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Abstract: Bipolar disorder is a threat that needs an efficient solution to detect in earlier times for leading
the normal life of human beings. Simple Sequence Editor (SSE) is the tool used to analyze the nucleotide
and amino acid sequence that helps in this proposed system to detect the real composition. This paper
proposed the algorithm called Intelligent Rule-based Triplet and Single Residue Repeats (ITSRepeats)
in proteins to classify the protein sequence which causes bipolar related disorder or not. The hamming
distance was used to find the similarity between the protein strings which increase the efficiency initially,
the patterns of the proteins are extracted and analyzed from the datasets SwissProt, PDBS25, Surface
Residues and DisProt. The performance of the proposed algorithms was evaluated based on the
performance among these four datasets for similar residues.
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1.Introduction

Mental health is vital for the well-being of individuals, societies and countries. Living at fast paces
and in a hectic society, people today suffer invisible pressures in family, and at work leading to a range
of mental health problems. These are associated with a significant genetic component of risk and the
interaction of multiple risk genes with environmental factors. Researches show such disorders as the
result of a complex interaction between biological, psychological and social factors. In most parts of the
world, mental health and mental disorders are not regarded as important as physical health. Even though
large numbers of people are affected by mental and behavioral disorders they never receive treatment.
Hence, there exists a widening "treatment gap”. The treatment requires the use of high-performance
computers and innovative software tools to manage and organize enormous guantities of genomic and
proteomic data. It also comprises the development and application of innovative algorithmic techniques
for the analysis and interpretation of sequential data. It is also used for the classification and prediction
of sequential data which provide insight into the design and validation of experiments for science and
technologies. Most human diseases are caused by protein disorders and proteins are changed based on
the composition changes of amino acid sequence. The changes in amino acid sequence may lead to many
diseases and that cause some serious diseases like bipolar disorder in neuro systems.

The earlier research on Bipolar disorder discovered single and multiple amino acid repeats as the
root cause of neurological disorders. As per previous studies, not only the mutations may alter the protein
structure and the function with adverse effects but also the natural variants would be responsible for such
effects in bipolar disorder. As several life forms exist on earth, it is very difficult to identify all the
repeats with the available techniques and software tools. Since such variations give strong impacts on
molecule stability and function, an attempt is made to identify and develop a proper web server for repeat
analysis. It is believed that the developed server would lead to improved protein stability predictions.
This work proposed an Intelligent Rule-based Triplet and Single Residue Repeats (ITSRepeats)
algorithm to identify the amino acid repeats. This technique efficiently identifies the Multiple Residue
repeats (MRR) and Single residue repeats (SRR) for classifying the proteins which cause bipolar
disorders.
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Literature survey

Based on the studies, many tools are explored to discover the composition of amino acids and their
protein structure in various forms. Some of the tools and techniques are discussed in this section.
Describe how amino acid sequence repeats are generated, assembled, and evaluated. Our analysis then
turns to a paleontological record of an evolutionary and biological process which provides a detailed
analysis of the DNA sequence, and its differences from those of other organisms as well as similarities
with them [1]. These are repeats of amino acid sequences known as simple sequence repeats (SSRS).
The functional potential of repeat elements is influenced by their size, base composition, and intragenic
or intergenic location. Some inherited diseases are caused by SSRs, the most intensively studied group
being trinucleotide repeats, which cause deleterious effects when they expand. There are more than 20
human disorders that have been proven to be caused by dynamic mutations, with the majority occurring
as the result of extended trinucleotide repeats, though tetranucleotide repeat expansions and penta-
nucleotide repeat expansions have also been described [2]. These repetitive sequences can occur in
exons, introns, or intergenic regions, which is why they are also known as tandem repeats. There are
many biological processes affected by tandem replication, including evolution, development, brain
function and behavioral changes [3-5] such as Bipolar disorder, Alzheimer's disease and associated
behavioral and/or psychological symptoms, Attention deficit hyperactivity disorder (ADHD),
Schizophrenia. Repeating sequence of amino acids composed of several consecutive residues. The
longer repeats are often caused by hydrophilic amino acids, such as glutamine. In the human genome,
repeats are most often composed of poly (CAG) repeats consisting of glutamine repeats, which are
encoded by CAG. Triplet repeats were initially observed in humanoid proteins and then in other
transcription factors and human genetic diseases [6]. Ataxia is a type of brain disease caused by
trinucleotide repeats that occur in non-protein-coding regions of the genome. In addition to SCAS,
SCAI10, and SCA12, six other spinocerebellar ataxias discussed above are characterized by CAG repeat
expansions encoding polyglutamine tracts, in each case, the repeats are not coded. Hence, there may be
some pathogenic mechanisms initiating before the translation of the disease proteins in polyglutamine
diseases. It is now evident that polyglutamine tracts have a toxic effect on function [7, 8].

