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ABSTRACT

This report discusses about the dominant species of no biological data
genes. This genes are belong to animal species. Gene is one of a process
where the biological data encoded in the gene that instructed by the DNA
to convert into a functional product such as protein. In gene classification,
with the growth of using gene expression database, there are not enough
tools to extract the gene expression from these databases. There exist over
23,000 to 50,000 genes for animal genome. So, this might contribute to
data redundancy as problems can happen while handling a huge database.
Therefore, to overcome the problem, many approaches to cluster and
determine the dominant species have been proposed in the previous
literature. For this project, in order to determine the dominant species, the

Entropy information entropy based method is used. As conclusion, the purpose of
this research is to identify the dominant species of no biological genes
using entropy method proposed.

This is an open access article under the CC-BY-SA license.

1. Introduction

The development of the idea of entropy of random variables and processes by Claude Shannon
provided the beginnings of information theory and of the modern age of ergodic theory. Entropy is
simply the average (expected) amount of the information from the event. A fundamental pattern in
genetics, even in the most diverse communities of animals species comprise a few highly dominant
genes accompanied by many more genes that are uncommon or rare which is, represented by only a
few species. The often terms ‘dominant’ or ‘common’ are used interchangeably to describe these
highly dominant species. Dominant species is the species that have high abundance relative to other
species in a community, and have proportionate effects on environmental conditions, community
diversity and/or ecosystem function.

With the evolution of new expression of portraying techniques such as SAGE (Serial Analysis of
Gene Expression), the gene expression databases are increasing day by day. Gene expression is one
of a process where the biological data encoded in the gene that instructed by the DNA to convert into
a functional product such as protein [1]. For years, many types of technology, technique and
measurement is used to collect all the biological and genetics information regarding gene expression
that lies under different conditions during a biological process and experiments of different tissue
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samples. One of the techniques is clustering. The clustering techniques has allowed a fast progress
in this biological research [2] and it also has further the study of the issues such as differential gene
expression [3].

The main objective for this research is to study the method approach that are related to the
classification and clustering based for the dominant species of no biological data genes. Next is to
calculate the probability outcome of no biological data genes. The third objective is to identify the
dominant species of no biological data genes.

The rest of the paper is organized as follows: Section 2 presents the proposed method for the no
biological data genes. Section 3 shows the results of the finding. Finally, Section 4 will concludes all
the related works and highlight the directions for future research.

2. Materials

In this section, the materials and methodology presents to describes all the necessary information
that is required to obtain the results of this research.

2.1 Materials

There are five types of animal species genes dataset that are used to perform this research analysis.
Those five types are belong to Bos Taurus, Canis Lupus Familiaris, Sus Scrofa, Gallus Gallus and
Homo Sapiens. For this research one method of calculation is used which is from information entropy
based method. Description of the entropy based method are as follows:

a) Information Entropy Based Method

Entropy is a measure of the uncertainty of a random variable. For a discrete random variable with
limited states. For the sake of simplicity, p(ij) is used to represent probability of the data genes.
Entropy is simply the average or the expected amount of the information from the event. The formula
for this entropy method is combined from information formula. Information formula is shows as
below.

I(p) = —logy(p) 1)

The p in the formula indicated the probability of the how much certain event that happened. Next,
for log calculation which is b indicated the base which base 2 is mostly used in information theory.
Next, the entropy formula is derived as below.

[ = =Xii(N = pi) = log,(pi) 2

Based on the formula above, | indicated the total information from N occurrences. N indicated the
number of occurrences while (N*pi) indicated the approximated number that the certain result will
come out in N occurrence.

Entropy = — YiL; pi logy,(pi) 3)

Based on the formula above, there are difference between the total Information from N occurrences
and the Entropy equation which is only thing that changed in the place of N. The N is moved to the
right, which means that I/N is Entropy. Therefore, Entropy is the average or the expected amount of
information in a certain event. For this research, the entropy formula is shown in section 3.1.2.
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3. Methodology

In this section, the activities throughout in this research are explained based on the framework
provided in the section 3.1 where it describes each phases of the framework. In the section 3.2 the
hardware and software requirements are described.

