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AGTAARRARTAARTATGTTTAATTTGTGARCTGAT  Transition probabilities matrix P-
TACCATCAGAATTGTACTGTTCTGTATCCCACCAG
CAATGTCTAGGAATGCCTGTTTCTCCACARAGTGT
TTACTTTTGGATTTTTGCCAGTCTARCAGGTGARG
CCCTGGRGATTCTTATTAGTGATTTGGGCTGGEGT
CTGECCATGTGTATTTTTTTARATTTCCACTGATGE A 0.300 0.205 0.285 0.210
ATTTTGCTGCATGGCCGETGTTGAGAATGACTGCG C
CARATTTGCCGGATTTCCTTTGCTGTTCCTGCATG
TAGTTTRAAACGAGATTGCCAGCACCGGGTATCATT G 0.248 0.246 0.298 0.208
CACCATTTTTCTTTTCGTTAACTTGCCGTCAGCCT T

Based on known non-CpG Island sequences

Megative A C G T

0.322 0.298 0.078 0.302

0177 0.239 0.292 0.292

Transition probabilities matrix P+
Based on known CpG Island sequences

——
@@ i— G
Positive fiy C G T
A 0.180 0.274 0.426 0.120
0171 0.368 0274 0.188
—
©—a@

C
G 0.161 0.329 0.375 0.125
T

0.079 0.355 0.384 0.182
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* Given a new sequence X=(x,,..., X, ), we can compute

the ratio
-1
HP+ (X551 [%)
RATIO — p(.x|+m0del) -0

L-1

H P (X4 [X;)
i=0

p(x|— model)

* RATIO>1 = sequence from CpG island regions
* RATIO<1 = sequence from non-CpG island regions



P (x|-model)= P (G|C) * P (C|G) * P (G|A) * P (A|C)

0.274 * 0.339
0.000880819444

0.078 * 0.246

0.00012648773

*

*

p(x | —model) =

New sequence:

P (x|+model)= P,(G|C) * P,(C|G) * P,(G|A) * P,(A|C)

0.426 *

0.285 *

0.171

0.322

Fositive+ A C € T Negative- A C G T
A 0.180 0.274 0.426 0.120 A 0.300 0.205 0285 | 0210
C 0.171 0.368 0.274 0.188 C 0.322 0.293 0078 | 0302
G 0.161 0.239 0.375 0.125 G 0.248 0.246 0298 | 0.208
T 0.079 0.355 0.384 0.182 T 0.177 0.239 0.292 0.292
——
@D 6
) 11 P+ (~Tr‘+1 | ‘Tf}
H 1 RATIO — p(x|+model) o

x=TGCAGCG
* Py (ClG) * P.(G|T)
* 0.339 * 0.384

* P (C|G) * P (G|T)
* 0.246 * 0.292

RATIO= P (x|+model)/ P (x|-model) = 0.0008808/ 0.0001265 =6.96 > 1

=> Sequence x more likely comes from CpG island regions
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» Given a (stretch of a) genomic sequence, where are the CpG islands?

CGARAACTTTGCGCGGATTTCGCTTTGCTGTTCCTGCATGTAACCCT

* Given a (stretch of a) genomic sequence, where are the coding regions and
where are noncoding regions?

ACCCTAACCCTAACCCTCGCGGTACCCTCAGCCCGAAAARATCG

=>» Partition problem: segment a given sequence

into different parts based on its sequence
features.

=>»Need to guess the “state” of each position (e.g.,
CpG/non-CpG, coding/noncoding)



&% RT XA (HMM)

FE IR B S /R AT RAR A A, RS TSR R e B
AL IXARRS IR R 2 a2 8. mER
Ly IR AT KA o JIRES I A e B Al W, (HAIRES
M F) 55 628 B DU P LA o BE— RS ] B dan H AT
T B MR A R AT B R A BE W ik Y
REFIIN—EE R




fe & R

T xAEE (HMM)

Ay BANTHERIHAT 5, e B HXS M RIR S X
u~mmmz$&m XL BRUIR A X UL 2 R 5 e A
A ILEY, ABARAT RS B HIEREER ), X ERIRES
AR A 38 1) By 7R R R AT

NS

RN
a, =Pz, =1|x_ =k)

FEREN RIS T, BRSO FR Oy AL R =R
AR SRR SRR

e.(h)=P(x =b|x =k)




f& 4 R X4EH (HMM)

E— MRS /RARAR R, — A5 P AR PUE e i 2
PR I

B, WHEIRESENRG, ZMROVEREMR
E—AREmF, BT, ZZE B Ne(x)
RIFHER RN — MRS, RSB IR Ny,
HE FRFE2DMEILD, HIEAEREANF

b, MEB| DR X=(xy,. 0 %) B OY:

L
P(x,m)=a,, H e (x)a,
i=l



A FHMM & 2 B R

WE—BUFA, SR ROFER, AR X 4 e B 2 Coding I (FI CR7R),
54L& Noncoding(FINF7R) . FHHMMIBE R R i 1 -

nc

Hidden state sequence:

(Cuding!noncoding

-

-,

L 4

€n(A)

h J

-\\\_\\"‘-.
Observed nucleotide
sequence

L i~




A FHMM & 2 B R

HMMZ3 AR5, IRESEERE (Transition) F14E B (Emission) .  H 1 ERIR ST
BRI




A | 4R

TR, BTN R Z T S R a] AR R —FF, F OO0 A X i
BTN SR, RIVSCER RN R PR A AR SE R PP 2, b et RSB MR
TR ANE AR IR o O AL B R AR

L e e I il
| e (A) e.(C) elG) e(T)
A <] & [
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Initialization
(i=0)

Recursion: -

Termination: -

-
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v,(0)=Lv (0)=0forallk >0

Y codmg (i+1)= € codimg (X1l max )(“'x (1)a k ->coding )

ke(coding ,noncoding

Voncodng &+ 1) = €ppncaing (X11) et poidi)

P(x,7) = max(v,(L)a,,)

7, =argmax(v,(L)a,,)
k

(Vi (), . noncodimg )
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n C A C G T
n [-0.097°°-0.699°| |n| -0.699 |<-0.523|(-0.523) -0.699
¢ [0.398{ -0222)| |c| -0.398 |<0.699 | -0.699>| -0.699
C G A A A A
n F.0.62 - # -La8 ] LM —F g3z * 3628 " -4.424
0.007 \( 232 \(,. 3117
C —Ft-140 — [ 2020 |F 433 —/3* 957 — T .3577 —» -4.197
0,655 |, -232 \H‘ -2.64
A A A T C G
4424 — 1+ 522 5914 651 —t—s 7150 —f— 7774
n / N
C 4197 — 1o .4.31?/—--. 5.437 /__.. 6358 — = 7279 —| —» -7.978
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TESEBRA LR T, AN EE R, JEgmiY, EHZEN T T
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Startcodon  codons  ponor site

CGCO. (c[e[e[e) g (o ([e].V.T.\GTGAGTGAG

Transcription
start

/ e

Promoter

Intron

Stop codon

GGCAGAAACAATAAA/YY Yo
GATCCCCATGCCTGAGGGCCCCTC f



N — intergenic region

P — promoter

F -5 UTR

Esngl —single-exon gene
Einit — initial exon

Ek (0=<k<=2) — phase k internal
exon

Eterm — terminal exon
T -3’ UTR
A — polyadenylation signal

lk (O=<k<=2) — phase k intron
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GeneScan

The GENSCAN Web Server at MIT

HMMGene

HMMgene (v. 1.1)

Prediction of vertebrate and C. elegans genes
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