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Ly thuyét mé hinh Markov dwoc itng dung phd bién va cé
hiéu qua trong viéc mé hinh hoa cac trinh ty sinh hoc nhw dy
dodn cdu triic thir cdp protein, gidi trinh tw sinh hoc, phdt
hién gene. Trong bai viét nay trinh bay cdc dinh nghia vé mé
hinh Markov, chudi Markov, mé hinh Markov mé rong, mo
hinh Markov an, ciing nhu tinh todn xdc sudt cia cdc trang
thdi ban dau, két thic va xdc sudt chuyén doi trang thdi
trong chuoi Markov. Ung dung 1y thuyét mé hinh Markov dé
mo hinh hoa vung CG trén DNA.

Tir khéa: chuéi Markov; mé hinh

Markov;, mo hinh Markov an;

ABSTRACT: Markov model theory is widely and effectively
applied in modeling biological sequences such as protein
secondary structure prediction, biological sequencing, gene
discovery. This article presents the definitions of Markov
models, Markov chains, extended Markov models, hidden
Markov models, as well as the calculation of the probability
of initial and final states and state transition probabilities in
Markov chains. Application of Markov model theory to
modeling CG regions on DNA.

trinh ty sinh hoc, ving CG.

Key words: Markov chain; Markov
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1. MO PAU

Mo hinh héa sinh hoc bang 1y thuyét mé
hinh Markov (Markov model theory - MMT) dugc
ng dung trd lai tir nhimg nam 1950. Vao cudi
nam 1970 Andrew Viterbi, Leonard Baum va cac
ddng nghiép da dua vao MMT phat trién cac
thuat toan giai ma va wéc lugng tham sb [4, tr.1].
Anders Krogh, I. Saira Mian va David Haussler
ap dung mo hinh Markov an du dodn mét s6
gene trong DNA cua vi khuin E. coli [2,
tr.4768-4778]. Anders Krogh, Michael Brown, 1.
Saira Mian, Kimmen Sj6lander, David Haussler
da tng dung mo hinh Markov an dé mo hinh
hoa protein, cong trinh nghién ctu nay dugc

trinh bay tom tit trong bai bao “Mé hinh
Markov én trong tinh todn sinh hoc: Ung dung
dé mé hinh héa protein” [3, tr.1501-1531].
MMT dugc tng dung phd bién va co hiéu
qua trong tin sinh hoc nhu dy doan cdu trac thi
cép protein, sip hang nhiéu trinh ty, phat hién
gene. MMT 14 mé hinh thong ké cuc ky linh hoat
c6 thé dugc sir dung dé mo hinh hoa bat ky tap
hop cac dir ligu phén tir mot chiéu roi rac. MMT
duoc tng dung d& mé hinh hoa cac trinh tu
protein trong nhiéu truong hop khac nhau, tiy
thudc vao chirc ning cua protein duoc biéu dién
boi céc trang thai Markov. Di voi du doan cau
trac protein, cac trang thai da duoc chon dé dai

® TS, Truong Pai hoc Van Lang, quangtruongthe@gmail.com



TAP CHi KHOA HQC DAI HOC VAN LANG

Tap 8 (47), S6 05 (2024)

dién cho cac vi tri trinh ty tuong déng, cac loai
cau trac thir cip hodc mang dia phuong.

MMT gdm mét s6 trang thai, mdi trang thai
phat sinh phan tir theo xac suét phat sinh, cac trang
thai duoc két ndi boi xac sudt chuyén trang thai.
Bit dau tir mot trang thai ban dau nao do, mot
chudi céac trang thai dugc tao ra béng cach di
chuyén tir trang thai nay dén trang thai ké tiép theo
xac suat chuyén trang thai cho dén trang thai cudi
cting dé tao ra mét trinh tu quan sét [1, tr.221-222].
2. NOI DUNG

M6 hinh hoa trinh tu sinh hoc.

2.1. Vung CG

Trong trinh ty DNA (Deoxyribonucleic
Acid) néu xac suit xut hién nucleotide 1a nhu
nhau, thi x4c suét xuat hién cua mdi nucleotide a
€ {A, G, C, T} 1a p(a) = 1/4. Nhu vay, xac suat
xuét hién ciua mét dinucleotide 1a =~ 1/16. Thuc
té, xac suat xuit hién cua dinucleotide trong
trinh tr DNA khac nhau, dic biét dinucleotide
CG thuong c6 xac suat xuat hién nho hon 1/16.