3.1 Research Framework

Research framework is divided into three phases. In each phases there are activities are under taken
and carried out which help to complete this research. The function of each phases are explained in
this section. Figure 1 below shows the overall flow of the research methodology.
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Figure 1. The flow of research methodology
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3.1.1 Phase 1: Data Pre-processing

There are five datasets that are used in this research which are Bos Taurus, Canis Lupus Familiaris,
Sus Scrofa, Gallus Gallus and Homo Sapiens. All data of gene expression of the authoritative groups
and major model organisms are obtained from Gene Ontology Consortium (GEO) [4] and the gene
database information about the gene and gene products obtained from the Panther gene lists. The
other related information are collected from internet, journals and articles. Additional information
that are related to this research are referred to previous research and all this information are gathered
in details.
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General information on the details of gene expression was reviewed after the data collection. Bos
Taurus, Canis Lupus Familiaris, Sus Scrofa and Gallus Gallus genes informations is obtained from
the GEO database. All these species contain three types of classes which are molecular function(F),
cellular component(C) and biological process(P) [5]. For Bos Taurus, there are 44311 samples in this
set of data. In this samples, there are 7 samples of no biological data genes. Next, for Canis Lupus
Familiaris there are 121321 of raw samples data and 6 samples of no biological data genes. For Sus
Scrofa, there are 129119 of raw samples data and 23 samples of no biological data genes. As for
Gallus Gallus, there are 101399 of raw samples and 32 samples of no biological data genes.
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Figure 2. Raw samples of gene expression data for Bos Taurus

For example, Figure 2 above shows the raw samples of Bos Taurus datasets that are obtained from
GEO [6]. There are 44311 genes in this datasets. This raw data will then scaled down or filtered to
the no biological datasets as shown in Figure 3 below. Next, the filtered datasets will then uploaded
to the Panther Classification System to obtained the Panther gene lists [7] as shown in Figure 4.
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Figure 3. No biological datasets of Bos Taurus
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Figure 4. Datasets that are obtained from Panther gene lists.

Next, after datasets is obtained as shown in Figure 4, this datasets is extracted to carry out two tasks
in order to determine how many no biological data gene for each species and how many species for
each genes. The first task will be shown as in Figure 5 below and second task is shown as in Figure
3.6 below as well.

A B ||
1 GENE

2 |ADNP2 15
3 IMMPLL 18
4 MACROD2 13
5 OTOS 16
6 |PKHDIL1 13
7 |SPRYD4 17
8

Figure 5. Task one to identify how many no biological data gene for each species.

As shown in Figure 5, this activity is to identify how many no biological data genes that appeared in
each species. For example, ADNP2 is one of Bos Taurus’s genes that appeared in other 15 species.
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Figure 6. Task two to identify how many species for each genes

As shown in Figure 6, this activity is done to identify how many species that appeared for each genes.
For example, species Anolis carolinensis has appeared in other 4 types of genes. Next, a weight
analysis for no biological data genes of Bos Taurus is carried out. This activity is done in order to
identify to classify which species have appeared in each genes. Figure 3.7 below will show the
analysis weight for Bos Taurus.

GENE PRODUCT NAME ORGANISM PANTHER FAMILY  TYPE SOURCE  SYNONYM WEIGHT ANALYSIS

oTos Otospiralin Bos Taurus Otospiralin pthr350protein  UniProtkB UniProtkB: M taxor 26407 AgBase UniProt Felis catus -1, Rattus norvegicus -1, Pan troglodytes -1, Anolis carolinensis -1, Canis
oTos Otospiralin Bos Taurus Otospiralin pthr350 protein  UniProtkB UniProtkB: M taxor 2E407 AgBase UniProt lupus familiaris -1, Danio rerio -1, Oryzias latipes -1, Sus scrofa -1, Homo sapiens -1
0T0s Otospiralin Bos Taurus Otospiralin pthr350protein  UniProtkB UniProtKB: M taxor 2E407 AgBase UniProt Gallus gallus -1, Monodelphis domestica -1, Gorilla gorilla gorilla -1, Mus musculus
MACROD2 Uncharacterized prot Bos Taurus ganglioside induced protein  UniProtkB UniProtKB: G taxor 2E407 UniPra UniProt Oryzias latipes -1, Homo sapiens -1, Pan troglodytes -1, Danio rerio -1, Gallus gallus -
MACROD2 Uncharacterized prot Bos Taurus ganglioside induced protein  UniProtkB UniProtKB: G taxor 2E407 UniPra UniProt 1, Sus scrofa -1, Canis lupus familiaris -1, Bos taurus -1, Macaca mulatta -1, Mus
MACROD2 Uncharacterized prot Bos Taurus ganglioside induced protein  UniProtkB UniProtkB: G taxor 2E407 UniPra UniProt musculus -1, Felis catus -1, Gorilla gorilla gorilla -1, Equus caballus -1

