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Abstract— Rheumatic Arthritis (RA) is a chronic systemic inflammatory disease involving primarily the
peripheral synovial joints. The disease is progressive and results in pain, stiffness, and swelling of joints. The
genes do contribute for the development of RA. The genes involved may vary among individuals and between
populations in different age group.
Bioinformatics have received great attention in recent years, where new effective methods for genomic
sequence analysis, such as the detection of Gene coding regions, have been developed. This project presents
an overview of the most relevant applications in the analysis of genomic sequences of Rheumatic Arthritis
disease. An attempt has been made to develop a tool to investigate the Gene coding regions of RA disease,
which provides very useful information about the mutations occurred in the sequence later causing RA. In
the developed system the Gene coding regions of both RA gene and a gene of a healthy person is analyzed
and compared. The matching and mismatching of the two genes that are being compared are analyzed. The
percentage for each nucleotide bases Adenine (A), Guanine (G), Thymine (T) and Cytosine (C) in a gene
sequence are to be detected.
Key Terms: - Rheumatic arthritis; Gene sequences; nucleotides; gene sequence
I. INTRODUCTION
RA is a chronic systemic inflammatory disorder which primarily affects synovial joints. Inflammation of the
synovial membrane that lines the joints and tendon sheaths causes the joints to become swollen, tender, warm
and stiff, particularly following prolonged periods of inactivity. These manifestations of the disease limit the
movement of the affected joints, and are believed to result in increased physical inactivity of the affected
patients. Physical activity is defined as any bodily movement, produced by skeletal muscles, that requires
energy expenditure. Physical inactivity is an independent risk factor for chronic disease and is estimated to
cause 1.9 million deaths world-wide every year (WHO) [2].
In rheumatoid arthritis (RA) it is believed that symptoms associated with the progression of the disease result
in a reduction in the physical activity level of the patient. One of the key flaws of the research surrounding this
hypothesis to date is the use of non-validated physical activity outcomes measures.
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Rheumatic Arthritis (RA) is a chronic systemic inflammatory disease involving primarily the peripheral
synovial joints (e.g., fingers, wrist, and feet). The disease is progressive and results in pain, stiffness, and
swelling of joints, which shows deformity (deviation of joints) and ankylosis (stiffness at joints) in the late
stages of the disease. (i.e., RA-related status of disease, secondary disorders, and side-effects of therapy,
disability, and absenteeism) and an increased mortality rate compared to the unaffected population [1]. It is a
systemic disease, means it can affect the whole body and internal organs such as lungs, heart and eyes. It affects
approximately three times more women than men and onset is generally between 40-60 years of age although it
can occur at any age. Although the exact cause of RA is unknown, some possible factors including infections,
viruses, diet and possible injury have not received scientific backing. Among the men mostly affected are
smokers. Smoking is undoubtedly an important factor in causing RA. Although rheumatic arthritis has a genetic
component, possibility of passing on to a child is extremely low.
The precise quantification of cartilage damage and bone destruction (i.e., joint space narrowing and erosions)
caused by RA is a decisive factor in treatment, whether with aggressive treatment strategies (e.g., methotrexate)
or biologic agents, such as anti-Tumor Necrosis Factor alpha (anti-TNF alpha) drugs [4]. The diagnosis of early
RA is very difficult. Furthermore, it is of great importance to compare the anti-inflammatory effects of different
agents, which retard radiographic progression, in clinical multicenter trials. Whereas ultrasound and magnetic
resonance imaging are used to monitor synovitis and short-term changes, radiography is used as the standard
method to monitor the long-term progression of RA [4].

Recently, digital radiography (DR) acquisition systems have become available to a growing number of
clinical centers. This development allows for new efficient ways of computerized assessment of the radiological
findings in RA. In addition, advances in therapeutic management and the improvement in the course of the
disease make a more precise monitoring of the more subtle progression of the symptoms mandatory. Computerbased methods allow for the development and widespread use of imaging biomarkers (i.e., joint space narrowing
and erosions), which have an impact in decision making in clinical medicine, for drug development, and for
monitoring of treatment, as they have the potential to be used as a surrogate endpoint in clinical studies[4]. The
radiographic surrogates associated with progression of RA are joint space narrowing (JSN) which reflects an
impairment of the cartilage and erosions, the destruction of the bony structure.

