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MSE = 0.2510
MR = 74.9039
tel LS il il ¢ piaall 13g] Banall diaplsall plainls Lgiallas 035 <G el Lellasals
tod (A) AEY) SV LaY) Bsioas
0.3317 0.3061 0.2532 0.1090
_ [0-3256 0.3025 0.2813 0.0906
0.3838 0.2889 0.2646 0.0626
0.3187 0.1538 0.3297 0.1978
12 (B) chlaay) ddseas
(0) 52 C,G 2 A Jlaiwls (1) s A 2 A Jlasiud 1 J5¥) L)
(0) » AC ST Jasuy (1) 0 G2 T Jadl : il Sl
(0) 52 A,G 2 C Uiy (1) 58 C 2 C Jlaad sl laud
(0) 52 CA =G Jaids (1) 52 G 2 G Jhaisad zgalll shaud
001
_f{o1o0
B= 100
010
MSE = 0.3998
MR = 90.0055

Laapleall aladinl gallas &35 <G 3ol MT-ND5 (sl dlides (50 495 lasse Al C g i) s2cldll Jlasd (3
t il WS i) ity g al) 13g) Baeal

o (A) A Y LaaY) digiias
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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

e (B) sy dsicae
(0) 52 T,G 2 A Jasuly (1) s8 A 2 A Jladal : Jo¥1 Jladdl
(0) 52 AG 2T Jlaidy (1) 58 T2 T Jlagiad - SE Hlacd)
(0) 2 AT 2C Jaguls (1) » G 2 C Jlagal sl jlad)

(0) 52 TA2G Jasiads (1) 52 G 2 G Jaiwad ) slacd

100
=01

001
MSE = 0.0999
MR = 90.0055

Lalall MT-ND5 guall dldd (A, T,C,G) a¥) dsimg i) aclsdll Jlaiu) clbilee il miag Ja (1) Jsaally
i) Llee JS Uil & giall Aucailly Uadl) ey Jacsgia DA (g olyially oLty

Lobilly QLY Zalall MT-ND5 gpad) dldee o (A, T, C, G) gV auimg sl aelgall Jlaga) cbilee 2(1) Jsanl

Original Substituted
Nitrogenous Nitrogenous I—I:/{JSrEn Hll:/[nl?an '\I\ﬁ;scli I\I>I/Ii§e
Base Base
T 0.2439* 75.6071* 0.2823 71.7738
A C 1.1236 71.9095 1.0675* 73.3114*
G 0.9536 89.4040 0.8995* 90.0055*
C 0.2456* 75.4415* 0.2510 74.9039
T G 0.4238 89.4040 0.3998* 90.0055*
A 0.2439* 75.6071* 0.2823 71.7738
A 1.1236 71.9095 1.0675* 73.3114*
c T 0.2456* 75.4415* 0.2510 74.9039
G 0.1060 89.4040 0.0999* 90.0055*
A 0.9536 89.4040 0.8995* 90.0055*
G C 0.1060 89.4040 0.0999* 90.0055*
T 0.4238 89.4040 0.3998* 90.0055*

Legi vaan b Aady Lgi) il CasSle = 35a1 B Viterbi daa))lsd aladiad 8 da i) Loay)leall il (1) Jsasdl (e
&S A lall Adlad) ) e alae L @llyg olidlly ol dalal) ND5-MT cponl) dlubed Alaiveal) s il sac )
Baclll diegh waat b el il Laa lsall o Jsaall e Cajeday Aaitiall Ladll Claipe poana oy lgle Jguanll

Ol L Aalal) cpad) Al pe Ajlae il Aalall NDS-MT Cpadl dlidis (50 dging sl
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Conclusions clabouy! .6

Ol Lalall MT-ND5 pad) dleded (A 20 @) (Jie) Lises Agisng i 5208 Jladiad die 43 Aasdla 5 dlel il (e
Ly Uadll Clasye Jaugia pane il 3 d9ng M deasill & (T sl Jie) (30 dumg i 8308 aa o3ally
Limg sull sae ) Aye st aaa3 483 ) o J Lee oA 520l T s2c ll Jladiad (f) GeSlae <80 Jaga) didee g (il
sac @l Jlagie) e ail Adasdle g Aae sl e ey Cpad) Al 3 Ly il aelil) 2ae e Jad adiad Goall dlagicall
oui o) e Lae (bl i€y oLl MRl dass (ad  Jaad Latng il elsdll 42y (GUaNing) G s sl
LS .MT-ND5 (pall dludud Ling il saclll Legh naad 38 e 5 Y (9A] Limg i delshy G Luiag il sac Bl
MT- cond) dludes 56 e e Ju lee (lanill us el aay 2clsil) &y G A il 5acll) iy o) ilall gl
.G duag pill 2 GL o yialls Hldd ND5
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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, Irag

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-ND5 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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