Hoat déng cia dinucleotide CG trong gene,
nucleotide C trong cip CG thuong bi bién doi
gua qua trinh methyl hoa, nghia 1a mét nguyén
tir H dugc thay thé boi mot nhém methyl CHs va
sau d6 methyl-C c6 xu hudng bién do6i thanh T.

Tuy nhién, & ddu ctia gene qua trinh
methyl héa bi ¢ ché tai cac doan gene ngén co
chiéu dai 100 = 5000 bp, cac doan nay dugc goi
la nhiing ving CG. Vung CG c6 dac trung la
chira nhiéu cip CG hon nhitng ving khac (hinh
1). Vi vay, viéc tim kiém cac ving CG trong hé
gene 1a mot vin d& quan trong.

... ApCpCpApTpGpApTpGpCpApGpGpARCPTPTpCpCpARTRCPGPTPTRCRGRCp. . -
I I A

.. TpGpGpTpApCpTpApCpGpTpCpCpTpGpApApGpGp TpAPGPCpAPARGRCRGD. . -
Hinh 1. Vung CG trén gene

Vung CG déng vai tro quan trong trong cac
gene sinh vat ¢ chira 5-methyl-cytosine. Ving
CG trong promoter cua cac gene c6 chicc nang
{rc ché khi sao chép nhiém sac thé X & nit gi6i
va trc ché hoat dong ctia hé gene ky sinh tring.
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Theo dinh nghia kinh dién cua Gardiner
Garden & Frommer, ving CG la trinh ty DNA
¢6 chiéu dai khoang 200 bp v6i thanh phan C +
G chiém 50 % va ty 18 s6 lugng CG quan sat
thuc té 16n hon 0,60. Theo mot nghién ciru cia
D. Takai va P. A. Jones, & nhiém séc thé 21 va
22 cta ngudi c6 chira khoang 1100 vung CG
trong khoang 750 gene.

2.2. M hinh Markov va chudi Markov

Cap nucleotide dong vai tro quan trong
trong trinh ty DNA, do d6 can xdy dung mo
hinh x4c suét ctia dinucleotide, trong d6 xac suit
cua nucleotide ding trude phu thugc vao xac
sudt cta nucleotide dimg sau. M6 hinh Markov
va chudi Markov dugc tng dung dé xay dung
md hinh xac suat cho ving CG (hinh 2).

R um
(Y

Hinh 2. Chudi Markov véi c4c X4c suét thay thé nucleotide

Cho tap trang thai S = {s1, S, ...,
thoi diém t qua trinh Markov ¢ trang thai si €

Sk} R tai

S, budc qua thoi diém t + 1 qua trinh chuyén
sang trang thai s; € S véi xac suét chuyén trang
thai pj 14 Xac suét cé diéu kién xay ra trang thai
sj khi trang thai s; da xay ra dugc tinh theo (1).
Pjj = P(Xpyg =SjX¢ =5i)il<ij<kip; 20 (1)

Ma triin gdm céc sb hang 13 x4c suit chuyén
trang thai duoc goi 14 ma triin xéc sut chuyén doi (2).

S S Sk

511 P11 P2 Pk
P=I[p;l=sp | P21 P - Py (2)

Sk | Pk Pk2 Pkk
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Trong d6, pij 1a xac suat chuyén trang thai
si — si. Nhu vay tong tt ca xac sudt chuyén
trang thai bang 1, thé hién & (3).

k
Z pij =1 (3)
=1

2.3. Dinh nghia mé hinh Markov

Gia sur thoi gian dong nhat, mo hinh Markov
duogc dinh nghia la mot hé théng (S, P) bao gf")rn
mot tap hop hitu han cac trang thai S = {sy, Sy, ...,
Sk} va mot ma tran xac sudt chuyén doi P = [ps]
voi ZreS Py =1, Vs € S. Xéc sudt chuyén
trang thai s — r duoc xac dinh theo (4).

p(xi+l = r|Xi = S) = psr (4)

Theo dinh nghia, mé hinh Markov la mot
hé thong gdm k trang thai phan biét sy, Sy, ..., Sk.
Tai thoi diém t bat ky, hé thong c6 thé chuyén
tur trang thai s; sang mot trong k — 1 trang thai
con lai hodc chuyén tro lai chinh trang thai si.
Nhu vay, ¢ thoi diém t tir trang thai si c6 k
huéng chuyén trang thai. Mdi huéng chuyén
trang thai c6 mot do do kha nang xay ra goi la
xac suat chuyén trang thai.

