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1. INTRODUCTION

Computational biology in the 21st
century is growing rapidly, reaching almost
all areas of biological sciences. (Markowetz,
2017) said that “all biology is computational
biology”, biological knowledge nowadays is
analyzed, defined, organized, and accessed
through computation. Computational biology
can be wused to solve problem in
bioinformatics, such as analyzing the large
data of genetic code. Analysis in
bioinformatics mainly focuses on three
types of big data sets available in molecular
biology, e.g. Genome Sequences (Bayat,
2002; Luscombe et al., 2001; Markowetz,
2017).

There are several programming
languages that are commonly used in

bioinformatics, such Python, R, Java, C++,
and Bash (Fourment & Gillings, 2008).
Python is the most popular among them as
there is a Python package that has been
developed specifically for biologist, namely
Biopython (Chapman & Chang, 2000).

Biopython is a specialized Python tool
for computational molecular  biology.
Various computational molecular analysis
that can be performed using Biopython,
such as reconstructing phylogenetic trees,
multiple sequence analysis, generating
complementary sequences, counting amino
acids, finding specific sequences, etc
(Chapman & Chang, 2000; Cock et al.,
2009).

Simple example of DNA sequence
analysis using Biopython is Comparing the
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DNA polymerase | (polA) gene sequences
of several bacterial species from different
groups in order to understand the
characteristic differences between them
genetically, as there are several bacterial
species with capability to survive in
extremes of temperature and pressure.
Based on their ability to survive in an
environment with a certain temperature
range, bacteria can be classified into 3 three
groups, namely Thermophilic, Mesophilic,
and Psychrophilic (Chen & Berns, 1980;
Shing et al., 1975). These three bacterial
groups are different genetically.

DNA polymerases are enzymes needed
for DNA replication every time cell division.
These enzymes form two identical DNA
strands by assembling nucleotides (Building
Blocks of DNA) based on one original DNA
molecule (Garcia-Diaz & Bebenek, 2007,
Lehman & Uyemura, 1976; Loeb & Monnat,
2008; Yoon et al., 2014). The essential role
of DNA polymerases is to precisely and
effectively recreate the genome to ensure
the maintenance of the inherited genetic
information through generations (Allen et
al., 2011; Garcia-Diaz & Bebenek, 2007).

Specific DNA polymerases such as Taq
Polymerase play a key role in the PCR
(Polymerase Chain Reaction) process
(Chien et al., 1976; Ishino & Ishino, 2014).
Tag polymerase is a heat-resistant and

Table 1. Bacterial DNA Polymerase | (polA) Gene

C. Adam

thermostable DNA polymerase that was
originally  isolated from  thermophilic
bacteria, Thermus aquaticus, in 1976
(Chien et al.,, 1976). T. aquaticus is a
bacterium that lives in hot springs and
hydrothermal vents, this is the reason that
Tag polymerase is an enzyme that is
tolerant of high temperatures.

This technical notes paper describes in
detail the procedures computational DNA
sequence analysis using Biopython. The
DNA polymerase | (polA) gene sequences
of bacteria were used in this study to
compare the differences between
Thermophilic, Mesophilic, and Psychrophilic
bacteria.

2. DNA SEQUENCE ANALYSIS USING
BIOPYTHON
2.1. DNA Polymerase | (polA) Gene
Sequences
The DNA polymerase | (PolA) gene
sequences of Thermophilic, Mesophilic and
Psychrophilic bacteria are downloaded from
NCBI directories. The detailed information
about the DNA polymerase | gene
sequences used in this paper are presented
in Table 1.

