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Loi cam doan

Tbi cam doan day 1a cong trinh nghién ctru do toi thuc hién dudi su hudng dan cua
PGS.TS. Lé Sy Vinh tai b mén Khoa hoc May tinh, Khoa Cong ngh¢ Thong tin,
Truong Pai hoc Cong nghé, Pai hoc Quéc gia Ha Noi. Trur nhitng phﬁn ndi dung da
dugce chi 3, cac s6 lidu két qua trinh bay trong luan an la trung thuc va chua dugc
cong b bai bit ky tac gia nao hay & bat ky cong trinh nao khac.

Tac gia.
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Loi cam on

Trudc tién, toi xin giri 161 cam on sdu sic téi PGS. TS. Lé S§ Vinh, nguoi da tan tinh
huéng dan, chi bao, dong vién va cho t6i co hoi duge ddi mat véi rat nhiéu kho khin
trong qua trinh nghién ciru. Cam on Thay d4 nghiém khac nhac nhg, phé binh dé em
lam viéc nghiém tac va tién 1én phia trude.

T6i xin chan thanh cam on thay Ping Cao Cudng va c6 Hoang Thi Piép da gitp d&
t61 lam quen v6i linh vuc nghién ctru va dua ra nhitng nhan xét dang gia, giap ich cho

toi rat nhiéu trong qua trinh nghién ctru.

T6i xin chan thanh cam on céc thiy c6 gido khoa Cong nghé Thong tin, truong Pai
hoc Cong nghé, Pai hoc Quéc gia Ha N¢i, dac bié¢t 1a cac thﬁy co trong bd moén Khoa
hoc May tinh va by mon Khoa hoc va Ky thuat tinh toan da tan tinh dao tao, cung cép
cho t6i nhiing kién thirc v6 cting quy gia; da tao didu kién cho t6i vé moi truong lam
viéc trong qua trinh hoc tap, nghién ctru tai Truong.

Bén canh do, t6i xin chan thanh cam on cac ddng nghiép trong Vién Toan Gng dung
va Tin hoc, Pai hoc Bach Khoa Ha Noi d3 tao diéu kién vé thoi gian va nhiém vu cho
t6i trong sudt qua trinh 1am nghién ctru sinh.

Cubi cung, t61 xin gui 101 cdm on sau sdc toi gia dinh va ban be, dic biét 1a chéng to1
Vii Ngoc Hiéu, nhitng nguoi da cho toi diém tua virng chic dé toi co thé dat dugc két

qua nhu ngay hom nay.
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Tém tit

Sy xuat hién caa dir liéu di truyén va cac loai dit liéu sinh hoc khéac d3 gitip xdy dung
cay phan loai chinh xac hon so viéc chi sir dung thong tin hinh thai, tuy nhién viéc
phan tich cac tap dir liu 16n va phic tap doi héi cac cong cy, thuat toan tinh toan
hiéu qua va dic biét 1a cin mé hinh biéu dién dit liéu phu hop.

Luan 4n tap trung nghién ctru t6i wu md hinh tién hoa theo hai hudéng: xay dung mo
hinh thay thé axit amin cho vi rat Flavivirus tir dit liéu hé gen va xay dung thuét toan
phan hoach tap vi tri dé biéu din tinh khong dong nhit vé tc do tién hoa giira cac vi

tri trén hé gen.

M6 hinh thay thé axit amin FLAVI duoc ude lugng trén b dir licu gém ba vi rut
Dengue, West Nile va Zika, 1a nhitng vi rat gay ra dich bénh nghiém trong thoi gian
gan day. Mo hinh cho két qua tot hon cac mé hinh hién c6 khi sir dung cho dir liéu vi

rut thuoc chi Flavivirus.

Dé mo hinh héa tinh khong dong nhét vé tdc do tién hoa giira cac vi tri trén hé gen,
luan 4n dé xuét hai thuat toan phan hoach sip hang la mPartition va gPartition. Vi
mot sép hang dau vao, cac thuit toan tinh toan dic trung cua tung vi tri (téc do tién
héa va mé hinh thay thé phu hop nhat) dé gom nhitng vi tri ¢6 qua trinh tién hoa

twong dong vao cung mot nhom.

Két qua thuc nghiém cho théy ca hai thuan toan déu t6t hon thuét toan phan hoach
hién c6 chi st dung tdc d6 tién hoa. mParition cho két qua tt va co thé st dung cho
dir liéu trinh ty bat ky, bao gdm ca DNA hoic protein; tuy nhién thuat toan chua ap
dung dugc cho dir liéu 16n ¢& hé gen. Thuat toan gPartition co thé phan hoach sép
hang c& hé gen trong thdi gian ngin. St dung luge d6 phan ving tao béi cac thuat
toan giup biéu dién chinh xac hon qua trinh tién hoa trong dit liéu, qua d6 nang cao

tinh ding d4n cta cdy phan loai cuc dai kha ning xay dung dugc.
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Mé dau
1.  Ditvan dé

Hoc thuyét Tién hoa ctia Darwin ra doi nghién ctru vé mdi quan hé tién hoa (phat sinh
loi) gifta céc loai sinh vat. Cau hoi dit ra 1a 1am sao xac dinh mdi quan hé nay hay
noi cach khac 1a xac dinh cay phan loai (hay con goi la cdy phan loai) trén mdt nhom
loai cho trude. Dé xay dung cdy phan loai, hdu hét cac phuong phap tin sinh hoc déu
st dung mot hoac mot vai mo hinh tién hoa dé tinh khoang cach tién hoa di truyén
giita cac trinh ty, hodc tinh gia tri hop 1y cua cdy thong qua cac mé hinh x4c suét. Do
qua trinh tién hoa ctia mdi loai sinh vat ¢6 thé c6 nhiéu dic diém riéng, viéc lya chon
cac mo hinh tién hoa phu hop véi dit liéu 1a mot trong nhimg yéu t6 c6 tac dong 1on
téi d chinh xéc cua két qua. Nhiéu nghién ctru da chi ra réng viéc luya chon mo hinh
tién hoa khong phu hop co thé gy sai 1éch 16n téi cAy phan loai ma ching ta xay

dung.

Ngay nay, nhd c6 cong nghé giai trinh tu thé hé méi, hang triéu doan ADN c6 thé
duoc giai md dong thoi khién cho sb luong trinh tw duoc gidi ma ting 1én khong
ngung, cac bd dit liéu kich thudc 16n dén rat 16n tro nén phé bién. Kich thudce dit lidu
tang 1én kéo theo mot s thay ddi trong cach chon lwa mé hinh tién hoa sir dung dé
xay dung cay phan loai. Trudc dy cac nha khoa hoc thuong sir dung mot trong s6 it
cac mo hinh tién hoa sén c6; cac mo hinh nay c6 nhiéu rang budc trén cac tham sb
hon va khong hoan toan phu hop dé biéu dién qua trinh tién hoa caa cac bo dit liéu
16n. Hién tai, c6 nhiéu mé hinh tién héa méi duge dé xuit, cac md hinh nay c6 kha
ning biéu dién tot hon qua trinh tién hoa cua cac nhom dit liéu co tinh chuyén biét.
Bén canh d6, do kha nang tinh toan ctia cac loai may tinh tang 1én, cac cach tiép can
nhu sir dung mé hinh da ma tran hoic luoc d6 phan ving ciing gitip viéc tinh toan gia
trj kha nang duoc chinh xac hon. Téi vu cic mé hinh nay gbp phan ting d6 chinh xac

cho két qua cua bai toan xay dung cdy phén loai.
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2.  Dong luwc nghién ciru

Muyc dich, pham vi, phuong phdp nghién ctru

2.1 Muc dich nghién ciru

Muc dich nghién ctru cua luan an 1a tra 161 cau héi chung:

1. Biéu dién qua trinh tién hoa trén dir liéu lon nhw thé nao dé nang cao tinh

diing dén cua cdy phan lodi xdy dung dwoc?
Cu thé, cac nghién ctru dugce tién hanh theo hai huéng twong tmg voi cac cau hoi:

2. Cdc mé hinh tién héa chung co phu hop deé sir dung cho bo dir liéu cua mot

lodi cu thé khéng?

3. Chi su dung mot mo hinh tien héa cho toan bé dit liéu cé cho két quad 1ot

khong? Pac biét la voi nhitng bo dir lieu co kich thuoce lon ?
2.2 Ddi twong nghién ciru
Dt liéu sinh hoc phan tir kich thudce 16n, gém dir liéu trinh ty DNA va trinh tu protein.
2.3Pham vi nghién ctiru

Viéc lwa chon mé hinh tién hoa dé tinh gia tri kha ning cho cac cdy ung vién déng
vai trd quan trong trong qua trinh xay dung cdy phan loai bang phwong phap cuc dai
kha nang - mot trong nhirng phuong phap xay dung cay phan loai dugc st dung rong
rdi nhat. Luan 4n tap trung vao t6i wu cach biéu dién tri thirc vé qua trinh tién héa va
xir 1y tinh khong dong nhét trong qua trinh tién hoa cua dit liéu; cac dé xuat duoc dua

ra dudi gia thiét 1a mo hinh c6 tinh thuan nghich vé thoi gian.
2.4 Phwong phap nghién ciru
Luén 4n sir dung phuong phap nghién ctru tai li¢u va lam thuc nghiém:

- NCS thyc hién nghién ctru tong quan 1y thuyét va thu thap dit lidu c6 lién quan t&i ndi

dung nghién ctru da dugc cac nhom nghién ctru khac cong bo
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3.

Dé xuit cac phuong phap méi dé tra 16 cho ciu hoi nghién ciru va lam thue nghiém

trén dit liéu da thu thap.

Phan tich két qua thuc nghiém va thay d6i mé hinh theo huéng t6i uu nhat.

DPong gop chinh cia luan an

Luan an d dat dugc mot sd két qua chinh va dong gop nhu sau :

4.

1. Luan an d¢ xuit mot sé mo hinh thay thé axit amin cho virGt trong chi

Flavivirus va thuc hién phan tich, danh gia tinh hiéu qua cua mé hinh khi xay
dung cdy phan loai so v6i cac md hinh san co.

Céc két qua nay duoc cong bd trong cong trinh [CT1] va [CT4].

. Dé xuit mot sb thuat toan dé phan hoach tap vi tri cho mot b dir liéu cho

trudce. Moi tap con ciia phan hoach thé hién mot nhom vi tri ¢6 qua trinh tién
hoa tuong dong trén hé gene va c6 thé dudc gdn mot mo hinh tién hoa khac
nhau do vdy qua trinh tién hoa dugc biéu dan gan véi thyc té hon.

Céc két qua nay dugc cong bd trong cong trinh [CT2], [CT3], [CT5] va [CT7]

. D¢ xuat mot cach tinh nhanh toc do bién doi twong doi gitra cac vi tri trong

sap hang.
Két qua nay dugc cong bd trong cong trinh [CT6]

B0 cuc ctia luan an

Ngoai phan M¢ dau va Két luan, luan an gom 4 chuong, dugc to6 chirc nhu sau:

Chuwong 1 gi6i thiéu cac khai niém co ban (bao gdm cac loai trinh ty; mé hinh thay

thé, sip hang da trinh ty tuong dong va cay phan loai) va mot s6 kién thirc nén tang

quan trong nhu qua trinh xay dung ciy phan loai bang phwong phap cuc dai kha ning

va hai bai todn li€n quan téi mo hinh héa qua trinh tién hoéa trén dit li€u trinh tu — cu

thé 1a bai toan x4c dinh mo hinh thay thé va bai toan biéu dién tinh khong ddng nhat

vé bién doi tai cac vi tri khac nhau trén hé gen. Churong 1 ciing gidi thiéu cac phuong

phéap déanh gia va so sanh cac mo hinh thuong dung.
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Chuong 2 trinh bay qua trinh u6c luong mé hinh thay thé axit amin FLAVI cho chi
Flavivirus va céac thuc nghiém da thuc hién dé so sanh mo hinh FLAVI v6i cic md
hinh hién c6, theo két qua thyc nghiém, FLAVI giup xay dung cdy t6t hon, phit hop

dé phan tich dr li€u trinh tu cac virtt thudc chi Flavivirus.

Chuong 3 trinh bay thuat toan phan hoach sip hang mPartition. Thuat toan ty dong
phan loai tap cac vi tri trong mot sap hang thanh luge dd phan ving; mdi phan ving
trong luge d6 chira cac vi tri c6 mo hinh tién hoa twong dong trong khi cac phan ving
khéac nhau c6 thé tuan theo cac mé hinh tién hoa khac nhau. mPartition thuc hién lap
di 1ap lai viéc chia nho tap vi tri ban dAu thanh ba tap con cho dén khi viéc phan chia
khéng thu duogc luoc 6 méi tét hon. Thyc nghiém cho thiy phuwong phéap nay co thé
ap dung cho ca hai loai dit liéu DNA, protein va cho két qua t6t hon cac phuong da

dé xuat.

Chuwong 5 trinh bay thuit toan gPartition phan hoach nhanh sip hang c¢& hé gen.
gPartition sir dung thuat toan fastTIGER dé woc lvong nhanh tbc d6 bién ddi tai mdi
vi tri ctia sdp hang. Thuat toan c6 thé chay trén cac sip hang c6 d6 dai 1én dén hang
triéu vi tri trong thoi gian chap nhan duogc (dudi 24 gio dbi voi cac bo dir lidu da thir
nghiém). gPartition str dung két hop ca tc do bién d6i tai mdi vi tri va mo hinh thay
thé gitip giai quyét dugc van dé con ton tai cta cac thuat toan chi sir dung téc d6 bién

doi.
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Chuong 1: Co s& ly thuyét

Chuong 1 trinh bay cac kién thirc nén tang cta luan 4an. Phan dau chuong gidi thidu
cac dbi twong nghién ciru co ban trong linh vuc tin sinh hoc nhu trinh tir trong dong,
sdp hang da trinh ty trong ddng, mé hinh tién hoéa va ciy phan loai; phan tiép theo
gidi thiéu so lugc vé cac phuong phap xdy dung cdy phan loai, va trinh bay cu thé
hon vé phuong phap cuc dai kha niang. Phan sau cta chuong tp trung vao cac bai
toan lién quan t6i cac mo hinh biéu dién qua trinh tién héa trong sap hang. Cudi cling
la cac phuong phéap danh gid va so sdnh cac mo hinh khac nhau dua trén danh gia cay

phan loai tuong ung.

1.1 Cac khai niém co ban
1.1.1 Théng tin di truyén

Ngay nay, cting v&i su phat trién ciia cong nghé giai trinh tu; luong dir liéu sinh hoc
phan tir khong 16 thu thap duoc trong phong thi nghiém 1a diéu kién thuan loi dé cac
nha khoa hoc nghién ctru sy thay d6i cua thong tin di truyén va nhirng anh hudng cia
n6 t6i qua trinh tién hoa.

Thong thuong, thong tin di truyén dugce luu trong vat lidu di truyén DNA (Axit
Deoxyribo Nucleic); d6i voi mot sb vi rat, thong tin ndy duge luu trong RNA (Axit
Ribo Nucleic) [1]. Cac thong tin DNA nay trai qua qué trinh phién ma va dich ma dé
tong hop protein. Ngoai cac doan chira thong tin ma hoa protein, nhirng doan con lai

go1 la DNA khong ma hoa protein.

Phén tir DNA ¢6 cu triac dang chudi xoan kép, bao gdm hai chudi polynucleotit xoin
quanh mét tryc theo chiéu tir trai sang phai. Mdi chudi polynucleotit duoc tao boi bon

loai nucleotit. Mdi nucleotit gdm ba thanh phan 1a duong, nhom phdt phat va bazo
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nito, trong d6 bazo nito ciia cac nucleotit khac nhau va quyét dinh tén goi cua

nucleotit trong ing - A-adénin, T-timin, C-xit6zin va G-guanin).

RNA c6 dang mot chudi polynucleotit don tao boi bon loai bazo nito (A-adenine, T-
thymine (U- uracil trong RNA), C-cytosine va G-guanine) trong d6 A, G co6 kich
thudc 16n hon T, C. Tuong tu trong phéan tir DNA, nucleotit trong RNA gém ba thanh
phan: mdt bazo nito, mot nhém duong (phan tir dudng cau tao RNA it hon 1 6xi so
v6i DNA) va mot nhom phdtphat. Trong RNA cac bazo ndi v6i nhau tao thanh xwong
song cua chudi boi lién két cong hoa tri giita axit photphoric ciia nucleotit nay véi
nhém duong cia nucleotit tiép theo. Hai chudi dugc nbi véi nhau boi cac lién két
hydro gitta cap bazo nitric dung ddi dién nhau theo nguyén tic bd sung, cu thé, cap

A, T lién két bang hai lién két hydro va cip G, X lién két bang ba lién két hydro.

Cac doan trinh tu protein 1a mot chudi cac phan tir don, mdi phan tir 1a mot axit amin.
Mot doan protein c6 thé c6 d6 dai 1én t6i hang nghin axit amin [2]. C6 20 axit amin,
cac axit amin nay duoc viét tat boi mot trong hai cach — cach st dung mdt chir cai va
cach su dung ba chir cai (Bang 1. 1). Ky hiéu mot chir cai luén dugc dung khi phan
tich trinh ty axit amin; khi d6 mdi trinh tu 1a mot chudi ky tw, mdi ky tu 1a mot trong

20 ky tu twong trng véi cac axit amin da dinh nghia.

Qua trinh tong hop protein bit ddu bang qua trinh phién ma, sao chép cac thong tin
duoc luu trong DNA sang RNA thong tin (mRNA). M3 di truyén trong mRNA qua
qua trinh dich ma s& duoc chuyén thanh trinh ty axit amin theo quy tic mi hoa b ba.
Nghia 1a, mdi b ba nucleotit lién nhau trén RNA tao thanh mdt codon, tuong ung
v&i mot axit amin. Vi bon loai nucleotit, c6 64 codon khac nhau. Trong sb do, codon
bat dau danh dau vi tri bat ddu dich ma dau tién trén mRNA thuong 1a AUG (starting
codon, AUG la codon ma hoa cho axit amin Methionine). Cac by ba nucleotit lién
tiép tiép theo s& dugc doc dén khi gip codon két thic (UAA, UAG hodc UGA) danh
diu diém két thac dich ma. 61 codon con lai xac dinh 20 axit amin, mt axit amin co

thé duoc ma hoa bai nhidu hon mot codon khac nhau (Bang 1. 2).
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Bang 1. 1 Tén, viét tit 3 ky tu va viét tat 1 ky tu cia 20 axit amin

STT | Tén axit amin Tén viét tat (3 ky tw) | Tén viét tit (1 ky tw)
1 Alanine Ala A
2 Arginine Arg R
3 Asparagine Asn N
4 Aspartic Asp D
5 Cysteine Cys C
6 Glutamine Gln Q
7 Glutamic Glu E
8 Glycine Gly G
9 Histidine His H
10 Isoleucine Ile I
11 Leucine Leu L
12 Lysine Lys K
13 Methionine Met M
14 Phenylalanine Phe F
15 Proline Pro P
16 Serine Ser S
17 Threonine Thr T
18 Tryptophan Trp W
19 Tyrosine Tyr Y

20 Valine Val \Y
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Béang 1. 2 Danh sach 64 codon va axit amin tuong ing

U C A G

Axit Axit Axit Axit
Codon . |Codon . Codon . Codon .
amin amin amin amin

UUU | Phe UCU | Ser UAU | Tyr UGU | Cys

UUC | Phe UCC | Ser UAC | Tyr UGC | Cys

UUA |Leu | UCA |Ser | UAA |Ding | UGA | Dimg

UUG | Leu UCG | Ser UAG |Dung | UGG | Trp

CUU | Leu CCU | Pro CAU | His CGU | Arg

CUC | Leu CCC | Pro CAC |His CGC | Arg

CUA | Leu CCA | Pro CAA | GIn CGA | Arg

CUG | Leu CCG | Pro CAG | GIn CGG | Arg

AUT |lle ACU | Thr AAU | Asn AGU | Ser
AUC |1le ACC | Thr AAC | Asn AGC | Ser
AUA |Ile ACA | Thr AAA | Lys AGA | Arg

AUG | Met ACG | Thr AAG | Lys AGG | Arg

GUU | Val GCU | Ala GAU | Asp GGU | Gly

GUC | Val GCC | Ala GAC | Asp GGC | Gly

GUA | Val GCA | Ala GAA | Glu GGA | Gly

GUG | Val GCG | Ala GAG | Glu GGG | Gly

21




1.1.2  Cac bién déi di truyén

Trong qua trinh tién héa, viéc sao chép thong tin di truyén co thé xay ra 15i dan dén

bién doi trong thong tin di truyén. Ba phép bién ddi co ban 1a [2]:

- Bién ddi chén (insertion): khi mdt nucleotit dugc chén thém vao trinh tu nucleotit
khién thong tin bi sai Iéch so vdi thong tin ban dau. Do dai cua trinh ty méi tang
mot so véi trinh tu ban dau.

- Bién ddi xoa (deletion): khi mot nucleotit bi x6a khoi trinh tu nucleotit, khi d6 do
dai cuia trinh ty méi gidam mot so voi trinh tu ban dau.

- Bién dbi thay thé/ bién d6i diém (substition): khi mot nucleotit trén trinh tu b thay
thé béng mot nucleotit khac. B¢ dai cta trinh tu khong thay doi; viée thay thé mot
nucleotit c6 thé 1am thay ddi axit amin hoic khong thay dbi axit amin do mot axit
amin co6 thé twong tmg voi nhiéu codon khac nhau. Dbi véi dot bién thay thé,
ngudi ta chia lam hai loai: d6t bién ddng hoan néu bazo nito ciing nhém (purin —
A va G hoac pirimidin — T va C) thay thé cho nhau, va dot bién di hoan néu nguoc

lai.

Céc bién ddi chén hodc xo6a nucleotit duge goi 1a bién d6i dich khung do 1am 1éch
khung doc trinh ti nucleotit so v6i ban dau. Trong khi bién d6i thay thé khong 1am
dich khung ma chi thay d6i mot bo ba chira nucleotit b thay doi, viéc nay c6 thé dan
t6i su thay doi axit amin (néu bd ba méi va bo ba cii ma hoa hai axit amin khac nhau)
hoic khong thay dbi axit amin (néu bd ba méi va bd ba cii cung ma hoa mot axit

amin).

Hai nucleotit/axit amin cung tién hoa tir mot nucleotit/axit amin td tién duoc goi la
hai nucleotit/axit amin tuong dong. Twong ty, hai trinh ty DNA (va trinh tyr axit amin
tuong (mg) c6 chung t6 tién dugc goi 1a hai trinh ty twong ddng. Vi du, trong Bang
1. 3 Vi du vé cac phép bién dbi trén hai trinh tu trong ddng, thé hién cac nucleotit
trén hai trinh tu trong dong c6 tén ky hiéu 1a ADVST va BDSAT; phép bién ddi thay
thé da x4y ra tai cOt 6, va 12. Trong d6 thay thé tai cot 6 khong lam thay ddi trinh tu
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Bang 1. 3 Vi du vé cac phép bién ddi trén hai trinh ty twong dong
1 2 3 4 5 6 7 8 9 10 11 12

ADVST| A U G C A U G C c U G U
BDSAT| A U G C A C G - - u G C

axit amin twong ng con 12 c6 lam thay doi; tai cot 8 va 9 dd xay ra phép xo6a hoic

phép chen.

Céc trinh ty & cac sinh vat c6 quan hé gin nhau thudng c6 ciu triic va chirc ning gan
gidng nhau [2]. Su thay doi thong tin di truyén trong qua trinh tién hoa thé hién qua
nhing diém khac biét khi so sanh trinh tu twong dong, trong ing véi n6 1a su thay
d6i vé thu tu, cau trac va chirc ning clia cac protein tuong (g ciia cac sinh vat dang
ton tai. Khi khac biét giita cac trinh ty cang 16n cang c6 kha ning cao rang cac sinh
vat twong Gmg c6 quan hé ho hang cach xa nhau. Tuy nhién, néu chi dua trén dit liéu

trinh ty, ta c6 thé quan sat dugc khong qua mdot bién d6i tai mdi vi tri tuong déng.

Trong thuc té, vi tri d6 c6 thé da trai qua nhiéu bién d6i phirc tap nhu da bién ddi
(nhiéu bién d6i d3 xay ra tai mot vi tri), bién d6i song song (tir td tién chung xay ra
hai bién d6i giéng hét nhau nén ta khong thiy su khac biét trén hai trinh tu quan sat
duoc) hoac bién d6i nguoc (tai mot vi tri, nucleotit/axitt amin quan sat dugc la giéng
nhau nhung thyc té da c6 nhiéu phép bién doi xay ra vdi nucleotit/axitt amin cudi
cung gidng nucleotit/axitt amin ban dau. Do vay, viéc phan tich sy khac biét giira cac
trinh ty chi bang so sanh gia tri tai cac vi tri trong dong khong thé danh gia chinh xac
qua trinh bién ddi gita hai trinh ty. Dé biéu dién qua trinh nay ta can st dung mod
hinh x4c suat ngu nhién dé mé phong qua trinh bién d6i giira cac nucleotit/axit amin.
1.1.3 MBS hinh thay thé nucleotit/axit amin

MBS hinh thay thé nucleotit/axit amin mé ta qua trinh tién hoa, cu thé 1a biéu dién
thong tin vé& qua trinh bién ddi giira cac nucleotit/axit amin cta nhing loai trong bd
dir liéu dugc xét. Xét qua trinh bién doi gitra cac nucleotit/axit amin tai mot vi tri trén
tap trinh tw. Qua trinh bién d6i ndy 13 mot qua trinh ngiu nhién va lién tuc theo thoi

gian voi tap trang thai 1a bon nucleotit hodc 20 axit amin tuong tng. Qua trinh bién

23



ddi ¢ thé duge mo hinh hoa béi mot md hinh Markov [2] biéu dién béi mot ma tran
dé x4c dinh tdc d6 bién ddi gitra cac trang thai cta cac vi tri trén tap trinh tu. Mo hinh

Markov thoa man cac tinh chat sau:

- Déc ldp véi qua khir (memoryless): toc 46 bién doi tir trang thai i sang trang thai
j 1la ddc lap véi céc trang thai trude do cua i.

- Lién tuc (continuous): Qué trinh bién ddi gitta cac trang thai xay ra lién tuc tai bat
ctr thoi diém nao trong qua trinh tién hoa.

- On dinh (stationary): Tan s6 ciia mdi nucleotit/axit amin & trang thai cin bang,
khong thay doi trong sudt qua trinh tién héa.

Mai vi tri trén mot trinh tu duoc coi 1a mot bién ngau nhién n trang thai tuy thudc

vao loai dir li€u (tuc la n = 4 trong truong hop dir licu DNA va n = 20 trong trudng

hop dit liéu protein). Khi d6, ma tran x4c suit chuyén P(t) = {pi i (t)} mo ta qua trinh

Markov 1a ma trdn ¢& 4 X 4 hodc 20 X 20; trong d6 p;;(t) biéu din x4c suat trang

thai i chuyén thanh trang thai j sau t don vi thoi gian. Cac diéu kién dé cap o trén cia

qua trinh Markov duoc viét lai cho cac phén tir trong ma tran P nhu sau:

(i) Tong xac suit chuyén tir mot trang thdi i sang cac trang thai khac bang 1:
Z?:l pii(6) =1
(ii)  Phuong trinh Chapman—Kolmogorov: P(t + s) = P(t) + P(s)
(iii)) p;(E)>0vVE>0

(iv)  Diéu kién khoi tao: {Pu(o) -1 Vi
' O (0) =0 Vi#j
Trong lan cdn At cita t = 0, P(At) duge x&p xi boi cong thirc khai trién Taylor:

P(At) = P(0) + AtQ (1.1)

Véi Q = {q;;} 1a ma tran téc d¢ thay thé tic thi, tirc 1a q;; 14 toc do thay thé tie thi tir

trang thai i sang trang théi j. Trong phuong trinh 1.1 ma tran téc d6 Q 1a dao ham cap
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1 ciia P(t). Vi P(t) 1a qua trinh Markov ddng nhét vé thoi gian, dao ham cap 1 cua

né la Q khong phu thudc vao thoi gian.

