang nhimng thuc nghiém sinh
hoc. Phuong phap nay duoc tién hanh véi nhiéu gen tng vién trén
ving nhiém sic thé kha nghi, qua trinh nay gy ton kém vé mit thoi
gian va chi phi. Dé giai quyét vAn dé d6 ngudi ta tién hanh phan hang
cac gen theo mirc d¢ nhay cam dé xac dinh gen gy bénh. Sau khi phan
hang nguoi ta s€ xac dinh dugc mot $6 lwong nhé cac gen co6 thir hang
cao dé dua vao thuc nghiém sinh hoc.

2. Muc tiéu nghién ciru chinh cia luan an

Luén an tép trung nghién cuu cac ky thudt ung dung mang phtic
hop trong viée khai phé dir liéu 1ién quan t&i bénh ung thu, dé xac dinh
cac gen chi thi ung thu tir mang sinh hoc phan tir bang cac ky thuat
tinh todn xac dinh cac gen nhay cam, dé& bj dot bién trong 181 cia mang
sinh hoc.

3. Doi twong va pham vi nghién ciru

- Pi twong nghién ctru ciia luan an 1a phuong phap xac dinh gen
chi thi gdy bénh ung thu, cac k¥ thuat tng dung mang phtrc hop trong
viéc phat hién cac gen chi thi giy bénh. Cac thuét toan song song dé
nang cao hiéu ning tinh toan déi v6i nhitng bo dit liéu 1on.

- Pham vi ap dung 1a mot s6 bénh ung thu duogc thé hién trén 16
b dit liéu dugc tai tu co sd dit liéu KEGG va b dit liéu kham nghiém
ung thu ctia bénh vién K.

4. Phwong phap nghién ctru

Luan an sir dung cc phuong phép tong hop 1y thuyét, phan tich,
danh gia cac nghién ctru lién quan. Tir d6 tién hanh mé hinh héa va
trién khai thuc nghiém trén cac bo co s dit liéu. Luan an sir dung cac
thuat toan xac dinh 16i ctia mang R-core, K-core Kkét hop k¥ thuat xép
hang cac ndt cia mang phirc hop 14 do gan giii thir bac (Hierarchical
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Closeness) dé xép hang gen bénh tir d6 xac dinh cic gen nhay cam, dé
bi d6t bién d6 chinh 13 cac gen chi thi gy bénh ung thu. Két qua thuc
nghiém duogc kiém chimg, danh gia, so sanh véi két qua ctia cac nghién
ctru trude do.

5. Dong gop cia ludn an

Céc dong gop chinh cia luan an dugc thé hién trong 3 cong trinh
nghién ctru. Trong do6 c¢6 01 cong trinh trén tap chi Scopus, 01 cong
trinh trén tap chi SCIE, Q2.

Pong gop thir nhit: Mo hinh hoa mang sinh hoc bang mang phirc
hop, khao sat, danh gia cac thuat toan xép hang gen gy bénh. D& xuét
phuong phap cai tiét thuat toan K-core theo hudng tiép can song song
hoa dé co thé xac dinh gen chi thi ung thu tir c4c mang sinh hoc phan
ti quy mo 1on. Thuat toan K-core xac dinh cac 16i ctia mang dua vao
muc do két ndi cua cac nut mang, thuat toan R-core xac dinh cac 161
mang dya vao kha nang truy cap cua cac nit mang lién ké. Véi cai tién
nay da gitp cho viéc xac dinh cac gen chi thi ung thu tr¢ 1€n chinh xac
hon. Trén co s& d6, ludn an dd xdy dung mé dun phan mém C-
Biomarker.net dung dé xac dinh gen chi thi ung thu tir mang sinh hoc
phan tir dé tich hop vao phan mém Cytoscape. Két qua cuia nghién ctru
duogc thé hién trong cong trinh [CT3] va [CT5].

Pong gop thir ba: Nghién ciru dé xuat mot ky thuat mai 1a phan
cum mang phic hop trong khai pha bo dit liéu tAm soat ung thu, mét
loai bénh di truyén bang phuong phap mang luéi. Ap dung trén bo dir
li¢u kham nghiém ung thu tai bénh vién K gitip phat hién ra cac quy
ludt xa hoi vé ung thu, hd trg trong cong tac phong va diéu tri ung thu.
Két qua chinh cta nghién ciru nay dugc trinh bay trong cong trinh
[CT4].

6. Céu tric cia luan 4n

Noi dung chinh cta ludn an duoc cdu trac gdm 3 chuong.

- Chuong 1. Téng quan.

- Chuong 2. Xéc dinh gen chi thi ung thur bang mang phirc hop.
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- Chuong 3. Khai pha dir liéu kham nghiém ung thu bing mang
phtic hop.

CHUONG 1. TONG QUAN

1.1. Giéi thiéu

Xac dinh gen chi thi ung thu 1a qua trinh phéan tich va xac dinh cac
bién thé di truyén trong gen cia mot ca nhan dé danh gia nguy co ung
thu va cung cip thong tin hd tro cho viéc chin doén, diéu tri va quan
1y bénh ung thu.