No. Gene Name Gene Type Descriptions NCBI Gene ID
Thermophilic
1 polA Protein Coding DNA Polymerase | 3169068
[Thermus thermophilus HB8]
2 polA Protein Coding DNA Polymerase | 58572640
[Geobacillus stearothermophilus]
Mesophilic
3 polA Protein Coding DNA Polymerase | 61430887
[Streptococcus pneumoniae NCTC11032]
4 polA Protein Coding DNA Polymerase | 948356

[Escherichia coli str. K-12 substr. MG1655]
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Psychrophilic

5 polA Protein Coding DNA Polymerase | 56463489
[Arcobacter butzleri ED-1]
6 polA Protein Coding DNA Polymerase | 45044408

[Shewanella putrefaciens CN-32]

2.2. DNA Sequences Analysis

The analysis of DNA polymerase |
gene sequences are performed using
Biopython computationally. Genetic
properties analyzed in this technical notes
paper are: GC-Content and Amino Acids.
The detailed information regarding to the
software used is presented in Table 2.

Table 2. Software List

No. Software Version Desc.

Calculate GC-Content

GC-content is the percentage of
nitrogenous bases in DNA or RNA
consisting of guanine (G) and cytosine (C)
and is one of basic parameters commonly
used to describe genomes (Gao & Zhang,
2006; Piovesan et al.,, 2019). There are 2
(two) methods of using Biopython scripts
that can be used to calculate the GC-
content of the gene sequences.

1 MacOS 10.9.5 Operating
(Mavericks) System
2 Python 3.9.2 Main
Programming
Language
3 IDLE 3.9.2 IDLE

(Integrated
Development
and Learning
Environment)
is an integrated
development
environment
(IDE) for
Python

4 Biopython 1.78 tools for
biological
computation
written in
Python

GC-content: First Method ...........ccccciriiances (1)

>>> import Bio.Seq

>>> from Bio.Seq import Seq

>>> my_seq = Seq('DNA Sequence")
>>> 1 = Ten(my_seq)
my_seq.count("G")

>>> C my_seq.count("c")

>>> 100 * float(g + c) / 1

>>> ¢

GC-content: Second Method ............ccocuueennee (2)

>>> import Bio.Seq

>>> from Bio.Seq import Seq

>>> from Bio.Sequtils import GC
>>> my_seq = Seq('DNA Sequence")
>>> GC(my_seq)

Notes: replace DNA Sequence with the strings of
the DNA sequence

The following procedures of DNA
sequences analysis consisting of Python
scripts that are adopted from official
Biopython Tutorial and Cookbook (Chang et
al., 2020).

Figure 1. Biopython Scripts: Calculate GC-
content

Bio.Seq and Bio.SeqUtils are the
Biopython modules used to calculate the
GC-content of a DNA sequence. The
following example shows the application of
the scripts above to calculate the GC-
content.
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>>> import Bio.Seq

>>> import Bio.SequUtils

>>> from Bio.Seq import Seq

>>> from Bio.Sequtils import GC
>>> polA_T1l = Seq("ATG....TAG")
>>> 1 = len(polA_T1)

>>> 1

2505

>>> (polA_T1)
67.86427145708583

C. Adam

(Rother & Krzycki, 2010; Wu, 2009; Yuan et
al., 2010; Zhang et al., 2005). The following
Biopython scripts can be used to analyze
and calculate amino acids from the DNA
sequence.

Figure 2. GC-content Calculation using
Biopython Scripts

Figure 2 shows the results of GC-
content analysis using Biopython scripts.
The DNA sequence is a sequence of DNA
polymerase | (polA) gene of Thermus
thermophilus. The sequence ATG....TAG
that presented above is the shortened of the
complete sequence in order to simplify the
example. Based on the results, the polA
gene of T. thermophilus has 67.86% GC-
content of a whole sequence.

Amino Acids

Amino acids are organic compounds
that combine to form proteins as the product
of the gene expression. Amino acids have a
role as the nitrogenous backbones for
compounds like enzymes and hormones
(LaPelusa & Kaushik, 2021; Lopez &
Mohiuddin, 2021; Wu, 2009). There are 20
to 22 amino acids that comprise proteins
including Alanine (A), Arginine (R),
Asparagine (N), Aspartic Acid (D), Cystein
(C), Glutamic Acid (E), Glutamine (Q),
Glycine (G), Histidine (H), Isoleucine (l),
Leucine (L), Lysine (K), Methionine (M),
Phenylalanine (F), Proline (P), Serine (S),
Threonine (T), Tryptophan (W), Tyrosine
(Y), and Valine (V). The 21 and 22" amino
acids are Selenocystein and Pyrolysine,
both of them encoded by UGA and UAG
that normally function as stop signals