Radiography is the standard modality for RA progression monitoring because of the negligible radiation
exposure and the well standardized acquisition protocols. Scoring of radiographic joint space width and erosions
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are accepted imaging biomarkers to assess the progression of RA during therapy. Magnetic resonance imaging
(MRI) is of great importance to monitor synovitis as surrogate for disease activity in the early stages, but it is
cost-intensive and standardized data acquisition is difficult to obtain over a long period of time due to rapidly
evolving technology.
II. OVERVIEW
Microsoft Visual C++ (often abbreviated as MSVC or VC++) is a commercial (free version available),
integrated development environment (IDE) product from Microsoft for the C, C++, and C++/CLI programming
languages. It features tools for developing and debugging C++ code, especially code written for the Microsoft
Windows API.
After C++ code has been written, compiled and tested it's now time for figuring out how to deploy it
successfully on n number of users' machines and their various configurations... This is no easy task given the
number of potential versioning conflicts. Of course, there are ways to do this, many of them automatic in nature,
but which way is the best way? How do the various methodologies of deploying exes and dlls on machines stack
up? How does it all work? Deployment is one of those things that many of us take for granted, but the process of
deploying code to any number of machines so we don't have to.
III. METHODOLOGY
Gene coding region identification in RA gene sequence is performed using OOPS pattern matching with
nucleotide values. The NUCLEOTIDE values are standard potentials assigned for each nucleotide bases
Adenine (A), Guanine (G), Thymine (T) and Cytosine (C) in a gene sequence. OOPS PATTERN MATCHING–
DSP method is used to perform comparative analysis of both the gene sequences of a person with RA and for a
non RA. The OOPS pattern matching technique is a DSP based approach implemented using Microsoft Visual
Studio, where, the user can input the both normal and abnormal sequences through GUI for identifying Gene
coding regions for the input sequences with the developed software module. The module accepts these inputs
from the user and estimates the powers spectral densities of all the nucleotides A,T,G and C. Also the projection
coefficients are estimated by the developed module, which represents the amplitude (peak) of the output strings
or character variables in GUI.
In OOPS pattern matching method the results are displayed as strings or character variables, each peak
indicating the Gene coding region of the input sequences. If the peaks of both input sequences overlap, indicates
no variation found in that frame of the input sequences. Mismatch in the peaks of both input sequences indicates
the variation in the particular frame of the sequence, which in turn confirms the mutation in the particular
segment of sequence. The obtained results from the developed tool can be used for identification of variation in
both the sequences with reference to Gene coding regions. The obtained results are tabulated and validated by
using GRF which is universally accepted and approved database.
In general the joint damage in both RA and OA is monitored by x-ray, even though this modality tends to
show only the late disease manifestations within the joint such as reduced joint space, erosions, ankylosis and
subluxation. In RA x-ray erosions may develop rapidly as erosions are seen in 10-26% of patients within 3
month of disease onset and is present in 75% of patients within 2 years[4]. In OA cartilage repair is poor, and as
joint space narrowing is an indirect measure of cartilage degradation on x-ray, this modality is insensitive and is
not ideal for early disease recognition.
With biological sequences, it is often necessary to align two sequences that are of different lengths, or that
have regions that have been inserted or deleted over time. Thus, the notion of gaps needs to be introduced.
Consider the words alignment and ligament. That leaves a 61 codon sequences that can code for amino acids
(AUG can also code for an amino acid). However, there are only 20 amino acids. Therefore the genetic code is
redundant, meaning that a single amino acid could be coded for by several different codons.
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Flowchart: - Workflow of the project
DNA (Deoxyribo Nucleic Acid) is a nucleic acid that carries the genetic information to the offspring of an
organism.
Gene is a part of DNA molecule.
Further DNA molecule consists of 4 chemical bases (compositions) or Nucleotides.
1. Adenine (A)
2. Guanine (G)
3. Thymine (T) and
4. Cytosine (C)
Amino Acids: - A group of 3 chemical bases (Ex: ACT) forms an Amino acid.
Genes: - A group of several amino acid forms a particular Gene. Genes are the driving force for most of the
biological processes within a cell, tissue, organ or an organism.
Importance of Amino Acids & Genes: - Variation in ATGC Sequence causes variation in Amino acid (triplet
codons). Variation in Amino acid causes variation in Gene synthesis. Gene is a part of DNA .Exons (Coding
regions), contains proper triplet codons representing a particular amino acid. Introns (Non-coding regions), do
not code for a particular amino acid.

Fig: - 3.1 Exons and Introns in a gene

Fig: - 3.2 The DNA double helix structure with ATGC pattern
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Algorithm for pattern matching
// Purpose: To find the matching genetic sequences
// Description: This algorithm takes two genetic sequences where one is considered to be a normal sequence
and the other is the RA gene sequence.
//Input: User enters the genetic sequence which contains nucleotides.
// Output: Aligned sequence with matching nucleotides.
Step 1 :

Enter the first sequence
String seq_1 = argv[1]; // browse from the files or user can enter the sequences.

