Cac ky thudt toan hoc cho bai todn so sanh da trinh tw

TOM TAT LUAN VAN

So sanh da trinh ty(Multiple Sequence Alignment-MSA) 1a mét trong 10 bai toan lon
cua Sinh tin hoc(Bioinformatics). MSA déng vai tro quan trong trong Sinh tin hoc no6i chung
va hnh vue t1m klem gene (Gene Fmdlng) noi rleng MSA la mot bal toan NP, Va hoan toan
heuristic da dugc dua ra dé giai quyét bai toan khi tap dit liéu dau vao lén, cac phuong phap
nay huéng ti viéc tim 1 10i giai can toi wu v6i thoi gian tinh toan va bo nhd str dung chip
nhan dugc. Progress Algorithm 1a mot phuwong phép tdt tiép can theo phuong thic nay.

D¢ tai nay trinh bay mot giai thuat moi dua trén Progressive Algorithm. Str dyng 101
giai cua bai toan TSP dé mé ta qua trinh so sanh(align) cac sequence. DPé cung cip mot
Progressive Algorithm c6 chat luong, giai thuat ¢ tSi wu bai toan Pairwise Sequence
Alignment(PSA) vé do chinh xic va bd nhé sir dung thong qua giai thuat “chia dé tri” két
hop véi viéc st dung 3 ma tran danh gia BLOSUM. Thong qua qué trinh so sanh voi
CLUSTALW(mot chuong trinh  hién thuc Progressive Algorithm dugc danh gia 1a cho két
qua t6t nhat), dya trén két qua kiém thir véi tap dir lieu BAIIBASE benchmark va mot s6
ngudn dit lidu tir NCBI(National Center for Biotechnology Information), chuong trinh hién
thuc giai thuat da cung cap mot 10i giai c6 do chinh xac kha cao, tiét kiém b nhd va c6 thoi
gian tinh toan chap nhan duoc.

Tur khoa: Algorithm, Sequence Alignment, Multiple Sequence Alignment, MSA,
Pairwise Sequence Alignment, PSA, Progressive Algorithm, Dynamic Programming,
Traveling Salesman Problem, TSP, CLUSTALW, BLOSUM, BAIiBASE.
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Chwong1. GIOI THIEU

1.1. Gii thiéu

Cung voi su phat trién mang tinh dot pha cua Khoa hoc ky thuét, trong vai thap
ky qua, sinh hoc phan tir d3 c6 nhiéu budc phat trién manh m&, mot loat cic cong cu
mg dung sinh hoc ra doi gép phan thuc ddy qua trinh giai ma mot sd lugng 16n trinh
tur bd gen ¢ nhiéu loai sinh vat. Cho dén nay, nhiéu bd gen vi khuan va céc sinh vét
béac cao dd dugc giai md gan nhu hoan toan. Dy 4n vé b gen ngudi dugc thanh lap
(1997), va qua trinh giai trinh ty tit ca 24 cip nhiém sic thé cta bd gen ngudi cling da
hoan thanh tir cudi nam 2000, ciing nhu di giai duoc khoang 90% bd gen ngudi(2001).
Luong thong tin sinh hoc ngay cang tré nén phong phu va da dang. Dé c6 thé xur Iy va
tmg dung khéi luong théng tin dd sd nhu vay , nganh Sinh tin hoc(hay Bioinformatics)
ra doi, d6 1a su két hop giita cong nghé thong tin va sinh hoc, mot cach don gian sinh
tin hoc giai quyét cac van dé cua sinh hoc bang cach sir dung cac ki thuat cua khoa

hoc may tinh. Céac linh vyc 16n dang duogc Sinh tin hoc gidi quyét hi¢n nay:
= Genomic: nghién ctru cau trac va chirc nang cua gene.
=  Proteinomics: Phan tich mot ti 1€ 16n cac protein ctia mot sinh vat

* Pharmacogenomics: phat trién cac loai thuéc méi nham dén mot can bénh

xac dinh
=  MicroArray: nghién ctru vé DNA chip, protein chip.

Muc tiéu hang dau cta sinh tin hoc gin lién véi qua trinh phén tich cc thong tin

sinh hoc. Diéu nay dugc thé hién qua cac nghién ctu veé:
* Tim ki€m céc gene trén cac trinh tu DNA ¢ cac sinh vat khac nhau.

= Phat trién cac phuong phap nhim du doan céc trinh ty RNA, cdu trac va

churic nang cua céc protein mdi duogc phat hi¢n.
= Tap hop céc trinh tu c6 su twong déng cao dé dwa ra mo hinh protein.