Dé thoa min diéu kién (i) — tong x4c sudt chuyén tir trang thai i sang cac trang thai
khac bang 1 sau khoang thoi gian bat ky, tong cac phan tir trén mot hang ctia Q phai

bang 0:

n (1.2)
z qij =0
=1

Céc phan tir trén duong chéo chinh duge x4c dinh thong qua cac phan tir con lai trén

qii = —quj (1.3)

Néu dat téng s6 thay thé ciia tat ca cac trang thai trong mot don vi thoi gian 13 u:

cung hang:

- (1.4)
H=- z T;iqii

i=1
Thi trong mot khoang thoi gian t, tong s6 thay thé 1a d = ut. Ma tran toc do thay thé
ttre thi Q co thé duoc chudn hoa dé tong sb thay thé trong mot don vi thoi gian 1a 1
(u = 1) ma khong 1am thay d6i twong quan thay thé gitra cac trang thai.
Tir phwong trinh Chapman—Kolmogorov, P(t) duoc viét dudi dang mot ham cua Q
va bién t:

P(t) = e'? (1.5)

Dé don gian héa viéc tinh toan, qua trinh P thuong duoc gia thiét 1a c6 tinh thuin
nghich; tirc 13, s6 thay d6i tir trang thai i sang trang thai j trong mot don vi thoi gian

dung bang s thay d6i tir j sang i:

qij _ 4ji
m;q;j = 1;q;; hay L=-L (1.6)

) i
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Ky hi¢u ma tran R = {ri. =3y

} la ma tran hé so6 hoan do6i. Khi do, R 1a ma tran doi1

, . qij qji N X oA \ . ; - A .

xtmg vir;; = - ="L= 7j; va cac phan tir trén duong chéo chinh r; = 0. Ta viét lai
) ]

ma tran Q dudi dang tich cua ma tran R va vecto tan so cua céc trang théi I1:

TL'jTij
UG = _Z Qix

X#i

voi i #j

(1.7)

voii=]j

Vi n trang thai, dé xac dinh tryc tiép ma tran Q cin xac dinh gia tri cho n X (n — 1)

nn-1)

tham s, trong khi néu tinh Q thong qua R va I ta chi can xac dinh — 1 tham

s6 cho R (do ma tran R d6i ximg c6 duong chéo chinh bang 0 va tong cic phan tir

bang 0) va n — 1 tham s cho I7 (do vecto tan sb c6 tong thanh phan bang 1); tong sb

n(n+1)

la — 2 tham sd.

Véi truong hop dir liéu DNA, mb hinh thay thé can tong cong 8 tham s6 (3 tham s6
cho tan suét nucleotit va 5 tham sd cho ma tran hé s6 hoan déi). Do s lugng tham )
kha nhd, viéc udc lugng cac tham sb nay thuong dugc thuc hién cho tirng b dir liu.
C6 mot s6 kiéu mo hinh thay thé pho bién cho DNA [3]-[5], mdi mé hinh ¢6 s lugng
tham s6 khac nhau. Mot trong s6 mé hinh thudng ding 13 mé hinh GTR (General
Time-Reversible Model) [6]. V&1 5 tham b a;b;c;d;e; f cia ma tran R va
TT,; Te; Mg; Mp twong Gng 13 tAn sudt cla cac nucleotit A, C, G va T, mo hinh GTR

xac dinh bo1 ma tran Q:

— D iza dai anc brg ey
Q= amA — 2 izc dci dmg eny
bma dnc — 2 izc 9Gi frr

| oM emc fra > 41 4Ti |
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Véi dit liéu protein, md hinh thay thé c6 tong cong 208 tham sé (do sé luong 1a 20
axit amin nén ma trin hé s6 hoan déi c6 189 tham sb va vecto tan suit axit amin co
19 tham sé). Viéc uoc luong 208 tham ) trong moi luot chay khong thé thuc hién
dugce cho cac bo dit 1iéu nho va vira do sd luong tham ) qué 16n. Vi vay cac mo hinh
thay thé axit amin thuong dugc udc lugng san trén cac bo dir liéu 16n [7]-[10], sau
d6 duoc sir dung chung cho céc b dir liéu khac nhau véi gia thiét qua trinh tién hoa
ctia cac loai sinh vat noi chung tuan theo cic quy tic twong dong. Cac md hinh da
udc lugng duge chia 1am hai loai: mé hinh chung cho nhiéu loai (vi du nhu: LG [9],
JTT [10] — 14 cac md hinh duoc uéc lugng st dung luong 16n sdp hang thu thap tir
nhiéu loai sinh vat dé tao d6 da dang cho dit liéu, nhimg mo hinh nay dugc ding véi
gia thiét 1a cc loi sinh vat néi chung déu c6 qua trinh tién hoa twong ty nhau) va mo
hinh cho mot nhém loai cu thé. Dit liéu sir dung trong trudng hop ude luong mé hinh
cho nhom loai cu thé tip trung vao cac loai c6 quan hé gan, thuong 13 nhitng loai co
dic diém khac biét so véi cac sinh vat ndi chung (vi du nhu: HIVb, HIVw [11], FLU

[12] 1a cdc md hinh udc lugng trén mat loai vi rat cu thé).

Bang 1. 4 trinh bay mét vi du v& mo hinh thay thé axit amin (m6 hinh trong bang 1a
mo hinh LG). 19 dong dau cua bang thé hién nira dudi ciia ma tran hé s hoan doi;
dong dudi ciing thé hién tan suét ciia ting axit amin. Ma tran té¢ do thay thé tirc thi
cuia axit amin xac dinh bang tich cta hai thanh phan nay dugc goi 1a mé hinh thay thé

Q, hay goi tat 1a mo hinh Q
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Bang 1. 4 Vi du vé mo hinh thay thé axit amin (mé hinh LG)

A R N D C Q E G H | L K M F P S T W Y v
A
R | 0425
N | 0277 0.752
D | 0395 0.124 5.076
C | 2489 0.535 0.529 0.063
Q | 0970 2.808 1.696 0.523 0.085
E | 1.039 0364 0542 5244 0.003 4.129
G | 2.066 0390 1.438 0.845 0.569 0.268 0.349
H | 0359 2427 4509 0.927 0.641 4814 0424 0.311
I 0.150 0.127 0.192 0.011 0.321 0.073 0.044 0.009 0.109
L | 0395 0302 0.068 0.015 0.594 0582 0.070 0.044 0.366 4.145
K | 0537 6326 2.145 0.283 0.013 3.234 1.807 0.297 0.697 0.159  0.138
M | 1.124 0484 0371 0.026 0.894 1.673 0.174 0.140 0442 4274  6.312 0.657
F | 0254 0.053 0.090 0.017 1.105 0.036 0.019 0.090 0.682 1.113 2.593  0.024 1.799
P | 1.178 0333 0.162 0.394 0.075 0.624 0419 0.197 0.509 0.078  0.249 0.390 0.100 0.094
S | 4727 0.858 4.008 1.240 2.784 1.224 0.612 1.740 0.990 0.064 0.182 0.749 0347 0362 1.338
T | 2140 0.579 2.001 0426 1.143 1.080 0.605 0.130 0.584 1.034  0.303 1.137 2.020 0.165 0.571 6.472
W | 0.181 0.594 0.045 0.030 0.670 0.236 0.078 0.268 0.597 0.112  0.620 0.050 0.696 2.457 0.095 0.249 0.141
Y | 0219 0314 0.612 0.135 1.166 0.257 0.120 0.055 5.307 0.233 0.300 0.132 0.481 7.804 0.090 0.401 0.246 3.152
V | 2548 0.171 0.084 0.038 1.959 0.210 0.245 0.077 0.119 10.649 1.703 0.185 1.899 0.655 0.297 0.098 2.188 0.190 0.249
m | 0079 0.056 0.042 0.053 0.013 0.041 0.072 0.057 0.022 0.062 0.099 0.065 0.023 0.042 0.044 0.061 0.053 0.012 0.034 0.069
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1.1.4 Sip hang da trinh ty twong dong

Nhu dé cap ¢ 1.1.2, céac trinh ty duoc goi 1a twong ddng néu cac trinh tu nay 1a két
qua cuia qua trinh tién hoa tir mot trinh ty t6 tién chung trude d6 [2]. Qua phan tich
trinh tu twong dong cia cac loai, cu thé 1 bang viéc so sanh cac gid tri tai cing mot
vi tri trén trinh ty, ta c6 thé danh gid mtrc d6 quan hé ho hang giita cac loai 1 gan hay
xa. Dé so sanh nhiéu loai cing lic, can thiét 14p mot bang cac trinh tu twong dong
trong d6 cac vi tri trong dong trén mdi trinh tw dwge can chinh thanh mot ¢t cla
bang. Bang nay duoc goi 13 sap hang da trinh tu trong dong (goi tit 1a sip hang).
Bang c6 n hang - mdi hang chira ndi dung mat trinh ty, I cot 1a sb nucleotit/axit amin
trong mdi trinh ty. [ ciing duoc goi 1a d6 dai ctia mdi trinh ty hodc do dai cua sip
hang. Sip hang can thé hién duoc su thay doi néu c6 tai timg vi tri trén mdi trinh ty.
Véi nhitng vi tri xdy ra bién d6i diém, do6 dai céc trinh tu khong c6 gi thay ddi, ta chi
can thay ddi gia tri tai diém bién doi. Con vé6i nhitng vi tri bi x6a hodc chén, bién ddi
duogc thé hién bang khoang tréng (biéu dién boi ddu *-*), mdi khoang tréng tmg voi
mat vi tri bién doi. Luu y rang, d6 dai ban dau cua céc trinh tyr c6 thé 1a khac nhau do
két qua cua cac bién doi chén va xéa, nhung sau khi duoc sip hang, céc trinh ty trong
sap hang s& ¢ cung do dai vi tit ca thong tin bién d6i déu duoc thé hién day da [13].
Vidy, Bang 1. 5 thé hién mot sép hang axit amin gém bon trinh tw; mdi trinh tw ¢6
dd dai 1a 15. Tén cua céc trinh ty duge dé thé hién & cot dau tién bén trai, ndi dung
cua trinh ty & dong twong ing bén phai. Mdi vi tri trén trinh tu 12 mot ky tu thé hién

axit amin tai d6 hodc dau gach ngang thé hién mot phép bién d6i chén hodc xda.

Bang 1. 5 Vi du vé sip hang da trinh ty twong dong

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
ASVDT/E H D - N D E M C Q L K P L P
ASVEF | F H D R - D E M C Q L K P L P
ASVDP' F G D R - D E M C Q L K P L P
BSVDE/F G D R - V H M C Q L K P L P




Viéc xac dinh sép hang da trinh tu twong déng 12 bai toan dau tién can thuc hién dé
phan tich mot tap du li¢u. Cac thuat toan sép hang s€ tim cach thém vao céc ki tu
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gach ngang vao cac trinh tu ban dau dé biéu dién cac nucleotit hoac axit amin da
bi x06a sao cho cac trinh tu két qua c6 cung dd dai va cac nucleotit/axit amin tai cung

vi tri 1a cac nucleotit/axit amin twong dong.

Mot s thuat toan khac nhau da duge dé xuat dé xay dung sap hang cho mot bo n
trinh ty. Phd bién nhét 1a phuong phap sip hang liiy tién. Trong do, cac thuit toan
thuc hién viéc chén thém cac khoang tréng vao céc trinh dé cyc tiéu héa thiéu ham
muc ti€u tinh dya trén khoang cach gitra c4c trinh ty va ham phat twong trng voi )
luong khoang tréng da thém vao dit liéu. Dién hinh 1a MUSCLE [13] - thuit toan
dugc su dung rong rai va dugc danh gia la c6 do chinh xac cao. Thuat toan c6 thé tinh

toan va tao sdp hang cho hang nghin trinh ty mot cach nhanh chéng.
1.1.5 Cay phan loai

Xét mot sb ddi twong nghién ciru (mdi d6i twong ¢ thé 1a mot loai 16n hay chi tiét
t6i ting ca thé), cay phan loai (hay con goi l1a cdy phat sinh loai, cdy tién héa) ciia
nhitng d6i twong nay 1a mot dang do thi dang cay thé hién qué trinh phét sinh cac d6i
tuong nghién ctru va mirc do tuong déng gitta chung. Cu thé, do thj duge biéu dién
dudi dang cay nhi phan, c6 cac nut 14 tuong ting vdi cac ddi tugng dugc xét va cac
nut trong ctia cdy twong ing véi mot to tién chung; mdi nat trong ¢ dung hai nit con
(Hinh 1. 1). D6 dai ciia cac nhanh trén cay biéu thi khoang cach tién hoa (sd phép

bién d6i) giita hai dinh dau mut.
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Hinh 1. 1 Vi du minh hoa cay phat sinh loai bo sat.
Cay phan loai duogc chia 1am hai loai: cay c6 gbc va cdy khong co gde. Cay co gc
xac dinh chiéu tién héa theo thoi gian, nghia 1a gdc cdy twong tng v6i mot o tién
chung tir thoi diém xa nhat, su thay ddi ciia thong tin di truyén theo thoi gian dién ra
theo chiéu tur géc dén 1a. Tuy nhién do khong c6 dir li¢u vé sinh vt td tién; bén canh
d6, do cac mo hinh thay thé nucleotit/axit amin hién nay thuong giai thiét rang qua
trinh tién hoa c6 tinh thuin nghich nén khong thé x4c dinh chiéu cta bién d6i. Do
vay, cac cay xay dung duogc 1a cac cay khong co gdc, nhitng cay nay khong thé hién
qué trinh tién héa theo thoi gian ma chi xac dinh mirc d6 quan hé twong ddi giita cac

d6i twong dang xét.

MJi nhanh trong ciy chia tap cic ddi tugng dang xét thanh hai tip con khong giao
nhau. Mot cach tach doi nhu vay duoc goi 1a mot phdn nhanh (split). Khi xét hai cdu
triic cay cu thé, s6 lugng phan nhanh khac nhau gitta hai cay nay duogc st dung dé
tinh khodng céach gifra ching. Khoang cach nay dugc goi 1a khoang cach Robinson-
Fould (RF) [14]. V&1 mot bd dir liéu duge cho dudi dang mot sép hang da trinh tu
tuong dong ¢ n trinh tu, s6 luong cau trac cdy khac nhau ting theo ham mii (Bang
1. 6), do vay, xac dinh cAu tric cay thé hién dugc qua trinh phat sinh loai trong thuc

té 14 bai toan rat kho.
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Bang 1. 6 S6 lugng cay khong c6 gbe twong tmg véi s6 trinh tu trong sap hang

n S6 lwong cay phan loai khong c¢é gbc
3 1

4 3

5 15

6 105

10 2,027,025

20 13,113,070,457,687,988,603,440,625

1.1.6 XAy dung cAy phén loai bang phwong phap cwe dai kha ning

Céc thuét toan xay dung ciy phéan loai c6 thé chia thanh bdn nhém 13: phuong phap
cuc tiéu sé luong bién ddi, phuwong phap dua trén khoang cach va hai phuong phap

dwa trén mo hinh x4c suat 1a phuong phép Bayes va phuong phap cuc dai kha ning.

Phuong phap cuc tiéu sb luong bién ddi xdy dung cay phan loai dya vao phén tich
dic diém cia céc trinh tu trong sip hang. Y tudng cbt 16i ciia phuong phap cuc tiéu
sO luong bién d6i 1a: cdy mo ta qua trinh tién hoa tt nhét 1a cay co thé biéu dién dir
lidu can it thay doi nhat hay chinh 14 cay c6 tong s6 lwong bién ddi trén cac canh nho
nhat [15]. Cay t6t nhét c6 thé tim theo phuong phap duyét toan bo, tuy nhién voi sd
lwong céu tric cy ting theo ham mil nhitng phwong phap nay chi thuc hién dugc trén
cac bo dir liéu nho; trong thyc té cac nghién cuucs thudng dung phuong phap leo doi
két hop véi cac ki thuat tao cay khac nhau dé xay dung cdy véi s6 luong 1én dén hang

nghin trinh tu [15]-[17] .

Xay dung cay phan loai dya vao khoang céach giira cac trinh tu 1a phuong phdp dugc

phat trién va sir dung rong ri [18]-[20]. Xét mot cay T co n 14 twong tng véi cac ddi
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twong dang duoc nghién ctru, khoang cach giita hai 14 i va j dugc tinh bang tong do
dai cac canh nam trén duong di tir i t6i j trén T. Vi dau vao 1a mot sap hang n trinh
tir twong dong, trudc hét ta can tinh ma tran khoang cach di truyén W gitra cac cap
trinh ty; ddu ra ctia bai toan 1a cdy nhi phan n 14 sao cho khoang cach giita cac 1a phu
hop v6i khoang cach twong tmg trong ma tran khoang cach W. Cach don gian nhat
dé st dung ma tran khoang céch la bat dau véi n dinh roi nhau, sau d6 1an luot gop
hai dinh gan nhét thanh mét dinh méi va lap lai viéc nay dén khi xdy dung cay n 14
hoan chinh. Uu diém ctia phwong phap dya trén khoang cach so véi cac phuong phap
con lai 1a chi thye hién tinh toan trén ma tran khoang cach giira cac trinh tu, trong khi
s trinh tu trong sap hang thudng nhé hon d6 dai sap hang nhiéu lan. Do vay cay phan
lodi dugc tim ra nhanh chéng. Cay phan loai xay dung bang cac phuong phéap khoang
cach thuong duoc st dung 1am ciy bat dau cho cac thudt toan tdi vu cay khac, vi du

nhu 1am cay bat ddu cho cac thudt toan cuc dai kha ning [2].

Dbi véi phuong phap Bayes trudc tién ta gan xac suat cho cau trac cdy theo hiéu biét
san c6, néu chua cé tri thirc gi vé cdu tric cdy cua cac loai dang nghién ctru thi ta gan
xéc sut bang nhau cho cac tit ca cic cdy. Sau do, ta ldy mau dit liéu va sir dung mot
mo hinh tién héa ngu nhién cung véi dinh Iy Bayes dé tinh toan kha ning xay ra cia
nhiing cdy nay. Cac cay dugc Xép vao mot trong hai loai 1a chép nhan hodac loai bo
dya trén mot nguong do nguoi dung dat ra. Néu mot céu tric cay duoc chép nhan,
cdu tric nay duoc thém vao phan phdi hau nghiém. Sau khi l3p lai qua trinh nay véi
sb 1an du 16m, ta thu dugc mot phan phéi hau nghiém lén. Khi do, xac suét mot cay
dugc chip nhan trén tit ca sé 1an 14y mau 13 xac suit hu nghiém ma ciy do 1a cay

phan loai trong thuc té [2].

Cuc dai kha nang (ML — maximum likehood) 1 phwong phap thong ké dugc sir dung
rong rai dé wéc lugng cac tham sd ciia mo hinh xac suat tvong Gmg voi bo dir lidu
quan sat dugc. Hién nay phuong phap ML dugc st dung phd bién trong viée xay

dung cdy phan loai vi thuong cho két qua tét hon cac phuong phap khac [2].
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V6i mot sip hang cho truée D = {d;,d,, ..., d,,} 1a mot sip hang c6 n trinh tw, mdi
trinh tu dj, c6 d¢ dai l (dy, = dyq dyy .- dy;- Phuong phap ML xéc dinh cay nhi phan
khong gbc T va md hinh thay thé nucleotit/axit amin Q lam cuc dai hoa ham kha ning
L(T|Q,D):

l (1.8)
Lrie.n) = | [reiedn
i=1

Trong d6 d; 14 cot thir i clia sap hang va gia tri kha ning tai mdi vi tri i (cot i) 1a mot

ham ti 1é thudn v&i xac suat thu duge cta dit lidu:
L(T|Q,d;) < P(d;|T,Q) (1.9)

Céac tham sb can duoc xéac dinh & day la cAu tric cdy, do dai cia cac nhénh va cac gia
tri trong mo hinh tién héa. Cay phan loai t6i wu 1a cay co gia tri kha ning cao nhat
hay chinh Ia cay c6 xac suét cao nhat dbi véi bo dir lieu quan sat dugc, mo hinh thay
thé duoc dung dé tinh gia tri kha nang can dugc chon 1a mé hinh phu hop nhat véi
qué trinh tién héa trong bo sip hang D.

Sau day la vi du minh hoa cho viéc tinh gia tri kha nang cua cay nhi phan & truong
hop don gian nhat — cay chi c6 hai 1a.

Xét cay nhi phan T ctia sap hang D, ¢6 hai trinh ty 14 X = {x;} va Y = {y;}, m6 hinh
phtt hop nhat ding dé tinh toan gi tri kha ning cua cdy ky hiéu 1a Q. Ta can tinh gia
tri kha nang cua cdy L(T|Q,D) thong qua gia tri kha nang cua tung vi tri
L(T|Q,d; = xiy:)

Vimd hinh Q c6 tinh thuan nghich theo thoi gian, khong mét tinh tong quat, ta thém
mot dinh géc giar nam tai vi trf bat ky trén canh va ky hiéu khoang céch tir r t&1 hai
la X,Y la L, 1,. (Hinh 1. 2 Cay c¢6 mot
dinh gbc va hai 13).

Tai vi tri i trén dinh goc r, c6 4 gia tri

6 thé nhan 1a cac nucleotit A, T, C va

Hinh 1. 2 Cay c6 mét dinh gdc va hai l4



G. Khi d6 P(d;|T, Q) duogc tinh bang tong xac suit cla ca 4 truong hop khac nhau

cta nucleotit lai gbe r. Tt 1a:
P(d;|T,Q) = P(xy:IT, Q)
= TPy, a (T, Q) X PyiA(ller Q)
+707 Py (LT, Q) X Py (L, IT, Q) (1.10)
7 Py,c (T, Q) X Pyic(ller Q)
76 Py,c (LT, @) X Py (ller Q)

Trong d6: P,,,(I|T, Q) 1a x4c sut nucleotit u bién ddi thanh nucleotit v néu c6 I bién

do6i gitra hai nucleotit u va v.

Céch tinh gi4 tri kha ning cho trudng hop tong quat cho ciy c6 n 14, duoc mé rong
tir truong hop ndy, can sb luong tinh toan 16n. Mic di phuong phap ML 1a phuong
phap c6 do phtrc tap tinh toan cao va can nhiéu thoi gian dé tinh toan, phuong phap
nay cho két qua cdy phéan loai déng tin cdy nhat va la phuong phap thuong duoc st
dung hién nay. Hai bo thu vién hd tro x4y dung cdy bang phuong phap ML phd bién
nhit 1a: RAXML-NG [21] va IQTREE [22], ngoai ra con ¢6 nhiéu phan mém khac,
vi du nhu VeryFastTree [23] - két hop ML véi phuong phép heuristics dé ting tdc

dog, giup xay dung cdy nhanh hon gap nhi€u lan so véi cac phan mém trén.

1.2 Bai toan wéc lwong mé hinh thay thé axit amin

Dé tinh gia tri kha nang cua mat cAu tric cay ta can xac dinh mot md hinh thay thé.
Su khac nhau gitta cic mo hinh thay thé c6 tic dong 16n dén két qua cta nhiéu bai
toan phan tich dir liéu di truyén [2]. MOt mo hinh phan 4nh déng qua trinh bién d6i
giita cac nucleotit/axit amin trong dir liéu 14 tién dé gitip két qua tinh toan chinh xac
va gan véi thyuc té hon. Ngoai ra, mo hinh thay thé con can thiét cho nhiéu tac vu khac
nhu tinh todn khoang cach di truyén, mo phong dir liéu trinh ty, phén tich cac cum

gen bat bién [24]
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1.2.1 Bai toan

Nhu da dé cap O cac phﬁn trén, mo hinh thay thé axit amin l1a mot ma tran ¢& 20 X 20
ding dé biéu dién qua trinh bién d6i xay ra gitra 20 axit amin. M6 hinh nay duoc st
dung dé uéc lugng khoang céach di truyén gitra cac cap trinh ty va tinh gié tri kha
ning (likelihood) trong qua trinh x4y dung cay phan loai bang phuong phap ML. Dé
xay dung cdy phan loai béng phuong phép cuc dai kha nang, viéc chon mgt mo hinh
thay thé phu hop dong vai trd quyét dinh toi két qua. [9], [25], [26] d4 chi ra rang viéc
sir dung mo hinh thay thé nucleotit/axit amin khong phu hop c6 thé gay anh hudng

nghiém trong dén tinh dung din cta cdy phan loai dwgc chon..

Nhiéu mé hinh thay thé axit amin di duoc dé xut va str dung rong rai nhu PAM[7],
JTT[10], WAG [8] hay LG [27]. Vi cac md hinh thay thé da duoc dé xuét, cic nha
nghién ctru c6 thé lya chon str dung mo hinh phit hop nhat véi dir liéu ciia minh. Tuy
nhién, trong qua trinh nghién ctru, mot sb loai c6 qua trinh tién hoa mang nhiéu dic
trung khac biét vdi cac qua trinh da duoc mé ta boi nhitng mé hinh sin c6, dan dén
nhu cau can c6 cac mo hinh thay thé da dugc wdc luong san phi hop hon dé st dung

trong nhitng trudng hop nay.

Dién hinh trong s cac loai ¢6 nhiéu dic diém khac biét 1a vi rat, do vy nhiéu mo
hinh thay thé cho céc loai virus di duoc dé xuat. Nam 2007, Nickle va cong su dé
xuit mo hinh thay thé axit amin cho vi rat HIV, bao gdm hai mé hinh riéng biét dé
mo phong qua trinh thay thé ctia vi rat tai mot doi twong nhiém bénh - HIVw, va md
phong qué trinh thay thé cta vi rat khi lan truyén giita cic nguoi bénh - HIVb. Nam
2010, m6 hinh FLU duoc nhom cua Cuong Dang va cong su xdy dung dé mo phong
qua trinh thay thé axit amin trén vi rat cim [12]. Cac két qua thuc nghiém déu cho
thdy cdc mo hinh danh riéng cho vi rit cho két qua tot hon so véi md hinh thay thé

chung khi phan tich trinh ty protein cia céc loai vi rat tuong Uing.

Bai toan udc lwong mé hinh thay thé c6 thé phat biéu nhu sau:
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Piu viao: Mot tdp N sap hang axit amin ky hiéu 1a D = {D,, ..., Dy}. Mbi sap hang

6 thé co tir vai chuc dén hang chuc nghin trinh ty.

Bai toan: U6c lugng mo hinh thay thé axit amin mo ta xac suat bién doi gitta cac axit

amin trong qua trinh tién hoa ung véi dir liéu trong D

Dau ra: Mo hinh thay thé axit amin Q biéu dién qua trinh bién do1 axit amin trén cac

trinh tu cia bd dir liéu D.

Yéu ciu: Phuong phéap udc lugng can thu dugc mo hinh ¢6 do chinh x4c cao va thuc

hién trong thoi gian chép nhan duoc.

Nhiéu phuong phéap di duoc dé xuit dé wéc lwong mod hinh thay thé axit amin, nhin
chung c6 thé chia 1am hai hudng tiép can 1a phuwong phap dém [7], [10] va phuong
phap cuc dai kha nang [9], [12], [28].

1.2.2 Cac phwong phip wéc hrgng mé hinh thay thé
Phwong phap dém

Phuong phap dén dugc dé xuat boi Dayhoff va cac cong su [7]. Cac tac gia sir dung
mot ho ma tran PAM (Point Accepted Mutations matrices or Percent of Accepted
Mutations) 13 cac ma tran diém thay thé. PAM duoc tao ra tir khoang cach tién hoa
trong céc trinh ty dugc xét. Cu thé, mdi ma tran x-PAM la mét ma tran c6 20 X 20,
thé hién xac suat thay dbi giira cac cip axit amin véi diéu kién tong sé bién doi trung
binh trén 100 axit amin 13 x. Gia tri x cang cao thé hién khoang cach tién hoa cang
16n hay sy khac nhau ciia cac loai trong sap hang 1on. Phuong phap bat dau bang viéc
xay dung ma trdn 1-PAM sau d6 ngoai suy ra cac ma tran tuong trng vdi khodng cach
16n hon. Luu ¥ riang, véi phuong phap ban ddu do Dayhoff va cac cong sy dé xuat,
céc trinh tu trong cac sip hang 1am dau vao can c6 d6 twong dong cao (thuong 1a trén
85%) dé dam bao su thay thé 1 tryc tiép. Trong nghién ctru ctia minh, Jones va cong
su da sir dung ¥ tuong cua phuong phap dém dé uéc luong mo hinh JTT. Dit liéu
duogc sur dung gém nhiéu bo dir liéu cua lugng 16n cac loai khac nhau, néu mot bo dir

lidu c6 do twong dong thap hon, nd s& duge gom thanh cac cum dé dam bao diéu kién
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vé do tuong déng trén 85% trong moi cum. M6 hinh JTT duoc sir dung rong rai va

cho két qua tdt trong cac bai toan lién quan.