A polyglutamine disorder occurs when extended CAG repeats are present in the respective disease
proteins and cause extended polyglutamine tracts in the respective disease proteins. Currently, there are
nine polyglutamine disorders. This gene has an expanded and unstable trinucleotide repeat found on
Huntington's disease chromosomes [9]. Despite their differences, all '‘polyglutamine’ diseases exhibit the
same characteristic pathology: protein aggregates or inclusions. The pathological protein contained in
intranuclear inclusions was originally proposed to promote the degeneration of neurons [10, 11]. Poly
alanine tracts are associated with developmental disorders with rare occurrences whereas polyglutamine
tracts are associated with developmental disorders with more frequency [12]. In this condition, there are
usually nucleolar inclusions, indicating that the expansion of the alanine tract leads to protein
aggregation, ultimately causing insoluble inclusions and cell death [13-15]. Tri-nucleotide repeat
expansions cause loss of protein function in brain disorders such as fragile X syndrome (FRAXA), which
is linked with long-range mutations in the FMR1 gene [16].

The compound polyglutamine is produced by a triplet repeat expansion of the CAG codon in most
neurodegenerative proteins [17]. Unexpectedly, neuronal proteins contain only modest concentrations
of alanine or histidine. Based on these results, they do not have an excess of glutamine-rich regions as a
class. But many neurological disorders are associated with polyglutamine tracts and glutamine-
containing proteins. These disorders are likely caused by the aggregation of proteins induced by the
formation of polyglutamine tracts [18]. There are many neurodegenerative diseases associated with
polyglutamine repeats, but polyglutamine repeats are not more common in neurodegenerative disease-
specific proteins than they are within collections of proteins not related to neurodegenerative diseases.
The sequences may be composed of a simple repetition of a single amino acid or may consist of long
tracts of sequence that comport most or all of one amino acid [19]. A study analyzing how extended
glutamine repeats in some neurological proteins produce their associated neurodegenerative diseases has
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used this model as an explanation [20]. Multiple neurodegenerative diseases have been linked to
repeating regions in proteins. Extensive glutamine residues are found in these proteins [21]. A triplet
repeat in Huntington's disease encodes a polyglutamine tract that may cause neurons to become
increasingly toxic as the repeat increases. The pathology of this disease is caused by an expanded CAG
repeat those codes for polyglutamine [22, 23]. Based on their amino acid repeat patterns, amino acids
have distinct evolutionary and functional backgrounds. In proteins, repeats with simple patterns, such as
single AARs, are mostly found in intrinsically unstructured regions (IURs) [24, 25]. Many
neurodegenerative diseases such as Huntington's disease, Alzheimer's and Parkinson's involve simple
amino acid or trinucleotide repeats, such as polyQ [26].

2. Materials and methods
2.1. Bipolar detection

The algorithm for detecting SRR and MRR is given below and implemented using Python version
3.7 which also identifies the mutant changes in amino acids was shown in Figure 1 and classifies the
stability to predict the possibility of bipolar disorder based on the mutant variants.
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Figure 1. System architecture for PyRepeats Framework in Python

Algorithm: Intelligent Rule based Triplet and Single Residue Repeats (ITSRepeats) with
Hamming Distance Similarity

Input: String (S) Il String contains the amino acid sequence of protein
Output: SL, SRR, MRR

Step 1: Initialize the SL for the amino acid

Step 2: Compute the length of the sequence as per the obtained dataset

Step 3: Check the partial sequence < Null and Initial <0 I/ Repeat the sequence
Step 4: Enumerate (S) for the i and ¢

