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Abstract Asde from being a carner of information on the nature of the orgamsm or cell. DNA also
plays an important role in the formation of amino acds Before coding mtrogenous base sequences in
DNA 1o anuno acids, there is a scarch process for open reading frames (ORFs) which will produce parts
of DNA sequences that have the potcntial to become amino acids. One of the problems that anse in ORF
search s that there 1s stll a lack of computational programs to get ORF Therefore this study tries to
make ORF scarch programs by implemenung dynamic programuung that s widely used n the fickd of
brnnformates usmg python apphcations. In addion, the importance of displaying all the possibiliies of
ORF 1 a DNA sequence 1s that 1t can help research in the ficdd of geneuc analysis

i introduction

Genes are tormation carrier substances thififinflucnce the charactenstics of an orgamsm that 15
passed on from generaton to generation nes consist of deoxynbonucleic acd (DNA) and
nibonucleic acid (RNA) DNA 15 a polymer consisung of four different types of monomers called
nucleotdes [ 1]

Aside from bemg a carner of information on the nature of the organism or cell DNA also plays an
important role 1 the process of protemn formation. The process of changing each protemn 1s composed
of a number of amuno acids 1n a certan sequence and each amne acid formation 18 encoded by the
scquence of mrogen bases contained in DNA

Before coding the mitrogen base sequence m DNA  there 1s a scarch process for open reading
frames (ORF) which will produce parts of DNA sequences that have the potential to become anuno
acids There are scveral websites that provide the ORF Finder page but do not display the overall ORF
resuits on the DNA sequence that has been encased

One of the problems that arise i ORF search is that there 1s still a lack of computational programs
to get ORF Therefore this study tnes to make ORF search programs by implementing dynamic
programumng that 15 widely used in the field of boinformatics In additon. the importance ot
displaying all the possibihties of ORF in a DNA sequence 1s that 1t can help research n the field of
geneuc affflysis

This paper 1s orgamzed as follows We explan the mtroduction n the first part followed by the
material and mnuds In this second part, we explain how to apply dynamic programming methods to
ORF scarches In the next section, we present the results Conclusions and future works are presented
further 1n the last scction

?Malciuls and Methods

2.1 Study Area

p@m()m Content trom this work may be used under the terms of the Creative Commons Attnbubon 3 O hicence. Ay further distnbution
NS BRI f this work must maintain attribution 10 the author(s i and the title of the work. yournal ctation and DOL
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Nucleoudes arc sumple subunits that make up DNA consisting of sugar (deoxyribose) with
phosphate groups attached to 1t and nitrogen bases 1 the form of adenine guanine cytosine and
thymme So nuclcoudes are labeled A G C and T {2}
Open Reading Frame (ORF) 18 a tniplet nucleotide sequence that 1s read as a codon that
determines amino acids one DNA strand has three possible reading frames The length of ORF can
indicate the coding region of the candidate protein in the DNA sequence [3] The characteristics of an
ORF are as follows
I The imtiation codon or start codon
A start codon in DNA begins the translation of the first amino acid in a polypeptide chain The
first three bases of the coding seq of thec mRNA to be trandlated into proteins are where
the imtiation codons are. ATG 1s the most common start codon 1n DNA and a code for
methionine amino acids (Met) i eukaryotes and formyl methionine (fMet) in prokaryotes
During profffn synthesis. ATG 1s converted into AUG in mRNA which 1s then recogmzed by
tRNA as a start codon with the help of several imtration factors and begins the translation of
mRNA j4]

2 There 1s a series of nucleotide base sequences which are found between the start and stop
codon posiions in ORF

3 ?rmm«nlmn codon or Stop codon (TAA TAG TGA on DNA)

stop codon s actually three nucleotide bases in the messenger RNA that mark the

ternunation of the translation process. Most of the codons in mRNA are related to the addition
of specific amino acids to the growing protein chamn 1n a certain order The formation of an
amuno acid cham will stop at this point 5]

22 Data 8
We  applied  this  method  using  publicly  available  fasta  NC_001477  data  at
(hups.//www ncbi nlm nth gov/nuccore/NC_001477) This tasta data contains 10 735 DNA nucleotde
sequences from type 1 Dengue virus [6] and we use the python program language

2

23 Dvnanuc Programming

Dynanmi¢ Programming 1s hike a divide and-conquer method that solves problems by combining
solutions to sub-problems The divide-and-conquer algorithm describes problems into sub-problems
recursively sub-problems and then combimes each solution to solve the onginal problem However
dynamic programminf§ applies when sub-problems overlap (conditions where sub-problems are
divided into the same sub-problems) Dynamic programmung algonthms solve each sub-problem only
once and then store the answer mn a place by avoiding the work of recomputing the answer cach time
completing each sub-probiem [7] In addition to the recursive concept. dynamic programmng 1s also
known 1 memoisast or recording which 1s a descnption of optuimization techmques by stoning
calculated results v a memo or 10 other words stored 4 variable then the calculated results will be
recalled when they will be used in the next process [8]. this memorzation techmque from dynamic
programming will be used later