1.2. Gen chi thi ung thw va vén dé nghién ciru phat hién gen
chi thi ung thuw

1.2.1. Gen chi thi ung thw

Gen 1a mdt doan xac dinh cua phén tir axit nucléic (ADN hodc
ARN) c6 chirc ning di truyén nhat dinh. Gen c6 thé thu nap cac dot
bién sinh hoc ndm trong trinh tu cta chung, din dén nhiing bién thé.
Nhing gene bi dot bién c6 thé gay ra bénh.

1.2.2. Lgi ich cia viéc xdc dinh gen chi thi ung thw

Viéc du doan va xac dinh chinh x4c cac gen gy bénh 14 rat quan
trong trong linh vuc y sinh va sinh hoc phén tir. Viéc phan hang gen
gitip x4c dinh gen gdy bénh s& rit ngin thoi gian va giam chi phi rét
nhiéu.

1.3. Tong quan vé cac k¥ thuét phat hién gen chi thi ung thu

Hién nay c6 nhiéu nghién ctru vé viéc xac dinh cic gen gay bénh,
tuy nhién c6 thé phan thanh mot sé nhém cac phuong phap khac nhau
dé phan hang gen gay bénh. Cac phuong phap d6 bao gom:

1.3.1. Phwong phdp théng ké dwa trén dé twong tw

Phuong phap thong ké duya trén d6 tuong ty 1a viéc xac dinh cac
biéu hién gen khac biét giita cdc mau ung thu va miu binh thudng.
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Bing cach so sanh miu ung thu va miu binh thudng, cac nghién ctru
da tim ra nhiing gen c6 biéu hién khac biét dang ké gitra hai loai mau
nay.

1.3.2. Phwong phap dwa trén ky thudt hoc mdy

Qua trinh xéac dinh gen chi thi ung thu thong qua hoc may thudong
bat dau bang viéc thu thap dit lidu gen tir bénh nhan ung thur, bao gom
cac mau té bao hodc mau mau. Sau khi dit liéu gen duogc thu thap va
tién xir 1y, cac phuong phép hoc may duge ap dung dé phan tich va
xac dinh gen chi thi ung thu. Cac thuat todn hoc may nhu hoc khong
giam sat, hoc c6 giam sat va hoc ting cuong dugc su dung dé tao ra
mo6 hinh du doan.

1.3.3. Phwong phap dwa trén mang phirc hop

Phuong phép dua trén cac mang la st dung cac mang sinh hoc nhu
mang tuong tac protein dé phan tich va phan hang cac nut dugc st
dung kha phé bién va mang lai hi¢u qua cao do co sé dir li¢u vé su
twong tac protein ngdy cang duoc bd sung day du va tién t6i bao phu
duogc toan bo hé gen. Phuong phap nay dugc tién hanh duya trén viéc
quan sat thdy rang cac gen lién quan dén cing mot bénh hoic nhiing
bénh twong tu thudng cé xu huéng nim gan nhau trong mang twong
tac protein (hay con goi 1a mo dun bénh).

CHUONG 2.
XAC PINH GEN CHi THI UNG THU BANG MANG
PHUC HQP
2.1. Gi6i thi¢u vé mang phirc hop
Khoa hoc phtc hop 1a bd mon khoa hoc nghién ctru vé cac hé
thdng phirc hop. N6i don gian, mot hé thong 1a phirc hgp néu né chira
nhiéu thanh phan con tuong tac v6i nhau va biéu hién nhirng tinh chat,



nhitng hanh vi ma ching ta khong thé hién nhién suy ra tir sy twong
tac gitra nhitng thanh phan cdu tao nén né.

2.2. Cac thanh phén co ban trén mang phirc hop

Céc thanh co ban ciia mang gdm: Nt mang, lién két, thong tin.

2.3. Pic trung chung trén mang phirc hop

Cé6 3 dac trung sau; Pac trung khong quy md (Scale-free), dac
trung thé gii nho (Small-world), dic trung tap 13i.

2.4. Mt s6 tinh chét co ban ciia mang phirc hop

2.4.1. Kich thuwéc mang

Kich thudc cia mot mang lién quan dén sb luong V nut, hoac $6
luong cac canh E.

2.4.2. Mat do mang

Mat d¢ cua mang 1a mdt thude tinh quan trong anh hudng dén cac
tinh chit cu trac. Mat do c6 thé dugc xac dinh trén dd thi G(V, E)
bang cong thirc

|E| (1.5)
Vi< (v]-1)

2.4.3. Trung binh bdc

Bac k ciia mot nut 1a s6 canh dugc két ndi véi no, dén hogc di. Lién
quan chat ché dén mat d6 cua mang la trung binh bac

_2E (1.6)
(k)= 7

hoic, trong truong hop dd thi co huéng,

_E (1.7)
(k)=

2.4.4. Két néi mang

C6 4 kiéu két n6i mang: Mang hoan thién (Complete Graph), thanh
phan “khdng 16” (Giant Component), thanh phan két ndi yéu, thanh
phan két ni manh.