ADNP2 C2H2-type domain- ccBos Taurus neuroprotective pep protein  UniProtks - taxor 2E407 UniPra UniProt Anolis carolinensis -1, Sus scrofa -1, Gorilla gorilla gorilla -1, Monodelphis

ADNP2 C2H2-type domain- ccBos Taurus neuroprotective pep protein  UniProtks - taxor 26407 UniPra UniProt domestica -1, Equus caballus -1, Pan troglodytes -1, Ornithorhynchus anatinus -1,
PKHD1L1 PKHD1 like 1 Bos Taurus plexin pthr22625  protein  UniProtkB UniProtkB-AC taxor 26407 UniPro UniProt Equus caballus -1, Homo sapiens -1, Rattus norvegicus -1, Canis lupus familiaris -1,
PKHD1L1 PKHD1 like 1 Bos Taurus plexin pthr22625 protein  UniProtkB UniProtKB:AC taxor 2E407 UniPra UniProt lepisosteus oculatus -1, Gorilla gorilla gorilla -1, Pan troglodytes -1, Macaca mulatta
PKHD1L PKHD1 like 1 Bos Taurus plexin pthr22625  protein  UniProtKB UniProtkB:AC taxar 2E407 UniPra UniProt -1, Mus musculus -1, Bas taurus -1, Monodelphis domestica -1, Felis catus -1,
IGF1[IGF-I Insulin-like growth fa Bos Taurus Insulin-like growth {protein  UniProtkB - taxor 2E407 AgBase UniProt -

SPRYD4 B30.2/SPRY domain-c Bos Taurus e3 ubiguitin-protein protein  UniProtkB - taxot 2E+07 UniPra UniProt Canis lupus familiaris -1, Bos taurus -1, Pan troglodytes -1, Homo sapiens -1, Rattus
SPRYD4 B30.2/SPRY domain-c Bos Taurus &3 ubiguitin-protein protein  UniProtks - taxor 2E407 UniPro UniProt norvegicus -1, Danio rerio -1, Sus scrofa -1, Anolis carolinensis -1, Macaca mulatta -
IMMP1L Mitochondrial inner 1Bos Taurus protease family 526 protein  UniProtks - taxol 2E+07 AgBase UniProt Gorilla gorilla gorilla -1, Macaca mulatta -1, Canis lupus familiaris -1, Oryzias
IMMP1L Mitochondrial inner 1Bos Taurus protease family 526 protein  UniProtks - taxor 26407 AgBase UniProt Iatipes -1, Equus caballus -1, Anolis carolinensis -1, Gallus gallus -1, Danio rerio -1,
IMMP1L Mitochondrial inner 1B0s Taurus protease family 526 protein  UniProtks - taxor 26407 AgBase UniProt Mus musculus -1, Monodelphis domestica -1, Bos taurus -1, Sus scrofa -1, Pan

Figure 7. Analysis weight for Bos Taurus datasets

A shown in the figure 7 above, an analysis weight is carried out. This activity is by arranging the
species by stating how many it has appeared in that genes. For example, in gene OTOS, the species
have appeared are Felis catus -1, Rattus norvegicus -1, Pan troglodytes -1, Anolis carolinensis -1,
Canis lupus familiaris -1, Danio rerio -1, Oryzias latipes -1, Sus scrofa -1, Homo sapiens -1, Gallus
gallus -1, Monodelphis domestica -1, Gorilla gorilla gorilla -1, Mus musculus -1, Macaca mulatta -
1, Equus caballus -1 and Bos taurus -1. Number 1 indicate that these species appeared one time in
this gene.
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Next, after analysis weight is done, new datasets is carried out which is to arrange the no biological
data genes according to the species. Figure 3.8 below shows the arrangement of the datasets.