Goi psr 12 xac suat chuyén trang thai s — r,
nén hiéu ps la x4c sudt trang thai r xay ra voi
diéu kién trang thai s did xay ra. Xac suat
chuyén trang thai psr khong phu thudc vao thoi
gian t, doc 1ap véi cac trang thai di chuyén
trudc d6 va duy nhat chi phu thudc vao trang
thai hién tai. Qua trinh mang tinh ngiu nhién
nay duoc goi 1a c¢6 thudce tinh Markov.

Két xut cua hé théng 1a mot chudi cac trang
thai tai cac thoi diém t twong tmg. Ta biét duoc
timg trang thai ¢ thoi diém t nao, vi viy mé hinh
nay dugc goi la moé hinh Markov hién OMM
(Observed Markov Model) hay mé hinh Markov.
2.4. Pinh nghia chudi Markov

Chudi Markov 13 mét chudi cac bién ngiu nhién
XoX1Xo ... Xi . TAp tht c cic giA tri clia céc bién nay duoc
2oi lakhong gian trang thai S, gia tri X;la trang thai cta
qué trinh (hé thong) tai thoi diém i. Véimoii>0vas e S,
Xéc suét chuyén trang théi ciia hé dugc xac dinh theo (5).

p(X, =S|y X;) = PX; =5[X,.,) ()

Chudi Markov dugc goi 1a dong nhit, néu
xac suit chuyén trang thai khéng phy thudc vao
thoi gian i. Tai thoi diém i hé & trang thai x;,
sang thoi diém i + 1 hé chuyén sang trang thai
Xi+1 theo xac suat chuyén trang thai nhat dinh,
goi 12 sy thay d6i tirc thoi.

Theo dinh nghia 2.4, chudi Markov 1a mot
qua trinh ngdu nhién véi thoi gian roi rac.
Trong mot qua trinh nhu vay, viéc du doan
tuong lai khong lién quan dén qua khir, ma chi
phu thude vao thong tin ¢ hién tai.

2.5. X4c suit trang thai bit dau, két thic cia
chudi Markov

Goi sp la trang thai bit diu ciia mé hinh
Markov, xac suét trang thai bit diu s; cua
chudi Markov dugc tinh theo (6).

P(X; =81 |Xo =Sg) =P(sy) = Pss, (6)

Tuong t, goi s, la trang thai két thuc ciia mo
hinh Markov, trudc n6 13 trang thai sh, x4c suét trang
thai két thac s, ctia chudi Markov duoc tinh theo (7).

p(X, =S, |Xn—1 =S,4) = Ps, s, ()

2.6. X4c suit caa chudi Markov

Cho trinh tu trang thai X = x1Xz ... X.. Xac
suat ctia chudi Markov 1 xac suat caa chudi khi
qua tirng budce trang thai xi, i = 1 + T thudc trinh
tu trang thai X va duoc tinh theo (8) [2, tr.4770].

L
POX) =p(x)] [Py, % (®
i=2

Chung minh phuong trinh (8) nhu sau:
Vi=(2,L): p(x;,Xi1) = P(X; Xi_1)P(X;_4) ©)
= P(X) = P(XL X 11 Xq)

PO¥) = PUX[X(—g. - X0)POX g P e Xg)-- (1)

P(X) = P(XL_[X_1)P(X(__1 [x(2)--P(x2 [x1)P(x7)
L
p(X) = |0(x1)ig2 Pxi_gxi
2.7. M6 hinh Markov mé rong
Mo hinh Markov mé rong la mdé hinh

Markov c6 tap trang thai bao gdm ca trang thai
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bat dau va két thuc dugc minh hoa ¢ Hinh 3 véi
trang thai bat dau dugc ky hiéu la b (begin) va
trang thai két thuc dugc ky hiéu la e (end).

Vi du, ma tran xac suit chuyén doi cic
nucleotide trong mo6 hinh Markov mé rong voi 6
trang thai A, C, G, T, b, e duoc thé hién & (10).