2.4.5. Bj bén viing ciia mang
Do bén vitng cia mang, 13 kha ning ciia mang duy tri nhiing chuc
ning khi d6i mit véi nhitng xdo tron hodc chiu tic dong. Cong thirc

tinh:
1 o (1.8)
V@) = 1 ) D 1) = (57)

VEV SES
Trong d6: S 1a toan b trang thai mang, I() 1a ham chi thi va =1
néu I true hodc = 0 néu I false.
2.4.6. H¢ s6 phin cum mang
Hé s phan cum cua nut thtr i duoc tinh b;"mg:
- k(K1) (1.9)
O day k; 1a s6 nat 1an can ctia nat thi i va e; 1a s6 lugng két ndi
gifra cac nut 1an cén nay.
2.4.7. Tinh mé dun
Tinh md dun (Modularity) 12 mirc d6 ma cac thanh phan cua hé
thdng co thé dugc tach ra va két hop lai.
2.4.8. Ciiu triic 16i ngogi bién.
Ching bao gdm mdt 16i dinh két day dic va mot ving ngoai vi
thua thét, 1dng 1éo.
2.5. Trung tAm mang va phép do
Céc phép do trung tAm gan moi dinh mot gia tri sé thuc, dinh v,
dugc cho 1a trung tim hon hodc quan trong hon dinh v; néu C (v;)> C
(v2).
2.5.1. Trung tam mang
Trung tim mang ctia mot nut duoc dinh nghia 1a sé lwong tuong
tac truc tiép dén hodc di clia nat d6 véi cac nut khac trong mang va
duoc dinh nghia la:
Cdeg(v) = [{(v,w)|(v,w) € E}|

+ [{(w,v)|(w,v) € E}| (1.11)



2.5.2. Trung tim gin giii
Trung tim gan giii x4c dinh mirc d6 gan giii cia mot nut véi cac
nut khac trong mang bang cach do tong khoang cach ngin nhat giita
nat d6 va tat ca cac nut khac trong mang va duoc dinh nghia nhu sau:
1
Co) = e A w)
Trong d6 d(v, w) 1a khoang cach ctia duong di ngan nhit tir niit v
dén nit w.

(1.12)

2.5.3. Trung tdm giita
Phép do trung tAm gitra gidi thi€u kha nang do ludng cia mot dinh
trong viéc giam sat giao tiép giira cac dinh khac.

Cpec(v) = i (1.14)

s,teV\{v},s#t Ost

o, biéu thi tong s6 duong di ngin nhat giita hai dinh s va ¢ va gy(v)
biéu thi s6 duong di ngdn nhét di qua v ma tir s va «.

2.6. M0 hinh mang phirc hgp ciia hé gene

Dit li¢u sinh hoc phan tir ¢ thé dugc mo hinh héa thanh cac mang
phuc hop sinh hoc phan tir cia h¢ gen nhu mang tuong tac protein
(protein-protein interaction network), mang diéu hoa gen (gene
regulatory network), mang tin hiéu té bao (cellular signaling network),
mang trao d6i chat (metabolic network).

2.6. Phuong phip dé xuit

2.6.1 M6 hinh hé thong

Biological network | nodes Ranking m—

Start | End | (B Eziension Gene | Score Evidence H
: | collection
AKT3 | TGFA |} K-core EGFR [ 11.96

KRAS | RHOA | e GRB2 | -1.16
KRAS | AREG E_’ KRAS | -7.04 ganmdile
Sos1 | sos2 |} Hierarchical closeness = sos1] 812 omarker
H Gene | Score
EGFR |PIK3CB| -
L Gonvert KEGG xml o text SOS2 1012 I® =are
GRB2 | AREG |; AREG |-16.18 11.96
HRAS | BAK1 |} @CPU EGF |-16.18 GRB2 | -1.16
JUN | EGF |} Qart TGFA |-16.18 KRAS | -7.04
i} @ Auto
Input C-Biomarker.net Output

Hinh 0.1 So d6 thiét ké phan mém C-Biomarker.net
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C-Biomarker.net duoc thiét ké dé hoat dong voi tat ca cac loai
mang: c¢6 hudng, v hudng va khong ddng nhat. Chuc ning chinh cua
phan mém 1a x4c dinh cic nit ddu 4n sinh hoc. Ngoai ra, cac chirc
ning md rong co thé phat hién 16i K/R cua mang, xép hang cac nat
theo HC dé xac dinh cac nat nhay cam véi dot bién.

2.6.2 Dit liéu dau vao

Dir liéu dau vao 1a mot tép dang txt gom 3 cot: start, end va
direction. Trong d¢ start 1a nut ngudn, end 14 nit dich va direction cho
biét kiéu két ndi cia canh, néu direction bﬁng 0 1a két ndi vo huong,
bang 1 1a két ndi c6 hudng.