BOS TAURUS 7 Panther Gene Lists
1- 0TOS, 2- MACROD2, 3- ADNP2, 4 - PKHDLLL, 5 - IGFL|IGF-|, 6 - SPRYD4, 7- IMMPL
TRANS ID (GENES) Felis catus Rattus norve Pan troglod Anolis carc Canis lupus Danio rerio Oryzias ati Sus scrofa. Bos taurus Equus cab Gallus galli Gorilla gor Homa sapi lepisosteu: Macaca mu Monodelp Mus musct Omithorhy Xenopus tr
1YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES
2YES YES YES YES YES YES YES YES YES YES YES YES YES
3 YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES
4YES YES YES YES YES YES YES YES YES YES YES YES YES
3
6 YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES
TYES YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES

Figure 8. Arrangement of no biological data genes according to species.

As shown in Figure 8, the no biological data genes is arranged according to which species is
appeared. In the figure, there are many YES words is stated in the columns. YES is stated to indicated
that the gene has appeared in the species. For example, gene 1 is OTOS. OTOS has appeared in other
16 species which are Felis catus, Rattus norvegicus, Pan troglodytes, Anolis carolinensis, Canis lupus
familiaris, Danio rerio, Oryzias latipes, Sus scrofa, Homo sapiens, Gallus gallus, Monodelphis
domestica, Gorilla gorilla gorilla, Mus musculus, Macaca mulatta, Equus caballus, and Bos taurus.

3.1.2 Entropy based method.

In order to calculate the probability for the dominant species of no biological data genes, entropy
based approach is used. Below shows the formula that is used in order to obtained the entropy value
for each genes and species.

H(vi) = — U, Pij log, Pjj (4)
Based on the equation 4 above, the H(vi) indicated the entropy value for the species and genes. The
Pij indicated the probability of each species and genes.

3.1.3 Phase 3 : Analysis Measurement

The analysis measurement of this research is to show results of the calculation. By this the total
value of entropy is obtained and measured.

For this study, documentation of paper works the soft materials, code and formula that used is in the
form of paper work. Documentation is meant to provide readers with a clear understanding of the
overall flow research analysis.

3.2 Hardware and Software Requirements.

Some basic requirements are required for this research to be conducted successfully. A computer
laptop with relatively high processing power and storage is used for hardware.

This study was carried out using Windows 10. Next, WPS Office Word is used to do the proposal
and thesis writing while WPS Office Spreadsheet is used to sort the no biological data genes.

4. Results and Discussions

This section shows the results for the no biological data genes of four species. Figure 9, 10, 11, 12
and 13 are the results of the entropy calculation.

4.1 Results of Bos Taurus
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Figure 9. Results of Bos Taurus using entropy based formula

As shown in Figure 9, this is the results that are obtained from the calculation by using entropy based
formula. The probability outcome from this table is the entropy value. This entropy value is
calculated for each genes and species. For example for trans id (genes) number one that is belong to
OTOS, the entropy value is 0.2087579 while for the first species which is Felis catus, the entropy
value is 0.1906286. From this calculation for each genes and species, the total of entropy value are
obtained. Total entropy value for genes is 1.5098316 while total entropy value for species is
5.743486.

4.2 Result of Canis Lupus Familiaris
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Figure 10. Results of Bos Taurus using entropy based formula

As shown in Figure 10, this is the results that are obtained from the calculation by using entropy
based formula. The probability outcome from this table is the entropy value. This entropy value is
calculated for each genes and species. For example for trans id (genes) humber one that is belong to
POGLUT, the entropy value is 0.4187116 while for the first species which is Anolis carolinensis, the
entropy value is 0.05. From this calculation for each genes and species, the total of entropy value are
obtained. Total entropy value for genes is 1.5687537 while total entropy value for species is
5.1215001.