Step 5: Scan the pairs of nucleotide, Scan (Nucl)

Step 6: Plot the color code (Amino acid) to check similarity for each block

Step 7: Identify the substitutions in alignment of Amino acids

Step 8: Scan the occurrence of short sequence of acids as di-, tri or tetra SL (Nucl)

Step 9: Plots the graph for predefined sequences

Step 10: Base components of individual sequence retrieved from dataset dictionary

Step 11: Calculates the composition of individual (Seq) and Group (Seq)
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Step 12: Extract expected value from codon usage biases and codon number

Step 13: Calculate the frequencies for nucleotide composition

Step 14: Check the variation in SL for Amino acids

Step 15: Compare SL (Dataset) with SL (Obtained Seq) using Hamming Distance
Step 16: IF SL (Dataset) >SL (obtained seq) then check for SRR or MRR

Step 17: Return the value for obtained Seq

Step 18: Else repeat the step 11 to 16.

Step 19: End.

Distance metrics are a key part of several machine learning algorithms. These distance metrics are
used in both supervised and unsupervised learning, generally to calculate the similarity between data
points. An effective distance metric improves the performance of our machine learning model, whether
that's for classification tasks or clustering.

2.2. Hamming distance
Hamming Distance measures the similarity between two strings of the same length. The Hamming
Distance between two strings of the same length is the number of positions at which the corresponding
characters are different.
//Coding for Hamming Distance
defhamming_dist(s1, s2):
assert len(sl) == len(s2)
hd=0
for b1, b2 in zip(sl, s2):
if bl 1= b2:
hd +=1
return hd
defimap(function, *iterables):
iterables = map(iter, iterables)
for it in iterables:
args = tuple(it)
if function is None:
yield tuple(args)
else:
yield function(*args)
distances = imap(hamming_dist, *itertools.combinations(ls,2))
for dist in distances:
print(dist)
from Bio import AlignlO
import itertools
aln = AlignlO.read(...)
for rl, r2 in itertools.combinations(aln, 2):
print("\n".join([rl.id, str(rl.seq), r2.id, str(r2.seq), str(hamming_distance(str(rl.seq), str(r2.seq)))]))
The algorithm scans the sequence of the amino acids in the protein at the initial stage and after certain
mutations, the changes happen in the sequence based on the values provided by the system. The stability
decreases if the value of the protein is less than 0 or otherwise the stability increases if the value larger
than 0. The variations are verified from the obtained sequences and it checks the string length after each
mutation to identify the possibility for bipolar disorder.

3. Results and discussions
The data set was collected from 100 protein sequences with the invariants from UniProt. The
frequency occurrences triplets are shown in Table 1. Since the previous studies concluded the deviation
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in W, Y and C amino acid frequency would cause bipolar disorder, we gave importance to these amino
acids to validate our algorithm. The algorithm was validated by comparing the obtained output with the
existing tools such as ProtParam and Protein Information Resources and the sample input sequence was
shown in Figure 2.

MWRVRKRGYFGIWSFPLIHAAVCAQSVNDPSNMSLVKETVDRLLKGYDIRLRPDFGGPP
VAVGMNIDIASIDMVSEVNMDYTLTMYFQQAWRDKRLSYNVIPLNLTLDNRVADQLWVP
DTYFLNDKKSFVHGVTVKNRMIRLHPDGTVLYGLRITTTAACMMDLRRYPLDEQNCTLEIE
SYGYTTDDIEFYWRGDDNAVTGVTKIELPQFSIVDYKLITKKVVFSTGSYPRLSLSFKLKRNI
GYFILQTYMPSILITILSWVSFWINYDASAARVALGITTVLTMTTINTHLRETLPKIPYVKAID
MYLMGCFVFVFMALLEYALVNYIFFGRGPQRQKKAAEKAASANNEKMRLDVNKIFYKDIK
QONGTQYRSLWDPTGNLSPTRRTTNYDFSLYTMDPHENILLSTLEIKNEMATSEAVMGLGDP
RSTMLAYDASSIQYRKAGLPRHSFGRNALERHVAQKKSRLRRRASQLKITIPDLTDVNAIDR
WSRIFFPVVFSFFENIVYWLYYVN