= So sanh céc trinh tu protein tuong dong va thanh 1ap ciy pha hé mé ta moi

quan h¢ tién hoa
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Trong linh vuc nghién ctru phan tich cau trac va chirc ning ctia gene va protein,
phan tich trinh tw(chudi DNA, protein) dong vai tro quan trong. Dé don gian cho viéc
nghién ctru, trinh ty DNA, protein s¢ dugc tuan tu hoa va nghién ctru dudi dang chudi
cac ky tu. Thong thuong khi mot gene duge phat hién, mot trong nhitng yéu cdu quan
trong 14 1am thé nao xac dinh dugc chirc ning cia gene nay, yéu cau tuong tu ciing
dugc dat ra khi phét hién ra protein méi. Mot phuong phap tiép can phd bién do6 1a
chung ta s& so sanh, danh gia sy gidng nhau(twong déng) cua chudi DNA, protein nay
v6i nhitng chudi DNA, protein da biét, tir d6 ¢ thé dua ra du doan vé chirc nang cling
nhu cdu trac clia nhimg gene mdi phat hién(Sequence Alignment). Qua trinh tién hoa
ctia loai nguoi 1a mot qua trinh bién d6i da dang, tir mot gene(chudi DNA) t6 tién dudi
tac dong cua qua trinh tién hoa da bién d6i tao nén nhirmg khac biét so v6i gene gbc
ban dau. Do d6 viéc nhan dinh su giéng nhau cua cic doan gene, trinh ty 12 mot van dé
16n cua sinh tin hoc. Van dé dugc dit ra (trong phan tich trinh ty) d6 1a 1am thé nao dé
c6 dugc phép so sanh tdt cho céac trinh ty DNA, khi ma sé luong té bao trong co thé 1a
khoang 10" va mdi té bao mang khoang 3.10° ky tu trong doan DNA cua ching. Bai
toan so sanh 2 trinh ty(Pairwise Sequence Alignment-PSA) da duoc giai quyét tron
ven bang nhiéu phwong phap khic nhau, dong thoi véi viée giai quyét bai toan nay,
xuét hién nhu cdu vé viéc so sanh nhiéu trinh ty, dé so sanh nhiéu doan gene hodc tim
ra mot phan tir dai dién cho mét tip cac gene nham dap (mg nhu cau ngdy cang 16n cia
viéc tim kiém dyu doan ciu tric cta cac gene, protein, khi kho dir liéu sinh hoc duoc
tap hop ngay cang 1on. Bai todn so sanh nhiéu trinh ty dugc dat ra nhu van dé tat yéu.
Khong nhu bai toan so sanh 2 trinh tu, bai toan so sanh nhiéu trinh ty(Multiple
Sequence Alignment-MSA) 13 mot bai toan NP md, cho dén hién tai (2007) van chua
c6 mot giai phap nao co thé cung cip mot 1oi giai tron ven cho bai toan, cac 1oi giai
thudng tip trung vao viée tim ra phép so sanh “gan” tot nhat, va mdi phuong phap tiép
can sé& chi cho nhimg 15i giai thyc sy tbt tiy ting yéu cau tiép can va bai toan cu thé.
Progressive Algorithm 1a mot hudng giai quyét tot cho bai toan so sanh nhiéu trinh ty.
Pay 1a phuwong phap két hop Qui hoach dong(Dynamic Programming) véi heuristic.
Phuong phap ndy sé& tang toc do tinh todn, giam do phuc tap cua giai thuat, c6 thé ap
dung cho cac co sé dir liéu gene 16n, phuc vu cho céc du an giai ma gene cia cac sinh

vat bac cao.
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Tu khi dugc gigi thiéu cho dén hién nay, bai toan MSA da va van dang 1a mot
thach thtrc cho cac nha khoa hoc. Nghién ctru va tim ra mot giai phap cho bai toan van

1a dong lyc thuc day nhiéu cong trinh khoa hoc vé bai toan nay.

Xuat phat tir nhitng dic diém cua bai toan MSA dé tai nay cd ging tap trung vao

giai quyet mot s van dé sau:

= Khao sat tong quat cac dic diém cia bai toan MSA, cac phuong phap giai

quyét bai toan.

= Nghién ciu vé phuong phap dynamic programming, dynamic

programming két hop véi heuristic, Progressive Algorithm.

= Pé xuat mot phuong phap giai quyét bai toan dya trén Progressive

Algorithm.

= Xay dyng chuong trinh hién thyuc giai thuat duoc dé xuat va kiém thir trén
tap dir liéu thuc té duoc léy tr t6 chic NCBI(National Center for
Biotechnology Information), va BAIiBASE benchmark.

Véi nhirng muyc tiéu ndy dé tai da thu duoc mot s6 két qua:
= Cung cép cai nhin tong quan nhét vé so sanh trinh tir n6i chung va bai toan
MSA nbi riéng.
= Phan loai cac phuong phap giai quyét bai toan MSA, phén tich cic wu

diém va nhuogc diém cia timg phuong phap.