Phwong phap cuc dai kha nang

Véi dau vao D = (Dy, ..., Dy) 12 bd dix liéu gdm N sip hang da trinh tu tuong dong.
Goi T = (T4, ... Ty) 1a tap céc cdy twong tng véi cac sip hang trong D.

Phuong phap wdc lugng cuc dai kha ning xac dinh tdp cay T va mé hinh Q dé cuc

dai hoa gia tri kha nang (likelihood) L(Q, T|D) tinh bdi cong thirc:

N
LT = [Lemipy
i=1

I L
_ iH_[ L(Q, T;|Dy) = ﬁ HP(DL-,-IQ,TJ

i=1 j=1 i=1 j=1

(1.11)

Trong do:

- I; 1a d6 dai cta sip hang D;
- Dj; 1a dir liéu tai vi tri thir j cua sap hang D;
- Gi4 tri kha niang L(Q,T;|D;;) dugc tinh ti 1& véi xdc suat ¢ dicu kién

P(D;;| Q,T;) cua vi tri D;; khi biét mé hinh Q va cay T;.

Uu diém ciia phuong phap ML 14 khong rang budc vé tinh twong dong cia céac loai
trong sap hang nhu phuong phap dém nhung viéc toi vu hoa dong thoi cac tham sd
ciia mo6 hinh Q va tham sd cua tap cac cdy T (bao gém ciu triic cay va do dai cac
nhanh) 1a rat kho khan. Nhiéu chién lugc x4p xi phuong phap ML di duogc dé xuat dé
lam giam thoi gian chay. Dién hinh trong s6 d6, Whelan va Goldman d4 nghién ciru
va chi ra rdng v6i cac cdy gan t6i wu, mo hinh Q wéc luong duoc s& hoi tu [8]; hé qua
1a, thay vi toi wu cing luc ca Q va T, ta s& tim tap cdy gan t6i vu T trudc, sau d6 cb

dinh T va tim mo hinh Q (Hinh 1. 3).
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Tap sap hang D
Xay dung tap cay T, st
dung mo hinh Q
R
/ Udc luong mo hinh Q' /

S <0->

b

Q

Hinh 1. 3 So dd cac budc udc luong mé hinh thay thé axit amin bang phuong phap

cuc dai kha nang

] 14

1.3 Tinh khong dong nhat ciia qua trinh bién ddi tai cac

vi tri khac nhau

Do tién bo trong cong nghé gidi trinh tu, cac bo dir lidu rit 16n ngay cang trd nén phod
bién hon. Dé xiy dung ciy phén loai cho nhiing bd dir liéu nhu vay can rat nhiéu thoi
gian dé chon Iya md hinh thay thé phu hop va tinh toan gia tri kha ning trén cac cu
trac cdy. Kéo theo sy ra doi ciia nhiéu thuat toan ML xay dung cdy phan loai cho di
liéu 16m, vi du nhu IQPNNI [29], hay IQTREE [25]. Bén canh viéc phat trién cac
thudt toan mé&i nhanh va hiéu qua hon, dé ting cuong tinh dung dan cua cay phan loai
xay dung duogc thi mo hinh thay thé duoc st dung dé tinh toan gia tri kha nang ciing
1a mot nhan té quan trong anh huéng dén két qua cta qua trinh xay dung va ciu triic
cay [9], [30]-[32]. Viéc sir dung mo hinh thay thé khong phu hop c6 thé dan dén 16i
sai nghiém trong trén cdu trac cdy nhu danh gia do tin ciy cao cho nhiing nhanh

khong chinh xac [33].
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Trong thu tuc tinh gi4 tri kha ning cua cay T ung vé6i sap hang D ¢ phan 1.1.6, sau
khi d3 xac dinh m6 hinh Q pht hop nhat, mé hinh Q s& duoc st dung dé tinh gia tri
kha nang cho tat ca cac vi tri trong sap hang, tir d6 tinh gi4 tri kha nang cta sap hang
v6i cdy T va md hinh Q. Trong thu tuc tinh gia tri kha ning nay, duy nhat mot mo
hinh Q dugc sir dung cho tat ca cac vi tri trong sap hang do qua trinh tién héa thuong
dugc gia thiét 1a c6 tinh dong nhét - tic 1a tbe do thay thé tir trang thai ndy sang trang
thai khac 1a khong d6i va gidng nhau trén toan bd céc vi tri trong sip hang. Tuy nhién,
nhiéu nghién ctru da chi ra rang trong thuc té, qua trinh tién hoa khong giéng nhau
tai tAt ca cac vi tri; tire 1a qua trinh qua trinh bién ddi c6 thé khac nhau tai cac vi tri
khac nhau [34]-[39]. Vi dit liéu c& hé gen, gia thiét vé tinh dong nhét trong bién ddi
cang trd nén bat hop 1y va c6 kha ning gay anh hudng dén do chinh xac clia cic tinh
toan trong qua trinh phan tich va danh gia [40]. Do vay nhiéu nghién ciru da dé xuat
céc phuong phap khac nhau dé giai quyét van dé nay nhu [30], [32], [35]-[38], [41].
Muc tiéu can dat dén ctia cac phuong phap 14 vira c6 thé biéu dién duoc qua trinh tién
hoa khong dong nhat giita cac vi tri ma van dam bao thyc hién dugc céc tinh toan
trong thoi gian hop 1y.

1.3.1 M0 hinh téc dd bién ddi

M0 hinh toc dé bién doi 1a giai phap don gian, d& tich hop va duoc sir dung phd bién
dé mo ta sy khong ddng nhit vé téc do thay thé r gitra cac vi tri st dung mot phan
phéi gamma (T) voi ky vong 1.0 va phuong sai 1/a (a > 0) [35]. Mdi vi tri trén

trinh tu dugc gdn mot gia tri goi 1a tham sb tdc do tinh theo cong thuc:

a

a%ret (1.12)

Pdf(r) = oo T (@)

Trong d6 I'(a) = fooo e ft*1dt.

Sy thay ddi cua toc do thay thé r duoc diéu khién bang cach diéu chinh gia tri cia

tham s6 diéu khién hinh dang a (Hinh 1. 4). Khi sir dung gi tri @ > 1, phan phdi c6
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pdf(r)

Hinh 1. 4 Ham mat d6 xac sudt (pdf) cta phan phdi gamma voi tham sé a
khac nhau
dang hinh chudng, véi gia tri @ < 1, phan phéi c6 dang hinh chit L. Gié tri @ nho thé

hién tinh khong dong nhat vé toc dd bién doi cao hon so voi gia tri a lon.

Trong thyc té, ham phan phdi gamma roi rac thuong duoc dung thay cho ham phan
phéi lién tuc dé tang tdc d6 tinh toan. Ham phan phéi roi rac su dung k nhom tdc do
véi xac suat déu nhau. Gia tri trung binh hodc trung vi cia moéi nhom duoc sir dung
cho tit ca cac tbe do trong nhom d6. Khi d6 gia tri kha ning cta sip hang D véi cay
T va mo6 hinh Q dugc tinh nhu sau:

l

k
1
L(Q,T, a|D) = | | (EZ L(T(a, h)Q,T|di))
h=1

i=1

(1.13)

Theo phan tich trong [35], st dung bon nhom tdc do 1a phi hop dé tinh nhanh va du
t6t dé x4p xi mo hinh phan phdi lién tuc. Tuy nhién, cic nha nghién ctru di chi ra van
dé cua giai phap nay 1a chi quan tdm t6i khia canh téc d6 chir khong bao gdm qua
trinh tién héa. Do vay khong thuc sy phu hop véi nhitng bd dir 1iéu ma céc vi tri trén
trinh tu dugc ky vong 1a tuan theo cac qué trinh tién hoa khac nhau va chua biét trude

[36]. Mot sb giai phap da duoc dé xuat dé biéu dién khong chi toc do tién hoa khac
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nhau tai cac vi tri khac nhau ma ca qua trinh tién hoa cling co thé khac nhau. Cac
phuong phap nay dugc chia thanh hai nhém: st dung moé hinh da ma tran [36], [38]
hodc st dung mé hinh lugce d6 phan ving [32], [34], [37].

1.3.2 Mo hinh da ma tran

Dua trén céach tinh gia tri kha nang, dé thé hién su khac nhau vé mo hinh tién hoa
gitta cac vi tri, thay vi chi st dung mot ma tran, mé hinh da ma trdgn st dung nhiéu

ma tran thay thé Q khac nhau dé tinh gia tri kha niang tai mdi vi tri.

Khi d6, gia tri kha ning ctia mdi vi tri d; trong sip hang chiu tic dong tong hop clia
cac ma tran dugc dung, mdi ma tran di kém véi mot trong sO di€u khién mirc do anh

huong [42]. Tuc 1a, mo6 hinh da ma tran xac dinh bé1 hai thanh phﬁn:

- ] ma tran thay thé Q = {Ql, Q,, -, Q]}
- Vecto trong sb w = {Wl, Wy, W3, Wy | Xiw; =1 } - w; la trong s6 clia ma trin

thay thé Q.

V61 mo6 hinh da ma trdn, gia tri kha ndng cia mai vi tri dugc tinh riéng véi trng mo

hinh don ma tran, sau d6 nhan véi trong s va tong hop theo cong thirc nhu sau:

L({Qu @z s QB T s wi}D) = | [( D wi (@), m1) (1.14)
i J

LG4M [42] 1a mét vi du vé md hinh da ma trin. M hinh nay st dung bdn ma tran
thay thé khac nhau Q = {Q;, Q,, Qs, Q,}, két hop v6i mé hinh phan phdi toc do roi
rac theo cong thirc (2.11); md hinh phan phéi téc d6 gom 4 nhom véi trong s6 moi
nhoém bang 1/4. Khi dé, gia tri kha ning cua sip hang véi méd hinh Q va cay T véi
tham s6 hinh dang a ctia phan phdi T 1a:

l

4
L(Q,T,alD) = l—[ G L(I'(a, k)Qk,T|di)) (1.15)
' k=1

=1
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Mo hinh LG4X [26] thay thé m6 hinh phan phéi T bang tham s6 toc do dé thu duoc
dang téng quéat hon. Cu thé, mo hinh bao gém tap bon ma tran Q, mdi ma tran dugc
gan trong ) w; va tdc do pj; cac tham $6 w;, pj duoc ude lugng tir dir li€u va thoa

man hai diéu kién 2?:1 w; =1va 2?:1 w;jp; = 1. Gia tri kha ndng dugc tinh nhu sau:

L(Q,T,P = {py1,p2 p3 ps}, W = {wy,w,, ws,w, }| D)

(1.16)
= 1_[ z w;L(p;Q;,Tld;)
7

i

Két qua thuc nghiém cho thdy cac mé hinh da ma tran nhu LG4M va LG4X gitp
xay dung cdy phan loai cyc dai kha ning tot hon khi sir dung mé hinh don ma tran
thong thuong [26], [27]. Tuy nhién thoi gian tinh todan cia LG4M, LG4X noi riéng
va cac moO hinh da ma trén n61 chung lau hon so vdi mo6 hinh don. Trong mo hinh da
ma tran, viéc ting J giup ting kha ning phan héa ciia mo hinh tién héa tong hop dong
thoi tang khdi luong tinh toan can thuc hién (cén tinh tdc dong cua tat ca ] mo hinh
1én mdi vi tri sau d6 tinh gia tri tong hop). Day 1 tré ngai chinh khi st dung phuong

phap nay, dac biét 1a khi tinh todn cho dit liéu 16n va rat 16n.
1.3.3 M5 hinh lwgc d phén viing

MG hinh lugc dd phan vung, ngugc lai véi mo hinh da ma tran, chi dung mgt mé hinh
phul hop nhéat tai mdi vi tri, nhung mé hinh duoc thay do6i tiy vao vi tri khac nhau.
Mic du y tudng cua phurong phép 13 hop 1y, viée xac dinh mo hinh phu hgp nhét ting
vi tri trén sip hang 14 khong kha thi do vy mé hinh lwge dd phan ving tao cac nhom
vi tri ¢6 mo hinh tién hoa twong dong, nghia 13 nhitng vi tri ndy c6 thé coi 1a tién hoa

dudi mé hinh gidng nhau. Cy thé:

Véi mot sap hang D, mot “ligc do phdn vimg” (‘partitioning scheme’) ctia D, ky hiéu
1a PS, 1 mot phan hoach trén tap vi tri ctia sap hang D. Nghia 1a PS bao gom céc tap
con khac rdng, khong giao nhau, mdi tap con 1a mot tap hop céc vi tri ctia sdp hang
sao cho mdi vi tri thudc mot va chi mot tap con. Moi tap con nay con dugc goi la mat

phan vung/tap con (partition/subset) vi tri.
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Ky hiéu PS = {S,, ..., S} 12 lugc d6 phan ving ctia D chira k phan vung, trong d6
phan vung S; ¢6 [; vi tri; s;; 1a gia tri cta vi tri thir j trong phén ving S;; m6 hinh thay
thé twong ng ctia phan vung 13 Q; va md hinh tdc d6 bién ddi 1a V;. Gia tri kha ning
ctia sap hang dugc xac dinh lai bang tich cac gia tri kha ning cia tat ca cic phan ving
(Q va V 14 tap mo hinh thay thé va tap mo hinh téc d bién do6i cho cac phan ving

trong lugc do PS):

T T 1.17
LIT,Q V) = HHL(SU|T» QuVi) = HHP(sile, QuVi) (117)

i=1 j=1 i=1 j=1
Muc tiéu ciia cac thudt toan phan hoach sap hang 1 tim mét luge d6 phan ving thé
hién t6t nhat sy khong dong nhat trong qua trinh bién doi giita cac nucleotit/axit amin
tai cac vi tri khac nhau trén sap hang. Him muc tiéu cta cdc mo hinh dugc danh gia
thong qua cy phan loai cuc dai kha nang cho sap hang D xiy dung duoc khi sir dung

nhiing mo6 hinh nay.

Khi str dung mé hinh lugc db phan ving, viéc Iya chon mé hinh thay thé dé tinh gia
tri kha ning cho timg vi tri trén sip hang s& bao gom hai budc. Bude 1 tao luoc d6
phan ving (bang cac thuat toan phan hoach vi tri trong sip hang); budc 2 chon mo
hinh thay thé pht hop nhat véi mdi nhom. Y tuéng cua mé hinh luge do phan ving
c6 thé ap dung cho trudong hop thong thuong - véi gia thiét rang qua trinh tién hoa
clia tit ca cac Vi tri déu déng nhét — khi d6 ta bo qua budc mat, chi thuc hién budc
hai vi chi ¢6 mot nhom vi tri duy nhat. Sir dung luoc d6 phan ving théa man dugc ca
hai diéu kién:

- Thé hién duoc tinh khong dong nhit vé qua trinh bién d6i thong qua viéc gan

cac mo hinh thay thé khac nhau cho mdi phan ving vj tri.
- Khong lam tang khdi lwong tinh toan khi tinh gia tri kha ning, mdi vi tri chi

tinh mot 1an v&i cac mo hinh thay thé khac nhau.

Bén canh do, viéc tinh gié tri kha nang cho sép hang str dung lugc dd phan vung duogc
thue hién d& dang. Do vay lugc db phan ving duoc hd trg trong nhiéu phan mém phd

bién nhu PartitionFinder [43], RAXML-NG[21], IQTREE[22].
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1.3.4 M@t s6 thuit toan phan hoach sip hang

Ban dau, viéc phan hoach se‘ip hang chu yéu dua trén cac dac trung sinh hoc cia bo
dir liéu, vi du nhu, khi gia thiét rang toc d6 tién hoa trong cac gen khac nhau la khac
nhau, moi doan trinh tu twong g véi mot doan gen khac nhau tao thanh mot phan
vung; mdt cach phan hoach nho hon 1a sir dung vi tri trong codon ctia ting gen (trc
1a véi cac vi tri trong mdi gen lai phan ra ba nhoém twong tmg véi vi tri thi nhét, tht
hai va thtr ba trong cac codon dinh nghia gen d6). Mdc du cac nucleotit tai cung vi tri
trong codon dugc x4c nhan 1a c¢6 nhicu dic diém chung, gia thiét rang ching lu6n
cing mo hinh tién hoa khong phai liic ndo ciing ding dan vé mat sinh hoc. Thyc té 1a
cung mot vi tri codon, cac vi tri khac nhau van ¢6 thé tién hoa véi tdc d6 khac nhau
va bién d6i theo mau khic nhau nén viéc phan hoach bang cac thong tin di truyén
khong phai luc nao ciing ding dén [32]. Mot sd cac dic trung khac nhu cau triic thiy
(stem-loop) cua trinh tu RNA hay ciu tric bac cao cua chudi cling cung cap thong tin

hitu ich dé phan hoach tap vi tri [44]-[46].

Phat trién tir y tuong phan hoach bang cac thong tin sinh hoc, nhém tac gia Lanfear
va cac cong su dé xudt cac phuong phap st dung cac lugc d6 phan ving nhu trén 1am
luge dd khai tao, tir d6 cai tién dé thu dugc cac luoc d6 tot hon [37], [47]. Trong cac
thuat toan nay, ngudi dung dinh nghia trudc cac khoi vi tri dua trén hiéu biét cia minh
vé dir liéu. Tap hop céc khdi nay tao thanh lugc do phan vung khai tao. Sau do, thuat
toan tién hanh duyét va nhap cac khéi c6 mo hinh tién hoa twong ty v6i nhau dé mot
mat lam giam sb khoi, mat khac, 1am ting do t6t cta luoc d6. Cach lam nay duogc
danh gia 1a gitup cdi thién do chinh xac cta cay [48] va dugc sir dung rong rai trong

nhiéu nghién ctru lién quan.

Tuy nhién cac phuong phap trén khong phi hop khi cé it hodc khong c6 thong tin vé
cac dic diém sinh hoc va tién hoa cua dit liéu. Ngoai ra, mot ) nghién ctru cling chi
ra 1a ngay ca khi str dung nhitng dic diém nay, khong phai luc nao gia thiét cac vi tri
trong cting nhom tao bdi mot gen ciing dung vé mit sinh hoc [26]. Do vay, cac phuong

phap tinh toan dura trén phan tich dir liéu sip hang 1a can thiét dé co thé xac dinh mot

45



lwge dd phan ving ma khéng phu thudc vao cac thong tin nay. Mot sd thuat toan
phan hoach ty dong co thé ké dén 1a k-means 1ap, RatePartition [30], [32]. Cac thuat
toan nay su dung tdc do tién hoa tai mdi vi tri dé phén hoach tap vi tri dya trén gia
dinh rang céc vi tri co tdc do tién hoa twong dong nén nam trong cing mot phan ving

(téc do tién hoa s& duoc dé cap chi tiét & phan 1.4 ).
Thuét toan k-means lap

Mot vi du ciia phuong phap phan hoach ty dong la thuat toan k-means 1dp ciia nhém
tac gid Frandsen [30]. Thuat toan thyc hién 1ap di 1ap lai viéc phan cum céc vi tri

thanh céc tap hop con béng thuat toan k-means dua trén tdc do tién hoa tai moi vi tri.

Cu thé, véi sap hang D, thuat toan phan hoach sap hang dé tim lugc dd tét nhat (ky
hiéu 1a PS) gdm 4 buéc (Thuat toan 1. 1):

Budc 1: Khéi tao cay ban dau T cho sap hang D

Buéc 2: Tao luge do khoi tao chi g@)m mot phan vung toan bd D va chon mo6 hinh

thay thé phu hop nhét cho phan ving do.
Budc 3: Tinh gié tri ham muc tiéu cho lugc dd phan vung hién tai.

Budc 4: Véi mdi phan ving trong luge d6 phan ving hién tai: kiém tra xem c6 nén

chia nho hay khong:

- Tinh téc d6 tién hoa cho ting vi tri cia phan ving

- St dung thuat toan k-means dé chia doi tap vi tri dya trén tde do

- Chon mb hinh phul hop nhat cho cac phan ving méi

- Tinh ham muc tiéu cho lugc d6 phan vung tam thoi (1a lugce dd dugc tao ra
bang cach thay phan ving trudc khi chia bang hai phan ving sau khi chia).
Ham muc tiéu dugc sir dung & day 1a d6 do AICc duoc trinh bay cuy thé trong
phan sau.

- Néu ham muc tiéu tot hon thi danh d4u phan ving dang xét 1a can chia.
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Budc 5: Thuat toan két thic khi khong con phan ving nao can chia. Nguoc lai, tao ra
luge dd phan ving méi, trong d6 mdi phan ving duogc danh du 1 can chia s& dugc

thay bang hai phan viing chia dugc tuong tng trong budc 4 va quay lai budc 4.

Hinh 1. 5 minh hoa mot vi du cu thé cta thut toan k-means vira trinh bay. Mac duy
tuong cua thuat toan rat hay, nghién ctru cia Baca va cong sy trén mot s6 cach phan
hoach khac nhau cho b¢ dir liéc cac loai bo canh cung thuy sinh da chi ra réng cach
phan hoach nhu trén tao ra mot phan ving chira tit ca cac vi tri bat bién (14 cac vi tri
ma trén d6 gia tri ciia nucleotit/axit amin khong bién doi trén tat ca cac trinh tw) goi
1a phan ving bat bién. Phan ving bat bién c6 thé rat 16n va gay anh huéng dén tinh
dung dan cla qua trinh xay dung cay phan loai [49]. Py 13 van dé nghiém trong cia
thuat toan vi mot vi tri c6 thé 1a bat bién trong tap dir liéu dugc nghién ctru, nhung sé
1a vi tri c6 bién d6i khi xét trén tap dit liéu 16n hon. Hé qua 1a phan ving nay c6 thé
tang gia tri kha ning cua cdy nhung dong thoi ciing ting kha ning cdy bi sai 1éch vi
sir dung sdp hang con co cac trinh tu gidng hét nhau [32], [49]. Do d6, ké tir nim
2017, thuat toan k-means duoc khuyén nghi khong tiép tuc st dung cho dir liéu DNA

va axit amin.
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Algorithm Phuong phap k — means lip dé phan hoach sip hang

1: input: Sip hang D

2: output: Lude dd phan viing ctia PS ctia D

3: procedure ITERATIVE k — means(D)

4: Tao cay ban dau T cho D // Khdi tao

5. Phan vung khéi tao PS = {D}

6: Tim mo6 hinh thay thé phu hogp nhét cho D

i Tinh AICc(PS)

8: Khdi tao danh sach nhém c6 thé chia LS = {D}
9: while LS # () do

10: for each S; € LS do

i LS = L5\{S;}

12: Tinh téc do r; cho vi trf j trong S;
13: S; m Si1; Sia

14: Tim m6 hinh phit hgp nhéat My cho (S1,T) va My cho (So,T)
15 PS' =PS\{S;} U{Si1} U{Si2}

16: Tinh AICc(PS?)

17: if AICc(PS’)<AICc(PS) then

18: LS = LSU{Si1} U{Si2}

19: PS =PS’

20: end if

21 end for

22: end while

23: end procedure

Thuat toan 1. 1 Thuat toan k — means lip dé phan hoach sap hang.
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Algorithm Thuat toan RatePartition dé phan hoach sip hang

1: input: Danh sach téc do tién hoa ctia ting vi tri trong sap hang
2: R={ry,...,m}, h¢ s6 phan chia d > 1.

3: output: Phan hoach ctia tap vi tri {5, So, ...}

4: procedure RATEPARTITION(R, d)

5 Khéi tao: i = 1;7rMin = min{R}; riSlow = max{R};riFast = rMin
6 while Con > 10% s6 vi tri chua thuoc nhém nao do

7: S;=10

8 if 1 == 1 then

9

riFast = riSlow — M
10: else
11: riSlow = riFast
12: riFast = riSlow — %
13: end if
14: for each j do
15: if (r; > riFast)&&(r; < riSlow) then
16: S; = S; U {i}
17: end if
18: end for
19: 1=1+1
20: end while
21: Tat ci cac vi trf con lai tao thanh nhém cudi cliing ctia phan hoach.

22: end procedure

Thuét toan 1. 2 Thudt toan RatePartition dé phan hoach tép vi tri

50



Thuat toan RatePartition

Deé tranh viéc tao phan vung bat bién trong lugce do, tac gid Rota va cac cong su da dé

xudt thudt toan RatePartition [32]. Thuét toan gdm hai budc:
Budc 1: Tinh tdc d6 tién hoa cho ting vi tri trong sip hang
Budc 2: Phan hoach vi tri theo toc do

- Sir dung mét cong thirc don gian dé phan hoach tdc do tién hoa di tinh ¢ trén.
- Luoc dd phan vung thu dugc 1a tp cac vi tri co tde do tuong Ung voi cac doan

tdc do trong phan hoach toc do.

Cong thtrc phan hoach tdc do tién hoa cua RatePartition dugc thiét ké dé thém cac vi
tri c6 tdc tién hoa thap vao nhom bét bién. Cong thirc chia khoang téc d6 dugc didu
chinh béi hé s6 phan chia d € R,d > 1. Véi d cang 16n, s6 nhom chia dugc cang

nhiéu.

Cho trude danh sach toc d6 tién hoa tai tung vi tri, viéc phan hoach tap vi tri trong

RatePartition dugc thue hién tai bude 2, cach tinh cu thé nhu trong Thuat toan 1. 2.

Trong ca hai thuat toan, thong tin dwgc st dung dé phan hoach sip hang 1a tdc do
bién ddi tai mdi vi tri. Theo céac céc gia, co thé st dung bat ky loai tbc d6 nao trong
tinh toan, tuy nhién phwong phap tinh téc d6 khong sir dung cay cu thé (nhu TIGER
- Tree Independent Generation of Evolutionary Rates) sé& t6t hon nhitng phuong phép

st dung cay.

1.4 Toc do tién hoa tai mdi vi tri trén sap hang

Mot cach téng quat, tdc do tién hoa 1a toc d0 ma céc loai sinh vat thay ddi va thich
nghi véi moi trudng thé hién qua qua trinh tién héa. Vi pham vi dir liéu trong mot
sap hang, toc do tién hoa 1a twong ddi giita cac vi tri; mot s6 vi tri ¢ thé phat trién
v6i toc do nhanh hon trong khi ¢6 vi tri phat trién cham hon. Vi dy, nghién ctru [50]

da chi ra rang xét trén mot doan gen bat ky, trong phan 16n trudng hop, ba vi tri clia
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nucleotit trén cac codon ¢6 tde do tién hoa tuan theo quy luat 1a vi tri thu hai tién hoa

cham hon vi tri thit nhat, va vi tri tha nhat lai tién hoa cham hon vi tri tha ba.

Téc @6 tién hoa c6 tmg dung trong nhiéu bai toan lién quan t6i danh gia di liéu nhu
xac dinh céc vi tri ¢d xu hudng tién hoa tuong déng; xac dinh vi tri nao trén sép hang
1a vi trf co thé quan trong trong phan tich phét sinh loai, hoac su dung dé loai bo céac
vi tri c6 kha ning 13 nhidu. Do vay c6 nhiéu nghién ctru lién quan dén bai toan wéc
luong tc do tién hoa cho ting vi tri [51]-[55]. Cac phuong phap nay thuong cé diém
chung 13 can str dung mot cdy phan loai cua sip hang dang xét [51], [53], [54]. Tuy
nhién, tdc d6 ude lugng duoc bi anh hudng boi cAu tric cay dugc s dung; tue 1a, khi
ciu tric cdy hay do dai nhanh thay dbi, gia tri tbc d6 cta cac vi tri ciing thay ddi theo.
Do vay phuong phap wéc lwong toe do khong sir dung cay 1a cach tinh duge khuyén
ding trong cac nghién ciru phuong phap phan hoach sip hang [30], [32]. Dién hinh
trong s6 nay 1a TIGER [52], thudt toan wdc luong téc d6 bang cach phan tich sy
gidng nhau ctia cdc mau trén timg vi tri. Thudt toan bao gdm 3 budc nhu trong Thuat

toan 1. 3.