24 Biopython

Biopython 1s a sct of hbranies that exist m python software for computing m the field of
bromformatcs. Python 1s a programmng language that emphasizes the readabiity of code so that it s
casier to understand the syntax. This language firgt appeared in 1991 designed by 1 man named G

van Rossum who until now 1s still bemng developed by the Python Software Foundation The
bropython website provides online resources for modules. senpts, and web links for biomformatics use
and research (9]

Brological sequences or sequences can be said to be the central objects i Biomformatics.
and n this hbrary there are several mechamsms to handle sequences namely package Sequence
Objects. Sequence Annotation Objects and Sequence Input / Output and so on Input / Output Package
Sequence that provides a simple interface for the mput output process for mput data circuits with
various data formats. one of which 1s fasta which s the data format n this study
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3. Discussion and Result
The stage 1 this study begins with the process of inputting DNA sequence data and codons. which
then search for codon start and stop codon by using dynamic programming

rom Bio import SeqlO
data=8eqlO read( dengue f.lrla" "fasta™)
seq = str{data seq )

starticodon = | a "t "g"j
stopcodon = [["" "a" "g 17"

"

" "a" L[t "a" "a"]} !
Figure | leul Data

The data mput process in Figure 1 involves using the SeqlO package from the biopython
hbrary The SeqlOread command functions to fead the nucleotnde arcuit data from the file
dengue fasta” stored to the "seq” vanable with the str (stning) data type and startcodon and stopcodon
as the genetic code that marks the open reading frame stored 1n the hist

The process of applying the d)ﬂuc programming method in this study 15 broken down mnto
several stages The first stage 15 to find the start codon and stop codon. the results of this step are then
used to select each ORF which allows 1t to become|an amino acid At this stage. each start and stop
posttion in the nucleotde sequence will be saved in the new hist

3.1 Start Codon
In Figure 2 a loop is performed along the sequence data of seq and given a variable a value of 0 b has
an initial value equal o the index j value of 0 Next| conditioning 1s done if the contents of the ndex
seq [b] = startcodon [a] then the next coding will be done with the values of a and b increase by 1 and )
=0 asn Fgure 3 10 all three conditions are met at & given value § then each start codon found m the
mdex number seq will be stored 1n the bist daftarstantappend|] this process 1s shown in Figured The
function of this append 1s 1o add 1tems to the new list from behind The index number found 1s then
recogmzed as the start position of the codon  daftarstart append|] this wiall later be recalled when
determumng ORF

for J n length seq
a=()
b=j

if \C\?: startcodonfa)
=

b+=1
it seq[bj=startcodon(a]
=1
b+=1
if seqlbl=startcodon|a]
daftarstart append())

Figure 2 Pscudodode Start Codon
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Figure 4 Startcodon conditioning

32 Stop Codon

Stop codon 1s marked with. TAG” "TGA  and "TAA" Then mulu-dimensional lists are used to have
the hist concept 1 the st To process a 2 dimensional Tist 1t 1s necessary to use nesting loops The
process of working on the stop codon scarch 18 simular to startcodon search if seen i Figure S but

there arc condittons that use 2 dimensions i this process

r
i

for 1 1n length stopcodon
tor j in lengih seq

g;)

‘ if secaz.slupt.odnn[ 1)la)
5

a+=]
I b+=1
E if scqﬂ:xlupwdunhllal
i at+=1
g b=l
| if seq{bl=stopcodon|1]] a}
E dattarstop append())
Figure § Pscudocode Stop Codon
j=0j=6an0 b tmfi ywbam] bw? 1%0 jm6 a2 bws
on 01 02 00 01 02 60 01 02 o
¥ x| o ’fl‘erV]b. > [t ]a 0] i
s S S i e SaE S S PG s B
ixiajojr i {TjRjo|T | 1:.\[]: |
6 T 8 9 6 7 8 9 6 T 8 @

Figure 6 Stopcodon conditiomng

In Figurc 6 whenthe value1 =0 j=6 a=0and b =6 the contents of index seq|6] are the
same s the contents of mdex stopcodon [0] {0] so the first conditomng 1s fulfilled as well as
subsequent conditoning If one of the condiioning 1s not fulfilled the looping j 1n range of the stop
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stop will increase 1 1f the loop j has been completed and the loop 1 increases by 1 to meet the range of
the range from the stop list