= Xay dung giai thuat giai quyét bai toan MSA dua trén viéc cai thién, toi
ru hoa bai toan PSA vé do chinh x4c ciing nhu bd nh¢ sir dung, thong
qua viéc st dung 3 ma tran danh gia BLOSUM, tu két qua nay cua bai
toan PSA sir dung Progressive Algorithm két hop véi 101 giai cua bai toan
TSP dé thuc hién qué trinh so sanh nhiéu trinh ty, tim ra 10 giai can tbi
uu.

* Xay dung thanh cong chuong trinh hién thuc giai thuat, cho phép tim 161
giai cho bai toan MSA véi d9 chinh x4c kha cao dua trén két qua kiém thir

trén cac mau dit liéu thuc té BAliBase benchmark va NCBL Chuong trinh
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cho phép tiét kiém bo nhd sir dung, cling nhu thoi gian tinh todn chip

nhan duoc.

1.2. Két cau cta luan van

Luan vin bao gdm 6 chuong.
Chuong 1. GIOI THIEU

Chuong ndy trinh bay vé bdi canh, muc tiéu ciing nhu két qua thu duoc cia luan

van.
Chuwong 2. TONG QUAN VE KHAI NIEM SO SANH TRINH TU

Chuong nay trinh bay tong quat vé khai niém so sanh trinh ty, bai toan PSA,
MSA, cac phuong phap danh gia chét luong ctia MSA, cac phwong phép giai quyét bai
toan MSA.

Chuwong 3. CO SO LY THUYET VA PHUONG PHAP THUC HIEN

Chuong nay gidi thiéu chung vé phwong phap quy hoach dong(dynamic
programming). Gi6i thiéu vé phuong phap quy hoach dong giai quyét bai toan PSA,
giai thuat tinh gia tri PSA cai tién vé mat bo nhd sir dung. Phan tiép theo cua chuong
nay trinh bay vé cach tiép can bai toan MSA hudng dén bai toan chinh xac hoan toan
bang quy hoach dong thuan tuy, nhimg khé khan khi tiép cin theo phwong phap nay,
gidi thiéu mot cach giai quyét bai toan MSA theo huéng gan dung dya trén k§y thuat
quy hoach dong két hop heuristic: Center Star Algorithm . Phan cubi chuong nay trinh
bay vé 3 diém chinh, bao gdm gidi thiéu Progressive Algorithm tong quat, Progressive
Algorithm pho bién nhat, giai thuat Feng-Doolittle(Feng-Doolittle Algorithm) va mot

s6 chuong trinh hién thue Progressive Algorithm trong thuc té.

Chwong 4. THIET KE GIAI THUAT VA HIEN THUC PHUONG PHAP
GIAI QUYET BAI TOAN MSA

Pay 1a chuong dai nhat va ciing 1a chuong gi6i thiéu nhimng giai phap méi caa dé
tai. Chuong ndy trinh by vé cach tiép can cua luan van dé xay dung giai thuat giai
quyét bai toan MSA. Pau chuong gi6i thiéu vé giai thuat toi vu hoa tim 1oi giai bai

toan PSA dua trén viéc s dung két hop giai thuat tinh gia tri PSA trinh bay ¢ chuong

Pham Manh Hung Trang 4



Cac ky thudt toan hoc cho bai todn so sanh da trinh tw

3 va k¥ thuat chia dé tri dé tim 1oi giai cho bai toan PSA. Phan niy gi6i thiéu thém
viée str dung song song 3 ma trin BLOSUM lam ham dénh gia dé cai tién do chinh
xéc, phit hop voi thuc té 101 giai cua bai toan PSA. Tiép theo chuong nay dua ra mot
giai phap moi giai quyét bai toan MSA bang cach két hop st dung giai thuat cho bai
toan PSA vira thu dugc, va giai thuat Feng-Doolittle dé mo ta cach thuc align cac
nhoém chudi trinh tu(sequence) voi nhau. Str dung két qua bai toan TSP dé tim ra thir
tu align cac nhom sequence , lya chon diém bat dau thyuc hién qua trinh align cac
sequence thong qua cach thirc chon diém trung tim ctia Center Star Algorithm. Sau
nita, chuong ndy s& trinh bay 1 cai tién cua giai thuat méi vira néu, nham ning cao
chét lugng cia MSA bang k¥ thuat gom nhém theo khoang cach ngin nhét dya trén
thr ty align thu duoc tir bai toan TSP. Géan cubi chuong s& gi6i thiéu vé phuong phap
gidi quyét bai toan TSP bang giai thuat di truyén(Genetic Algorithm-GA), va cudi

cung sé& gi6i thiéu vé cac module ctia chuong trinh hién thuc giai thut vira néu.
Chuwong 5. KET QUA, NHAN XET
Chuong nay giéi thiéu vé két qua cua chuong trinh hién thuc. Panh gia két qua
nay, so sanh voi mot sd chuong trinh giai quyét bai toan MSA.
Chuong 6. KET LUAN

Chuong nay dé cap lai nhitng viéc da thuc hién dugc cua dé tai. Néu lén hudng

mo rong va phat trién tiép theo cho dé tai.
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