- Budc 1: Véi mdi vi tri trong sip hang, TIGER tao mdt phan hoach trinh ty, trong
mdi tip con ctia phan hoach 14 c4c trinh tiy c6 clng trang thai trong vi tri dang xét
cua sép hang. Vi duy, vi tri i ¢6 ndi dung 1a xau “GGCGAA” thi phan hoach vi tri
cuand P(i) = {{1,2,4},{3}, {5, 6}} vi cac ki tu thtr 1, 2 va 4 trong xau 1a G, tuong
tu nhu vay, ky tu tht 3 1a C va hai ki ty thor 5 va 6 1a A.

- Budc 2: V&i mdi vi tri i, thue hién tinh diém “twong déng phan hoach” voi tirng
vi tri j khéc trong sip hang:

cepcyal(x, P(i 1.18
s p - Bz 52O )

.. . 1 néudd eP()|xc A
voi a(x,P(z)) - {0 nguoc lai
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Algorithm Thuat toan TIGER u6c lugng nhanh téc do tién hoéa tai mdi vi tri khong
phu thuoc cay

1: input: Sip hang D c6 n trinh ty, do dai [
2: output: Danh sich téc do tién hoéa r; clia vi tri thit ¢ trong sdp hang

3: procedure TIGER(D)

4: for each vi tri 7 do
5: Tao p(i) phan hoach tap trinh tyu c6 cung trang thai
6: end for
7: for each (i # j) do
8: Tinh gia tri phan hoach tuong dong ctia hai vi tri: pa(i, j)
9: end for
10: for each vi tri 7 do
11:
o Zi;ﬁj pa(i, j)
e n—1
12: end for

13: end procedure

Thuét todn 1. 3 Thuat toan TIGER udc luong qué trinh tién hoa vi tri
O day gia tri twong dong phan hoach gitta hai vi tri i va j - pa(i, ) duoc tinh
béng xac sudt mot tap trong phan hoach trinh ty cua vi tri j xuét hién trong mot
tap phan hoach trinh tu cua vi tri i; do vay, pa(i,j) va pa(j,i) 1a doc lap va

thuong nhan gia tri khac nhau.
Vi du: Hai vi tri i va j c6 ndi dung: “GGCGAA” va “AAACCC” thi
P() = {{1,2,4},(3},{5,6}}; P() = {{1,2,3},{4,5,6}}
Khidé a({1,2,4}, P())) = 0; a({3},P())) = L;vaa({5,6},P(j)) =1
Trong khi a({1,2,3},P(i)) = 0 va a({4,5,6},P(i)) = 0
Do vay pa(i,j) = g = 0 con pa(j,i) = 2
- Budc 3: Tinh gia tri téc do tién hoa r; cho mdi vi tri i 13 trung binh diém twong

dong phan hoach cua vi tri i vi tat ca cac vi tri khac:
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- _ Xj=ipa(i,j) (1.19)
' [-1
V&i mdi vi tri, TIGER can tinh diém phan hoach tuong dong vai tat ca cac vi tri con
lai trong sap hang, do vdy do phuc tap ctia phuong phéap 14 ham binh phwong do dai
0(n x [?). Vi vay viéc tinh toc d9 tién hoa cho nhiing sap hang c6 do dai 1én t&i hang

tri¢u vi tri 1a vo cung ton kém vé mat thoi gian.

1.5 Cac phuong phap danh gia mo hinh

Muc tiéu c6t 15i cta viéc dua ra cac md hinh méi (trong pham vi luan an 1a mé hinh
thay thé axit amin va moé hinh phan hoach sip hang) 1a dé xay dung cdy phén loai
chinh xac hon. Do vdy, dé so sanh cac mo hinh, trudc hét can xay dung ciy phan loai
cho cung mot bo dit liéu bang cac md hinh cin so sanh. Sau d6 so sanh gia tri kha
nang hay st dung mot s6 d6 do trén céc ciy phén loai da xdy dung; ngoai ra, so sanh
cdu tric gitra cac cdy duoc thyc hién dé danh gia tac dong cua cac moé hinh [12], [27],

[56].

1.5.1 So sanh gia tri kha ning cia ciy phan loai xAy dung bang phwong phap

cuc dai kha nang

Goi My, M, 13 hai mé hinh thay thé nucleotit/axit amin hodc mé hinh phan hoach sip
hang can so sanh. Vi sip hang D, phuong phap cuc dai kha nang duoc st dung dé
xay dung cay T;, T, twong ing véi mo hinh M; va M,. Gia tri kha nang cua hai cay
tuong tmg 1a L(T,) va L(T,) — chinh xac 1a 16garit tu nhién ciia gia tri kha ning dé so
sanh vi gia tri kha nang thudng rit nho. Cach don gian nhit dé so sanh hai cay, hay

chinh 1a so sanh hai md hinh 1a so sanh gia tri kha nang:

- Néu L(T,) > L(T,): m6 hinh M, t6t hon mé hinh M,.
- Nguoc lai, néu L(T;) < L(T,): md hinh M, t5t hon mé hinh M,.

Trong thyc té, gi4 tri kha nang c6 thé c6 sai léch do cac tham s ngiu nhién trong qua

trinh tinh toan. Dan dén viéc mot cay c6 gia tri kha ning cao hon khong hoan toan
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chéc chin 1a cay tot hon. Dé kiém tra xem mot cdy co gia tri kha ning cao hon c6
chic chén 1a cay t6t hon hay khong, ta c6 thé thuc hién cac kiém tra thong ké nhu KH
[57] hay SH [58]. Céc kiém tra thong ké nay s& thuc hién 1dy mau lai c6 thay thé trén
sap hang ban dau nhiéu 1an dé tao ra cac sip hang goi la sip hang bootstrap; sau d6
xay dung cay phan loai cho cac sip hang bootstrap nay theo cing cach xay dung ciy
phan loai cho sip hang ban dau va tinh toan xem cdy nio trong so cac ciy dugc kiém
tra la cy tot hon. Trong sb cac phuong phép kiém tra, phwong phap gan diing (AU —
approximately unbiased) [59] duoc danh gia 13 phuong phap cho két qua tdt nhét.

1.5.2 Cac do do AIC va BIC

Goi M 1a tap hop cac md hinh da sir dung dé xdy dung cdy phan loai. M c6 thé bao
g6m mo hinh thay thé nucleotit, axit amin; mé hinh téc d6 bién doi; mé hinh da ma
tran; mo hinh luge dd phan viing ... Giéng nhu cac cong trinh nghién ctru khac [12],
[32], [47]; luan an dung ba d do thuong dung la AIC [60], AICc [61] va BIC [62]
dé danh gia 6 phu hop ctia mé hinh dugc sir dung tir d6 xac dinh xem md hinh nao
c6 do phu hop cao nhét. Ba tiéu chuén c6 diém chung la déu duoc tinh dua trén gia
tri kha nang. Tuy nhién do méi mo hinh c¢6 s6 tham s tu do khac nhau; néu chi xét
gia tri kha nang thi viéc lya chon s€ ¢6 xu huéng chon mo hinh co6 nhiéu tham sd nhét.
Hé qua 12 1am phirc tap qué trinh tinh toan. Vi ca ba 6 do, mé hinh tét hon cé gia

tri d6 do thap hon.
Do do AIC (Akaike Information Criterion) cia mo6 hinh M dugc tinh nhu sau:
AIC(M|D) = 2k - 2In(L(T|M, D)) (1.20)

V6i k 12 s6 tham sb ctia mo hinh va L(T|M, D) 1a gia tri kha nang ciia cay T duoc xay
dung v6i mo hinh M va sap hang D.

Tuy nhién, theo [61] AIC c¢6 xu huéng chon mé hinh nhiéu tham sé hon, c6 thé 1a
nguyén nhan cua hi¢n tugng qué khép (over-fiting); cac tac gia da dua ra mdt phién
ban madi cua AIC, 1a @6 do AICc (Corrected Akaike Information Criterion), dugc hi¢u

chinh cho dir liéu ¢& nho:
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2k* + 2k
= - 1.21
AlC; = AIC + —— (1.21)

Khi kich thudc miu n nho va sd lugng tham sb k 16m, gia tri AICc s€ cao hon, do vay
do do wu tién chon mo hinh c6 it tham sb hon. Tuy nhién, d§ do AICc ban chit 1a d6
do AIC b sung thém mdt thanh phan phat 13 ham cua bién n va k. Do vy, néu cac
mo hinh cin so sanh ¢6 ciing ¢& dit lidu va sb lwong tham s thi twong quan vé do 1on
cua hai do do trén cac mo hinh la giéng nhau. Ngoai ra, néu s6 luong dit li€u nhé hon
s6 luong tham s (gia tri phat 4m) hodc luong dit lidu rat 1on so voi s6 tham sé (n >
k, gié tri phat xap xi 0) thi viéc sir dung AICc ciing khong ¢ ¥ nghia. Nhin chung gia
tri AICc dugc su dung dé danh gia do chinh x4c cia mot mo hinh théng ké khi mo

hinh ¢6 s6 lwong quan sét it.

Do do BIC (Bayesian Information Criterion) dua trén 1y thuyét tién nghiém Bayesian.
BIC danh gia mirc d phu hop ciia mdt md hinh dya trén khai niém “dd phire tap” cua
mo hinh. BIC gia dinh ring mé hinh dung nhét s& c6 tham sd it nhit va c6 thé giai

thich dir liéu tot nhat. Gia tri BIC duoc tinh boi cong thire:
BIC(M|D) = 2kin(n) - 2in(L(T|M,D)) (1.22)

Khi so sanh cdc mé hinh thay thé (trong chwong 2), ngoai trir mod hinh da ma tran
LG4X can thém 6 tham sd cho cac toc do tu do va trong s6, v6i cac mo hinh con lai
viéc xdy dung cdy déu co cliing cac tham sb 1a d6 dai nhanh trong cdy va mot tham so
a cho phan phdi gamma do vay cac so sanh sir dung do do AIC. Trong chuong 3 va
chuong 4, khi sir dung céc luge dd khac nhau s& ¢6 s6 luong phan ving khac nhau do
vy s6 tham s6 trong mdi mo hinh 1a khac nhau. Trong hai chuong nay cac thuc

nghiém st dung d6 do AICc va BIC.
1.5.3 So sanh ciu tric ciy

Trén dir li€u thuc, viéc so sanh cau truc cay khong dua ra két luan mo hinh nao 1a tot

hon ma danh gia tac dong cia mo hinh tién hoa toi két qua xay dung cdy phan loai.
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Hai cay c6 cau trac cang giong nhau thé hién hai mo hinh dung dé€ xay dung cay co

d6 trong dong cang cao.

Su khéac nhau vé ciu trac giita hai cdy dugc tinh bang khoang cach Robinson-Fould

giita hai cay d6 [14], [56]. Khoang cach ban dau dugc dinh nghia:
RF(T,, T,) = s phan nhanh thudc mét cay; khong thudc ciy con lai (1.23)

Tuy nhién, gié tri nay chi thé hién dugc su khac nhau ma khong thé hién duoc ti 1€
khéac nhau gitra hai cay (vi du cung khac nhau 4 phan nhanh, nhung trén cay chi c6 5
nhanh thi hai cdy rat khac nhau, con néu cay c6 hang trim nhéanh thi cdu trtc hai cay
vé co ban 1a gidng nhau). Do véy trong [34], cac tac gia dé xuét sir dung khoang cach
Robinson-Fould dugc chuan hoa:

RE(Ty,T;)

nRF(T,, T,) = =3

(1.24)

Trong cong thirc (2.17) n 13 s6 trinh tir ctia sdp hang, 2(n — 3) 13 tong s6 nhanh cia
hai cay (khong cé gbc) co thé khac nhau. Cu thé, mdi cay khong c¢6 gbe ¢ n 14 s& co
2n — 3 phan nhanh, trong d6 n phan nhanh bén ngoai twong tng vdi canh ndi véi 14
va n — 3 phan nhanh trong twong ung vdi canh trong. Cac phan nhanh ngoai luén co6
mat & ca hai cdy, chi cac phan nhanh trong c6 thé khac nhau. Khoang cach Robinson-
Foulds chuan hoéa nhan gié trj tir 0 d&én 1, biéu thi ti 1é giira s6 phan nhanh chi c6 ¢
mat trong hai cdy trén tong s6 phan nhanh cua hai cdy. Gia tri cang gan 0 thé hién hai

cdy cang gidng nhau, gia tri bang 1 khi hai cdy hoan toan khac nhau.

Luu y: khoang cach Robinson-Fould chi tinh toén trén cac cdy c6 cung ddi tuong
nghién ciru (tring tén va sb lugng); bén canh d6, khoang cach khong xét do dai ciia

cac nhanh ma chi xét trén cau truc — moi quan hé ho hang gitra céc loai trong cay.

Vi dy, Hinh 1. 6 minh hoa hai ciy phan loai khong c6 gbc véi cu triic khac nhau trén
cung tip 6 taxa. V&i mdi canh trong ctia cdy, ta c6 mot cach phan nhanh tap taxa. Tap

phan nhanh cta hai cay nhu trong Bang 1. 7. Ta thay hai phan nhanh thtr 3 ctia mdi
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cay khong xuat hién trong cdy con lai. Nhu vay khoang cach Robinson-Fould gitra

hai cay la 2/6.

£

Hinh 1. 6 Hai cay phan loai khong gbc c¢6 cau tric khic nhau trén cing tap taxa

Béang 1. 7 Danh sach phan nhanh trén hai cay trong Hinh 1. 6

Cay bén trai Cay bén phai
STT Phén nhanh STT Phén nhdanh

(tho, rﬁa),(rén, c4 siu, khung long, (tho, rﬁa),(rén, khung long, ca
: chim) : sdu, chim)

(tho, rua, rén),(cé séu, khing long, (thd, rua, rén),(khﬁng long, cé
? chim) ? sdu, chim)

(tho, ria, ran, cé sau),( khing long, (tho, rua, ran, khung long),(ca
. chim) . sdu, chim)

1.6 Kétlun

Dit li¢u trinh tu DNA va axit amin chtra nhiing thong tin quan trong, viéc nghién ctru
ngudn dir liéu phong phti nay nham xac dinh mdi quan hé giita cac loai trong ty nhién
12 myc tiéu trung tdm cua nhiéu nghién ctru. Trong qué trinh xac dinh méi quan hé
giita cac loai thong qua viéc xdy dung ciy phan loai bang phuong phép cuc dai kha
ning, viéc lya chon mé hinh thay thé phul hop nhat c6 anh hudng 16n dén két qua tinh

toan va cdy phan loai cuc dai kha nang xay dung dugc. Do vay nhiéu mo hinh thay
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thé da dugc d& xuit dé cac nha khoa hoc ¢6 thé lya chon dugc md hinh biéu dién ot
nhat qua trinh tién hoa trén dit liéu duoc nghién ctru, phé bién nhat 1a st dung ma
tran c6 kich thudce 4x4 hodc 20x20 thé hién su thay thé gitra cac cdp nucleotit hoat
axit amin. Cac mé hinh thay thé méi, cac cach biéu dién méi van tiép tuc dugc nghién

ctru va dé xuat nham nang cao kha nang bicu dién dir li¢u so vdi cac mo hinh da co.

Vi nhirng bo dir liéu 16m, véi d6 dai méi trinh tu 1én dén hang trdm nghin hay hang
triéu vi tri, van dé tién hoa khong déng nhat tai cac vi tri khac nhau trén trinh tu can
dugc tinh dén khi xdy dung cay, cu thé 14 trong budc tinh gia tri kha ning. Viéc sir
dung luoc dd phan ving dé mé ta cac nhém vi tri c6 mo hinh tién hoa khac nhau 1a
phuong phap hiéu qua vé mit tinh toan dé nang cao tinh dung dén cua ciy phan loai
xay dung dugc. Luoc dd phan ving co thé xac dinh dua trén hiéu biét vé dit liéu hozc
st dung cac thuat toan dé phan hoach sép hang. Mot s6 thuat toan tu dong phan hoach
sap hang tim luoc d6 phan ving di duoc dé xut va cho két qua thuc nghiém tbt. Tuy
nhién cac thudt todn nay chi sir dung tdc d6 tién hoa ude luong tai moi vj tri dé phan

hoach do vay can dugc nghién ctru va cai tién thém.
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Chwong 2: M hinh thay thé axit amin FLAVI cho
Flavivirus

Noi dung chuong 2 trinh bay qua trinh wéc lwong mé hinh thay thé axit amin FLAVI
cho chi Flavivirus — 1a mé hinh biéu dién x4c suat bién d6i giira cac axit amin trong
dir liéu thong tin di truyén cua cac loai trong chi Flavivirus - va két qua thuc nghiém
so sanh hi¢u qua cua mo6 hinh FLAVI v61 mot s6 mo hinh dugce sir dung rong rai hién
nay (bao gdm ba mé hinh chung va bén mé hinh wéc lugng riéng cho vi rat). Noi

dung ctia chuong dugc tong hop tir hai cong trinh nghién ctru [CT1] va [CT4].
2.1 Giéi thigu

Mic du c6 ¥ kién cho rang viéc lua chon mo hinh tién héa khong c6 anh hudéng qua
nhiéu dén két qua xay dung cy phén loai [63], nhiéu nghién ciru di khang dinh viéc
lwa chon mé hinh thay thé axit amin phu hop véi qua trinh tién héa ciia dir liéu c6 anh
hudng 16n d&én két qua xay dung cdy phan loai bang phuong phap cuc dai kha ning
[2], [9], [64]. Do vdy, cic nghién ctru d& xuit mo hinh thay thé méi phu hop véi cac

nhom sinh vét c6 dic diém tién hoa khac nhau 1a can thiét [65], [66].

Trong mot vai nam trd lai day, nhiéu dich bénh lién tuc bung phat. Dich bénh thudng
xuyén gdy anh hudng nghiém trong tdi strc khoe nguoi dan, y té cong cong, va gidn
tiép anh huong téi nén kinh té [67]. Mot trong nhiing dich bénh xuét hién hang nam
tai nhiéu noi trén thé giéi 1a dich sbt xuat huyét, tap trung cht yéu & khu vuc nhiét
d6i va can nhiét d6i. Nguyén nhan giy ra bénh sét xuat huyét 1a do vi rit Dengue -
mat vi rat thudc chi Flavivirus - gay ra. Vi rat nay khong lay truc tiép tir nguoi sang
ngudi ma théng qua vat chi trung gian 1a mudi van Aedes. Hién nay c6 trén 100 qubc
gia ghi nhan sét xuat huyét 1a dich. Theo wéc tinh cia WHO, trén thé gidi c6 2.5 ti
ngudi sbng trong ving dich, hang nim c6 khoang 50 triéu ngudi méic bénh véi khoang

25 nghin ngudi chét vi vi rat Dengue [68]. Bén canh vi riit Dengue, mot s6 vi rat khac
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thudc Flavivirus nhu vi rat Ty song Nin (West Nile) hay vi rat Zika ciing ndi 1én 1a

nhitng dich bénh nguy hiém trong thoi gian dan day.

Tuy da xuét hién tir 1au, dén nay van chua co véc xin hay thudc dic hiéu cho cac bénh
gdy ra boi cac vi rit trén. Do vy, luan an dé& xuit mo hinh thay thé axit amin FLAVI
cho nhom vi rit trong chi Flavivirus véi muc tiéu ting cudng hiéu biét vé qua trinh
tién hoa, tao diéu kién cho cac nghién ctru vé nhimg vi rat ndy va gép phan mo ra

trién vong giam thiéu tac hai ciia nhitng dich bénh trén.

Mo hinh dugc wéc lugng biang phuwong phap cuc dai kha nang, két hop véi phuong
phap chia nho sip hang dua trén cau trac cdy FASTMG/ [69] dé giam bot thoi gian.
Mo hinh sau khi uéc lwong dugc so sanh véi mot s6 mo hinh thay thé khac (bao gom
ca md hinh chung va mé hinh thay thé axit amin trén cac vi rat khac). Cac két qua
thuc nghiém chi ra ring FLAVI cho két qua t6t hon han cic md hinh hién c6 khi phan

tich trinh tu protein cia cac vi rat thudc chi nay.

2.2 Phwong phap

Nhu da dé cap trong 1.2, véi dau vao 1a mot tap N sép hang axit amin ky hi¢ula D =
{Dy, ..., Dy}. Dau ra 1a: M6 hinh thay thé axit amin Q gdm ma tran hé sé hoan d6i R
12 ma tran thé hién toc do bién ddi tir axit amin nay sang axit amin khac va vecto tan

s6 11 biéu dién qua trinh thay thé axit amin trén céac trinh tu cta bd dit liéu D.

Phuong phép uéc lugng mé hinh thay thé bang phuong phap cuc dai kha ning s& xac
dinh tap cay T va mo hinh Q dé cuc dai hoa gia tri kha ning (likelihood) L(Q, T|D).
Tuy nhién, do sy khong déng nhét trong qué trinh tién hoa tai cac vi tri khac nhau,
bén canh m6 hinh Q, mé hinh tdc do bién d6i V duoc str dung dé mo ta sy khong

d6ng nhit nay. Gia tri kha ning khi d6 tré thanh L(Q, T, V|D).

Hai thanh phan mo hinh (Q, V) va tap cay T co thé udc lugng doc 1ap v6i nhau [15]
do vay bai todn udc luong dugc chia thanh hai budc: xac dinh tap cay gan tdi wu va

wdc lugng mé hinh thay thé [8], [27]. Qua trinh duoc lap lai cho dén thi thu duoc mod
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hinh du t6t bang viéc danh gia gia tri kha ning cta cdy phan loai xdy dung bang mo
hinh thu duoc dén thdi diém hién tai va do twong déng cua cac mo hinh udc lugng

duoc trude va sau moi bude.

Thoi gian thye hién udc luong chu yéu tap trung & budc xac dinh tap cay gﬁn tdi uu,
dic biét 1a khi cac sap hang c6 sb luong trinh ty 16n. Dé giam thoi gian ciia budce xay
dung cdy, luan an str dung phuong phéap wéc lwong nhanh FastMG [69] trong d6, sap
hang ban ddu duoc chia thanh cac sip hang con, mdi sip hang con s& gdm mot sd

trinh tu cia sép hang ban dau. Viéc chia tach thuc hién nhu trong Thuét todn 2. 1.

Thuat todn chia tich mot sap hang thanh cac sap hang con c6 dau vao la mot sap hang
co n trinh tu va gia tri k xac dinh ) lugng trinh tu tdi thiéu trong mot sép hang con.

PAu ra cta thuét toan 1a cac sép hang c6 ) luwong trinh tu tu k téi 2k.

Céch chia duoc thyc hién theo tu tuong cta thudt toan BIONJ [18]. Ban dau mdi trinh
tu duoc coi 1a mot nhom. Tai mdi vong lap, hai nhom co khoang cach di truyén nhod
nhat (tinh theo thuat toan BIONJ) duogc g0p lai v&i nhau néu té)ng s6 trinh tu cua hai
nhém nhé hon 2k. Trong trudng hop tong sd lwong trinh tu trong hai nhém 16n hon
2k, nhém nao c6 nhiéu hon k trinh ti s& duoc tach thanh sap hang con riéng. Theo

[69], gia tri k = 8 1a phu hop.
Quy trinh udc lugng md hinh FLAVI dugc md ta trong Thuat toan 2. 2.

Trong budc dau tién, phan mém fastMG dugce sir dung dé chia cac sip hang ban dau
thanh cac siap hang nho hon theo ciu tric cdy. M6 hinh Q duoc wdc luong trén tap

sap hang con m&i (mdi sap hang c6 tir k dén 2k trinh ty).

Qua trinh wdc luong mo hinh la mdt vong 1ap dé cap nhat cac gia tri trong ma tran
ctia md hinh. Ky hiéu Q 1a md hinh wéc lugng duge trong lan lap cudi va Q' 1a mo
hinh uéc lugng dugc trong lan 13p hién tai, vong lap dugc thuc hién dén khi Q va Q'
hoi ty (tirc 1a hé s twong quan giita hai mé hinh xap xi bang mot). Mdi lan lap gdm

hai buéec:
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- Lua chon mb hinh thay thé, mé hinh tc d6 va xay dung ciy T cho mdi sip hang.
V&i moi sép hang, mot mé hinh phu hop nhét duoc chon tr mot tap mo hinh khoi
tao M. M6 hinh phu hop nhét trong trudong hop nay 1a mé hinh c6 diém BIC 16n
nhat trén mot cay khoi tao sir dung thuat toan ModelFinder [70]. Viéc sir dung tap
mo hinh khéi tao M dé khoanh vung nhitng mé hinh ¢6 kha ning phu hop nhét
v6i bd dir lidu giup giam thoi gian xdy dung cdy. Trong truong hop khong chic
chin vé cac mé hinh c6 kha nang phu hop, ta khong st dung tap M, khi d6 mo
hinh phu hop nhat duoc tim trong tit ca cdac mé hinh co thé c6. Tiép theo, udc
luong tham s6 diéu khién hinh dang a ctia md hinh tc d¢ bién doi va sir dung hai
mo hinh nay dé sir dung xay dung cdy cuc dai kha ning cho sip hang dang xét
(xem thém muc 1.1.6 va 1.3.1 dé biét thém chi tiét vé thuat toan).

- Céap nhat cho cac gia tri trong ma tran thuat toan cuc dai ky vong [9] dya trén tap

mo hinh va cay cho moi sdp hang con.