Step 2 :

Enter the second sequence
String seq_2 = argv[2]; // browse from the files or user can enter the sequences.
Step 3 :
Pattern matching begins.
Step 3a: For matching or aligning the sequences, we make use of matrix.
argc[i][j] =
a[i][j] * b[i][j]
for i=0 to n-1 and
for j=0 to n-1
// n : represents the size of the array
// k : represents the limit of the array (both upper and the lower limit)
// a : first matrix of size nXn
// b : second matrix of size nXn
// c : Resultant matrix where the produce of two matrices should be stored.
A

G

T

C

A

0

1

2

3

G

1

0

4

5

T

2

4

0

6

C

3

5

6

0

for i  0 to n-1
for j  0 to n-1
seq  0
for k  0 to n-1
seq  seq + a[i][k] * b[k][j]
end for
c[i][j]  seq
end for
end for
If not executed goto step 8 else goto step 4.
Step 4 :-

Now that the matrixes are defined. We must align the sequences.
string seq_1 = argv[1];
string seq_2 = argv[2];
if ( argc == 4)
{
String argc = argv[3];
if (pr_arg == “-p”)
bool prm = true; // print matrices
}
#if DEBUG
cout<< “seq_1:” << seq_1 << endl;
cout<< “seq_2:” << seq_2 << endl;
cout<< “-p” << prm << endl;
#end if
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Goto Step 5 else Goto Step 8
Step 5 :-

Aligned sequences display
string seq_1_al;
string seq_2_al;
Goto step 6

Step 6 :-

Get alignment
align ( seq_1, seq_2, seq_1_al, seq_2_al, prm);

step 7 :-

Print alignment
print_al(seq_1_al,seq_2_al);
return 0;
Goto step 8;

Step 8 :-

End of the algorithm
Break;

HLA-DR4 Gene: The HLA-DR4 gene, which has been associated with rheumatoid arthritis, has also shown
involvement in Lyme disease. Lyme disease is caused by a microorganism which is transmitted to humans via
deer ticks.
People who have the disease more severely and do not respond well to the antibiotic treatment are more often
found to have the HLA-DR4 gene [10]. It has been theorized that once the microorganism moves to the joints, the
immune response against it cross reacts with the person's own joint tissue in people who have the HLA-DR4
gene, leading to an autoimmune reaction.
Genetic Mutation: Research has led to the discovery of a genetic mutation which causes osteoarthritis in some
people. Several members of a family who had early onset osteoarthritis were found to have a genetic mutation in
type II collagen. The mutation caused premature breakdown of joint cartilage in the affected family members[11].
Since this discovery other genetic mutations in other families have been found and even more mutations are
thought to exist. It is suspected that 25 percent of people with osteoarthritis have a specific gene mutation
directly responsible for their osteoarthritis.
The diagnostic performance of a computer-based scoring method was also found to surpass traditional
scoring. These methods are restricted to angle and distance measurements, include manual annotation on the
image as part of the measurement procedure, and integrate only a limited degree of automation with user input.
In a number of recent clinical studies, erosions proved to provide more discriminative information on disease
progression with respect to the treatment. While in one study, JSN was affected more significantly than erosions,
in others the differences in follow-up scores between treatment groups were more significant with regard to
erosion progression than JSN. For example, if Cyr61 is found to indeed be responsible for abnormal
angiogenesis in RA, scientists might be able to find a way to block it with drugs or genetic manipulation.
Laeverin and 11β-HSD2, too, may be found to be targets for therapeutic intervention.
IV. RESULTS
The obtained results from the developed tool can be used for identification of variation in both the sequences
with reference to protein coding regions. The results obtained gives necessary information, which further helps
physicians, medical practitioners and analysts to perform diagnose better and for understanding the disease
development. The module can be further developed and can be used as general purpose and specific purpose
software to estimate the disease percentage susceptibility which may assist pharmaceutical industries to design
the most suitable drugs.
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PROCESSING THE CONTENTS OF THE GENE SEQUENCES

EXTRACTING THE CONTENTS OF THE GENES

DETAILS OF GENE SEQUENCE

STORED GENE SEQUENCES
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CREATING GUI WITH DREAMWEAVER SOFTWARE
V. EXPECTED RESULTS
In the case of DNA, A binds to T, and C binds to G. For the polynucleotide given above, the double-stranded
polynucleotide is as follows:
5’ G→T→A→A→A→G→T→C→C→C→G→T→T→A→G→C 3’
||||||||||||||||
3’ C←A←T←T←T←C←A←G←G←G←C←A←A←T←C←G 5’

PATTERN MATCHING IN MICROSOFT VISUAL STUDIO (VC++)
VI. CONCLUSION
The genes and few environmental factors have been implicated to cause susceptibility to rheumatic arthritis.
The etiology of the disease is not completely understood. The ability to screen the entire genome concerned to
complex diseases has great potential for identifying effect of genes under mutation. However the variations at
Gene coding regions are analyzed for both normal gene sequence and with that of RA sequence.
The variation in the Gene coding regions of both sequences is analyzed for various test cases by using a
OOPS method of Pattern Matching. The Gene sequences pertaining to RA disease is analyzed and result is
compared with DNA sequences of a normal healthy person. The developed software module provides GUI
facilities for the user, through which the user can input the Gene sequences that are to be analyzed. The system
provides a mechanism by which the EIIP values are assigned for each corresponding nucleotide bases.
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In OOPS pattern matching method the results are displayed as strings or character variables, each peak
indicating the Gene coding region of the input sequences. If the peaks of both input sequences overlap, indicates
no variation found in that frame of the input sequences. Mismatch in the peaks of both input sequences indicates
the variation in the particular frame of the sequence, which in turn confirms the mutation in the segment of
sequence.
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