2.6.3. C-Biomarker.net

C-Biomarker.net bao gém cac ché do tinh toan tudn tu trén CPU,
song song trén CPU, hodc song song trén GPU tuy theo quy mé mang
d4u vao. Néu quy mé mang dau vao 1a nhé ta chon ché do tinh toan
tuan tu trén CPU, néu quy md mang dau vao 1a vira ta chon ché d6 tinh
toan song song trén CPU con quy md mang dau vao 13 16n ta s& chon
ché d6 tinh toan song song trén GPU.

2.8. Xép hang gen chi thi ung thw

2.8.1. Thudt todan K-core

Thuét toan phan ra K-core thudong dugc sit dung dé xac dinh mot
tap con didc bi¢t cua mang, trong d6 k dai di€n cho muc dd cua
16i. Phdn tach K-16i dwa trén cip d6 nit thuong duge sir dung dé xéac
dinh cac tap hop con cu thé ctia mang, dugc goi 1A K - 16i (k> 1),
trong d6 k biéu thi cap d6 16i. Léi k ciia mang G bao gdm mdt tap hop
con cac niit trong mang G, c6 dugc bang quy tic cit xén sau: cho mot
mang, tAt ca cac nat co bac < k dugc loai bd, cung vdi cac tuong tac
cua chung, khdéi mang. Qua trinh loai bdé nay duoc lap lai cho dén khi
bac clia moi nlt trong mang con lai > k. Lai & biéu thi tap hop cac nit
con lai va do d6, k; 16i la tdp con cua k2 16i néu ki > k.
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2.8.2. Thudt todn R-core

Thuét toan R-core, sit dung quy tic cét tia twong ty nhu phuong
phap phan tach K-core ngoai trir R(v) duoc st dung thay vi sb bac cua
node. Néi cach khac, tat ca cac node c6 R(v) < R va céc tuong tic cua
chiing s& bi loai bo & mdi budc cit tia. Két qua 1a, R-core phan tach
mang c6 hudng thanh cac mang con dugc goi 1a R-core, trong d6 cac
node c6 R cao 1a cac node 6 thé truy cap dén nhiéu node khac trong
mang nhét. Theo dinh nghia phan tach, K va R core twong tng dai
dién cho sb bac va $6 luong node truy cdp dugc cua node. Hon nira, K-
shell (R-shell) 1 phan bu cia K-core (R-core).

Thuét toan R-core dugc mod ta nhu sau:
Algorithm ParR-core algorithm

1 Procedure ParR-core(reachability)

2 i< 0 //Global variable

3 [ < 0; 5« 0; e« 0 // Thread-local variables

4 Initialize a thread-local array buff of size n/n,

5 while (i<n) do

6 for (v =0to n - 1) in parallel do

7 if(reachability[v] = [) then

8 buffle] <~ v, e<e+1

9 while (s <e) do // process local buff

10 v < buff[s]; s < s+ 1

11 for (u €A4dj(v)) do /I Adj(v): nodes are the
neighbours of v

12 if (reachability[u] > [) then

13 a « atomicSub(reachability[u],1)

14 if (a=1) then

15 buffle] < u; e < e+ 1

16 if (@ <!) then

17 atomicAdd(reachability[u], 1)

18 Wait for all threads done

19 atomicAdd(z, e)
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20 | s« 0;e<0;l«[+1

2.8.3. Thudt toan HC

HC ctia mét nat v duge xac dinh bang cach két hop cac phép do
kha nang truy cép va do lan can nhu sau:

Cre(@) = Ng(w) + C(v)

Trong d6 NR(v) € [0,|V]-1] 1a kha nang tiép can cia mdt nut v
dugc xac dinh boi NR(v)=|{weV | 3 mdt duong di tir v t6i w}|; C(v)
1a closeness centrality dugc chuan hoa vé [0, 1].

Thuat toan xac dinh thir bac ciia mdt nit v 1a Np(v) va dugc tinh nhu

sau:

Thuét toan 2. 1. Thuat toan xac dinh trung tam su gﬁn giii thir bac
1 Procedure DFSNi(v):

2 Set count to zero;

3 Label v as discovered;

4 for all vertex w in adjacent List(v) do

5 if vertex w is not labeled as discovered then

6 if size of adjacent List(w) > 0 then

7 count « count + DFSNp(w);

8 end if

9 count « count + 1;

10 end if

11 end for

12 return count;

13 End

2.8.4. Két qud dau ra

Két qua dau ra 13 mot danh sach dinh gdm 3 cot: tén nut, R-/K-
core va HC. Danh sach nay cho biét thir hang ciia cac niit theo K-core
va theo HC. Tir danh sach nay c6 thé chon top 3 hoic top 10 cac nut
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c6 diém cao nhat theo core va HC. D¢ 1a cac tng vién gen chi thi ung
thu.

2.9. Thye nghié¢m va két qua

2.9.1. Méi truong va cai dit hé thong

C-Biomarker.net dugc tich hop vao Cytoscape nhu mot ing dung
bd trg théng qua ngdn ngit 1ap trinh Java. Phin mém nay co thé hoat
dong rat hidu qua véi cic mang quy md 1on bang ché do chay song
song trén GPU.