33 Determination of Open Reading Frame

AL this stage the memoization process occurs namely the required subproblems daftarstart and
daftarstop are completed first and then used to build solutions to larger problems Based on Figure 7
the loop 15 nested using a while against the Iist that was created 1n Figure 2 start codon and m Figure 5
stop codon: The fisst loop 1s done as long as index 115 smaller than the daftarstart hsi length of 292 and
the second loop 15 done as long as the index j 1s smaller than the length of the daftarstop list which 1s
452 Figure 8 shows part of the hist daftarstart and daftarstop when the value 1= 0 and § = 0 the
variable a = j 15 defined so that the value of a on the first loop 1s 0 The imtial conditioning i Figure 7
15 not fulfilied when the value in the daftarstop <= daftarstart so that the value of j increases onc as in

Figure 8
’{ "
? =) =0
while 1<len(daftarstart)
b=0
while j<len(daftarstop)
a=)
if daftarstop () > daftarstart[1]
else
j+=1
+=1
J=a
Figure 7 Pseudocode ORF
0 1 e Y] 1 -
P PO N
D\'tf!m:,'urrg o4 ? T34 ‘ 25 | Du!"v:r'mg % A GRE
i N SO S LG R .
BT T T T _ T T — o
Daftarstop | 8 L5 9s | 140 | Dafawstep | 6 | & | 9t |14
g O S S Sag S,
o | 1 | e | T | [ 6 § ?
§ CSERSWNE (ASORIIS: SANSE SSVOOE SO | ORI SRS, SVSUSIOI: SSNUSIS, W, W N

A Perulangsn s >0 ) - 0 B Perulangm =0y 1

Figure 8 Condiioning 1s not tulfilled

Figure 9 shows the looping process when the daftarstop > daftarstart requirement 1s not met

In Figure 9 (a) the nucleoude startcodon in the mndex start list 1 = 0 contains 94 and 1n the daftarstop
ndex j = 2 contains 57 so that the conditoming 1s not met Thus, repetiton mcreases by one to j = 3
containing 63 (Figure 9 (b)) and does not meet condiioning  daftarsdtoplj]> daftarstart 1] to = 4 1n
Figure 9 (¢) However Figure 9 (d) the startcodon nucleotide 1n the index daftarstart 1 = 0 contains 94
and 1n the idex daftarstop  j = 6 contains 95 so that the condiiomng of Figure 7 daftarstop [j]>
daftarstart [1] 1s fulfilicd Previously descnibed m the literature review ORF requires the presence of
nucleotides other than startcodon and stopcodon so that the next condiomng 1s made where the
contents of the index dattarstoplj] - daftarstart [1]> 3 (Figure 10)
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Figure 9 Repetition process

1=0 =6
0 1 2
2 I
Dafiarstart o4 | 136 | 223 |
i
[ 1
Daftrstop | 6 52 95 | 140
L i
i o 1 6 | 7
i i i

daftarstop(6] ~ daftarsiart{0] terpenubn
Figure 101 =0 and j=6

Stopcodon consists of 3 nucleotides. on the index stop hist j = 61595 from postion 95 =T 96
=G and 97 = A 1s stopcodon (TGA) daftarstart at index 1 = 0 1s 94 from startcodon position where 94
=A 95=T 96 =G If ORF 15 arranged from index 1= 0 and j = 6 as in Figure 11 where start codon
and stop codon usc the same nucleotide and break the ORF rules Therefore the contents of the stop
list” index at least have a position difference greater than 3

94 95 96 97 98 99 100
(alrfe] [rfe]al]

Figure 11 Second Condition

Because at index 1 =0 and j = 6 docs not fulfill to be ORF index 1= 0 and j increases one o §
= 7 which then fulfills the requirement daftarstop > daftarstop  then the next condiioning s
daftarstop| 7] - dattarstart]0] "= 140 94 = 46 where 46 > 31s fulfilled
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Figure 12 Conditioming 1s fulfilled

In Figurc 12 shows the fulfilled condiioning the values of daftarstart[1] and daftarstop(y] are
input to the ORF hist where 94 marks the first start ORF position entered in the first index ORF list
and 140 marks the first stop ORF position entered into the second index The process of input to this
ORF lhist wall contiuce until the last ORF 1s found from the nucleotide sequence used From this hist
prnt an output of 268 orf

4. Condusion

In thes paper nputing DNA nucleotide data in python mvoelves the Biopython library using the Seg/O
package which serves 1o read circunt files with various data formats Dynanuc programming methods
are apphied to solve scarch problems mto the start and stop codon position search stages which arc
stored 1n the new hist and then processed again when determining ORF In addition the startcodon
index 1s smaller than the stopcodon index in order to form each ORF senes and find out the length of
each ORF by reducing the index value of daltarstop with a daftarstart so that 288 ORF 1s obtained
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