Transcription ... (1)

>>> from Bio.Seq import Seq

>>> sense = Seq('DNA Sequence")

>>> anti_sense = sense.reverse_complement()
>>> MRNA = sense.transcribe()

Translation ... (2)

>>> AA = mRNA.translate()
Calculate the Percetage of Amino Acids .... (3)

>>> 1 = len(AA)

>>> Ala = (AA.count("A"™) / 1) * 100
>>> Arg = (AA.count("R") / 1) * 100
>>> Asn = (AA.count("N") / 1) * 100
>>> Asp = (AA.count("D") / 1) * 100
>>> Cys = (AA.count("c") / 1) * 100
>>> Glu = (AA.count("E") / 1) * 100
>>> GIn = (AA.count("Q") / 1) * 100
>>> Gly = (AA.count("G") / 1) * 100
>>> His = (AA.count("H") / 1) * 100
>>> Ile = (AA.count("I") / 1) * 100
>>> Leu = (AA.count("L") / 1) * 100
>>> Lys = (AA.count("K") / 1) * 100
>>> Met = (AA.count("™M") / 1) * 100
>>> Phe = (AA.count("F") / 1) * 100
>>> Pro = (AA.count("P") / 1) * 100
>>> Ser = (AA.count("s") / 1) * 100
>>> Thr = (AA.count("T") / 1) * 100
>>> Trp = (AA.count("w") / 1) * 100
>>> Tyr = (AA.count("Y") / 1) * 100
>>> val = (AA.count("Vv") / 1) * 100

Notes: replace DNA Sequence with the strings of
the DNA sequence; sense = coding strand;
anti_sense = template strand; AA = Amino
Acids

Figure 3. Biopython Scripts: Transcription and
Translation

The scripts above represent the

common process of Protein Synthesis which
consists of 2 (two) main phases, namely
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Transcription and Translation. Transcription
is the process of copying DNA segments
into mMRNA by the enzyme RNA
polymerase. mMRNA (messenger RNA)
consists of genetic codes called codons,
sequences of trinucleotides that correspond
to specific amino acids. Translation is the
process of translating mRNA codons into
amino acids to form proteins (Panek et al.,
2017; Smith, 2020; Taylor, 2006). The
following example shows the application of
the Transcription and Translation Biopython
scripts to generate mRNA and protein
sequences.

C. Adam

>>> import Bio.Seq

>>> import Bio.SequUtils

>>> from Bio.Seq import Seq

>>> from Bio.Sequtils import GC

>>> polA_T1l = Seq("ATG....TAG")

>>> sense = polA_T1

>>> anti_sense = sense.reverse_complement()
>>> MRNA = sense.transcribe()

>>> AA = mRNA.translate()

>>> sense
Seq('ATGGAGGCGATGCTTCCGCTCTTTGAACCCAAAGGCCG
GGTCCTCCTGGTGGAC. . .TAG')

>>> anti_sense

Seq (' CTAACCCTTGGCGGAAAGCCAGTCCTCCCCCATCCCCA
CCTCCACCTCCAGGGG. . .CAT")

>>> MRNA

Seq (' AUGGAGGCGAUGCUUCCGCUCUUUGAACCCAAAGGCCG
GGUCCUCCUGGUGGAC. . .UAG")

>>> AA
Seq('MEAMLPLFEPKGRVLLVDGHHLAYRTFFALKGLTTSRG
EPVQAVYGFAKSLLKA. . .KG*")

continue.. ..

Figure 4. Transcription and Translation using
Biopython Scripts

The amino acid composition
calculation is performed after the protein
sequence has been generated. The basic
principle of calculating the amino acid
composition is the ratio of each particular
amino acid to the total number of amino
acids in a protein sequence, and then
transform it into Biopython scripts as
presented in the following example.