2.3 Thuwc nghiém
2.3.1 Dirligu

Chi Flavivirus co6 cac vi rut phé bién nhu West Nile, Dengue, Zika va mot vai vi rut
khac. Day 14 cac vi rat chira mot soi ARN, cau trac dbi xting hinh khdi, c6 mot vo
boc ngoai nucleocapsid. Bo gen ciia vi rt dai khoang 9500 dén 12500 nucleotit, gdm
3 gen ma hoa cac protein ciu trac (12 gen E — vo boc, M - mang, va C - capsid) va 7

gen mi hoa cac protein khong ciu trac (NS) [72].

bé udc lugng mo hinh thay thé axit amin cta céc vi rat nay, luan an str dung dir li¢u

trinh tu protein dugc NCBI (https://www.ncbi.nlm.nih.gov/genomes/virusvariation/)

[67] cung cap. Dit liéu sau khi tai vé duogc phan tach theo timg loai protein nhu trén
Hinh 2. 1 va loai bé céc trinh tu triung 1dp. Sau khi xtr 1y, dit liéu D thu duoc gom
11392 trinh tu (bao gém 693 trinh tu vi rut Zika, 2091 trinh tu vi rat West Nile va

8698 trinh ty vi rat Dengue), mdi trinh tu 1 mot protein cia mdt trong ba loai vi rt.
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Algorithm Phuong phap chia sip hang dya trén cau tric cay

1: input: Sap hang D = {d;;ds;...;d, } va s6 nguyén duong k

2: output: Tap cac sdp hang con L = {D1; Ds;...; D,,, }; D; ¢6 tit k — 2k trinh tu.
3: procedure TREEBASEDSPLIT(D, k)

4: Khéi tao G ={G; =d;}; L=10

5: while Con > 1 nhém trong G do

6 for all i # j do

7: Tinh khoang céch gitta G; va G, st dung thuat toan BIONJ [18]

8: end for

9: Tim hai nhém c6 khoang cdch nhé nhat, gia sit 1a G vA Ga, s6 trinh tiy trong

mdi nhém 1a mq va mo

10: if m1 + mo < 2k then

11: Gop G35 vao Gy

12: else

13: if my; > k then

14: G =G\G;

15: L=LUG;

16: else

17: G =G\Gs

18: L=LuUG,

19: end if

20: end if

21: end while

292: if S6 trinh ty trong nhém con lai > 2 then

23: Coi nhém con lai 14 mot sap hang con va thém vao L
24: else

25: Nhap nhém con lai vio nhém gan nhat trong L
26: end if

27: end procedure

Thuét toan 2. 1 Phuong phap chia tach sip hang dya trén cau trac ciy BIONJ [69]
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Algorithm Phuong phap ML u6c Iugng mé hinh thay thé axit amin

1: input: Tap n sdp hang D = {Dy; Dy;...; D,,} va tap m6 hinh khdéi tao M

2: output: M6 hinh thay thé udc lugng duge Q

3: procedure FLAVI(D,M)

4: for each D; € D do

5: Stt dung FastMG, chia D; thanh céc tap sap hang con D;i; Djs; ...; D; dung
ma tran khoang cach va cau tric cay

6: end for

. DatQ=0;Q' =0

8: while (Q ==0) Vv (Q # Q') do

9: Q=Q;M=MUQ

10: for each D;; do

11: Liya chon md hinh Q" phit hgp nhat trong tap M

12: T6i wu tham s6 o ctia md hinh téc do 'V

13: Xay dung cay ML cho D;; sit dung mo hinh Q' va 'V

14: end for

15: Uéc lugng md hinh Q' tit tap sip hang va tap cay tuong tng
16: end while

17: end procedure

Thuat toan 2. 2 Udc lugng nhanh mé hinh thay thé axit amin cho b6 dit liéu D
Tong quan vé dit liéu duge mo ta trong Bang 2. 1. Tap cac protein D dugc chia ngu
nhién thanh hai phan bang nhau, mot phan dé udc lugng moé hinh va mot phan dé
danh gia mo6 hinh. Nhiing trinh tu cliing loai protein ciia mdi loi trong mdi phan udc
luong va danh gia dugc sip hang bang phan mém MUSCLE [13]. Vi 10 loai protein

ctia ba loai vi rat, mdi bo dit liéu huan luyén va dir liéu kiém tra c6 30 sip hang.
2.3.2 Tham sb cai dit

Theo bai bao gdc, ngudng khuyén ding ma tac gia dua ra 1a > 8. Dé dam bao két qua
thu duoc trong thoi gian di nhanh ma van giit duoc nhiéu thong tin trong mdi gidéng
hang con do di li¢u udc lugng 1a virut céd tbc do phat trién nhanh, gia tri tham sO k

trong thuat toan wdc lwong nhanh mé hinh thay thé FastMG [69] duoc dit bang 25.
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Nghia 1a mdi giong hang con c6 tir 25 téi 50 trinh ty, trir giéng hang cudi cing khi s6
trinh ty con lai qua it s& duoc gop vao giong hang phu hop nhat. Véi k = 25, thuat
toan thyuc hién trong thoi gian chip nhan duoc (chua dén 24 gid) va c6 sé luong trinh
tu trong mdi sap hang con nhiéu hon, thé hién duoc nhiéu thong tin hon so véi viée

chia nhé hon ntra.

Thuat toan ModelFinder [70] dugc st dung dé chon mé hinh Q phu hop nhat khi thuc

hién xay dung cay.

Tap mo hinh ban dau M gdm ba mé hinh thay thé chung cho cac loai JTT [10], WAG
[8] va LG [27] va 3 mé hinh thay thé axit amin danh riéng cho cac loai vi rat HIVb,
HIVw [11] va FLU [12].

Gia tri ngudng dé xac dinh hai mé hinh Q va Q' twong duong 1a 0.999, tic 1a thuat
toan s& két thiic khi hé s twong quan gitra mé hinh wéc lwong & hai vong lap lién tiép

16n hon hodc bang 0.999.
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5’ UTR

Protein cau trac

Bang 2. 1 Tong quan vé dir liéu duogc sir dung. S6 trinh tir 1 s6 trinh ty trong sip

LY

LT 7

Protein vo (E)

Protein mang (M)

W& Protein capsid (C)

m RNA

NSZAINSZB

NS3 |NS4A

NS4B

Protein khéng cau trac

Hinh 2. 1: Ciu trc virion va bo gen cua vi rat Zika [99]

3’ UTR
NS5 _

hang protein cua vi rut tuong ung, do dai la s axit amin c6 trong sap hang.

Zika West Nile Dengue

Sotrinh ty | Do dai | SO trinh ty | Do dai | SO trinh ty | P9 dai
C 51 117 240 118 756 111

41 75 109 75 438 74
E 36 97 109 97 738 193
NS 116 352 449 351 1497 354
NS2A |67 219 184 186 1142 207
NS2B |32 126 142 126 496 127
NS3 31 151 113 150 542 152
NS4A |24 145 59 143 530 144
NS4B |72 243 334 247 663 242
NS5 133 639 352 641 1896 652
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2.3.3 Thuwe nghiém
Céc thuc nghiém dugc thyc hién nham:

- Danh gia tinh bén viing ctia mé hinh hay d¢ phu hop cua dir lidu dé wdc luong md
hinh nhiéu tham so.

- Danh gia sy khac biét cia mo hinh mai.

- So sénh hiéu qua khi xay dung cay phan loai.

Cu thé:

Dé danh gia tinh bén viing ctia mo hinh, dir liéu sau khi tién xir Iy D dugc chia ngiu
nhién thanh hai nira D1 va D2. Sau d6 ap dung quy trinh uéc luong cua FastMG da
gidi thiéu trong 2.2 dé udc lugng hai mé hinh FLAVI-1 cho D1 va FLAVI-2 cho D2.
Tinh gié tri twong quan giira hai mo6 hinh FLAVI-1 va FLAVI-2. Gia tri tuong quan
dugc st dung dé danh gia mirc do 6n dinh ctia mo hinh két qua va dua ra két luan vé
d6 phu hop cta dit liéu. M6 hinh 1a bén virng (hay dit liéu du 16n) néu gia trj tugng

quan gitra FLAVI-1 va FLAVI-2 gan gang 1.

Trong cac mo hinh da duoc dé xuét, sdu mo hinh phé bién duoc chon dé so sanh véi
FLAVI bao gdbm mé hinh thay thé chung JTT [10], LG [9] va bon mé hinh thay thé
danh riéng cho céc loai vi rat, cu thé 1a mé hinh FLU cho vi rat cim [12], HIVb/HIVw
cho vi rut HIV [11], va rtREV cho retrovirus [73]. Su khac biét cua FLAVI véi cac
mo hinh d3 c6 dugce danh gia thong qua hé sb trong quan giita cic cip mo hinh. M
hinh chung LG va mé hinh HIVb duoc sir dung dé so sanh gia tri twong Gmg ctia tiing

tham s6 v6i mo6 hinh FLAVI.

Céc cay phan loai cuc dai kha nang dugc xay dung cho bd dit liéu kiém tra voi tung
mo hinh thay thé (trong thuc nghiém nay, mé hinh da ma trin LG4X duoc str dung
bén canh cac mo hinh trong budc trén). Hi€u qua cia cac md hinh dugc danh gia dya
trén gid tri kha nang va do do AIC, bén canh d6 thuat toan kiém tra théng ké AU
(Approximately Unbiased) [59] ciing dugc st dung dé so sanh cac cy dugc tao ra

b6i hai m6 hinh tét nhét trén cung mot bo dir lidu.
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Céc thuat toan lya chon mo hinh, tinh gié tri kha nang, cay phan loai cuc dai kha nang

va tinh do do AIC cua ciy dugc thuc hién bang phan mém IQTREE[22].
Thuat toan kiém tra thong ké AU dugc thuc hién bang phan mém CONSEL [74].

Mai ngudn ciia chwong trinh udc lugng tham sé cho mé hinh thay thé axit amin c6 thé

dugc tham khao tai https://github.com/thulekm/flavi

2.4 Két qua
2.4.1 Tinh bén virng ciia mé hinh

V61 hai m6 hinh FLAVI-1 va FLAVI-2 dugc udc lugng tir hai ntra dir ligu D1 va D2,
hé sb trong quan Pearson giita FLAVI-1 va FLAVI-2 trén hai ma tran hé s6 hoan d6i
13 0.994 va trén hai vecto tan sb axit amin 14 0.991. Hé sb twong quan xéap xi 1 cho
thay luong dir lidu sir dung dé huan luyén c6 do 16n pht hop, dam bao mo hinh wéc

luong dugc 12 bén vimg.

Mo hinh FLAVI dugc stir dung 1a m6 hinh FLAVI-1.

2.4.2 Phan tich va danh gia m6 hinh

Béang 2.2 téng hop hé ) twong quan cua cac cdp md hinh, nira trén cia bang thé hién
hé sb tuong quan cua cac cdp ma tran hé sb6 hoan ddi trong khi nira dudi thé hién hé

sO tuong quan cua cac vecto tan so axit amin. H¢ sO twong quan Pearson thap gitra

cac cdp mo hinh thé hién s khiac nhau dang ké gifra cac mo hinh.

Heé sb tuong quan ciia ma tran hé s6 hoan dbi cia FLAVI v6i cdc md hinh con lai co
gia tri dao dong tir 0.67 (twong quan voi rtREV) t6i 0.92 (twong quan voi FLU); trong
khi hé sb twong quan cua vecto tan sb thay dbi tir 0.59 (HIVw) téi 0.90 (JTT). Cac

gi4 tri nay chimg to FLAVI c6 nhiéu diém khac so v6i cac md hinh da c6. Khi quan
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Béang 2. 2 H¢ s6 tuong quan Pearson gitta FLAVI va cadc md6 hinh khac. Gid tri &
ntra trén 1a hé s6 twong quan cia ma tran hé s6 hoda doi, nura dudi 1a tuong quan cua

cac vecto tan so

FLAVI | JTT LG HIVw | HIVb |FLU rtREV

FLAVI | - 0.88 0.77 0.89 0.91 0.92 0.67
JTT 0.90 - 0.91 0.80 0.90 0.87 0.83
LG 0.85 0.96 - 0.65 0.80 0.81 0.95
HIVw |0.59 0.58 0.55 - 0.85 0.84 0.54
HIVb |0.86 0.88 0.89 0.66 - 0.86 0.71
FLU 0.73 0.80 0.72 0.84 0.72 - 0.75
rtREV | 0.80 0.86 0.87 0.59 0.90 0.67 -

sat twong quan ctia ma trdn hé s hoan ddi trong mé hinh FLAVI v6i hai mé hinh
chung (JTT va LG) ta thay cac gia tri nay thap hon so v6i cic mo hinh thay thé axit
amin cua vi rat trir mo hinh rtREV. Xu hudng nay 1a hop 1y vi nhitng mé hinh nay
dugc dé xuat dé biéu dién qua trinh tién hoa cua cac loai néi chung nén kho co thé
biéu dién tbt qua trinh bién d6i dién ra trén vi rit. Riéng mo hinh rtREV dugc wéc
lugng cho retrovirus tir bo dit li¢u kha nho - chi c6 33 trinh tu, do vay c6 thé c6 nhiéu

diem khac cac mo hinh vi rut con lai.

Khi so sanh tirng tham sb trén ba mo hinh LG, HIVb va FLAVI, bén canh cac dic
diém twong dong c6 nhiéu diém khac biét vé gia tri thanh phan trén mdi mé hinh -
xem Hinh 2. 2, Hinh 2. 3. Hinh 2. 2 biéu dién tan sé ctia mdi axit amin trong ba vecto
tan s6 ctia ba mo hinh, trong d6 mot sb axit amin c6 tan sd gan bang nhau nhu I
(Isoleucine), L (Leucine) hay K (Lysine) trong khi mot sd axit amin c6 tin sd khac
nhau dang ké nhu tan suat cia M (Methionine) trong FLAVI 1a 4% xap xi gap do6i
trong hai mé hinh con lai; tan suit cia W (Tryptophan) trong FLAVI gap khoang ba

lan gia tri twong tmg cua LG. Hinh 2. 3 mé ta hé s6 hoan d6i cta ba ma trén twong
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Hinh 2. 2 Tan s cua 20 axit amin trong ba mé hinh FLAVI, LG va HIVb.

ung trong cac mo hinh FLAVI, HIVb, va LG. V& co ban, su hoan dbi xay ra trén ca
ba md hinh phu hop mdt cach tuong ddi, tuan theo quy luat tién hoa chung thé hién
& cac cum vong tron thudng cé kich thude tuong ddng vé mirc 6 16n/nhé. Tuy nhién
c6 mot sb khac biét dé théy giita cdc mo hinh, vi du nhu cac mau thay thé trén hang
T (Threonine), c¢ot C (Systeine), Q (Glutamine) dién hinh 12 ti 1& thay thé giita T va I
cia FLAVI 16n gip nhiéu lan cua LG, hay ti 1& cia thay thé gitta T va K, N
(Asparagine) ctia HIVb 16n hon nhiéu FLAVI.

Khi phan tich sy khac biét gitra tirng cap hé sb6 hoan ddi, ta théy ¢o su khac biét 16n
thé hién qua ) lugng vong tron 16n chiém da sb trén Hinh 2. 4. Cu thé, c6 89 trong
s6 189 cap hé s6 ciia ma tran hoan doi trong mo hinh FLAVI va HIVb sai khac nhau
trén 5 1an, con sd nay 1a 99 dbi véi mé hinh LG (Bang 2. 3). Két qua cho thidy mo
hinh FLAVI khac biét v&i cac mo hinh hién ¢, ddc biét 1a khac cdc mo6 hinh chung,
do vay sir dung md hinh chung dé phan tich dir liéu Flavivirus 1a khong pht hop.
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Hinh 2. 3 Ma tran hé s6 hoan d6i ctia ba mo hinh FLAVI, HIVb va LG. Vong
tron mau den, xam va tréng tai hang X, cot Y thé hién hé s hoan doi gitra axit
amin X va Y cia mo hinh FLAVI, LG va HIVb
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a. So sanh hé s6 hoan ddi trén hai mo hinh FLAVI va HIVb b. So sanh hé s hoan d6i trén hai mé hinh FLAVI va LG

Hinh 2. 4 So sanh twong quan cac hé s6 hoan ddi gitta FLAVI voi HIVb (Hinh a) va LG (Hinh b). Céc hinh tron hién thi su
khac biét twong dbi gitta hé s6 hoan ddi trong FLAVI v6i X (HIVb hodc LG) gié tri duoc tinh bang (FLAVI XY —
HIVb_XY)/(FLAVI_XY +HIVb XY). Céc hinh tron mau den thé hién hé s6 ciia FLAVI 16n hon X, mau trang thé hién hé
s6 ctia X 16n hon FLAVI. Gia tri 1/3 hodc 2/3 ¢6 nghia hé s cia FLAVI 16n hon X 2 hodc 5 1an. Gia tri -1/3 hodc -2/3 ¢
nghia hé s6 cua X 16n hon FLAVI 2 hodc 5 lan.
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Bang 2. 3 Su khac nhau trén tirg phan tir trong ma tran hoan d6i. Gié tri & hang
“gép doi”, cot “FLAVI>HIVD” 12 s6 hé s6 trong ma tran FLAVI 16n hon hodc bﬁng

hai 1an hé s6 & vi tri twong tng trong ma tran HIVb. Céc gia tri khac trong bang c6

y nghia tuong tu.
FLAVI > HIVb | HIVb > FLAVI | FLAVI>LG | LG >FLAVI
Gap doi | 31 96 24 120
Gap nam | 18 71 7 92

2.4.3 So sanh hiéu qué ciia FLAVI

Sau khi xay dung cay cuc dai kha nang xay dung dugc cho 30 bd dir li¢u kiém tra véi

tirg mo hinh, gia tri kha ning va chi s6 AIC cua cac cdy ing v4i moi sap hang dugc

so sanh dé xem mo hinh nao gitip x4y dung cay t6t hon. Két qua tong hop dugc thé

Bang 2. 4 Két qua so sanh gia tri kha nang cua cac cdy phan loai dugc xdy dung

bang tdm mo hinh. Gi4 tri tai hang X, c6t Y 1a s6 cdy dugc xay dung boi mo hinh

X ¢6 gia tri kha ning cao thir Y trong sb cac cdy xay dung duoc.

1 2 3 4 5 6 7 8
FLAVI 28 2 0 0 0 0 0 0
JTT 0 1 7 15 7 0 0 0
LG 0 0 0 0 4 7 9 10
FLU 0 0 0 2 0 7 13 8
HIVw 0 3 13 5 3 3 2 1
HIVDb 2 15 7 4 2 0 0 0
LG4X 0 0 2 3 8 2 3 7
RtREV 0 9 1 1 6 11 1 1

74




Béang 2. 5 Bang so sanh gia tri log-likelihood va AIC trung binh twong Gng véi cac
mo hinh trén 30 cay cuc dai kha nang trong dit liéu kiém tra. Luu y: gia tri log-

likelihood cao hon hodc gia tri AIC nho hon twong tng voi mé hinh tét hon.

Log-likelihood/vi tri | AIC/ Sap hang AIC /vi tri
FLAVI -15.5 6649 34.8
HIVDb -15.7 6722 35.2
FLU -15.8 6745 353
JIT -15.8 6771 35.5
HIVw -15.9 6799 35.6
LG4X -16 6861 35.9
LG -16.1 6889 36.1
rtREV -16.3 6964 36.5

hién trén Bang 2. 4. Gia tri log-likelihood trung binh, diém AIC trung binh tai mdi vi
tri va diém AIC trung binh cho mdi sap hang duoc thé hién trén Bang 2. 5.

Nhin vio Bang 2. 4, dé dang nhan théy FLAVI t6t hon cac mo hinh con lai, thé hién
& gia tri kha ning cua 28 trong 30 cy la cao nhat, chi ¢ 2 cay cé gia tri kha ning
xép thir 2. Mic du dit liéu cua virus Dengue chiém 76.4% trong khi virus West Nile
va Zika chi chiém twong tmg 12 18.3% va 5.3%, mo hinh FLAVI cho két qua tdt trén
cac bo dix liéu kiém tra cta ca ba loai. Chting to céc virus trong chi Flavivirus co thé
¢6 nhiéu diém twong ddng trong qua trinh phat trién. Trong cdc mo hinh con lai HIVDb
12 mo hinh t&t nhét v6i hai cdy cuc dai kha ning t6t nhit cho hai sip hang protein ctia
Zika, dong thoi c6 15 cay trong s6 28 cdy con lai xép thr 2 (chi sau FLAVI). O chiéu
nguoc lai, mo hinh rtREV cho két qua kém nhét. Hiéu suit kém cua rtREV canh bao
rﬁng cac mo hinh thay thé axit amin nén duogc udc lugng tir cac bo dir liéu co kich

thudce du 16n.

Dura trén gia tri cu thé trong Bang 2. 5, khi st dung mé6 hinh FLAVI, gia tri trung binh
tang 1én 0.2 diém log-likehood (1.27%) so v6i md hinh xép thir hai va ting 0.3 diém
log-likehood (1.9%) so v&i md hinh thay thé chung t6t nhat.
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Khi so sanh cdu tric cay xdy dung bang cac mé hinh khac nhau cho cing mét sip
hang bang khoang cach Robinson-Foulds chuan hoéa gitra mdi cdp cdy. Trung binh
khoang cach cua tat ca céc cap cay da xay dung la 0.6 thé hién su khac biét dang ké
trong cdu trac gitra cac cdy. Su khac biét 1on nay 1a do mdi lién hé giita cac trinh ty
kha gﬁn din dén viéc kho khian trong xac dinh rd rang cay nao tdt hon néu chi dua
trén gia tri kha nang; ngay ca khi mot cy c6 gia tri kha nang 16n hon kha nhiéu so
vo1 mot cay khac.

Dé xac dinh xem liéu ciu tric cia cdy tot nhat tinh theo gi4 tri kha nang (tic 1a cay
c6 gia tri kha nang cao nhat) c6 thuc sy 1a cay t6t nhat hay khong, kiém tra thong ké
AU [59] duoc lya chon dé thyc hién. AU dugc dénh gia 1a thuat toan kiém tra tot vi
giai quyét duoc van dé co thé gay sai léch tang gia tri kha ning cua cac ciy dan dén
két luan sai trong mot s6 trudng hop nhu cac thuét toan dé xuat trude nhu [57], [58].
Thuat toan thuc hién so sanh cac cap cay xay dung béi mo hinh FLAVI va m6 hinh
HIVD 1a mé hinh x4y dung tip cdy t6t thir hai. Két qua so sanh voi do tin cdy 0.95
dugc thé hién trong Hinh 2. 5. Trong 28 sip hang kiém tra ma cdy FLAVI c6 gia tri
kha niang cao hon ciy HIVb, 16 ciy la tot hon dang ké, 12 trudng hop con lai tuy cay
FLAVI c6 gia tri kha ning cao hon, c6 thé do anh hudng cua qué trinh 1y miu va

thong ké.

Khi phén tich ciu tric hai cay duoc xay dung béi hai mo hinh FLAVI va HIVb trén
toan bo dir liéu (nghia 13 gop dit liéu cua ca ba loai vi rat thanh mot sip hang duy
nhit) chiing t6i thdy rang cac trinh ty thudc ciing mét loai vi rat déu duoc gom va
tach thanh nhém riéng. Cac nhom nay cé khodng cich 16n hon, trong khi trong mdi
nhanh, d¢ dai cac nhanh con rat ngan. Tap cac nhanh ngan nay (d6 dai trung binh chi

0.006) 1a nguyén nhan cua khoang cach lon gitra cac cay.
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Hinh 2. 5 Két qué so sanh cdy ML ciia 30 sap hang Dengue, West Nile va Zika
trong tap dir li¢u kiém tra béng thuat toan AU. Cay Tt hon la cay co gia tri kha
ning cao hon, nhung khong thuc sy dang ké theo thuat toan kiém tra AU; cdy Tt
hon dang ké 1a cay co gia tri kha ning cao hon thyc su dang ké theo thuat toan.
Trong tat ca cac cdy duoc xay dung boi tdim mo hinh, cay xdy dung boi LG4X 1a cay
c6 chiéu dai 16n nhét (tong do dai ciia cac cay 13 65.1). Trong cac ciy con lai, tong do
dai canh ctia cac cdy FLAVI 14 63.4 14 cay c6 chiéu dai 16n nhat khi stir dung ma tran
don. Phat hién nay cho théy, khi str dung m6 hinh don ma tran, cdy FLAVI thé hién
duoc nhiéu bién ddi an trong qua trinh tién hoa cua chi Flavivirus hon so v6i cac mo

hinh da c¢.

Cubi cung, ching t6i danh gia kha nang st dung mé hinh FLAVI cho vi rat khac
trong chi Flavivirus ngoai ba vi rat Zika, West Nile va Dengue da xuat hién trong dit
liéu huin luyén. O day, chung t6i thu thap 261 trinh ty protein cua vi rit s6t vang da
tir National Center for Biotechnology Information va xir Iy gidng nhu da trinh bay
trong 2.3.1 dé tao 10 sap hang tuong tng véi 10 loai protein cua vi rit sot vang da.

Khi so sanh cay ML xay dyng tir tim m hinh d4 ké & trén, cay FLAVI cho két qua
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t6t nhat trong 6 truong hop (LG4X cho cdy tot nhét trong hai trudng hop, JTT va
FLU mdi loai tot nhit cho mot truong hop).

2.5 Kétluan

West Nile, Dengue, va Zika 14 ba trong s6 cac vi rit thudc chi Flavivirus gdy ra cac
dich bénh nguy hiém trong thdi gian gan ddy. M6 hinh thay thé axit amin FLAVI cho
chi Flavivirus (Bang 2. 6) dugc wéc wong dua trén dit liéu cta ba vi rat trén. Két qua
cua cac thuc nghiém cho théy dir li¢u dugc str dung dé wdc luong mo hinh FLAVI 1a
da 16n, dam bao mod hinh ude luong duogc la on dinh. M6 hinh FLAVI c6 mot sb dac
trung khac biét véi cac mo hinh da co, thé hién qua trinh thay thé khac biét cua chi
Flavivirus. Str dung mo hinh FLAVI xdy dung cdy c6 gia tri kha nang tot hon so voi
cdy st dung cac mo hinh khéc. Két qua nay thu duoc khong chi dbi voi ba vi rat dugc
sir dung dé udc lwong mo hinh ma cho ca vi rat khac trong ciing chi. Do véy, dé tiét
ki€m thoi gian, cac nha khoa hoc c6 thé st dung FLAVI nhu m6 hinh méc dinh khi
phan tich trinh tu protein cua céac vi rit trong chi Flavivirus. Tuy nhién, cac két qua
thuc nghiém ciing chi ra rang trong mot s6 trudng hop FLAVI khong phai 1a mé hinh
cho kha nang cao nhét, do vay, chung ta c6 thé sir dung thuat toan lya chon mo hinh
phut hop nhit nhu ModelFinder [70] dé chon trong mot tap giGi han cac mo hinh co

kha nang cao.
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Bang 2. 6 M6 hinh thay thé axit amin FLAVI cho chi Flavivirus

A R N D C Q E G H I L K M F P S T W Y \%
A
R | 0.077
N | 0.078 0.000
D | 0551 0.089  8.801
C | 0.115 0573  0.000 0.000
Q | 009 3857 0.093 0.184 0.000
E | 0561 0021 0.000 7.603 0.000 1.058
G | 0478 1281 0.148 1360 0.221 0.000 2.331
H | 0169 2704 3326 0.543 0241 8959 0.025 0.033
I | 0000 0151 0538 0.000 0.000 0.000 0.000 0.000 0.037
L | 0.003 0.114 0.000 0.000 0.085 0.790 0.024 0.038 0376 1.571
K | 0,000 19413 2764 0.000 0.000 1.546 2.993 0.028 0.000 0.253  0.039
M | 0.000 0.151  0.000 0.000 0.000 0.000 0.031 0.009 0.000 8538 2.895 0.340
F | 0000 0.000 0000 0.000 0773 0.000 0.000 0.000 0.093 1369 6.297 0.000 0.000
P | 125 0292 0000 0.000 0000 1571 0.000 0.030 0.723 0.000 1.183 0.098 0.000 0.035
S | 2104 0947 9494 0.128 1516 0.141 0.000 1736 0.080 0212 1.009 0.131 0.074 1.822 4417
T | 6315 0200 1.330 0.000 0.000 0.057 0.000 0.045 0.144 6768 0.033 0567 2228 0.000 1543 3.291
W | 0.000 0791  0.000 0.000 2306 0.000 0.000 0324 0207 0000 0.176 0.000 0.173 0.148 0.074 0.154 0.000
Y | 0044 0000 1248 0.772 4.086 0.000 0.030 0.000 16469 0.000 0.000 0.072 0229 5908 0.000 0431 0.000 0.000
V | 8031 0.000 0000 0440 0.150 0.000 0346 0.583 0.067 16913 1.074 0.007 3.856 1.177 0.037 0.053 0.134 0.000 0.234
IT | 0078 0054 0034 0.035 0.014 0.030 0.055 0086 0.018 0.063 0.104 0.060 0.040 0.034 0.037 0.061 0.076 0.030 0.020 0.071
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Chwong 3: Phwong phap phan hoach sip hang sir dung
mé hinh tién hoa

Chuong 3 trinh bay thuat toAn mPartition, la thuat toan dugc dé xuat dé biéu dién sy
khong dong nhat trong qua trinh bién dbi tai cac vi tri khac nhau trong sap hang thong
qua viéc phan hoach sip hang ban dau thanh cac sip hang con, mdi sip hang con
chira cac vi tri ¢6 cing qua trinh tién hoa. Thuat toan sir dung md hinh tién héa phu
hop nhét tai mdi vi tri trong thi tuc danh gia sy twong déng ciia qua trinh tién hoa tai
cac vi tri khac nhau. Noi dung chuong tong hop tir cac cong trinh [CT2], [CT3] va
[CT5].