4.3 Results of Sus Scrofa
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Figure 11. Results of Sus Scrofa using entropy based formula
|
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As shown in Figure 11, this is the results that are obtained from the calculation by using entropy
based formula. The probability outcome from this table is the entropy value. This entropy value is
calculated for each genes and species. For example for trans id (genes) number one that is belong to
ROMOL, the entropy value is 0.5225186 while for the first species which is Amborella trichopoda,
the entropy value is 0.1966783. From this calculation for each genes and species, the total of entropy
value are obtained. Total entropy value for genes is 9.9922522 while total entropy value for species
is 14.7814972.
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Figure 12. Results of Gallus Gallus using entropy based formula

As shown in Figure 12, this is the results that are obtained from the calculation by using entropy
based formula. The probability outcome from this table is the entropy value. This entropy value is
calculated for each genes and species. For example for trans id (genes) number one that is belong to
CBY2, the entropy value is 0.5306909 while for the first species which is Anolis carolinensis, the
entropy value is 00.2782031. From this calculation for each genes and species, the total of entropy
value are obtained. Total entropy value for genes is 14.2620796 while total entropy value for species
is 7.8319208.

4.4 Results of Gallus Gallus

e i-CE dLE |- AEIH G- =% i Lt 1- e - 3 =
4 rmaky am rfilzmEinha b =alzad i lass T aa Gk ph sl p B sh krcag s peailiz e ek Moo irtac i ha g inr el eicfos: v ey "l oz sl NS F Tl
E L L 1 ] I | MRS

145 L
1373
LIsr
LERT
P
[
P
w3 n
e
B 4
L
145
L
LIsr
B 4
1413
L
L
e
1373
LE4E
P
LI
wan
L
B 4
B 4

3 L I3

L= e e+ 4 2 hEE w2 2 CER E2E KT A BDE LK LEET b2 2 KT LI MIR KIED OON K3 K3T KA 6T G231 K3 A3K T 2 KON LIZ I KR

Figure 13. Results of Gallus Gallus using entropy based formula
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As shown in Figure 13, this is the results that are obtained from the calculation by using entropy
based formula. The probability outcome from this table is the entropy value. This entropy value is
calculated for each genes and species. For example for trans id (genes) number one that is belong to
CBY2, the entropy value is 0.5306909 while for the first species which is Anolis carolinensis, the
entropy value is 00.2782031. From this calculation for each genes and species, the total of entropy
value are obtained. Total entropy value for genes is 14.2620796 while total entropy value for species
is 7.8319208.

4.5 Results of Homo Sapiens
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Figure 14. Results of Homo Sapiens using entropy based formula

As shown in Figure 14, this is the results that are obtained from the calculation by using entropy
based formula. The probability outcome from this table is the entropy value. This entropy value is
calculated for each genes and species. For example for trans id (genes) number one that is belong to
AMDHD1, the entropy value is 0.2604533 while for the first species which is Anolis carolinensis,
the entropy value is 0.1635633. From this calculation for each genes and species, the total of entropy
value are obtained. Total entropy value for genes is 7.813599 while total entropy value for species is
3.7232332.

5. Conclusions

To prevent common errors in statistical modeling, many methods have been introduced, and entropy
is one of the most widely used concept in medical and genetic sciences. Entropy was introduced by
Nicholas Georgescu-Roegen in 1971 and later developed by scientists based on the principles
established by Shannon [8]. Shannon had a major role in introducing entropy information, which has
been widely used in high-dimensional studies [9]. One of the advantages of entropy is that calculation
of values is based on theoretical forms, not the empirical and personal concepts. These values give
small or large weights, proportional to the small or large actual values [10].

As conclusion, the results information entropy of dominant species for no biological data genes are
discussed. This results is to determine the entropy value for each genes and species. The objective of
this research study is to determine the entropy value of each genes and species. In order to know the
dominant species of no biological data genes, this entropy values is referred. The entropy of a
message is defined as the expected amount of information to be transmitted about the random
variable defined in the previous chapter. This entropy method is concerned with data compression
and transmission and builds upon probability and supports machine learning. The information
provides a way to quantify the amount data that is measured in bits. Finally, entropy also provides a
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measure of the average amount of information needed to represent an event drawn from a probability
distribution for a random variable.
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