Figure 2. Sample input sequence

Table 1. Frequency occurrence of various

triplets in protein sequences
Protein Amino acid composition (%)
Trp (W) Tyr (Y) Cys (C)

P16615 1.5% 1.8% 2.8%
QINRI5 1.2% 0.8% 2.6%
P42263 1.6% 4.6% 1.1%
P43005 0.8% 2.1% 1.1%
P47870 2.0% 5.7% 0.8%
P35462 1.2% 4.2% 4.0%

The experiments are sorted out the 100 protein sequences of the protein with ID: P12883 (length:
1935 amino acids). This was based on the highest frequency occurrences of triplets and with the
availability of sufficient natural variants.

Table 2. Frequency and composition level of P12883

protein ID P12883
Total Length 1935

Amino Acid Name Single Code Representation Frequency Composition %
Glycine (Gly) G 66 34
Alanine (Ala) A 147 7.6
Leucine (Leu) L 180 9.3
Methionine (Met) M 51 2.6
Phenylalanine(Phe) F 53 2.7
Tryptophan (Trp) w 10 05
Lysine (Lys) K 153 7.9
Glutamine (Gln) Q 109 5.6
Glutaminc Acid (Glu) E 171 8.8
Serine (Ser) S 82 4.2
Proline (Pro) P 29 15
Valine (Val) v 75 3.9
Isoleucine (lle) I 77 4.0
Cysteine (Cys) c 14 0.7
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Tyrosine (Tyr) Y 40 2.1
Histidine (His) H 32 1.7
Avrginine (Arg) R 105 54
Asparagine (Asn) N 86 4.4
Asparatic Acid (Asp) D 88 45
Threonine (Thr) T 83 43

Table 2 provides the output received from preprocessing with a single code representation and also
gives the frequency of amino acids with composition percentage. Figure 3 shows the same in pictorial
representation. Based on ITSRepeats, the SRR was identified with its frequency based on the
composition as shown in Table 2.

Amino Acid Compostion

180
160
140
120
100
80
60
40
20

M Frequency

GALMFWKQESPVICYHRNDT

Figure 3. Composition of Amino acids for P12883

Table 3. Frequency and composition level of P12883 based on SRR

protein 1D P12883
Total Length 1935
Single Residue Repeats Frequency | Composition

AA 5 0.26
AAA 2 0.10
AAAA 1 0.05
EE 34 1.76

EEE 5 0.26

KK 18 0.93
KKK 4 0.21

LL 17 0.88

DD 8 0.41

QQ 7 0.36

SS 7 0.36

I 6 0.31

RR 5 0.26

\AY% 4 0.21
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After executing the SRR, the next level of similarity composition was identified using a hamming
distance similarity measure. The frequency based on MRR for triplets was derived and the frequency of
triplet occurrence was identified as shown in Figure 4. Based on the occurrences of triplets, the amino
acid which causes mental disorder was recognized by applying any classification algorithm. Table 4

GG 3 0.16
PP 2 0.10
NN 2 0.10
FF 2 0.10
MM 1 0.05
HH 1 0.05
1T 1 0.05

Multiple Residue Repeats (MRR)

14
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8
6
4 [ ——
, = =
) \/\ :

Q9BYBO Q7Z4N2 Q99996 Q6PRD1 PO8F94 P12883 P16615 P35462 P42263

—&o—Frequency LAL

Frequency LED

Frequency LAN

Figure 4. Frequency of amino acids based on MRR for triplets

represents the protein with its amino acid which causes mental disorder with its composition ratio.