3.1 Giéi thiéu

Nhu da dé cap trong chuong 1, cac thuat toan phan hoach sap hang c6 dau vao la mot
sap hang va dau ra 1a mot luge dd phan ving ma trong dé cac vi tri trén sap hang c6
qua trinh thay thé giéng nhau thudc cting mot phan ving. Céc thudt toan nay thuong
st dung tdc do tién hoa 1a dic trung dé phan hoach, dién hinh trong s6 d6 1a thuat
toan k-means lip va thudt toan RatePartition (xem thém phan 1.3 dé biét thém chi tiét
vé thuat toan). Tdc d6 tién hoa noi chung thé hién toc d6 ma cac loai sinh vat thay doi
va thich nghi véi méi truong trong qué trinh tién hoa. Vi pham vi dit liéu trong mot
sap hang, tdc d6 tién hoa duogc tinh cho timg vi tri trén sdp hang va ¢ gid tri thé hién
tdc nhanh/cham tuong ddi gifra céc vi tri. Trong sb cac loai toc do tién hoa, TIGER
la cach tinh thuong dugc su dung do gia tri tdc d6 duoc tinh hoan toan béng dir liéu,
khong bi anh huéng bai ciy khoi tao cho qua trinh tinh toan (xem thém phan 1.3 dé
biét thém chi tiét vé thuit toan).

So voi thuat toan k-means lap, thuat toan RatePartition da giai quyét dugc van dé tao
phan ving bat bién trong luoc d6 phan vung. Tuy nhién do chinh x4c cia
RatePartition bi anh huong boi hé sé phan chia d. Tham sd nay tac dong téi s6 luong

phan ving trong luge dd phan ving két qua - khi d ting, sb lugng phan ving ting
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1€n; khi d giam, sb lugng phan vung cling giam. Do do, viéc chon gid tri d anh huong

dang ké dén d6 chinh x4c cua thut toan RatePartition.

Bén canh d6, mic du téc do tién hoa ciia cac vi tri khac nhau trén ciing mot sap hang
cung cap céac thong tin hiru ich cho qué trinh phan hoach cac vi tri; viéc chi dung toc
do tién hoa dé dai dién cho toan bd qua trinh thay thé cia cac trang thai (nucleotit
hodc axit amin) 1 khong phu hop vi cach thirc bién dbi tai cac vi tri ciing c6 thé 1a
tiéu chi can xét dén khi danh gia d6 tuong ddng giira cac vi tri [36]. Tir 4o, ¥ tudng
ctia thuat toan mPartition 1a sir dung ca hai loai thong tin, bao gém tdc do tién hoa
dugc ude lugng tai mdi vi tri trén sap hang va mo hinh thay thé giita cac nucleotit
hodc céc axit amin dé phan hoach tép vi tri thanh c4c tap con sao cho cac vi tri trong

cung mat tap con co tbc do tién hoa va mo hinh thay thé tuong tu nhau.

Muc tiéu cta lwoc dd phan ving 13 gom cac vi tri ¢6 qua trinh tién hoa tuong dong
thanh nhom, tir do tang gia tri kha nang trong qua trinh tinh toan hay noi cach khac
1a tdng tinh chinh x&c ctia cdy phan loai xay dung dugc. Do vay viéc so sanh cac lugc
d6 phan ving thudng duoc thuc hién bang cach so sanh do do 1y thuyét thong tin trén
ciy cuc dai kha ning twong Gmg. Cu thé 1a so sanh d6 do AICc (corrected Akaike
information criterion[61]) hay BIC (Bayesian information criterion [62], [75]) vi sb

luong tham sb cua cac luge do khac nhau (s6 nhém/phan ving khac nhau).

3.2 Phwong phap

Dau vao ciia bai toan 1a mot sap hang da trinh ty twong dong D = {d, ..., d;} d6 dai
[, véi d; 1a mot ¢Ot ctia ma tran dir liéu D.

Pau ra 1a mot luge d6 phan vang PS = {P,, ..., P} 1a mot phan hoach cua tap cac vi
tri tir 1 dén L.

Thuét toan mPartition thuc hién tim lugc d6 phéan vung sao cho cay cuc dai kha nang
xay dung cho sap hang D str dung luoc d6 phan ving tim dugc ¢ diém BIC nho nhat.
mPartition bat dau béng luge dd khoi tao chi c6 mot phan vung, chtra tat ca cac vi tri

cua sép hang. Vi lugc dd hién tai, thuat toan chia nho cac phan vung trong dé thanh

81



cac phan ving nhé hon dé thu dugc luge d6 méi tot hon (giam diém BIC cia cay cuc

dai kha ning). Thuét toan két thuc khi khong con phan ving nao cé thé chia nho.

Dé chia nhé mot phan ving, trudc hét mPartition chia cac vi tri trong phan viing dang

xét thanh ba tap con twong ng véi ba nhoém theo toc d6 tién hoa TIGER: nhém tién

hoa cham gdm cac vi tri c6 gia tri tbc d6 16n, twong tw 12 nhom tién hoa nhanh co gia
tri tdc d6 nho, con lai 1a nhom tién hoa trung binh. Sau d6 tim md hinh phu hop nhét
cho cac nhom va diéu chinh lai tap vi tri trong mdi phan ving theo mé hinh phu hop

nhit va ham 4nh xa gia tri kha ning cua céc cap vi tri — mo hinh tién héa [76].

Thuat toan mPartition gém bdn bude chinh, duge thuc hién nhu trong Thudt toan 3.1

Chi tiét cac budc nhu sau:

1. Khéi tao (dong 4 - 6): Néu mot phan vung trong PS chua thyc hién budc kiém
tra dé chia nho thi phan ving dugc gan nhan 1a "dang phan ving" (tic 1a dang
trong qua trinh chia nhé thanh cic phan vung con). Cac phan vung ¢ trang thai
dang phan vung dugc luu trong danh sach P.

Pit PS = P = {1, ..., [} — tirc 1a lugc d6 chi gdm duy nhit mot phan ving chira tat ca

vitricua D. Tiép theo, tinh tdc d6 tién hoa cho tat ca cac vi tri cta sép hang D béng

thuat toan TIGER (xem muyc 1.4 dé biét thém chi tiét vé cach thuc hién thuat toan

TIGER); va xay dung cay cuc dai kha nang T cho D.

2. Phén ving bing toc d9 bién ddi tai cac vi tri (dong 10)

Véi P la mot tap vi tri caa P. Goi r(p ]-) la gia tri tdc d6 cuia mdi vj tri p; trong P
VA Ty VA Ty 12 the d0 tién hoa cao nhét va thap nhat cia céc vi tri trong P. Luu
v réng, tdc do TIGER bién thién trong khoang ttr 0 dén 1; cac vi tri bién d6i nhanh
nhét c6 gia tri tdc d6 nho nhat va nguoc lai.

Céc vi tri trong P dugc chia thanh ba cum khéc nhau tuwong trng véi céc vi tri co
téc d6 cao (P;), cum toc do vira (P,), va cum tdc do thap (P3). Vitrip ; duoc phéan

vao nhom g(p j) theo cong thirc nhu sau:
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Sap hang D

4

Khai tao PS = P = {1, ..., [}. Tinh téc d6 {r;}; cay T

\ 4

Vé6i P € P: loai P khoi P; nhom céac vitri p; € P thanh ba

nhém P;, P,, P; theo toc do r(p ]-) cao, vira, thip

A4

Tim mé hinh tién hoéa phu hop nhit Q;, Q,, Q5 cho P;, P,, P;

A4

Tinh gi4 tri kha ning cho céc vi tri trong P twong tng véi moi
mo hinh Ql' Qz, va Q3

A 4

Nhom céac vi tri c6 cung mo6 hinh tién hoa tot nhat dé cap nhat
cac tap con vi tri

l

Néu cach chia nay gitp giam diém BIC va c6 it nhat 50 vi
tri thi loai bo P khoi PS va thém Py, P,, P; vao PS, P

Sai

Lugc dd phan ving PS

Hinh 3. 1 Quy trinh phan hoach sip hang D bang phuong phap mPartition
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Algorithm Thuat toan mPartition phan hoach sip hang tu dong

1: input: Sap hang D

2: output: Lugce do phan ving PS = {Sy;...; Sk}

3: procedure MPARTITION(A)

& S={D};P={D} //Khitao

5. Tinh téc do r; cho vi trf i

6: Xay dyng cay ML T cho D

7: while P # () do // Lap dén khi khong con phan viing ndo can chia
8: for each P € P do

0. P=P\P

10: Chia P thanh 3 nhém Py; Py; P3

11: Xac dinh md hinh Q1; Q2; Q3 phut hgp nhat cho Pi; Py; Ps

12: Tinh gia tri kha nang cho cac vi tri trong P tuong ting véi Q1; Q2; Q3
13: Cap nhat Py; Py; P3 1a tap cac vi trf ¢6 cling mo hinh tién héa t6t nhat
14: S =S \PU{P;P; P;}

15: Tinh BIC ctia luge do S’

16: if BIC(S') < BIC(S) then

17: S=9

18: P=PU{P;P,; Ps}

19: end if

20: end for

21: end while
22:  Nhap cac tap con P; chita toan vi tri bat bién néu co.

23: end procedure

Thuat toan 3.1 Thuat toan phan hoach sap hang mPartition.
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Pl: r(pj) <rmin+k (1~18)

9(0;)) = Pyt Tpin + k < 7(D)) < Tyin +2 Xk
Ps: rpin +2 Xk < r(pj)

Véik = W Tic 1a khoang tir 7,4, tGi 7y, duoc chia thanh ba khoang déu
nhau tuong tng véi ba nhom.

. Diéu chinh lai céc tap vi tri dua trén mé hinh tién héa (dong 11-19)

Véi mdi tap vi tri P; (i = 1,2,3), cip mo hinh tién hoa va mé hinh tdc d6 bién
d6i (Q;,V;) phu hop nhit dugc lwa chon bang thuat toan ModelFinder [70]. Sau
khi xac dinh cac cdp md hinh tién hoa phu hop nhét, gia tri kha ning tai mdi vi tri
p; trong P d6i v6i ba cdp mé hinh 1an luot 1a: L(p;|T, Q1, V1), L(p;|T, Q4 V) va

L(p] T; Q3) V3)

Céc vi tri trong phan ving P duoc sip xép lai dua trén cac gia tri kha ning vira
tinh. Cy thé, tap vi tri c6 bién doi trong phan ving P dugc chia thanh ba nhém
Py, P,, P; , trong d6 nhom P, chira nhing vi tri ¢6 gia tri kha ning cao nhat khi st
dung mo hinh tién hoa Q.. Voi tap vi tri bt bién, mdi vi tri dugc gan cho mét
trong ba nhom P, vdi x4c suat p, ti 1& v6i gia tri kha ning ciia mo hinh tuong tng

v61 nhom:

1,00/ Y L(p|T. Q) (119)

v=1..3

px = L(p;j

D@ thay rang viéc sir dung xéac suét trén cac vi tri bat bién giup phan tan cac vi tri
bat bién trong phan viing ban dau vao ba phan ving con méi duge tao. Trong mot
sO truomg hop, khi mot trong céc tap con P, qua nho (dudi 50 vi tri — ngudng duoc
chon trong bai bao [77]), céac vi tri trong tap s€ dugc gan lai vao hai tap con lai va

loai bo tap con P, khoi luge d6 phan ving.

Sau khi thu dugc céac tap con Py, P,,va P; mdi, gia tri BIC dugc tinh lai cho Iugc

dd méi. Néu gid tri BIC cua cay dung lugc d6 sau khi chia tét hon so véi trude
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khi chia thi thém P;, P,, va P; vao danh sach “dang phan vung” P va thay phan
ving P trong PS bang ba phan ving méi 1a Py, P,, va P;. Truong hop lugc d6
moi khong t6t hon so véi trude khi chia thi ta chi loai bo P khoi P va giit nguyén

cac phan vang cua luge d6 PS.
4. Hiéu chinh phan hoach (dong 22)

Trong khi van con céc tap con & trang thai “dang phan ving” trong P, quay lai
bude 2 dé thuc hién chia nho céac tap nay. Nguoc lai, néu khong con tap con nao
& trang thai “dang phan ving” c6 nghia 1a tat ca cac tap hop vi tri khong thé thay
do6i dé cai thién gia tri BIC, vong lap két thuc. Liic ndy, trong luge d6 phan ving
PS c6 thé c6 mot s6 phan ving chi chira cc vi tri bat bién. Cac phan ving nay
duoc gdp thainh mot phan ving duy nhit chtra cic vi tri bat bién. Thuat toan két

thiic va tra vé két qua 1a lugc dd phan ving PS.

Thuat toan co thé chia 1am hai phﬁn roi nhau: tinh toc d6 tién hoa, xac dinh cay cuc
dai kha nang cho sép hang va thuc hi¢n phan chia tap vi tri. Thoi gian tinh tbc do tién
hoa 1a gidng nhau cho cac k-means lip, RatePartition va mPartition va viéc chon thuat
toan tinh toc d6 dam bao tinh diing dan va téc do tinh toan nhanh 14 can thiét. Sau khi
da co toc do tién hoa, RatePartition c6 do phuc tap ka 0(1), do thuat toan chi duyét
qua moi vi tri mot lan dé kiém tra tdc d9 tai vi tri d6 va xéac dinh vao khoang tbc do
phut hop. Trong khi d6 mPartition va k-means ldp can thuc hién xay dung mot cay
cuc dai kha nang cho sip hang D. Bai toan toi wu cdy phan loai 1a mot bai toan NP-
kho [78], cac thuat toan tim kiém gan dung thuong duoc st dung dé giam bét thoi
gian [21], [22].

Trong tac vu phan chia tap vi tri, hai thuat toan su dung dé quy, trong truong hop X4u
nhit, mPartition phai chay % mirc (inv 13 sb vi tri bat bién) néu mdi 1an chia tao
ra hai phan ving c6 d6 dai tdi thiéu (46 dai 50 vi tri c6 bién d6i) va mot phan ving
chira toan bo cac vi tri con lai, k-means ldp c6 thé chay téi / vong lap do khong khong
ché vé do dai tdi thiéu ciia mdi phan ving. V&i mbi phan ving con, thudt todn -

means ldp chay thuat todn k-means trén tap tde do (0(1?)) ctia cac vi tri tao phan ving
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méi va tinh AICc cua phan ving méi dé so sanh véi phan ving cii trong khi
mPartition thuc hién chia nhém theo téc do (0 (1)), tim md hinh tién hoa phu hop va
tinh gia tri kha ndng véi ting mo hinh tim dugc, tao phan vung maéi va tinh gia tri
AICc dé so sanh giéng v6i1 thuat toan k-means ldp. Viéc chon mé hinh tién hoa phu
hop 12 mot bai toan NP-kho va ton nhiéu thoi gian do vay budc phan chia tap vi tri

cua thuat toan mParition c6 do phuc tap cao hon so véi thuat toan k-means lap.

Tuy nhién, mPartition thuc hién phan hoach tép vi tri dya trén hai thong tin, bao gém
tdc do6 tién hoa tuong ddi va mo hinh tién hoa tai mdi vi tri, do vay xét trén phuong
dién sinh hoc, két qua dua ra c6 kha ning phu hop véi qua trinh tién hoa tai cac vi tri
hon so v6i cac thuat toan chi st dung tdc do 1a k-means 1ap hay RatePartition. H¢ qua
13 m6 hinh luge dd phan ving thu duoc gitp xac dinh cau trac cdy co kha niang cao
hon. Bén canh d6, viéc st dung ham phan phéi méat dd xéc suét dé tinh xac sudt mot
vi tri bt biét thudoc mot trong cac phan vung cua lugc dd tranh dugc tinh trang dua
tat ca cac vi tri vao cing mot phan vang, diéu nay 1a khong hop 1y vi, nhu da dé cap
o muc 1.1.2, nucleotit/axit amin quan sat dugc cé thé giéng nhau nhung thuc té da

x4y ra cac qua trinh bién doi phrc tap.

3.3 Thuc nghiém

Céc thyc nghiém khac nhau dugc thuc hién dé so sanh lugc dd phan vung tao bdi
thuat todn mPartition va thuét toan RatePartition trén hai loai dit 1i€éu mé phdéng va dir
liéu thuc. Trong d6 cac thuc nghiém trén dir liéu m6 phdng so sanh kha nang xay
dung lai cay gdc (cdy dung dé tao dit liéu mo phong) thong qua khoang cach nRF t6i
cay géc; voi1 dir liéu thyce, cac thuc nghiém so sanh cac lugce dd phan vung béng chi
s6 AICc va BIC (khong c6 cdy gbc). Chi tiét cac thuc nghiém duoc trinh bay trén
tung bd dir li¢u.

3.3.1 Dirli¢u

Céc thuc nghiém dugc thuc hién trén ba b dir liéu khac nhau bao gém dir liéu DNA

mod phong, dir liéu DNA thuc va dit liéu protein thyc. Trong do dir liéu DNA duogc
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lay tir nghién ctru vé phuong phap RatePartition; dit liéu protein duoc trich tir dit lidu
ciia mot sb cong trinh da dugc cong bd [79]-[83]. Cac thuc nghiém déu duge thuc

hién bang phin mém IQTREE [22]
a. Dt liéu m6 phédng DNA

Dir li¢u mo6 phong DNA (c6 tai: 10.5281/zenodo.1251684) dugc mo phong trén mot
cdy 17 l4. Hai cdu truc cdy dugc mod phong la cdy ddi xting va bat ddi xtg véi cac
thiét 14p d6 dai nhanh khac nhau. M6 hinh tién héa duoc str dung 1a F81 va GTR cung
v&i md hinh tde d6 bién ddi. Vi mdi ciu trac cay, cac tac gia su dung 14 bo tham )
khac nhau (bao gém cac tham s6 d6 dai nhanh va mé hinh tién hoa) va thuc hién mo
phong 10 lan dé thu dugc 280 bo sip hang. Mbi sip hang c6 do dai 4000, gdm bdn
phan ving c6 d6 dai bang nhau, mdi phan ving c6 1000 nucleotit dugc md phong
theo cing mot mo hinh thay thé (F81 hodc GTR), khac vecto tan sd va ty 16 thay thé
nucleotit. Ngoai ra, dé kiém tra két qua phan vung trén dir liéu khong day du, cac tac
gia d3 thyc hién loai bo mot phan ving trén bon cip tham sd dé tao thém céc bod sap
hang thiéu dit liéu (chi tiét vé cac bo dir liéu c6 trong bai bao RatePartition [32]).

Bang 3. 1 Tam b dir liéu DNA thyc dung dé so sanh cac phwong phap

phan hoach siap hang. Do dai 1a sd nucleotit trong sip hang tuong ing

Dir liéu #S06 trinh tw | #S6 gen D) dai
Arctiina [84] 113 8 5809
Calisto [85] 90 6 5297
Choreutidae [86] 41 8 6293
Coenonymphina [87] | 69 5 4435
Geometridae [88] 164 8 5998
Morpho [89] 31 8 6372
Noctuidae [90] 78 8 6365
Pieridae [91] 110 8 6247
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b. Dir liéu DNA thuc

B0 dir liéu DNA thyc bao gém tam sap hang DNA, mdi sip hang bao gom mét gen
ty thé (COI) va bdn dén bay gen nhan thuong thiy trong phat sinh loai ciia bd canh
vay (lepidopteran). Cac sap hang co do dai tir 4435 dén 6372 va sé luong trinh ty
trong mdi sap hang tir 31 dén 164. Sap hang c6 kich thudc tir nho dén 16n twong ting
v6i cac ¢& quan thé khac nhau. Céc sip hang trong bo dit liéu bao gom ca dit liéu bi
thiéu. Ty 18 thiéu dit liéu cta cac sap hang dao dong trong khoang 9,6% dén 39,1%.
Pé dam bao khong gy sai léch khi xay dung cdy cuc dai kha ning, dit liéu duoc tién
xtr Iy dé loai bo nhirng trinh tu c6 thiéu nhiéu hon 80% d¢ dai, trir truong hop tap dir
liéu c6 khong qua 1% vi tri nhu vay [32]. Thong tin vé cac siap hang DNA thuc c6
trong Bang 3. 1.

Dt liéu protein thyc dugc trich tir cac nghién ctru da dugc cong bd vé nhén va nhén
bién [79], dong vat co va [83], thuc vat c6 hat [82] va dong vat c6 xwong ham [80],
[81]. Trong cac bo dit liéu gdc da duoc cong bd, s6 lugng trinh tu cua sip hang dao
dong tur 38 dén 100, mdi trinh tu ¢ hang nghin gen va c6 d6 dai Ién t&1 voi hang trigu
vi tri. Khéi luong tinh toan 1a rat 16n néu kiém tra tit ca cac luoc dd phan ving trén
cac sap hang diy du. Do vay céac sip hang nhé hon duge ghép ndi tir 10, 20, 30 va 40
gen lya chon ngau nhién tir moi sép hang ban dau dé dé dang thuc hién cac thuat toan.
Téng cong, co 20 sép hang protein thyc dugc st dung dé thu nghiém hai thuét toadn
mPartition va RatePartition. Ti 1& thiéu dit liéu trong cac sip hang con dao dong tir
1% 61 32%; va ti 18 vi tri bat bién tir 20% t6i 45%. Luu ¥ rang viéc lya chon gen cua
mdi sip hang déu la ngau nhién, do vay sap hang 16n hon khong bao gom dir lidu
trong sap hang nhé hon (vi du sap hang 40 gen khong bao gém sap hang 10, 20 hodc

30 gen). Thong tin vé cac bo dir liéu c6 trong Bang 3. 2.
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C.

Dt liéu protein thuc
Bang 3. 2 Séap hang protein thyc sir dung dé so sanh cac luoc dd phan ving

Dir ligu Nhanh #S6 trinh tw | #S6 gen | P9 dai
Ballesteros10 [79] | Nhén bién 53 10 4046
Ballesteros20 [79] | Nhén bién 53 20 8575
Ballesteros30 [79] | Nhén bién 53 30 17045
Ballesteros40 [79] | Nhén bién 53 40 21998
Chenl0 [79] Dbong vat c6 xuong ham 58 10 3967
Chen20 [79] Dong vat c6 xuong ham 58 20 6403
Chen30 [79] Dbong vat c6 xuong ham 58 30 13267
Chen40 [79] Dong vat c6 xuong ham 58 40 15278
Irissaril0 [80] Dong vat c6 xuong ham 100 10 6027
Irissari20 [80] Dong vat c6 xuong ham 100 20 8509
Irissari30 [80] Dong vat c6 xuong ham 100 30 13183
Irissari40 [80] Dong vat c6 xuong ham 100 40 15698
Ran10 [82] Thuc vat co6 hat 38 10 3062
Ran20 [82] Thuc vat c6 hat 38 20 6897
Ran30 [82] Thyec vat c6 hat 38 30 10443
Ran40 [82] Thuc vt ¢o6 hat 38 40 14749
Wul0 [83] Bong vat c6 va 90 10 5148
Wu20 [83] Pong vat co va 90 20 12225
Wu30 [83] Bong vat c6 va 90 30 18088
Wu40 [83] Pong vat co va 90 40 24423
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3.3.2 Thuwe nghiém

a. Dit liéu m6 phong DNA

Véi cac sap hang DNA mé phong, chiing ti so sanh cac phuong phap phan ving bao
gom: (1) lugc d6 phan ving gdc (bén phan ving bang nhau, 1a luoc do phan ving
ding dé mé phong dit liéu), (2) luge dd két qua ciia thuat toan RatePartitions sir dung
tdc do tién hoa TIGER véi hé sé phan chia d = 2,3,4,va 5 va (3) lugc dd phan ving
do phuong phap mPartition tao ra. Pau tién chiing t6i xdy dung cidy ML cho mdi cap
sap hang va céac luge d6 phan ving twong tng. Sau d6 tinh khoang cach Robinson-
Fould cua cac cay duoc xay dung véi cay goc (1a cay duoc sir dung dé mo phong dir

lidu [14]).

b. Dir liéu DNA thuc

Theo két qué do nhom téc gia Rota va cac cong su da thyc hién, RatePartition cho két

qua t6t hon so véi cac phuong phap phan ving dua trén dic trung sinh hoc nhu ranh

gidi gen va/hodc vi tri codon trén cac sap hang DNA thue [32]. Ciing theo céc tac gia,

hé s6 phan chia d = 4 va d = 5 1a thiét 1ap cho két qua tdt nhét cua thuat toan

RatePartition trén dit liéu DNA thuc. Do dé, cac so sanh duoc thuc hién trén bdn luge

dd phan ving: ba lugc d6 tao boi mPartition, RatePartition véi d = 4 va d = 5 (ki

hiéu twong trng 1a RP4 va RPS5) va khi khong phan vung (ki hi€éu 1a NP — no-partition).

Céc thyc nghiém bao gom:

- So sanh diém AICc [61] va diém BIC [62] cua cic cay cuc dai kha ning twong
mg véi mbi luoe d6 dé xac dinh do tot cua luoc d6

- So sanh khoang cach nRF giita cac cay dé xac dinh xem céc luge d6 c6 anh huong
t6i cau trac cdy hay khong

- Panh gia s6 lugng phan ving trong cac luoc do két qua sy phan phdi ciia cac vi
tri bat bién trong luoc d6 phan ving thu dugc tir phwong phap mPartition.

c. Dt liéu protein thuc

Dbi v6i cac sap hang protein thyc, thuit toAn mPartition chon mé hinh phu hop nhét

cho mdi tap hop con tir ba mo hinh thay thé axit amin chung phd bién 1a WAG [8],
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LG [9], va JTT [10]. Vi thuat toan RatePartition chua dugc nghién ctru trén dir licu
protein thuc, cac hé sb phan chia d khac nhau dugc sir dung trong tinh toan thir

nghiém bao gom d = 2 (RP2),d = 3 (RP3),d = 4 (RP4)vad = 5 ( RP5).

Céc thyc nghi€ém trén sép hang protein dugc thuc hién tuong ty nhu ddi voi dit liéu
DNA thuc - bao gém so sanh cac luge d6, danh gia cAu trac cay, va danh gid phan bd

cua cac vi tri bat bién.

3.4 Két qua
3.4.1 Dirliéu DNA mo phéng

Trung binh khoang cach nRF gitta cay that va cac cdy duoc xay dung tir bdn loai lugc
d6 phan ving: lugc dd gbe (TruePartition), luge dd phan ving tao boi RatePartition
va luge do phan vung tao bdi mPartition dugc téng két trong Bang 3. 3. Cu thé,
khoang cach nRF giita cac cdy that voi cac cdy duoc xdy dung bang luoc do phan
vung TruePartition, RatePartition va mPartition lan luot 12 0.095, 0.141 va 0.115. Luu
¥ rang khoang cach nRF dén cdy gdc nhé hon tirc 1a cay d6 c6 it phan nhanh khong
thudc ciy gbc hon va 1a cay tét hon, twong tng véi luge d6 phan ving tét hon. Dya
trén két qua thu duoc, co thé két luan luge do phan ving ctia mPartition giup xay
dung cdy tot hon so véi luge d6 phan ving ciia RatePartition. Poi v6i RatePartition,
két qua dong déu khi dung hé s6 phan chia d khac nhau trén bd dir liéu mé phong
(nRF x4p xi 0,14 cho tat ca RP2, RP3, RP4 va RP5).
Bang 3. 3 Trung binh khoang cach nRF gitta cdy gdc voi cdy ML thu duoc khi sir

dung cac lugc dd phan ving khac nhau trén dit liéu mo phong

TruePartition | mPartition | RP2 RP3 RP4 RP5

Khoang cach nRF

. 0.095 0.115 0.141 |0.140 |0.141 |0.142
trung binh

Trung binh sb ta
rung binh s0 tdp | 96 6.8 9.8 132 |16.1

con trong lugc do
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m True Partition OmPartition BRP2

A A
ay goc
(]

[0 o]

Khoang cach nRF téi ¢

ASI3
AS14 3
SS12
SS13
SS14

Cac bg dir liéu DNA m6 phong
Hinh 3. 2 Khoang cach nRF trung binh gitta cay gbc va cdy ML dugc xdy dung trén cac bo sip hang cing tham sé mo

phong. AS 1a cac bo dir liéu mo phong st dung ciu triic cdy bat ddi xtimg; SS 1a c6 bd dit 1iéu mo phong str dung cau trac cay

ddi xung; miss: cac bo c6 dir licu mat mat. RP2: két qua khi st dung luoc dd tao boi RatePartition véi d = 2

93



Bang 3. 4 Gia tri AICc va BIC cua tam sap hang DNA thuc khi str dung cac lwoc d6 phan ving khac nhau. Gia tri AICc
(BIC) nh6 hon tuong Gng véi luge d6 phan ving tét hon; gia tri tot nhat dugc in ddm. Ky hiéu: NP: Khong phan ving;
RP4 (RP5): RatePartition v6i hé s6 phan chiad = 4 (d = 5); mPar: mPartition

AICc BIC
Dit lidu
NP RP4 RP5 mPar NP RP4 RP5 mPar
Arctiina 102857 101410 101225 99680 104417 103641 103533 101376
Calisto 86492 85122 85162 83037 87733 86869 87060 84394
Choreutidae 121888 115505 115381 113260 122486 117065 117211 114351

Coenonymphina 128991 125154 125319 121272 129946 126699 126999 122507

Geometridae 384948 377148 377117 375178 387217 380356 380482 377589
Morpho 58872 55862 55756 52633 59351 57095 57122 53539

Noctuidae 206920 203296 203031 192260 208080 205614 205719 193705
Pieridae 277253 271196 271271 268750 278805 274178 274553 270421
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Khi xét s6 luong phan vung trong cac lwge dd, mPartition ¢6 trung binh 9,6 phan
vung trén moi sap hang; nhiéu hon so véi thudt toan RatePartition v6i d = 2 va it hon

trong cac truong hop khac cua RatePartition.

