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ABOUT THE ALGORITHM

" John Besemer and Mark Borodovsky, 1999

" Markov models

" Heauristics

" finding genes in prokaryotes, organelles, viruses, phages and plasmids

= sequence longer than 400 nt



MATERIALS

= 17 complete bacterial genomes
" 10 of these used for testing

= Observed in annotated sequences:
= amino acid frequencies

® positional nucleotide frequencies



HEURISTIC METHOD (1)

= relathionship between:
= positional nt frequencies and global nucleotide frequncies

" the amino acid frequencies and the global GC%

= |inear regression



»Z-pattern”
difference in frequencies for
1st and 2nd codon positions

pasitional fiT)

pastional fi#)

3]

oy

nE

s

[k

2]

(A} Positional frequancies of Thymine

2 &
.-
i
: '_-rﬂlullrh:nl
s |
a f wPosison 2
& ‘-
- - & Froafson 2
- - L
- T
. = !
- & Ja
- a /oA
&
£
:
_." -
& - -
ST e
- 7
PR
o
. "
a
W Ty = 0188 + OB21 (A Tpisa - 0-288)
BTl = 0051 T + D200 {1 Thgmoem - .2B8)
MM hpesz = 0304 + 1.765 (NT hyonea - 0.268)
ﬁ-l 0‘! U.-:I (2]
global 4T

(C) Positional freguencias of Adenine

- & Posbon 1 |
= Prgision 2
-~ a
- 1_.-{"' o ;FWEJ
ed T
2 e
s
,'- .
m.’ a’
"- - K
- L
-
R A
L --I.n
- ’
E.1 Y
i
P
!
’ st = 0,308 + 1,075 (&g - 0287)
WA = 0321 = 0783 (1A e - 0287
BA s = 0280 = 1,636 {1A] grpe - 0,287
on az az s
il TLA]

a5,

oo

postionl 11}

o4

a3

peciticral 1)

[ R}

(B} Positional frequancies of Cytosine

a
! -
i "
& o
a -
O
R
R
.".‘i s
] .
- .-.; R
-
"1 _-'-'a"-r -
-

- A b = QLTS & QU (T ks, - 0213)
NG b = D20 + BSTH (N T ks - D213)
BT hpoas = 0210 + 1,785 (NG hpaaw - 0213}
CI-.1 DIJ ICI.-} II:I-
ghbal KG)

(D) Pasitional fraquencias of Guanina

- B RS—
L ‘a |-Pmmunz
o
- l.mmna:
- ll-_:':'I * ..-' - .
f‘.' & 1.-'
-~ - &
E 4
-
a-_....-ﬂ
! -
;
& _,,-"
B -
Ly -
£ ._’
o ‘.F-
.
.
]
ad
Ni)pen = 0331 + 0.7ES MGl - 0.213]
i) oz = 0,159 + 0L508 (40 by - T213)
WSl = TETF + 1542 [FIE) goes - 0.213)
u-1 uz u.a 0"



HEURISTIC METHOD (2)

" frequency of 10 amino acids changes significantly (%GC)

4 SSN type codon (C or G) + valine
= alanine
= glycine
= proline

" arginine

= 5 WWN type codon (A or T)

= phenylalanine
= jsoleucine

= |ysine

® asparagine

" tyrosine



1st

2nd base

(Pro/P) Proline

(Ala/A) Alanine

base T
TTT TCT
(Phe/F) Phenylalanine
TTC TCC
T
TTA TCA
TTG
CTT CCT
(LewlL) Leucine
CTC CCC
Cc
CTA CCA
CTG CCG
ATT ACT
ATC (llefl) Isoleucing ACC
A
ATA ACA
ATGIA (Met/M) Methionine ACG
GTT GCT
GTC GCC
G valvy valine
ETA GECA
GTG GCE
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HEURISTIC METHOD (3)

= set of Markov models
= 3 periodic models for coding sequences (order zero, one and two)

® one zero coding model for non-coding sequence

= from global nucleotide frequencies we determine nucleotide frequencies for each of
three codon positions

" we compute initial frequency values for 61 codons f, (XYZ)

= refine frequency
= E. g. alanine codon CGT
fo (GCT) = £ uine (GC%) x [f, (GCT) / (f,(GCC) + f,(GCA) + f,(GCG) + f,(GCT) )]

alanine

= heuristically built codon usage table for the input genomic sequence



HEURISTIC METHOD (4)

= zero order Markov model
= coding: use codon table

® non-coding: global frequencies of nucleotides

first order Markov model
= ASSUMPTION: occurrences of adjacent codons are independent events
= P(X—Y) for (..X|Y..) equal P(Y) in 1st position of codon defined by zero order MM

= second order Markov model
» P(XY—Z) for (.XY | Z..) equal P(Z) in the 1st position of zero order MM
" P(XY—Z) for (.X|YZ.) equal P(Y —Z), Z in 2nd position and Y in 1st position in first order MM






ABOUT THE ALGORITHM

= John Besemer, Alexandre Lomsadze and Mark Borodovsky, 2001
®= Hidden Markov model based algorithm

" non-supervised training procedure

= uses gene finding program GeneMark.hmm

= Gibbs sampling multiple alignment program
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RESULTS
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