A C G T b e
A 0,1795 10,2735 0,4255 0,1195 0 0,002
C 0,1705 0,3665 0,2735 0,1875 0 0,002 (10)
P=G 10,1605 0,3385 0,3745 0,1245 0 0,002
T 0,0785 0,3545 0,3835 0,1815 0 0,002
b 10,2495 0,2495 0,2465 0,2495 0 0,002
e 0 0 0 0 0 1,000

Hinh 3. M6 hinh Markov ma rong

2.8. Xac suit trinh tw DNA thugc vaing CG

Ung dung phuong trinh (6.8) dé tinh xac
suit trinh tu DNA thudc (hodc khéng thudc)
viing CG sau qua trinh chuyén trang thai. O day
cac phan tir nucleotide trén trinh tw DNA c6 thé
roi vao mot trong hai trang thai la “thudc vung
CG” hodc “khong thudc ving CG”.

Mudn vay cin phai xac dinh ma tran
chuyén d6i tuong tng. Ma trdn chuyén do6i
thuong dugc tinh toan tir tp cac trinh tu DNA.
Ma tran chuyén d6i P* ddi voi cac nucleotide
thuoc vung CG sau qua trinh chuyén trang thai
tu s — r, dugc xac dinh theo phuong trinh (11).

+

CST

> e

t

Py = (11)

Trong d6, ¢*s 1a s vi tri nucleotide trén
trinh ty DNA thudc viung CG xuét hién ¢ trang
thai r, sau qua trinh chuyén trang thai tir s — r.

Tuong tu, ma tran chuyén ddi P~ dbi véi
cac nucleotide cua trinh ty DNA khong thudc
vang CG sau qua trinh chuyén trang thai tir s
— 1, dugce xac dinh theo phuong trinh (12) véi
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C« 12 86 vi tri nucleotide trén trinh tw DNA
khong thudc ving CG xuat hién ¢ trang thai r,
sau qua trinh chuyén trang thai tirs — r.

CST

> ey

t

P =

sr

(12)

Vi du, ma tran chuyén d6i P* dbi voi cac
nucleotide cua trinh ty DNA thudc vang CG (13).
A C G T
0,1795 0,2735 0,4255 0,1195(13)
0,1705 0,3665 0,2735 0,1875
0,1605 0,3385 0,3745 0,1245
0,0785 0,3545 0,3835 0,1815

A
P*=C
G
T
Va ma tran chuyén doi P~ d6i véi cac nucleotide
cua trinh ty DNA khong thudc ving CG (14).
A C G T
0,2995 0,2045 0,2845 0,2095 (14)
0,3215 0,2975 0,0775 0,0775
G 0,2475 0,2455 0,2975 0,2075
T 01765 0,2385 0,2915 0,2915
Cho trinh ty DNA X = XiX2 ... XL X4C Suat
trinh tw DNA thudc viing CG sau qua trinh chuyén
ddi trang thai (mo6 hinh*) duoc tinh theo (15).

L
POX[4) =p(x)] [Py, i, (
i=2

Xac suat trinh ty DNA khong thudc ving
CG sau qua trinh chuyén doi trang thai (mo
hinh™) dugc tinh theo (16).

L
P(X[-) =p(x)] [ Px;_x (16
i=2

Tinh log-odds ratio theo (17) [5, tr.4].

p(X[5) L p
S(X)=logy ——= ¥ log
20(x)

A
P =C

XjX

z B g (17)

i=2 pxI e

Véi BXHXi 1 logarit co s 2 cia ty 1& xac
suat chuyén doi twong tmg. Vi du, theo cic ma
tran chuyén dbi (13) va (14) thi Paa
logz(0,1795/0,2995). Logarit co sb 2 thuong duogc
str dung, trong truong hop nay don vi tinh 1a bit.

Néu mé hinh* va mé hinh~ khac biét dang
ké va log-odds ratio > 0 thi xac xuét trinh tu X
& mo6 hinh* cao hon mo6 hinh™.
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C6 thé sir dung mot gid tri ngudng c* va
kiém tra theo (18) dé xac dinh xem trinh tu X
co la trinh ty con cua viung CG hay khong.

4% (X) = {1 n(:Ju S(X) > C*(18
0 nOu S(X)<c*

O day, ¢*(X) = 1 mg véi trinh ty X thudc
ving CG va (18) dugc goi la tric nghiém
Neyman-Pearson [1, tr.213-220].