Khoéng cach nRF trung binh ctia 10 sdp hang ing v6i ciing mot bo tham sé moé phong
duoc biéu dién trong Hinh 3. 2. Hinh v€ chi thé hién két qua cua cac lugc dd RP2 vi

thudt toan RatePartition cho két qua twong dwong véi hé s phan chia khac nhau.

Khoéang cach nRF trong Hinh 3. 2 cho thiy cic nhanh trong c6 d dai qua ngan trong
cdy gdc c6 anh huong 16n dén do chinh xac cua cdy xdy dung duoc trén dit liéu mo
phong. Cu thé, tit ca cac cach phan hoach déu giup xay dung cdy phén loai gan gidng
ciy gbc dbi voi cac bo dit lidu duoc md phong trén ciy co cac nhanh trong do dai vira
phai (= 0.01 — cac b dir licu AS1-AS4, AS13, AS14, SS1-SS4, SS13 va SS14).
Nguoc lai, khi chiéu dai nhdnh nho, do chinh x4c cta cac cay cuc dai kha ning xay
dung duogc giam dang ké, nhu trong trudng hop cac bd AS6 va SS6 — 1a cac sap hang
dugc mod phong trén cac cdy c6 chiéu dai nhanh trong chi 0,001 (tirc 1a trung binh
giita hai dinh dau mat chi ¢6 0.001 bién d6i). Véi cac bo dit liéu khong day du (AS1-
miss, AS2-miss, SS1-miss, SS2-miss) dugc mo phong trén cay c6 dd dai nhanh 0.01,
thong tin trén sdp hang con lai 1a da dé két qua thu duoc twong tu cac bo dir liéu day
du.

Ngoai ra, cau triic clia cac cdy gbc ciing c6 mot sd tac dong dén céc két qua cua cac
thuat toan nhu ta thay trén Hinh 3. 2 - khoang cach cua céc ciy gbe co cdu trac dbi
xtng cao hon mot chut so véi ciu triic bat ddi xing trong hau hét cac truong hop va
tham chi 1 cao hon nhiéu véi cac bd AS6 va SS6.

3.4.2 Dirliéu DNA thuc

Diém AICc va BIC cua ciy cuc dai kha niang xdy dung cho tdm sap hang DNA thuc
khi str dung céc chién lugce phan ving bao gdm khong phan ving, st dung lugc dd
ctia RatePartition va mPartition dugc tong két trong Bang 3. 4. Két qua cho thay
mPartition tét hon so véi cac phuong phap khic xét trén ca hai tiéu chuan;

RatePartition dtng thir hai va phuong phap khong phan ving cho két qua kém nhat
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trong ca tam truong hop. Gié tri AICc va BIC cuia cac cay c6 sir dung luoc d6 phan
vung thip hon dang ké chung t6 cac phuong phap phin hoach tap vi tri da giup cai
thién d¢ chinh xac cta gia tri kha nang duogc tinh toan, twong ting 1a d chinh xéc ctua
cay duoc xay dung.

Bang 3. 5 Trung binh khoang cach nRF trén cac cip cdy xdy dung bang cac

lugc d6 phan ving khac nhau.

mPar NP RP4 RP5

mPar - 0.080 0.076 0.089

NP 0.080 - 0.068 0.113

RP4 0.076 0.068 - 0.044
RP5 0.089 0.113 0.044 -

han vung

A
0p

lwge d

oi

S6 lwong phin ving trong m

()
C” B{ dir liéu DNA thuc

Hinh 3. 3 Sb luong phan ving trong mdi luoc d6 phan vung tao boi thuét toan
mPartition, RP4 va RP5
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Trong s6 tam bo dix liéu, ngoai trir cac cay phan loai dugc xay dung cho bd dir li¢u
Morpho c6 cAu trac giéng nhau véi tit ca cac luge d6 duoc st dung; cAu tric cay cua
cac sap hang con lai déu c6 su khac nhau giita cac luge do. Trung binh khoang cach
Robinson-Foulds trén tat ca cac cip cdy duoc xay dung bang cac lugc dd phan ving
khac nhau dugc tong két trong Bang 3. 5. C6 thé thay, cac luge dd phan ving dugc

tao ra boi céc chién lugce khac nhau c6 d&nh hudng dén cau tric cay xay dung duoc.

S6 lugng phan ving trong mdi luge d6 phan ving RP4, RP5 va mPartition duoc thé
hién trong Hinh 3. 3. Khi d tang, khoang chénh I¢ch giira tdc d6 tién hoa nhanh nhat
va chim nhit trong mot nhém giam xudng, dan dén sd luong phan ving cia
RatePartition tang 1é€n. Do vay, ) lugng phan vung trong lugc dd RP5 ludn cao hon
lugc d6 RP4 khoang 20%. Trong khi d6, tuong ty nhu két qua trén dit liéu mo phong,
mPartition ludn tao ra it phan viung hon so véi RP4 va RP5. Dac bi¢t, chénh 1éch vé
s0 lwong phan ving nhiéu nhét ¢ hai sip hang Geometridae va Pieridae. Piéu nay c6
thé 1a do cac vi tri trong sdp hang phu hop voi cac mo hinh tién héa & muc do tap

trung cao, vi vy so lugng cac cum vi tri it hon.

Khi xem xét sy phan bd ctia cac vi tri bat bién trong cac luge d6 phan ving tao boi
thuat toan mPartition, tit ca cc phén vung déu chtra vi tri bat bién. Hon nita, hau hét
cac phan ving déu chtra lwong 16n vi tri ¢6 bién doi (Hinh 3. 4). Pong thoi, cac vi tri
bét bién cua cting mot loai nucleotit ciing dugc chia vao céac tp hop con khac nhau.
Tuc 13, thuat toan mPartition da giai quyét dugc nhuge diém cia cac phuong phap
phan hoach vi tri hoan toan dya trén toc do tién hoa (tét ca cac vi tri bat bién nam

trong mot phan vung).

Thuat toan mPartition cling dugc thir nghiém trén bo dir liéu ho bo canh cung thuy
sinh Noteridae; day 13 bo dit liéu da dugc st dung dé phén tich cac phuong phap phan
vung khac nhau va phat hién ra yéu diém cta phuong phap k-means lap [49]. Sap
hang Noteridae c6 76 trinh tu, g6m 53 loai bg canh cung thuy sinh va mdt sb chi va
ho gan. Mdi trinh tyr c6 do dai 5011vdi khoang 60% céc vi tri trong sap hang 1a bat

bién. Thuit toAn mPartition di chia tap cac vi tri trong sip hang thanh nam tap hop
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Arctinna Choreutidae

2500 1500 Vi tri o6 bibn d5i WVj i bat bién
2000 1200
1500 900

600

N
1000 §

N € 8 R N N N
§§§§
1 2 3 4 5 6 7 8 9

S6 vi tri bét bién (c6 bién ddi) trong mdi tap con vi tri

\

NN

50(; \ § § 300
1 2 3 10 11
Calisto Morpho

2500 2500 "

2000 2000

1500 1500

1000 § N Q 1000

500 § § § 500 N

5 N 0 [ § \ g § N N
1 2 3 4 5 6 7 8 9 10 11
Geometridae Coenymphina

3000 1200

2500 1000

2000 800

1500 600

1000 N N § 400 §
N N N \ N\

“NNN =\ N VY.
1 2 3 ‘ 1 2 3 4 > 6 7
Pieridae Noctuidae

5000 1800

4500 1600

4000
3500
3000
2500
2000
1500
1000

500

1400
1200
1000
800
600
400
200

— 0

Tap con trong lwgc db phan ving

Hinh 3. 4 Sy phan bo cac vi tri bat bién va vi tri ¢ bién doi trong cac lugc do tao

bdi phuong phap mPartition
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Noteridae

[\S]
N
S
S

R Vi trf ¢6 bién ddi
2000
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500

S6 vi tri bét bién/cé bién dbi trong mbi tap con

Tip con trong lwgc d6 phin ving

Hinh 3. 5 Su phan phdi ciia cac vi tri bat bién va vi tri c6 bién d6i trong cac
phan ving cia luge do phan ving cho sap hang bo canh cung thuy sinh
Noteridae tao boi mPartition
con véi kich thude tir 274 dén 2205 vi tri trong mdi tap con. Céc vi tri bt bién dugc
phan phéi vio tt ca cac tap hop con, mdi tip hop con chira tat ca bon loai bat bién
khac nhau (Hinh 3. 5 Sy phan phdi ctia cac vi tri bat bién va vi tri ¢6 bién dbi trong
cac phan ving cua luge dd phan ving cho sip hang bo canh cirng thuy sinh Noteridae
tao boi mPartition). Thuat toan UFboot2 [33] duoc str dung dé xay dung ciy bootstrap
cho siap hang va lugc d6 phan ving mPartition (xem Hinh 3. 6). Cay bootstrap str
dung luoc d6 mPartition nhin chung nhét quan véi cay bootstrap dugc trinh bay trong
[49], tic 14, tat ca cac chi dugc nhém chinh x4c thanh cac nhanh don nganh véi gia

tri d6 tin cdy nam trong khoang tir trung binh dén cao.
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Tree scale: 0.01 ———Haliplis lineatocollis FUSED
———Hygrobia hermanni FUSED

_{——Amphizoa insolens FUSED
Aspidytes niobe FUSED

Rhantus gutticollis FUSED

Hydaticus transversalis FUSED

Laccophilus pictus FUSED

Hygrotus confluens FUSED

Lacconectus peguensis FUSED

94
100

Meru phyllisae
Phreatodytes haibaraensis
Notomicrus spl KBM641
Notomicrus josiahi KBM&42
Notomicrus tenellus SLE890
Notomicrus tenellus FUSED
100 — Noterus japonicus SLE699
1001 Noterus clavicornis KBM503
176} 96 Noterus clavicornis FUSED
71 98 100 ——Neohydrocoptus bivittus SLE887
100 Neohydrocoptus spl KBM741
|—‘|_1:Neohydr0coplu5 uellensis KBM630
Neohydrocoptus grandis KBM631
Synchortus simplex SLE688
=3 100 I_13ynchortus simplex KBM632
98 100 [ESynchortus sp KBM742
Synchortus imbricatus SLE889
;Tonerus wheeleri SLE827
99 ' Tonerus wheeleri KBM639

100 00 Liocanthydrus clayae KBM748

Greedy %0 100 Liocanthydrus clayae KBM637
100 Liocanthydrus bicolor SLE830
- Liocanthydrus bicolor SLE681

mPartition —— Renotus deyrollei SLE695
Canthysellus buqueti SLE835
9 Canthysellus buqueti SLE680
8g Suphis cimicoides KBM740
Suphis sp SLE913
100 %Suphisellus sp8 SLE839
100 Suphisellus sp8 SLE693
Suphisellus nigrinus KBM744
Suphisellus simoni SLEE85
Suphisellus cf lineatus KBM633
Suphisellus majusculus SLE691
Suphisellus gibbulus SLE698
Suphisellus curtus SLE686
Suphisellus subsignatus SLE692
Suphisellus pereirai SLE840
Suphisellus neglectus SLE684
Suphisellus sp IR2002
Pronoterus spl KBM746
Pronoterus sp2 KBM63!
Pronoterus sp3 SLE834
Pronoterus sp3 SLE833

100
100

84 99

100
100

bl

- Canthydrus sp3 SLE838
100 Canthydrus sp3 SLE694
100 Canthydrus sp2 SLE683
Canthydrus semperi SLE696

Canthydrus bovillae SLE888
Canthydrus xanthinus SLE837
Canthydrus quadrivittatus SLE836
Hydrocanthus waterhousei SLE885
Hydrocanthus australasiae SLE886
Hydrocanthus funibris KBM743
Hydrocanthus spl KBM570
Hydrocanthus adrasus KBM629

=4

100 Mesonoterus laevicollis SLE690
100 100 Mesonoterus laevicollis KBM745
100 Prionohydrus marc SLE689
100 Prionohydrus ubercornis SLE832

Prionohydrus marc SLE831
100 Hydrocanthus socius SLE912
Hydrocanthus debilis SLE829
100 Hydrocanthus guignoti SLE828
Hydrocanthus sp SLE911
Hydrocanthus atripennis SLE697
Hydrocanthus atripennis SLE682

100

Hinh 3. 6 Céy bootstrap cua sap hang bo canh cing thuy sinh Noteridae. Cay sir
dung luoc d6 phan ving thu dugc bang phuong phap mPartition. Gia tri X va Y &
mdi nhanh 1a gia tri d6 tin cdy cta nhanh sir dung luoc do phan ving bang phuong

phéap tham lam [31] (trong d6 d6 khoang gen va vi tri nucleotit trong codon dugc

dinh nghia san) va mPartition.
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3.4.3 Dir liéu protein thuc

Két qua diém AICc va BIC cua cac cdy cuc dai kha ning xay dung bang luge do
mPartition va RatePartition cho 20 bd dir li¢u protein thuc dugc trinh bay trong Bang
3.6 va Bang 3. 7. Trong bang, gia tri AICc (BIC) t6t nhat dugc in ddm dé danh dau.
Véi 17 trong tong sé 20 trudng hop cho gia tri AICc/BIC nhé nhét, nhin chung
mPartition tao ra cac lugc d6 phan ving tot hon so v6i RatePartition. Trong ba sap
hang ma lugce do cua RatePartition tot hon déu 1a cac sip hang vira va nho - trong d6
hai sap hang dugc ghép nbi tir 10 gen (Chen 10 va Ran 10 déu c6 dudi 4000 axit
amin) va mot sap hang duoc ghép ndi tir 20 gen (d6 dai 6897 axit amin, ti 18 vi tri bat
bién cao trén 40%); khong co sap hang nao trong sd cac sip hang nay chira 30 va 40
gen. Diéu nay cho thdy mPartition c6 thé tao luoc d6 phan ving tot hon RatePartition
cho dit lidu 16m, véi cac dit liéu nay, nhidu vi tri bién doi c6 thé co qua trinh tién hoa
phtrc tap va chiu nhiéu anh hudng cua nhiéu nhan t6 trong khi ti 16 vi tri bat bién cao

d6ng nghia véi phan ving bat bién 16n c6 thé dan dén gia tri kha ning cao hon [49].

Khi phén tich sy phan bd ciia cac vi tri bat bién, két qua thu dugc twong tuy nhu trén
dir liéu DNA thuc, tirc 1a, cac vi tri bat bién duoc phan bo vao cac phan vung khac
nhau, mdi phan ving (trir phan ving bt bién) déu chira vi tri bat bién cua nhiéu axit
amin khac nhau, dong thoi chira vi tri c6 bién d6i. Bang 3. 8 trinh bay vi du cho thay

su phan bd cua céc vi tri bat bién trong luge d6 phan vung cia bon sap hang Irissari.

Khi quan sat s6 lwong tap hop con trong céc sip hang, dic diém chung trén cac bo dir
lidu 13 s6 lwong tap con phan hoach dugc ting twong (mg véi do dai sap hang (ttc 13,
sap hang cang dai thi lwoc d6 phan ving cang c6 nhiéu phin vung). Khoang cach
Robinson-Fould nRF trung binh gitra cac cdy cuc dai kha ning xay dung bang lugc
d6 ctia mPartition véi cac cay con lai 13 0.04 cho ca bon trudong hop ciia RatePartition
trong khi khoang cach giita cic cay khi xdy dung bang lugc do phan ving cua thuat
toan RatePartition thay d6i trong khoang tir 0.011 t6i 0.018. Chimg to viéc sir dung
lwge dd phan ving khac nhau c6 anh hudng téi cdu trac cdy, va cac luge do cua

mPartition tao ra khac biét nhi¢u hon so véi gitta cac luge do6 RatePartition véi nhau.
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Béang 3. 6 Gia tri AICc cua céc cay dugc xay dung sur dung lugc dd tao boi
mPartition va RatePartition trén cac sip hang protein. RP2, RP3, RP4, va RP5 la
RatePartition véid = 2,3,4 va 5.

Dir li¢u mPartition RP2 RP3 RP4 RP5
Ballesteros10 191471 195214 195194 194927 195024
Ballesteros20 388710 392348 392096 391497 391688
Ballesteros30 776551 789700 789219 788988 788905
Ballesteros40 1156283 1168122 1168039 1168049 1168168
Chenl0 140998 139918 139795 139581 139485
Chen20 261474 263092 262892 264136 262680
Chen30 543271 547649 547676 547732 547589
Chen40 713599 720539 719695 719504 719491
Irissaril0 319393 319990 320045 319949 319930
Irissari20 410737 416335 416108 416036 416072
Irissari30 597394 606780 606723 606285 606482
Irissari40 765490 782545 782584 782565 782568
Ranl0 111426 110952 111000 110962 110978
Ran20 281988 281236 280911 280853 280893
Ran30 409972 411720 411531 411625 411730
Ran40 593330 599479 596830 596778 596721
WulO 189243 190759 190621 190572 190640
Wu20 586036 590926 590380 590211 590114
Wu30 755940 766541 766258 766046 766239
Wu40 1297141 1304664 1304252 1303724 1303901
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Béang 3. 7 Gia tri BIC cua cac cay dugc xay dung st dung lugc dd tao boi
mPartition va RatePartition trén cac sip hang protein. RP2, RP3, RP4, va RP5 la
RatePartition véid = 2,3,4 va 5.

Dir liéu mPartition RP2 RP3 RP4 RP5

Ballesteros10 192705 196112 196029 195972 196161
Ballesteros20 389882 393471 393254 392746 393020
Ballesteros30 779124 791613 791117 790771 790894

Ballesteros40 1157577 1169877 1170367 1170671 1170448

Chenl0 141862 140732 140640 140457 140361
Chen20 262655 263939 263786 265036 263621
Chen30 545438 548933 549049 548860 548948
Chen40 715922 721613 720875 720616 720679
Irissar110 321191 321566 321529 321498 321513
Irissari20 412975 417985 417834 417776 417875
Irissari30 600039 608642 608504 608073 608314
Irissari40 768843 784612 784688 784897 785029
Ranl0 112285 111460 111543 111528 111585
Ran20 282892 282086 281694 281670 281750
Ran30 411766 412645 412499 412637 412641
Ran40 595342 600450 597710 597733 597698
Wul0 190485 192026 191958 191897 192028
Wu20 587996 592526 592054 591943 591985
Wu30 767489 768338 768124 768059 768206
Wu40 1297295 1306733 1306434 1305946 1306042
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Bang 3. 8 S6 luong vi tri bt bién (Inv) va vi tri bién doi (Var) trong cac luge dd

cua bon sap hang Irissari

Irissari 10 Irissari 20 Irissari 30 Irissari 40
#Inv #Var #Inv #Var #Inv #Var #Inv #Var
696 1806 36 385 91 1030 727 0
601 1632 189 1531 487 1027 569 2062
648 644 282 301 1650 1532 287 1398

484 710 476 2137 533 497
405 328 651 1122 541 721
528 804 944 904 407 1161
970 1556 505 627 667 561
127 652
27 823
1049 945
486 1458

3.5 Kétluan

Pé tang d6 chinh x4c cua cdy phan loai cuc dai kha nang, bén canh cach lam truyén
théng 1a st dung mot mo hinh bién d6i duy nhét cho tat ca cac vi tri, hién nay c6 hai
hudng khac phé bién khéc 14 st dung mo6 hinh da ma tran va moé hinh lugc dd phan
ving. M6 hinh lugc @b phan ving cho cac sap hang 16n c6 loi thé vé tinh toan so véi
phuong phap sir dung mé hinh da ma trén va thuong dugc str dung trong phan tich
phat sinh loai bang phuong phép cuc dai kha ning. Xay dung cay bang cac luoc do

khéc nhau c6 thé anh hudng dén cau tric cdy va dd dai nhanh trong cay, viéc xac dinh
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mot cach phan hoach tdt co thé gitp cai thi€n do chinh xéc cua cay cyc dai kha nang
xay dung duoc. Luan an da dé xuét thuat toan mPartition thuc hién viéc phan hoach
tap vi tri ciia mot sdp hang dé tao lwgc d6 phan ving cho mét sip hang bat ky dwa
trén toc do tién hoa cua cac vi tri va mod hinh thay thé tai mdi vi tri. Thuat toan ap
dung dugc cho nhiéu loai dir liéu, két qua cua thuat toan la mot lugc dd phan vung
dugc sir dung trong qua trinh xay dung cdy phan loai nham ting tinh chinh xé4c ciia

cay phan loai xay dung duogc.

Céc thuc nghiém dugc thuc hién trén ca hai loai dir liu trinh ty DNA va protein. Két
qua cho thay nhin chung mPartition tao ra cac luge dd phan ving tot hon so véi
phuong phap chi st dung téc do bién d6i 1a RatePatition. Cu thé, cac cay dugc xay
dung bang luoc d6 phan ving mPartition gin véi cdy géc hon RatePartition trén bo
dir liéu md phong so véi cac ciy duoc xay dung bang luoc do ciia RatePartition; trén
cac bo dir liéu thuc, sur dung luoc dd phan vung tao boi mPartition gitp xay dung cay

ML t6t hon so véi RatePartition xét trén hai d6 do AICc va BIC.

Hon nita, cac phwong phéap dua trén toc do tién hoa co xu hudng nhom cac vi tri bat
bién chi trong mot vai phan ving va diéu nay co thé dan dén sai léch ciu tric cay.
Trong khi d6 mPartition phan phdi cac vi tri bat bién vao tit ca cac tip hop con trong
lugc d6 phan ving. Hau hét tap hop con nay chira mot ty 18 1on cac vi tri ¢6 bién ddi
gitp qué trinh xay dung cdy tranh duoc nhiing sai 1éch tiém 4n trong cau tric ciy.
Mot wu diém khac 12 mPartition khong tao ra nhitng phan ving/tap con qua nho (dudi
50 vi trf) do vay mdi tap con cé dii thong tin dé lya chon mé hinh tién héa phu hop.
Két qua nay 1a mot loi thé vi tranh dugc viée phai wdc lwong qua nhiéu tham sd trong

qua trinh xay dung cay.
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Chuwong 4: Phwong phap phin hoach sip hang cho
dir li€u hé gen

Chuong 4 trinh bay thuat toan phan hoach sap hang gPartition. Thuat toan dugc thiét
ké dé phan hoach nhanh dir 1i€u 16n ¢& hé gen. Tuong tu nhu mPartition, bén canh
téc do bién doi, gPartition sit dung mo hinh tién héa phu hop nhit dé danh gia sy
trong dong trong qua trinh tién héa tai cac vi tri khac nhau. Su khac biét giita hai
thuat toan 1a gPartition sir dung phuong phap udc lugng nhanh va chi tinh lai gia tri

kha nang mot 1an. Noi dung chuong duoc tong hop tir hai cong trinh [CT6] va [CTS].

4.1 Mé dau

Thuat toan mPartition dugc trinh bay trong chuong 3 thuc hién viéc phan hoach di
liéu va biéu dién tt qué trinh tién hoa khong déng nhét tai cac vi tri khac nhau trong
sép hang. Tuy nhién, thudt toan chi thuc hién dugc trén cac bd dir li¢u cd nho va vira
va tré nén tén rat nhiéu thoi gian khi 4p dung cho nhitng b6 dit liéu ma trong d6 moi
trinh tw c6 do dai 1én dén hang tram nghin vi tri. Vi du, thuat toan mPartition khong
thé hoan thanh viéc phan hoach mot sép hang c6 187 trinh ty, mdi trinh ty hon 183
nghin vi tri trong vong 72 gid. Trong khi d6, cac bd dir li¢u chira té1 hang nghin gen,
v6i do dai 1én dén hang triéu nucleotit/axit amin ngdy cang tré' nén phd bién. Do vy,
can c6 nhirng phuwong phap thuc hién viéc phan hoach cho nhitng bo dit liéu c6 kich

thudc rat 16n trong khoang thoi gian ngin nhat.

Déi voi dir liéu 10, ta c6 thé sir dung phuong phap phan cum phén cip [47]. Phuong
phap nay c6 dau vao 1a sap hang véi cac khdi dir liéu duoc dinh nghia sin, mdi khbi
dir liéu 12 mot tap hop céc vi tri; va dau ra 1 lugc dd phan ving ma mdi phan ving
chtra mot hay nhiéu khdi dit liéu ban dau. Trong qua trinh thuce hién, mdi khéi dit liéu
(dugc dinh nghia tir dau hay dugc tao méi) duge dai dién boi mot s6 thong tin bao
gém mot s6 thong tin nhu tong chidu dai cac nhanh trong khdi; mot sé tham sé lién
quan dén mo hinh tién hoa ciia khdi nhu tin s6 ctia mdi nucleotit/axit amin, tham s6

a mo ta phan phoi I' cia mo hinh toc d§ bién doi. P9 twong dong ctia cac cum tham
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s0 nay duoc tinh todn va sir dung dé nhap céc khoi dir li¢u c6 do twong dong cao

nham tao ra lugc dd phan vung tdt nhat.

Mic du thuat toan phan cum phan cip cai tién rat nhidu so v6i phuwong phéap khong
phan ving tuy nhién thuat toan van duya trén cac khéi dir liéu duge xéac dinh trude do
ngudi ding dinh nghia. Thong tin nay yéu cau kién thic chuyén moén nén khong cd
san trong nhiéu trudng hop. Do vay, ludn an tip trung vao cac phuong phéap tim lugc
d6 phan ving dua trén cac dic diém cta chinh dir liéu nhu RatePartition [32] hay
mPartition. Thuat todn RatePartition chi thuc hién viéc chia khoang tdc do tién hoa,
thoi gian chay cua thuat toan khi di c6 tde do bién doi 1a ham tuyén tinh theo d6 dai
ctia sap hang, do vay tong thoi gian chay cht yéu phy thude vao thoi gian tinh toc do
bién doi tai mdi vi tri.

Nhu di dé cap trong 1.4 nhiéu phuong phap duoc dé xuat dé ude luong tde do tién
hoa. Cac nghién ctru vé phan hoach dit liéu khuyén khich sir dung nhiing cach udc
luong téc do toc dd khong st dung cay dé dam bao khong giy anh huong dén mirc
d6 tuong dong cta cac vi tri. Dién hinh trong s6 nay 1a phuong phap TIGER (Tree
Independent Generation of Evolutionary Rates), phuong phap dugc danh gia la udc
lugng tdc do it sai léch hon va di dugce sir dung trong mot céc thuat toan phan hoach
sap hang [30], [32]. Nhuoc diém ctia TIGER 1a c6 d6 phirc tap 13 ham bac 2 cua do
dai, do vay khong phu hop dé su dung cho dir li¢u cd hé gen.

pé phan hoach nhiing sép hang c& hé gen, c6 do dai lén dén hang triéu nucleotit; luan
an dé xuAt thuét toan gPartition va thuat todn udc lugng tdc do fast TIGER. Thuét toan
fastTIGER tinh toc d6 dua trén sy tuong déng giita ndi dung tai mdi vi tri trong sép
hang. fastTIGER duoc st dung két hop v6i mo hinh tién hoa dé tu dong phan hoach
sap hang c¢& hé gen ma khong yéu cau xac dinh khdi dir lidu nhu cach tiép can phan

cum phan cap.
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4.2 Phuong phap
4.2.1 Thuit toan wéc lwong nhanh toc df tién hoa

Pau vao: Sép hang da trinh tu twong déng D c6 n trinh ty, mdi trinh tu c6 do dai [.