Giao dién phan mém duoc thé hién ¢ Hinh 2.2 dudi day.

x

> sl L #z0R

Wekome to Cytoscaoe

Viox
$,

K"

8 Coomaterrat | [T) Arvotstie

BIRTHR| D eeTate % eberkTae

Hinh 0.2 Giao dién chinh ctia C-Biomarker.net

2.9.2. Trién khai thue nghiém

Dé tién hanh phan tich mang, luén an da st dung 16 mang ung thu
tur co sé dir liéu KEGG (www.genome.jp/kegg)

2.9.3. Két qud thuc nghi¢m

Két qua kiém tra 3 gen dimg dau dugc xép theo nhan R cao nhét,
sau d6 1a xép cao nhat theo gia tri HC da cho ra danh sach cic gen va
nhitng gen ndy hoan toan triung khép véi cac két qua nghién ctru trude

day.
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2.10. Panh gia hiéu suit ciia h¢ théng

Két qua cho thiy tinh song song trén GPU cho két qua khac biét
dang ké trén mang 16n (v6i quy md trén 1.000 nit), con dbi véi mang
nhé thi tudn tu st dung van nén duoc sir dung. Ly do 1a vi viéc tai dir
lidu 1én GPU s& lau hon thoi gian tinh toan, hodc qua trinh tao ludng
dé tinh toan song song trén CPU c6 18 mét nhiéu thoi gian hon thoi
gian tinh toan.

Bang 0.1 Panh gi4 hiéu suét ciia phin mém

Running time (ms)
. ‘ 5 Son Ta S Ta
So So Tua & a,ng one a,ng
Network ] song toc | song toc
nut | canh | nty
A) CPU | (A/B | GPU | (A/O)
(B) ) ©
Bladder 0.07
29 58 23 296 73 0.315
cancer 8
Acute
. 0.12
myeloid 66 183 61 500 5 59 1.034
leukemia
Breast 0.41
144 | 773 63 152 118 | 0.534
cancer 4
Human
] . 1.5 | 5.08 2.68
signaling 424 15.8 15.6 | 2.718
61 9 4
network
15.9 2.37
7.5 | 22.0 2.453. | 6.50
Human PPI 59.3 6.31 | 6.716
33 52 5 332 5 s

Danh gia ctia phan mém (Hinh 2.5) trén cic mang phan tir sinh hoc
khac nhau di x4c nhan rang 3 nit xép hang HC cao nhit & 15i trong
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cung (nt mau hong) 14 gen danh dau sinh hoc (nit mau do). (a) Cac
thi nghiém trén mang truyén tin hiéu ung thu di xac nhan phin mém
c6 thé xac dinh chinh x4c cac 16i mang (dugc phat hién bang cach phan
huy 151 R) va cac nat ddu 4n sinh hoc trén cac mang khong ddng nhét.
(b) Thir nghiém trén mang diéu hoa gen ctia ngudi khang dinh phan
mém c6 thé xac dinh chinh x4c cac 161 mang (dwoc phat hién bang
cach phan hay 15i R) va cac nat dau an sinh hoc trén cic mang co
huéng. (¢) Thir nghiém trén mang twong tac protein & ngudi khing
dinh phﬁn mém c6 thé xac dinh chinh x4c cac nat ddu 4n sinh hoc trén
cac mang v6 hudng; tuy nhién, cac 161 mang (duoc phat hién bdi sy
phan huy 16i K) khéng tring véi 16 ciia té bao con ngudi nhu sy phan
huy 161 R.

Hinh 0.3 Panh gia phin mém trén cic mang sinh hoc phén tir

2.11. So sanh véi cac nghién ciru khac

Luén an da so sanh phuong phap ctia minh véi ba phuong phéap
trude do. S6 biomarkergen tim dugc cua 4 phuong phap tham gia so
sanh lan luot 1a 34, 25, 24, 26, ti 1¢ xap xi nhau (P-value> 0,05). Cac
phuong phép nay 1a phuong phép tiép cin dua trén mang dé du doan
cac gen danh dau sinh hoc ciia cac bénh ung thu pho bién. Dé so sanh
v6i cac phuong phap trén, luin 4n da sit dung 3 du doan hang dau cua
luén 4n trong Bang 2.2 bao gdm danh sach 26 yéu t6 duy nhat cho cac
bénh ung thu phé bién. Biéu d6 Venn trong Hinh 2.13 cho thiy du
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doan ciia luan 4n va ddu an sinh hoc du doan trong str dung 1am sang
¢6 s6 luong yéu t6 giao nhau 16n nhét, tic 13 4 gen. Cac gen giao nhau
bao gom KIT, KRAS, EGFR, MET.