2.9. Pinh nghia mé hinh Markov an

Mo hinh Markov an HMM (Hidden Markov
Model) 1a mét hé théng M = (Z, Q, P, E, U) gom:

1. Bang %, trinh tu X = X1X ... xT gom cac
phan tir quan sat lay tir bang X, phan tir quan
sat vao thoi diém t 1 by;

2. Tap trang thai Q, duong dan I1 = mm
... T gom cac trang thai an thuoc Q, trang thai
& thoi diém tla kg

3. Ma trén x4c suat chuyén ddi P = [py]
gom cac sé hang la xac suat chuyén trang thai
pij, Voi 1 <1, j<L;

4. Ham mat d6 xac suét phat sinh E = {ex(b)};

5. Ham mat do xac suit khoi dau cia moi
trang thai U = {ui} [1, tr.224].
2.10. HMM déi véi vang CG

Cho bang X = {A, C, G, T} gébm cac phan
tu la nucleotide; Tap trang thai Q = {0, A., Cs,
G+, T+, A, C_, G_, T_}, trong @6 0 la trang thai
bat dau hoic két thuc; Ma tran xac suat phat
sinh E gom cac s6 hang la ex(b):

ex(b) 0 A C G T+ A C G T
A 0 0,40 0 0 0 0,05 0 0 0
Cc 0 0 0,10 0 0 0 0,40 0 0
G 0 0 0 0,10 0 0 0 0,50 0
T 0 0 0 0 0,40 0 0 0 0,05

Ma tran xac suat chuyén doi P gom cac s6 hang la pi:

Pij 0 A C+ G+ T+ A- C- G- T-

0 0 0,0725 0,1638 0,1788 0,0755 0,1322 0,1267 0,1226 0,1279
A. | 0,0010 0,1762 0,2683 0,4171 0,1175 0,0036 0,0055 0,0085 0,0024
C. | 0,0010 0,1672 0,3599 0,2680 0,1839 0,0034 0,0073 0,0055 0,0038
G+ | 0,0010 0,1576 0,3319 0,3671 0,1224 0,0032 0,0068 0,0075 0,0025
T. | 0,0010 0,0773 0,3476 0,3759 0,1782 0,0016 0,0071 0,0077 0,0036
A- | 0,0010 0,0003 0,0002 0,0003 0,0002 0,2994 0,2046 0,2844 0,2096
C- | 0,0010 0,0003 0,0003 0,0001 0,0003 0,3214 0,2974 0,0778 0,3014
G- | 0,0010 0,0002 0,0002 0,0003 0,0002 0,2476 0,2455 0,2974 0,2076
T- | 0,0010 0,0002 0,0002 0,0003 0,0003 0,1766 0,2385 0,2914 0,2914

Néu biét duong dan IT phét sinh ra trinh tyr X (gom

wviing CG), tinh duroe C4C X4C suat chuyén trang thai p; va

doan CGGC thugc viing CG va doan CAT khong thudc  Xac suét phat sinh eqb) nhur sau [1, tr.224-225];

Duong dan IT C. G G+ C+ (o A T-
Pij 0,1638 | 0,2680 | 0,3671 | 0,3319 | 0,0073 | 0,3214 | 0,0296
Trinh ty X C G G C C A T
ex(b) 0,10 0,10 0,10 0,10 0,40 0,05 0,05
3.KET LUAN cac trinh ty sinh hoc nhu du doan ciu tric thir

Ly thuyét mé hinh Markov dugc tmg dung
phé bién va c6 hidu qua trong viéc mo hinh hoa

cép protein, giai trinh ty sinh hoc, phat hién
gene. M6 hinh Markov 4n 1a mé hinh théng ké
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cuc ky linh hoat dugc st dung dé mé hinh héa  Markov, mo hinh Markov m& rong, md hinh
céac trinh ty sinh hoc mot cach hiéu qua. M6  Markov an, cling nhu tinh todn xac suét cua
hinh Markov an duoc ung dung dé tim kiém trang thai ban déu, két thic, xac suit cua chudi
trinh ty twong ddng, du doan ciu tric protein  Markov va x4c sudt chuyén ddi trang thai trong
va phat hién gene. Trong bai viét ndy trinh bay  chudi Markov. Ung dung 1y thuyét moé hinh
cic dinh nghia vé mo hinh Markov, chudi  Markov dé mé hinh héa ving CG trén DNA.
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