>>> 1 = len(AA)

>>> Ala = (AA.count("A") / 1) * 100
>>> Arg = (AA.count("R") / 1) * 100
>>> Asn = (AA.count("N") / 1) * 100
>>> Asp = (AA.count("D") / 1) * 100
>>> Cys = (AA.count("c") / 1) * 100
>>> Glu = (AA.count("E") / 1) * 100
>>> GIn = (AA.count("Q") / 1) * 100
>>> Gly = (AA.count("G") / 1) * 100
>>> His = (AA.count("H") / 1) * 100
>>> Ile = (AA.count("1I") / 1) * 100
>>> Leu = (AA.count("L") / 1) * 100
>>> Lys = (AA.count("K") / 1) * 100
>>> Met = (AA.count("™M") / 1) * 100
>>> Phe = (AA.count("F") / 1) * 100
>>> Pro = (AA.count("P") / 1) * 100
>>> Ser = (AA.count("s") / 1) * 100
>>> Thr = (AA.count("T") / 1) * 100
>>> Trp = (AA.count("w") / 1) * 100
>>> Tyr = (AA.count("Y") / 1) * 100
>>> val = (AA.count("Vv") / 1) * 100
>>> Ala

10.778443113772456

>>> Arg

8.502994011976048

>>> Asnh

1.9161676646706587

>>> ASp

4.790419161676647

>>> Cys

0.11976047904191617

>>> Glu

10.179640718562874

>>> Gly

6.347305389221557

>>> His

2.5149700598802394

>>> Ile

1.9161676646706587

>>> Leu

15.209580838323353

>>> Lys

5.389221556886228

>>> Met

1.9161676646706587

>>> Phe

3.473053892215569

>>> Pro

5.9880239520958085

>>> Ser

3.592814371257485

>>> Thr

3.7125748502994016

>>> Trp

1.437125748502994

>>> Tyr

2.5149700598802394

>>> val

7.18562874251497

>>> GlIn

2.3952095808383236

Figure 5. Amino Acid Composition Analysis
using Biopython Scripts
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2.3. DNA Comparison

GC-content

The comparison of DNA polymerase |
gene of Thermophilic, Mesophilic, and
Psychrophilic bacteria is based on results of
the sequence analysis using Biopython
scripts. The results (Table 2 and Figure 6)
show that the thermophilic bacterial group
consisting of Thermus thermophilus and
Geobacillus stearothermophilus have the
highest GC-content of DNA polymerase |
(polA) gene with 67.86% and 55.21%
respectively.

Table 2. DNA Polymerase (polA) Gene's GC-
content Comparison of Thermophilic,
Mesophilic, and Psychrophilic Bacteria

polA Gene Properties

No. Species Length GC-
(bp) content
(%)
Thermophilic
1 Thermus
thermophilus 2505 67.86
2 Geobacillus
stearothermophilus 2637 55.21
Mesophilic
3 Streptoco.ccus 2634 43.96
pneumoniae
4 Escherichia coli 2787 51.96
Psychrophilic
5 Arcobacter butzleri 2691 25.86
6 Shewanella 2769 47.02
putrefaciens

The average GC-content of
thermophilic bacteria polA gene is 61.54%
which is greater than the mean GC-content of
mesophilic  (47.96%) and psychrophilic
(36.44%) bacteria. The thermophilic bacteria
demonstrate a tendency (as presented in
Figure 6) to high GC-content due to their
adaptation to high temperatures (Kagawa et
al., 1984; Musto et al., 2004; Saunders et al.,
2003). Thermus thermophilus and
Geobacillus stearothermophilus are
thermophiles organisms can grow at
temperatures ranging from 50-82°C (Oshima
& Imahori, 1971, 1974) and 65-75°C

C. Adam

(Kotzekidou, 1999) respectively. Mesophilic
and psychrophilic bacteria have lower growth
temperature range. Mesophilic bacteria can
grow at moderate temperatures ranging from
20-54°C and <can grow optimally at
temperatures ranging from 30-39°C (Schiraldi
& De Rosa, 2016), whereas psychrophilic
bacteria can grow at temperatures ranging
from 0-20°C (Cavicchioli, 2016; Irwin, 2020).