Emmanuel’s Predictive biomarkers
prediction in clinical use

_ Lihua’s
\ prediction
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Hinh 0.4 Biéu d6 so sanh cAc nghién ctru

CHUONG 3. KHAI PHA DU LIEU KHAM NGHIEM UNG
THU BANG MANG PHUC HQP

3.1. Dt van dé

Phan cum mang 14 qua trinh phén chia mang thanh cac mo-dun
mang, mdi mod-dun 14 tap hop cac dinh (ban ghi) két ndi chit ché trong
mdi mo-dun va 16ng 1éo giita cic mo-dun. Thuat toan phan cum mang
da duoc 4p dung thanh cong trong mot sb bai toan. O day luén an sir
dung thuat toan t6i vu hoa mo-dun mang dé phat hién cac mo-dun céd
it tham s6 hon so véi phuwong phép K-means truyén thong.

3.2. Cac nghién ciru lién quan

Céc nghién ciru gan dy da chi ra rang mot s gen danh diu sinh
hoc nhit dinh 1a nguyén nhan vé ngudn gbc ciia nhiéu bénh ung thu
v6i su hién dién cta dot bién gen.
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3.3. Phuong phip dé xuit

Trong phin nay luin 4n gidi thidu mot thuét toan phan cum mang
ndi tiéng duoc sir dung hiéu qua véi thoi gian thyce hién phan cum ngan
do la thuat toan tdi uu hoa phan cum. Cho mang G(V,E), gia tri
Modularity Q dugc tinh theo cong thirc sau:

1 kyk,, S,S, + 1
Q—%Z[Avw_ 2m] > (3.1

vw

Trong d6: nla tong s nit cia mang, m 1a tong sb lién két cua
mang, kv va kw 1a bac cua nat v va w, Avw = 0 néu khong cé canh
giita nit v va w, nguoc lai Avw = 1 néu c6 1 canh ndi giita v va w, Sv
va Sw chia m6 hinh thanh 2 cum: Sv =1 néuv thudc cum 1, Sv = -1
néuv thudc cum 2. Trong truong hop co6 nhiéu hon hai cum, qua trinh
duoc lap lai trén mdi cum. Viée tim kiém mo-dun mang tdi da 1a mot
bai toan khé. Do d6, luan 4n da nang cap thuat toan ti wu hoa dé tim
kiém ham mé-dun tdi da ctia cac phan ving mang ngau nhién

3.4. Dir liéu kham sang lgc ung thw

3.4.1. Mo td b¢ div liéu

Bo dir liéu dugc thu thap tur ph?m mém quan ly hd so céac bénh
nhan, trai qua tham kham va diéu trj tai Bénh vién ung budu qudc gia
Viét Nam (Bénh vién K) tir 2/2009 - 6/2014. Sau khi tong hop dit liéu,
chung ta c6 duoc mot quan hé ban dau R1 véi hon 177.000 hd so bénh
nhan (ban ghi) voi 15 thudc tinh.

3.4.2. Tién xir Iy di ligu

Sau budc tién xir 1y ta thu duoc bo dit liéu R gom 43.629 ban ghi
dugce mo ta bang 07 thudc tinh: ID, Dong ho, Tudi, Gidi tinh, Dia chi,
Két ludn, Topological (Top).

3.5. Thyc nghiém

3.5.1. Thuc nghiém 1: Xdy dung ma trdn khodng cdch tinh
thanh

Trude hét can sap xép tén cac dia danh theo thir tir alphabet, va cin
ctr vao ky tu ddu cua dia danh dé gan ID 14n luot tir 7..n, 1 13 s6 luong
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dia danh. Sau d6, dua trén ban dd dia 1y, lap bang danh sach lién ké
c4c tinh voi nhau theo quy ludt cac tinh lién k& voi nhau duoc nbi véi
nhau, va tinh nay ndi vé6i tinh kia mot 1an duy nhét, khong ndi theo
chiéu nguoc lai.

Budc tiép theo, chung toi cai tién thuat todn Breadth-First-Search
(BES) dé duyét mot d6 thi gdm » dinh/tinh theo chiéu rong, tir d6 tinh
toan va dua ra gia tri khoang cach giita cac cap tinh. Mgt ma trén dbi
xtng BF S, dugc tao ra, trong d6 BFS/i, j] biéu thi khoang cach giita
tinh “/”” va tinh “j”. Cu thé, ma trn khoang cich BFSese; biéu dién
khoang cach giira cac tinh/thanh Viét Nam

3.5.2. Thuwe nghiém 2: Ma héa cip thugc tinh béin ghi kiéu di
liéu vin bdn

Truong Két Iudn chira cac doan van ban mo6 ta Kkét luan cua bac si
vé tinh trang bénh cua bénh nhan. Chung téi st dung thuit toan
BoW(Bag-of-Words) sau d s6 hoa mot cip xau ky tu s1, s (kiéu Text
nhu trudng Két ludn) dua trén do tuong tu ngir nghia cta ching.