Dau ra: Toc d6 tién hoa twong d6i cho timg vi tri trén sap hang

Tuong ty nhu TIGER [52], thuat toan FastTIGER so sanh mau trong cac vi tri véi
nhau. Nhung thay vi so sanh ndi dung ctia ting cap vi tri, thuat toan sir dung su giéng
nhau gitta hai trinh tu dya trén ) lugng vi tri c6 cung trang thai tai mdt vi tri trong
hai trinh ty. Y tudng ctia thut toan 1a: véi mot cip trinh ty rat giong nhau, trang thai
ctia chiing phai gidng hét nhau & cac vi tri phét trién cham, con néu hai trang thai khac
nhau tai vi tri i thi tbc d6 tién hoa 7; tai do c6 kha nang cao hon cac vi tri khac. Nhu
vay néu hai ki ty trong mot vi tri ¢6 cung trang thai thudc vé cac trinh ty rat giéng

nhau, téc d6 s& giam nhiéu hon so véi truong hop hai trinh ty khac nhau.

Véi sap hang D cho trudce, phuong phap udc lugng nhanh fastTIGER gdm hai budc

nhu sau:

- Budc 1: Tinh ma tran tuong déng gitra cac cap trinh tu. La ) lugng vi tri giéng
nhau giira hai cap trinh ty bat ky.

- Budc 2: Tinh tdc d6 tai mdi vi tri bang cong thic trong Thuat toan 4. 1

Theo céch tinh ndy vi tri c6 toc do tién hoa nhanh hon s& c6 v6i gia tri 16n hon va

nguoc lai; vi tri ¢o tat ca cac trang thai cung mdt gia tri ¢ toc dg bang 0.

Vi dy: cho mét sap hang gém 3 trinh tyr A;, 4,, A5, mdi trinh ty ¢6 9 nucleotit nhu sau

G |G |G |G |G |G |G| G| G

A A A |C [T |G [A|T |[C A

&
o
o
o
@)
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Algorithm Thuat toan fastTIGER uéc Iugng nhanh téc do tién héa tai mdi vi tri

1: input: Sip hang D c¢6 n trinh ty, do dai [
2: output: Danh sach toc do tién héa r; ctia vi tri thi ¢ trong sap hang

3: procedure FASTTIGER(D)

4: for each vi tri ¢ : D; = dj1d;o...d;y do // Tinh ma tran tuong dong
5: for each (j # iD; = dj1djs...dj) do

6: f(&,7)=0;

7: for k=1—1do

8: if d;; == d; then

9: fli,9) = f(i,5) +1

10: end if

11: end for

12: end for

13: end for

14: fork=1—1do // Tinh téc do tai méi vi trf

RN S ()
16: end for

17: end procedure

Thuat toan 4. 1 fastTIGER udc lugng nhanh tdc do tién hoa tai mdi vi tri

Khi uéc lugng toc do tién hoa bang phuong phap TIGER ta thuc hién nhu sau:

P(1) = {{1,2},(3}}: P(2) = {{1,3},{2}}: P(3) = {{1,2, 3}}

P(4) = {{13,{2,3}}; P(5) = {{1,2,3}}; P(6) = {{1},{2,3}}

P(7) = {{13,(3}}; P(8) = {{1,2},{3}}; P(9) = {{1}, {2}, { 3}}

Sau d6 tinh diém tuong dong phan hoach:

pa(1,2) = %Vi trong hai tap {1, 3} va {2} trong tp P(2), chicé {2} c {1,2} € P(1)
Tuong tu:

pa(1,3) = 0; pa(1,4) = =; pa(1,5) = 0;

pa(1,6) = 2; pa(1,7) = 1; pa(1,8) = 1; vapa(1,9) = 1
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Do vay, toc d0 tién hoa cua vi tri dau tién:

404404414141/
r =2 2 2 -2
1 87 16

Thyc hién tuong tu ta c6 toc do ti€n hoa cia céc vi tri con lai trong sap hang.

Véi phwong phap fastTIGER, dau tién ta xdy dung ma tran twong dong giita cic cip

trinh tuy:
4 |3
; i1 = ) fap=1
1<i<j<3
3 |4

Sau d¢ tinh gia tri tbe do cua tung vi tri
Vi tri dau tién c6 noi dung “AAT” c6 clng trang thai A tai vi tri 1 va 2

fa2) 7

11 11

Vi tri thtr hai c6 ndi dung “AGA” c6 cung trang thai A § vitri 1 va 3

f(13) 8

>n=1—-—=—
"2 11 11

Thyc hién tuong tu ta co tdc do cua cac vi tri con lai trong sép hang la:

7 7 7
3 =0, =1 r5=0,r6=H, r7=1,rgzﬁvar9=1

Gia tri tc do bién thién trong khoang tir 0 t6i 1. Téc do bang 0 twong tng voi trudong
hop tat ca cac trang thai trong mot vi tri déu béng nhau va day 1a mot vi tri bat bién.
Nguoc lai, tdc do béng 1 xay ra khi khong cé trinh tu ndo c6 chung trang thai tai vi
tri 6. Gia tri toc d6 ctia mot vi tri 16n hon tuong tng voi vi tri co tdc do tién hoa

nhanh hon. Thuit toan fastTIGER c6 do phutre tap O(n X n X [) trong khi TIGER c6
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d6 phtrc tap O(n X [ x 1). Do vdy, véi nhitng sap hang dai (I > n) va gia tri [ rat 16n,
fastTIGER thyuc hién nhanh hon nhiéu so v6i TIGER.

4.2.2 gPartition

gPartition c6 dau vao va dau ra giéng voi thuat toan mPartiton, tuy nhién gPartition
chi nhan du vao 1a sdp hang DNA va sip hang c6 thé c6 kich thudc 16n dén rat 16n

(hang triéu vi tri). gPartition chia nho sap hang dau vao thanh cac sap hang con nho,

Algorithm Thuat to4n gPartition tim lugc do phan ving cho sidp hang DNA 16n

1: input: Sip hang D

2: output: Lugc dé phan ving ctia D
3: procedure GPARTITION(D)

4: fast TIGER/(D)

5: Phan tap vi tri thanh cic cum hat gidng ss; sit dung tdc do r;
6: T6i wu mo6 hinh Q; cho sip hang con ss;
7 Loai bé cdc mo hinh trung lip; tap cdc mo hinh con lai 1a Q
8: fori=1—1do
9: for each QQ; € Q do
10: Tinh gia tri kha nang slh[i, j| cta vi tri ¢ v6i mo hinh Q;
11: end for
12: end for
8; fori=1—1ldo
14: if ¢ 14 vi tri bat bién then
15: Vi trf i thuoc vio nhém thit j(j = I, n) véi xac suét Ef;f—ﬁh[’k]
16: else
17: Vi trf 4 thudc vio nhém c6 gia tri kha ning cao nhat
18: end if
19: end for

20: end procedure

Thuét toan 4. 3 tim luge do phan ving cho sap hang DNA 16n
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moi sap hang chira cac vi tri c6 toc do tién héa tuong tu nhau. Nhiing sap hang con

¢6 cung md hinh tién hoa duoc gop lai dé tao ra lugc d6 phan ving két qua.

Thuét toan bao gdm bén budc: bude 1, wéc luong toc do tién hoa cho timg vi tri trén
sap hang; budc 2, tao phan ving hat giéng, 1a cac phan ving nho ban dau dua trén
tdc do tién hoa cu thé cuia mdi vi tri; bude 3 lya chon md hinh - tim ra cdc mo hinh
thay thé phu hop nhat cho mdi phin ving con trong budc hai va hop nhit cac phan
ving ¢6 md hinh gan nhu twong dwong dé thu duoc cac phan ving 16n hon; cudi
cung, tinh chinh lai cac phan ving dya trén mo hinh thay thé phu hop hat ctia mdi vi
tri dé tang gia tri kha nang cta luge do phan ving. Thuat toan 4. 3 tim lugc d6 phan
ving cho sip hang DNA 16n tom tat quy trinh phan hoach ty dong dé tao luoc dd
phan ving cho sap hang A.

Trong budc woe hegng toc do (dong 4) c¢6 thé st dung bat ky phuong phap nao dé
wdc luong tde do tién hoa cho céac vi tri trong sap hang. Tuy nhién, vi thuat toan niy
can tinh toc d cho sip hang kich thudc ¢& hé gen, phwong phap dugc khuyén ding
1a fastTIGER.

Bud6c phan cum hat giéng (dong 5) nhom céc vi tri st dung tdc do tién hoa tinh duge
trong budc trén. Trudc tién khoang gia tri tc d6 ban dau dugc chia thanh cac khoang
nho theo gia trj ting dan. Mdi vi tri duoc xép vao nhom tuong tmg véi khoang tdc do

ma vi tri thudc ve.

Budc lwa chon mé hinh (dong 6 va 7) lya chon mo hinh thay thé pht hop nhét cho
mdi phan viing hat gidng bang thuat toan ModelFinder [70]. Sau d6, mdi m hinh s&
dugc chuyén d6i thanh mot vecto 8 tham sé nhu trong mé hinh GTR. Céc vecto nay
dugc dung dé tinh hé sb twong quan Pearson giita cac cip vecto. Néu hé sb twong
quan gitta mQt cap vecto 1én hon ngudng twrong duwong dinh trude, thi hai phan ving
tuong ung dugc nhap thanh mdt. Sau khi hoan thanh bude nay, lugc dd phan vung

mai con lai mot sO6 phan vung twong ing voi mot tap mo hinh khac nhau d6i mét.

Buéc diéu chinh phdn viimg: diéu chinh vi tri tng voi phan ving phi hop nhét dé thu

duoc phan vung két qua. DAu tién, thuat toan tinh gia tri kha ning tai mdi vi tri ing
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véi tung mo hinh trong danh sdch moé hinh con lai. Sau do, cac vi tri c6 bién doi dugc
gan cho phan vung tuong trng voi mo hinh c6 gié tri kha nang cao nhat trong khi cac

vi tri bit bién dugc gan cho cac phan ving theo mé hinh phan phdi xac suit.

Phuong phap gPartition c6 thé ap dung cho dit liéu DNA vi cac tham sb ctia mé hinh
déu duoc tinh riéng cho ting bo dir liéu, tir d6 ta c6 thé nhap cac md hinh gan nhu
twrong duong dé giam s luong phan ving ma van sir dung duoc théng tin vé mé hinh
tién hoa tai cac vi tri. Didu nay gitp cho két qua phan hoach t6t hon so véi chi sir

dung toc do tién hoa nhu trong RatePartition.
4.3 Thuc nghiém
4.3.1 Dir liéu

Tam sép hang DNA dugc su dung dé thir nghiém hai thuat toan fastTIGER va
gPartition. Trong d6 c6 mot sap hang ngan (d6 dai chua dén 6000), nhiéu trinh ty
(164 trinh tir) va bay sap hang c6 d6 dai tir vira dén 10n, sip hang dai nhat c6 hon mot
triéu vi tri, sép hang c6 nhiéu trinh ty nhat c6 187 trinh ty. Chi tiét ctia tam bd dit liéu

dugc mo ta trong Bang 4. 1.

Béng 4. 1 Tam bg dir liéu dung trong thuc nghiém

Dir liéu #S6 trinh tw | #Vi tri #S6 gen | Bai bao
1 | Geometridae 164 5998 8 [88]
2 | Osteichthyes 61 19997 61 [92]
3 | Actinopterygii 27 149366 491 [93]
4 | Aculeata 187 183747 807 [94]
5 | Neoaves 33 539526 1541 [95]
6 | Phasianidae 18 614159 1501 [96]
7 | Xenopsminutus 8 825804 1366 [97]
8 | Spermatophyta 32 1296042 3924 [82]
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4.3.2 Tham sb cai dit

Trong budc phan cum hat gidng: s6 cum hat giébng dwoc thiét 1ap bang k =

0.01 X var trong d6 var 1a s6 vi tri c¢6 bién d6i. Nhu vay trung binh mdi cum hat

gidng c6 khoang 100 vi tri c¢6 bién doi.

Gié tri toc do thay ddi tir 0 dén 1, khoang gia tri nay duoc chia thanh cac khoang con,

moi khoang twong ung v&i mot phan ving vi tri. Cu thé, vi tri c6 bién doi i 6 tdc do
A \ A \ , £ S- S

r; > 0 dugc phan vao phan vung thtr s néu Tl << "

Pé tranh tao ra céac cum qué nho, moi phan vung c6 ) lugng it nhét 1a 50 vi tri nhu

trong bai bao [98]. Cac phan ving c6 it hon 50 vi tri duwoc nhap vao phan ving nam

bén canh dé dam bao s6 lwong vi tri tdi thiéu trong mdi phan ving.

Ngudng twong duong ctia cac mo hinh dugc dit bang 0.9999. Tic 13, hai phan ving

c6 hé sb twong quan giira cip mo hinh tién héa twong Gmg 16n hon 0.9999 dwgc nhap

lai v&i nhau.

Vi thuat toan RatePartition, hé s6 phan chia d = 4 dua trén cac danh gia trong [32].

Céc tac vu tinh toan lua chon mé hinh tién héa va tinh gia tri cyc dai kha nang duoc

thuc hién bang phan mém IQTREE [22]

Thyc nghiém dugc trién khai trén may tinh vi xtr ly 18-core Intel Xeon, tbc d6 2.30Hz
va 128GB RAM.

4.3.3 Thuc nghiém

Mot sb thuc nghiém da duoc thyuc hién dé danh gia thuat toan udc lugng tdc do tién

hoa fastTIGER va thuat toan phan hoach sip hang gPartition:

- Dbi voi fastTIGER, thoi gian dé tinh ra két qua cta thuat toan dugc so sanh véi
thoi gian can dung dé tinh ra két qua cta thuat toan TIGER [52]; téc d6 tinh duoc
cling dugc so sanh voi tdc d6 tinh boi TIGER va so sanh két qua khi str dung hai

loai tbc do nay trong céc thuat toan tao luoc do phéan vung.
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- DPbi véi gPartition, lugc dd phan viung tao bdi thudt toan dugc so sanh véi cac
lrgce d6 két qua cua mPartition va RatePartition trén hai thang do: thoi gian thyc

hién va do tot cua cay suy luan dugc thong qua do do AICc.
Cu thé:

Tinh hop 1y cua cach tiép cin mdi trong viée tinh toc do duoc danh gia qua hé sb
trong quan cua cac cap toc do doi voi mdi sip hang. Pong thoi, cac tap toc do di tinh
cho ting vi tri lan dugc duge st dung cho hai thudt todn phan hoach sép hang
mPartition va RatePartition dé tim lugc d6 phan ving. Cac luge d6 phan ving két
quéa duogc sir dung dé xay dung ciy cuc dai kha ning va danh gia sy twong dong so

v6i két qua da thu duoc trude do.

Vi ba thudt toan RatePartition [32], mPartition va gPartition, ludn dn so sanh téng
thoi gian can thiét dé tim luoc dd phan ving cho mdi sap hang; do tét cua cac luoc
d6 dugc danh gia thong qua diém AIC cua cdy cuc dai kha ning xay dung boi cac
lugc dd phan ving twong tng. Ngoai ra sy phan bd clia cac vi tri bt bién trong cac

phan ving ciing duoc kiém tra dé dam bao thuét toan khong tao phan ving bét bién.

44 Kétqua

Trong sb tam sip hang, ba sap hang 10n nhat 13 Aculeata, Neoaves va Spermatophyta
chua tinh dugc toe do bang phuong phap TIGER sau 72 gio, vi vy két qua cua hai
thuat toan chi dugc so sanh trén nam sép hang con lai. Thoi gian tinh tdc do tién hoa
ctia TIGER va fastTIGER thé hién trong Hinh 4. 1. D@ thdy, toc do cta fastTIGER
nhanh hon TIGER nhiéu lan trong ca nim sap hang trudng hop da hoan thanh. Vi duy,
dé tinh tdc do tién hoa cho sap hang Phasianidae, TIGER can hon 38 nghin gidy trong
khi fastTIGER chi can 40 gidy dé hoan thanh. Ngay ca ddi v6i Geometridae — 13 sip
hang c6 ti 1& giita d6 dai va s trinh ty thap hon cac sap hang khac — thoi gian chay
TIGER ciing gép hon 100 1an so vé6i fastTIGER. Trong ca nim trudng hop c6 thé sir
dung thuat toan TIGER, thoi gian dé fastTIGER hoan thanh viéc tinh toan chua t&i

mot phut.
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m fastTIGER B TIGER

Thoi gian chay, don vi: gidy

B¢ dir liéu kiém tra

Hinh 4. 1 Thoi gian (gidy) tinh toc d6 tién héa cho mdi vi tri bang thuat toan
TIGER va fastTIGER.
Gia tri twong quan giita hai toc do di udc lugng cho nam sip hang thay doi trong
khoang tir 65% dén 93% nhu duoc trinh bay trong Bang 4. 2. Gi4 tri twong quan vira
dén cao cho thiy c6 mdi lién hé giita y tudng cua hai cach tinh.

Bang 4. 2 H¢ s6 twong quan giita toc do tién hoa udc luong dugc bang fastTIGER
va TIGER trong nam bd dir liu thuc nghiém.

Sip hang Hé sb twong quan
Geometridae. 82%
Osteichthyes 73%
Actinopterygii 65%
Phasianidae 89%
Xenopsminutus 93%
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Trong thuc nghiém danh gid kha ning sir dung toc do fastTIGER thay cho toc do
TIGER. Két qua thu dugc khi sir dung fastTIGER twong dong voi két qua sir dung
TIGER da thtr nghiém véi thudt todn mPartition. Cu thé, st dung luogc db mPartition
gitip xay dung cay t6t hon lugc d6 RatePartition & ca hai loai toc do. Hau hét cac bo
dir liéu khong c6 sy khac biét 16n khi str dung toc d6 fastTIGER hoic TIGER ngoai
trir bd dir liéu Xenopsminutus khi 4p dung cho phuong phép mPartition. Trong trudng
hop nay, diém AICc cua cay duoc xdy dung bang luge 6 dung fastTIGER giam dang
ké (hon 26%) so véi cdy dung TIGER. Céc két qua trén chimg to toc do tién hoa
fastTIGER c6 thé duoc sir dung thay cho TIGER dé ude lugce toc do tién hoa, thuat
toan dic biét pht hop voi sip hang c6 do dai 1on.

Hinh 4. 2 Thoi gian chay (gidy) cua cac thudt toan RatePartition, mPartition (dung
tbc do TIGER) va gPartition (dung fastTIGER).. thé hién thoi gian phan hoach sip

hang cia cac phuong phap RatePartition, mPartition va gPartition theo cu hinh hién
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Geometridae  Osteichthyes Actinopterygii  Phasianidae = Xenopsminutus

Bo dit liéu kiém tra

Hinh 4. 2 Thoi gian chay (gidy) cua cac thuat todn RatePartition, mPartition (dung
téc 46 TIGER) va gPartition (dung fastTIGER).
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tai (turc 1a RatePartition va mPartition stir dung tdc d6 TIGER, gPartition sir dung tde

do fastTIGER).

Kich thwéc AICc tai mbi vi tri
Dir liéu

n l gPartition mPartition | RatePartition
Geometridae 164 | 5998 60.7 62.5 62.9
Osteichthyes 61 19997 29.3 31.4 32.0
Actinopterygii | 27 149366 8.3 7.8 9.6
Aculeata 187 | 183747 93.3 NA NA
Neoaves 33 539526 4.8 NA NA
Phasianidae 18 | 614159 3.7 3.4 3.9
Xenopsminutus | 8 825804 2.78 2.76 2.81
Spermatophyta | 38 1296042 29.4 NA NA

Ta thay thuat todn gPartition nhanh hon nhiéu so véi mPartition trong tat ca trudng
hop; thuat toan ciing nhanh hon RatePartition ¢ bon trudng hop va cham hon chi ¢
sap hang Geometridae, 13 sap hang c6 ti 1& do dai : sd trinh tu nho nhat. Vi sap hvang
nay thoi gian dé udc luong toc dd bang TIGER tuy lau hon fastTIGER nhung vin
kha nhé so v6i thoi gian hon dé tim mo hinh phu hop va tinh gia tri kha niang cho
ting vi tri trong sdp hang. V&i cac trinh ty dai va sb lugng trinh tu it hon, gPartition
ndi troi trong ba cach phan hoach vé thoi gian thuyc hién. Vi du: voi sép hang
Xenopsminutus 13 sdp hang dai nhat trong s6 nam sap hang c6 thé tinh toan bang
phuong phép TIGER (c6 do dai 825804 va 8 trinh ty) dugc phan viung bdi gPartition
trong 186 gidy trong khi can t&i 15000 gidy dé phan viing bang RatePartition va 25500
gidy dé phan vung bang mPartition. gPartition hoan thanh viéc phan hoach sip hang

trong vong 22 gio d6i véi bo 1on nhat (bo Aculeata).

Piém AICc cia cac cdy cuc dai kha nang duoc xay dung bang lugc do phan ving tao

boi RatePartition, mParition va gPartition dugc tong két trong

118



Bang 4. 3. Trong bang, gia tri AICc ctia cdy dugc chia cho s6 lwong vi tri trong mdi

sap hang dé ra diém AICc trung binh trén mdi vi tri trong sidp hang. Thong tin diém

Kich thwéc AICc tai mbi vi tri
Dir liéu

n l gPartition mPartition | RatePartition
Geometridae 164 | 5998 60.7 62.5 62.9
Osteichthyes 61 19997 29.3 31.4 32.0
Actinopterygii | 27 149366 8.3 7.8 9.6
Aculeata 187 | 183747 93.3 NA NA
Neoaves 33 539526 4.8 NA NA
Phasianidae 18 | 614159 3.7 3.4 3.9
Xenopsminutus | 8 825804 2.78 2.76 2.81
Spermatophyta | 38 1296042 29.4 NA NA

AICc trung binh tng véi thuat toan RatePartition va mPartition khong c6 & ba sip
hang 16n nhat vi qua trinh tinh toc d6 chua hoan thanh. Luu ¥ rang diém AICc nho
hon tuong g véi cdy tot hon. Két qua trong bang cho thay gPartition giup tao lugc
d6 phan ving t6t hon RatePartition trong ca nim truong hop, va diém AICc cia
gPartition va mPartiton khong c6 sy khac bi€t qua 16n. Mac du vay, thudt toan
mPartition cho két qua t6t hon trén cac sip hang dai hon. Két qua nay 1 hop Iy vi
mPartition c6 qua trinh xac dinh mo hinh tién hoa tai cac vi tri chi tiét hon. Viéc nay

s& gitip ich cho qué trinh danh gia do twong dong cua cac vi tri tot hon.

Bang 4. 3 Gia tri AICc trung binh trén mdi vi tri ctia cdy ML str dung ba cach
phan hoach vi tri. Gia tri t6t nhat dugc t6 ddm dé danh dau.

4.5 Kétluan

Céc bo dir liéu 16n cung cip nhiéu thong tin hon cho cac nha nghién ciru; dong thoi
cling 1a thach thire trén phuong dién tinh toan vi dé tdi wu cing lac mo hinh va cu
tric cdy 1a cong viéc co do phirc tap NP-kho. Khi do dai cua cia mot sdp hang 1én

dén hang tram nghin hay hang tridu vi tri, cic phuwong phap phan hoach sap hang hién
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tai khong thé xur 1y va tao ra cac luge dd phan ving trong thoi gian ph hop (72 gid -
theo thyc nghiém da lam). Luan an da dé xuét thuat toan ude luong nhanh tdc do tién
hoéa fastTIGER va thudt toan gPartition, hai thudt toan nay co thé ap dung trén nhiing

sap hang 1on va rat 1on.

Thuét toan fastTIGER c6 thé str dung cho céc sdp hang DNA hoic sap hang axit amin.
Thtr nghiém trén mat sb6 bo dit liéu cho théy tde do ude luong duoc boi thuat toan
fastTIGER c6 thé sir dung thay cho toc d6 TIGER trong cac thuat toan phan hoach
sap hang, diém mau chét 12 thoi gian tinh toan cta thuét toan nhanh hon nhiéu lan so
v6i TIGER. Tuong ty , thuat toan gPartition c6 thé phan hoach sap hang DNA c6 d9
dai 1én té1 hang tri¢u vi tri trong thoi gian chép nhin dugc. Hon nira, thuit toan khong
chi nhanh hon nhiéu so véi cac thuét todn phan ving hién c6 ma con tao luge d6 phan
ving t6t hon thuét toan phan hoach chi sir dung tdc do tién héa. Do d6, phuong phap
nay c6 thé sir dung dé tao lugce d6 phan ving biéu dién tinh khong ddng nhat cho sip

hang 16n, diéu kho thue hién boi cac thuat toan hién nay.
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Két luin

Xay dung cay phan loai sat voi thuc té rit quan trong trong cac bai toan phan tich dir
liéu sinh hoc phan tir va 1a mot trong nhing van dé chinh cia tin sinh hoc. Sir dung
mo hinh tién héa khong pht hop véi ban chét cua dir liéu ¢6 thé anh huong dang ké
dén tinh ding din cua cdy phan loai cuc dai kha ning xay dung dugc. Do d6, cic md
hinh tién héa méi va cach thire biéu dién méi duoc nghién ctru, dé xuat dé mo ta tbt
nhét qué trinh tién hoa trong mot bo dir licu.

Lu4n 4n tap trung vao viéc nghién ctru va dua ra cac dé xut lam ting tinh dang din
khi biéu dién qua trinh tién hoa trong mot sap hang trén hai khia canh: mot 1a dé xuat
mo hinh don biéu dién tdt hon qua trinh tién hoéa cua mot nhém dir liéu (chi
Flavivirus), hai 1 d¢ xuét thuat toan phan hoach dé biéu dién qua trinh tién hoa khong

dong nhat cua dir liéu ndi chung.

Luan an da dé xuit mo hinh thay thé FLAVI danh riéng cho céc vi riit trong chi mot
chi chira nhiéu virtt gdy dich bénh nghiém trong trong khu vuc. Thuc nghiém cho
thidy mo hinh FLAVI gitip xdy dung cdy cuc dai kha ning tot hon dang ké so véi cac
mo hinh hién co.

Lu4n 4n ciing dé xuit hai phuwong phap mPartition va gPartition dé phan hoach sip
hang kich thuéc 16n va rat 16n. Hai phuong phap déu st dung két hop tdc do tién hoa
va mo hinh tién hoa tai timg vi tri dé phan hoach tap vi tri, gitp tao lugc d6 phan ving
tot hon so v&i thuat toan chi sir dung tdc do tién hoa. Tuy nhién cac thuat todn dugc
dé xuat van con mot sé nhuoc diém chua giai quyét dugc: thuat toan mPartition co
thé chay dugc voi moi loai dit liéu nhung chua 4p dung dugc cho dir li¢u h¢ gen,
nguoc lai, gPartition 4p dung dugc cho dir liéu h¢ gen nhung lai chi dung dugc cho

dir liéu DNA.

Bén canh d6, luan 4n dé xuét phuong phap udc lugng nhanh tdc do tién hoa
fastTIGER. Phuong phap udc luong toc dd méi co do phirc tap nhod hon va co thé

tinh ra két qua trong thoi gian rat ngan. Ngoai viéc ung dung trong cac thuét toan
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phan hoach sap hang, phuong phap udc lugng nhanh tdc d6 tién hoa fastTIGER ciing
c6 nhitng tng dung riéng; vi du: kiém tra va x6a nhitng vi tri c6 mau dic biét dé giam

tinh di biét ciia cac vi tri trong sép hang.
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