These results also suggest that the
DNA polymerase | enzymes of thermophilic
bacteria are more thermally stable and are
ideal for use in the PCR cycle, since there are
more GC-content in the sequences.
Polymerase Chain Reaction (PCR) is a
technique in molecular biology uses to
amplify the DNA target sequences from a
DNA template by using thermal cycling
process (Erlich, 1989; Wages, 2005). PCR
requires a temperature-dependent DNA
polymerase to enzymatically replicate the
desired target sequences in the process
(Caetano-Anollés, 2013).
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Figure 6. DNA Polymerase (polA) Gene’s GC-
content Comparison: Thermophilic,
Mesophilic, and Psychrophilic
Bacteria
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Amino Acids

The length of generated protein REA
sequences from the complete sequence of val _“’477.0159
DNA polymerase | gene of thermophilic, 336,40
mesophilic, and psychrophilic bacteria =~ Tvr B
ranging from 835-929 amino acids (Table = e
3). Trp B o580
w104 cos Shewanella putrefaciens
Table 3. The Length of Generated Protein Thr T—— .
Sequences from the Complete s Arcobacter butzier!
Sequence of DNA Polymerase | (polA) Sor — 422;::46 B Escherichia coli
Gene 3.07_
No. Species Sequence Length —— 3'594_55 Streptococcus pneumoniae
(amino acids) Pro ﬂz,% 5-3:99 Geobacillus
Thermophilic — . ;
1 Zl;hermush ./ - o 22.57313 ; 4-57:2 stearothermophilus
ermophilus — 347
2 G;eoba;;il/us . 879 Vot ) 26:3
Stearotnermopnhniius 2750
Mesophilic i 6.18 osn
3 Streptoco.ccus 878 Lys _5396'2_571 786
pneumoniae . 1073
4 Escherichia coli 929 Lou — 111
Psychrophilic i — 15,21
5 Arcobacter butzleri 897 &8l 03
lle Wi 2.06
6 Shewanella 923 —— 5.69
putrefaciens 213.&;426
His [—2
Amino acid composition analysis — 1% cor
results using Biopython scripts show that — g, T——5——
the DNA polymerase | (polA) gene of E— 35
thermophilic, mesophilic and psychrophilic Gin _3-3535%9
bacteria have relatively similar amino acid 23
composition. The DNA polymerase genes  _  s— .
from the three groups of bacteria are rich in ——C1 1015
leucine (Leu; L), Alanine (Ala; A), and L W%
glutamic acid (Glu; E), and low in cysteine ~ <V* | ¢
(Cys; C) as presented in Figure 7. A : 550
sequence characterization study of DNA ~ Asp eSS0 .
polymerase | (Brown et al., 1982), show a e,
comparison of amino acid composition of £. sy me— o
coli DNA polymerase | and its derived S 195
fragments that are rich in leucine and Arg I———
glutamic acid, and low in cysteine. Leucine ——— 50
is one of nine essential amino acids and Al ———— 1 5 e
important for many metabolic functions, 0 13 75
whereas glutamic acid and cysterin are non- 0.00 5.00 10.00 15.00 20.00

essential amino acids (Lopez & Mohiuddin,
2021; Tessari et al., 2016).

Amino Acids Composition (%)

Figure 7. Amino Acid Composition (%) of The
Generated Protein Sequences of
DNA Polymerase | (polA) Gene
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3. CONCLUSION
The DNA sequence analysis can be

done using Biopython including GC-content
and amino acid composition analysis.
Bio.Seq and Bio.SeqUtils are the main
modules of Biopython that used in this
paper to compare the GC-content and
amino acid composition of the DNA
polymerase | (polA) gene of thermophilic,
mesophilic, and psychrophilic bacteria. The
sequence analysis shows the following
results:

1) Thermophilic bacteria have the highest
GC-content of the DNA polymerase |
(polA) gene compare to mesophilic and
psychrophilic bacteria;

2) DNA polymerase | (polA) gene of
thermophilic, mesophilic and
psychrophilic bacteria have relatively
similar amino acid composition.
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