Table 4. Recognition of amino acid caused mental disorder
Amino Acid Frequency I\geanlfseIdD:r?]:ggr Essential Non-
Sequence Acid Composition | Amino Acid Es_sent|al_
* ) Total Length : Amino Acid

Protein ID W Y C M F Ratio
Q9BYBO 1731 9 | 25 | 8 | 14 | 48 6.0 20.2 79.8
Q7Z4N2 1603 22 | 53 | 21 | 48 | 49 12.0 39.3 60.7
Q99996 3907 14 | 57 | 38 | 89 | 85 7.2 37.1 62.9
Q6PRD1 2367 46 | 30 | 56 | 37 | 45 9.0 29.1 70.9
PO8F94 4074 64 | 95 | 96 | 68 | 148 116 39.1 60.9
P12883 1935 10 | 40 | 14 | 51 53 8.7 36.9 63.1
P16615 1042 14 | 17 | 29 | 32 41 12.8 42.9 57.1
P35462 400 5 | 13 | 14 | 6 15 133 40.0 60.0
P42263 894 10 | 41 | 10 | 26 43 14.5 39.1 60.9
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Amino Acid Composition in Protein
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Figure 5. Amino acids are implicated in mental disorder / identification
of amino acid caused mental disorder

For finding similarities in the amino acid sequences of the two proteins using a computer adaptable
method was developed and found it can possibly determine the important similarity between the proteins
[27]. An enhancement in identifying the common molecular subsequences by finding a pair of segments
one from each other with long sequence elements thus having no other segment pairs with high
similarities. In this study, the similarity measure used allows for insertion and deletion of arbitrary length
[28]. Markov models provide a theoretical basis for a wide range of applications and have proven to be
effective in practice for machine recognition of speech and other important applications. The theoretical
aspects of this type of modeling and illustrate its application in selected problems in machine recognition
of speech were discussed [29]. The methods for analyzing regularly spaced patterns of amino acids in
proteins, applied to the al chain of collagen. Fourier methods and a pattern detection method for general
shape are used. The study finds statistically significant periodicities in the distribution of hydrophobic
and charged groups in collagen, with a possible formation of salt bridges across the fibril. It also finds
no sign of any regular pattern of amino acids over the triple helix [30]. An automated algorithm that can
identify and delimit protein sequence fragments that display similarity. The algorithm is able to tolerate
mutations, insertions and deletions in the repeats and the sequence spans between repeats can be of
different lengths [31]. The purpose of the study is to highlight the majority of applications of neural
computing in pattern recognition and the importance of using a principled approach for successful
implementation [32]. The Long Short-Term Memory (LSTM) is a fast model-based recurrent neural
network for protein homology detection. It extracts indicative patterns for the positive class and uses
correlations between all detected patterns for classification [33]. To identify alpha-rod repeats in
approximately 0.4% of proteins in eukaryotic genomes and demonstrate its utility in directing
experimental work to demarcate three alpha-rods in huntingtin, a protein mutated in Huntington's disease
[34]. The development of a new tool, based on the SIMPLE algorithm that facilitates the quantification
of the amount of simple sequence in proteins and determines the type of short motifs that show clustering
above a certain threshold. The tool can be modified to study simple sequence content at various levels,
from highly organized tandem structures to complex combinations of repeats [35]. The problem of
identifying low-complexity regions (LCRS) in a protein sequence using new complexity measures based
on a given scoring matrix, such as BLOSUM 62, which considers the order of amino acids in the
sequence and the sequence length. Thus developed a novel graph-based algorithm called GBA for
identification of LCRs in a protein sequence [36]. Methods for detecting errors in circuits, caused by
faulty contacts, open circuits, or external disturbances, have been an ongoing focus in the field. Attention
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is paid to identifying and addressing these errors to ensure the proper functioning of the circuit [37]. The
spectrum of mental health disorders includes mood disorders, anxiety disorders such as post-traumatic
stress disorder (PTSD), panic disorders, eating disorders, attention deficit disorder/attention deficit
hyperactivity disorder (ADD/ ADHD), and autism. Major depressions, bipolar disorder, schizophrenia,
and obsessive-compulsive disorders (OCDs) are the four mental illnesses most often associated with
disabilities [38]. Amino acids are organic compounds that comprise amino groups, carboxylic acids and
unique carbon structures. Humans use 21 different amino acids; nine of them are essential (histidine,
isoleucine, leucine, lysine, methionine, phenylalanine, threonine, tryptophan, valine [39]. Alanine,
arginine, asparagine, aspartate, glutamate, glutamine, glycine, proline and serine are synthesized from
glucose, whereas phenylalanine and methionine produce tyrosine and cysteine, respectively, from their
metabolism [40]. Branch chain amino acids (leucine, isoleucine, valine) play an important role in protein
synthesis and turnover in the human body and comprise 20% of amino acids in muscle proteins.
Branched chained amino acids (BCAA) catabolism is the cause of Maple Syrup Urine Disease (MSUD)
[41]. The protein translation process begins with the amino acid methionine, which is the most common
starting codon. In addition to tyrosinemia type | (associated with liver disease) [42]. Serotonin,
dopamine, noradrenaline, and GABA deficiencies have been linked to depression for some time now
[43-46]. Researchers have reported that the amino acids tryptophan, tyrosine, phenylalanine, and
methionine help treat depression and several mood disorders [47-50]. Patients with major depression
may also suffer from bipolar disorders, which include manic-depressive episodes, uncontrollable mania,
hypomania, and mixed episodes (manic and depressive episodes) [51]. Anemia fatty acid deficiencies
and omega-3 fatty acid deficiencies are among the biochemical abnormalities observed in people with
bipolar disorder. A calming effect is known to be induced when taurine is ingested by the brain as an
amino acid made in the liver from cysteine. Reduced red-cell folate levels were found in hospitalized
patients with DSM-I1I-R diagnosis of mania, compared to the control group. The manic patients and
controls were matched by socio-economic status, indicating that the reduced red-cell folate is associated
with the illness and not due to reduced absorption or dietary deficiency of folate. Findings suggest that
reduced red-cell folate occurs in both phases of bipolar disorders [52]. Bipolar patients can experience
manic episodes if they are deficient in this amino acid. The central nervous system of schizophrenic
patients has been found to produce less serotonin [53]. Tryptophan levels are lower in patients with
schizophrenia based on plasma amino acid concentrations [54-55]. As part of this research, we also
examined the role of the serotonergic system and the relationship between it and the NMDA receptor by
determining the central availability of the precursor amino acid for 5-HT, tryptophan, and other large
neutral amino acids, e.g., tyrosine, phenylalanine, valine, isoleucine, and leucine. Glutamate is one of
the most abundant neurotransmitters within our brain, contributing to synaptic plasticity, learning,
memory, and modulating limbic system function [56]. Serotonin deficiency has been linked to anxiety
disorders such as generalized anxiety, panic disorder, specific phobias, and obsessive-compulsive
disorder [57]. Several serotonergic system changes have been associated with anxiety, including
polymorphisms in the serotonin transporter gene (SERT) [58].