3.5.3. Thwe nghiém 3: Tinh todn mirc dp twong tw cdp ban ghi
Tl}u@t toan 4.5 Tinh toan mirc d¢ twong tw ciia cip ban ghi
Pau vao: Cho quan hé R(4,, A4,..., 4y), trong d6 dir li¢u cua cac
truong A; (i = 1..n) dugc quy dinh thudc mot trong cac kiéu dir liéu
sau: Nhdn, Dia chi, Van ban, va kiéu so; cho hai ban ghi a,bIR.
Piu ra: Do tuong ty cia mot cip ban ghia, b
Bude 1. Ma hoa cap ban ghi a, b vé dang vector x, y theo quy luét
sau:

X = [xq,%5, X3, ... Xp]

Y =12 Y3---¥nl
- Néu a. dongho’b.dongho thi
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- |1, atuoi, a.giotinh, 1, a. XY .z,
e {Bo W (a.ketluan, b.ketluan) }

— |1, btuoi, b.gioitinh, BFS[a.diachi,b.diachi],

r {b.XY.Z, BoW(a.ketluan, b.ketluan) }

- Nguoc lai, Néu a.dongho#b.dongho thi

- 1, a.tuoi, a.giotinh, 1, a. XY .z,

e {Bo W (a.ketluan, b.ketluan) }

— 0, b.tuoi, b.gioitinh, BFS[a.diachi,b.diachi],

I {b. XY .z,BoW(a.ketluan,b.ketluan) }

Bude 2. Sir dung phép do Euclide dé xéc dinh khoang cach gitta
cac cap vector trong khong gian n chiéu, khoang cach gitra hai
diém/dbi tuong bét ky trong khong gian tuong ng voi do dai cua

doan thing ndi hai diém d6 va dugc xac dinh bing cong thirc
Euclide:

(x,y)= \/()/1 - X )2 + (yz - X )2 +...+ (yn - X, )2
& day n 1a s6 chiéu, y; va x; 1an luot 13 gi4 tri cac thanh phin cua
vector y va x. Néu d 16n, khoang cach gitra hai diém cang xa nhau,
nguoc lai, hai dlern cang gan néu d tién vé 0, c6 nghia 12 hai ban ghi
¢6 ndi dung gidng nhau 100% néu d=0.
Buée 3. Chuan hoa gia tri do muc do tuong ty cac cap vector vé
khoang [0; 1] theo cong thiic sau:

1
1+d

o day, a tlen dan vé 0 biéu thi muc d6 tuong ti giam trong khi
tién vé gan 1 biéu thi mirc do twong tu ting, a=1 c6 nghia 14 hai

vector dong dang 100%.

Thuét todn 3. 1. Tinh toan mtc d6 twong tu ctia cap ban ghi
Thuat toan tinh todn mirc d6 twong ddng gitta cip ban ghi dé xuat,
duogc st dung dé xay dung mang tir mot quan hé.
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3.5.4. Thuc nghiém 4: Xdy dung mang tir cdc cdp bdan ghi
pé xay dung mang dir li€u cho muc ti€u phan cum, chung t6i str

dung giai thuat sau:
Thuait toan 3.6. Thuat toan xdy dweng mang

1

O 00 N O L1 A WN

[
= O

function [G(Start, End)]  NetworkConstruction(R (A,
A, ..., Ay), 0.€[0,1])
//Input: + R (4, As,..., A,) 1a mot tap lién két;
// + o 1a ngudng duge chon cho mdi cip ban ghi theo mirc do
tuong dong giita ching
//Output: danh sach k& biéu dién mang
G «new Relation(Start, End)
foreachainR
foreach bin R
t « Similarity(a,b)
if(tza)
G«—GuU(a,b)
end for
end for

return G
End

Thuat toan 3. 2. Thuét toan x8y dung mang

3.6. Két qué va théo luan
Ap dung Thuét toan 3.6 trén toan bd dir liéu quan hé¢ R g(‘Bm 43.629
ban ghi. Ngudng a dugc chon dé xac dinh céc cip c6 gia tri twong tu

cao nhét hodc gan giéng nhau nhét. Trong nghién ctru ndy, ngudng o

duoc chon dé phan cum theo ti€u chi ddm bao dac tinh Scale-free cta

mang va cic cip ban ghi trong mdi cum tring nhau & mirc 03 thudc
tinh, trong twong 50% s thudc tinh phan tich.
Béng 4. 1. Két qua thim tra gia tri twrong dong giita cac cap ban ghi

ID

Dong Tudi Gioi | Dia

Vi tri o
ho tinh | chi )
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607181 mai 41 1 42 C50.9
607207 mai 41 1 42 C50.9 1
121054649 | nguyen 39 1 24 C53.9
121058256 | nguyen 39 1 62 C53.9 0,5
679 mai 50 1 60 C50.9
0,41
1186516 nguyen 50 1 60 C50.9 4
679 mai 50 1 60 C50.9
0,33
656740 hoang 50 1 63 C50.9 3

Truong hop a = 0,333. Hai ban ghi trung nhau ¢ murc dit liéu 03
thoc tinh

Dua trén viéc khao sat cac gia tri « ctia cac cdp ban ghi trong Bang
4.2, ta chon ngudng bang 0,333. Noi cach khac, ching ta da giam sb
lugng cac cap c6 mirc do tuong ty Xuéng [0,333; 1] va thu dugc mot
mang G véi 23,308 nut va 144,749 canh. M6 hinh hoa bdi cong cu
phén tich mang Cytoscape, Hinh 3.7A.

