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0.3317 0.3061 0.2532 0.1090
_10.3256 0.3025 0.2813 0.0906
~10.3838 0.2889 0.2646 0.0626

0.3187 0.1538 0.3297 0.1978

i (B) cblaal!) digias

(0) 2 C,G 2 A Jlaguls (1) 2 A5 A Jhasad s J¥) Ll
(0) 52 AC 2T Jlaiady (1) 58 G2 T Jlagud = ) )
(0) 52 AG 2 C Jlasulg (1) 58 C 2 C Jladul :&lal )
(0) »» CLA 2 G Jlasuls (1) 2 G2 G Jlasu bl laudl

01
5=170 0
10
MSE = 0.3998
MR = 90.0055

(o) 3l saaal) A D) Ay gindlas S35 <G eyl MT-ND5 pnl) dludee (30 495 lanae ally C dvimg jull s2edl Jlagid (3

fal LS bl il

it (A) ) oY lasY) ddshas

0.3317 0.3061 0.2532 0.1090
_10.3256 0.3025 0.2813 0.0906
~10.3838 0.2889 0.2646 0.0626

0.3187 0.1538 0.3297 0.1978
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b (B) lsay) ddione
(0) 52 T,G 2 A Jlaiids (1) 58 A2 A Jaiad : J¥) hacd)
(0) 52 AG 2T iy (1) 5o T2 T Jlagiad : S )
(0) 58 AT 2 C Jlasiuls (1) 58 G 2 C Jlagiad sGlldl) o)

(0) 52 T,A 2 G Jasiuds (1) 38 G 2 G Jaiiad ryll Hhasdl
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100
o= [0
001
MSE = 0.0999
MR = 90.0055

Pha e ol Gl 2ualal) MT-ND5 Guad) bl (A, T, €, G) ) i il aelill JlasieY) cldee il ey i (1) Jsanlly
cJhaie) Llee ISV Ul A gial) Auailly Uil e po o s

Oy (LYl Zalall MT-ND5 Gl s 50 (A, T, C, G) g diong sl aelsall Jasa) cibilee :(1) Jsand)

inal Nitrogenous bubstituted ! MR MSE MR
Base ’ 0genous Base gl Human Mice Mice
T D.2439* /5.6071* 0.2823 71.7738
A C 1.1236 71.9095 1.0675* 73.3114*
G 0.9536 89.4040 0.8995* D0.0055*
C D.2456* [5.4415* 0.2510 74.9039
T G 0.4238 89.4040 0.3998* D0.0055*
A D.2439* /5.6071* 0.2823 71.7738
A 1.1236 71.9095 1.0675* 73.3114*
C T D.2456* [5.4415* 0.2510 74.9039
G 0.1060 89.4040 0.0999* D0.0055*
A 0.9536 89.4040 0.8995* D0.0055*
G C 0.1060 89.4040 0.0999* D0.0055*
T 0.4238 89.4040 0.3998* D0.0055*

Ty il saelal) diegs aand B Amdy il ) CagSle zagat (A Viterbi duy)lss aladiul 8 ds el Lalad) cadl (1) Jeasll oe
Clasye gsane o lale Jgeant) 3 ) il Al Gl e laieWL @iy ohidlly Gl dalsll ND5-MT pall dlulud dlaied
Llae 3l 2alad) ND5-MT gl &l (g diang il ool duesi aaad & il il ) lall o Jgaal) (e Capglig Auamiiall Wasl)

Ol Aalall ) Al pe

Conclusions wlatiwyl .5
el e ohally LYl Aalall MT-ND5 cpall dudid (A s2ell) Jic) disea dong i s2clE Jlaiiad 2ie a8 daadle oSlel il e
) oSlae JSa Jaia) dlee o el Aty Uil Slase st gyane ity GilaB asms I deasill 5 o(T 5ol Jio) (51 s s
Ao b Laimg ) aelsdll dae o L aaiad cuall Alasivall A il saelill e gs a3 883 o) o Ju Lee oA 3ol T sl Jlasa
D] MR allsil) dows s aas i g il aclsdl) iy (GUaNing) G s i) sac @l Jlagivd vie 4l ddaadla g duegill e paly cuall
MT- Gl Ao danang jill s2clal) ducss waas 38 o 350 Y AT A 5 elshy G duiang all s2elal) s o) e Ju Laa o3l xSy
MT-ND5 aad) dbdes 5 ase oy bae llall cuns el any aelsil) &y G At il 520l s of il <yelil LS .ND5

-G Ly yull sacldll gLl Glaidld
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Employment of Hidden Markov Model in Determining the Quality of Nitrogenous Base
Substituted of MT-ND5 gene Sequence in Humans and Mice

Sura Mohammed Jamal Alden  Muthanna Subhi Sulaiman
Department of Statistic and Informatics, College of Computer Science and Mathematics, University of Mosul,
Mosul, Iraq

Abstract :Hidden Markov models were developed to analyze bioinformatics data that have attracted the attention
of researchers because of their critical importance in the life of living organisms. The aim of this paper was to
determine the quality of the nitrogenous base substituted for the MT-ND5 gene chain of humans and mice. The
proposed algorithm using the Viterbi algorithm in the Hidden Markov model proved to be good in determining the
quality of the nitrogenous base substituted for the MT-NDS5 gene chain of humans and mice, depending on the high
match ratios obtained and the low sum of squared errors. A computer program was designed for this purpose and
the algorithm was programmed in MATLAB R2017b language, and from the practical application of the algorithm
it is seen that the Hidden Markov model is a particularly powerful approach to determine the match ratio up to a
high classification accuracy.

Keywords: hidden Markov model, Viterbi algorithm, MT-ND5 gene sequence in humans and mice.
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