4. Conclusions

It is concluded that a python based algorithm, ITRRepeats with intelligent rules have been developed
to find out the single and triplet amino acids repeat counts such as LAL, LED, LAN and GAS in proteins.
Further, it is found that no previous research study is available on these triplet repeats. Hence, it is
obvious that the present research is the first contribution to these triplets which also considered hamming
distance similarity measure for increasing the efficiency in analyzing the patterns between the sequences
of triplets. This may play a major role in bipolar disorder. The amino-terminal cap residues are also
found to contain a higher amount of natural variants, which have been linked to both increased and
decreased stability of proteins. The hydrophobicity affects the flexibility, and the charged property may
be responsible for altered function during intra- and inter-molecular interactions in neurological related
proteins. Also, E = V, Y ->C increases the stability and | - T decreases the stability. It is also concluded
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that hydrophobic and charged duplets repeats might be responsible for bipolar related neurological
disorders and that the said web server MPaaRep will be very useful for the users to identify the repeats
with ease and quickly. The new triplets such as LAL, LED, LAN and GAS identification would give
certainly new insights while designing novel proteins and drug discovery.

Symbols and abbreviations

SRR — Single Residue Repeats; MRR — Multiple Residue Repeats; SL — Sequence Length; AAG — free energy change in
kcal/mole; pH - Power of Hydrogen; T — Temperature; A — Alanine; R — Arginine; N — Asparagine; D - Aspartic acid;

C — Cysteine; Q — Glutamine; E — Glutamic acid; G — Glycine; H — Histidine; | — Isoleucine; L — Leucine; K — Lysine;

M — Methionine; F — Phenylalanine; P — Proline; S — Serine; T — Threonine; W — Tryptophan; Y — Tyrosine; V — Valine
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