A B
Hinh 3. 1. Mang cua tap dir liéu va thanh phﬁn lién thong cuc dai
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Sau khi mang dugc tao, luan an st dyng mdt thuat toan trong
Cytoscape dé tach ra thanh phin mang lién thong cuc dai voi 18,595
nut va 140,770 canh. Xem Hinh 4.3B. Thanh phan két ndi lién thong
cuc dai la cum dir liéu 16n nhat trong mang va cac dac diém cua vung
mang nay thuong dugc chon dé dai dién cho cac thudc tinh cua toan
mang. Cudi cung, thuat toan t8i wu hoa mo-dun da dugc ap dung dé
phat hién 49 mo-dun (cym) tir cac thanh phan mang lién thong cuc dai,
trong d6 cac cum chira cac ddi twong twong tw va mdi quy tic ung thu
c6 thé duogc trich xuat tir mi cum.

Téng hop théng tin tir cac cum ta thu dugc tri thire tir bd dir li€u
nhu sau:

- Nit ¢6 nguy co méc ung thu cao hon Nam. Mot sb loai ung thu
phd bién & nit nhu tuyén giap, vi, c6 tir cung va budng trimg nhu.

- Cac dong ho phd bién hon, dong nghia c6 sb ca méc cao hon.
Tuy nhién, ty 1€ ung thu theo dong ho khong cé su khac biét lon git
cac dong ho trén tong sb 100 trudng hop & mdi dong hoc duge chi
dinh sinh thiét khi thim kham. Két qua cho thdy dong ho Mai c6 ty 18
cao nhét (34,26%), trong khi ty 1 nay cua dong ho Truong va ho Ha
thap nhét (29,88%).

- Ty 18 méc bénh ung thu dién ra & moi ltra tudi, phd bién nhat 1a
sau 44 tudi.

- Tinh Di¢n Bién c6 ty 1€ mic bénh ung thu cao hon céc tinh khéac,
khoang 33,5-36%. Céc tinh khac & mirc 31-33% trén téng s6 100
ngudi duge chi dinh sinh thiét khi thim kham. Tinh c6 sé ca méic ung
thu cao nhat la Ha Noi.

- Ung thu C37,9 (than) c6 ty 1 cao nhét (41,57%). Tiép theo la
C48.0 (phtc mac) (38,23%), va C17,9 (rudt, dai trang, tryc trang)
(37,73%). Thap nhét 1a C54,9 (khéi u 4c tinh cd tir cung) (26,8%).
Nhin chung, cic loai ung thu dao dong trén 30% trén tong s6 100
ngudi bénh & mdi loai dugc chi dinh sinh thiét sau két qua thim kham
ban dau. Cac bénh ung thu pho bién & ca nam va nir bao gom ung thu
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tuyén giap, hach bach huyét, vom hong, thuc quan, da day, phé quan
va phdi. Phy nit ¢6 nguy c6 méc cao hon nam giéi & mot sb loai ung
thu nhu tuyén giap, hach bach huyét va vom hong. Nguoc lai, nam c6
ty 1€ mic cao hon nit & mot $6 bénh ung thu gém: thuc quan, da day,
phé quéan va phoi.

- Trong téng s& 190 loai ung thu duoc tim thiy trong bd di liéu,
16 loai ung thu phd bién da dugc phat hién, chiém 75% tong s6 bénh
ung thu dugc ghi nhan, gdm: ung thu vu, tr cung, budng trimg, gan,
da day, thyc quan, rudt, than, tuyén

KET LUAN

Lu4n 4n d3 tién hanh khao sat cac phuong phap xéac dinh gen giy
bénh, danh gia hiéu qua cua cic phuong phap tir d6 dé xuat phuong
phuong xéac dinh gen gdy bénh bang phuong phap mang lu6i. Ludn 4n
d3 tién hanh thyc nghiém trén cac bo dit liéu dé danh gia hiéu qua.

Luan an da thu duoc mot s6 két qua chinh nhu sau:

- Pé xuét thuat toan song song R-core dya trén vi€c cai tién thuat
toan K-core dé xac dinh gen chi thi ung thu tir cAc mang sinh hoc phan
tor quy mo lon.

- X4y dung phan phin mém x4c dinh gen chi thi ung thu tir mang
sinh hoc phén tir dé tich hop vao phan mém Cytoscape.

- Khai pha bo dit liéu xét nghiém moét bénh lién quan téi di truyén
1a bénh ung thu bang phuong phap mang ludi.

Huwéng nghién ciu tiép theo

Trong tuong lai c6 thé tiép tuc phat trién phin mém C-
Biomarker.net thém tinh ning visualize cic biomarker gen tim thiy
dugc trén mang ludi, dong thoi tién hanh phén tich core cia cac mang
sinh hoc c¢6 hudéng. Ngoai ra c6 thé tiép tuc thir nghiém trén mang dit
liéu 16n nhu mang tuong tac protein va mang dit li¢u cho cac bénh
khac.
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