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Abstract. The paper involves the study of genetic patterns in Homo sapiens and the application 
of computer algorithms in the prediction of genetic diseases like DIABETES MELLITUS.. The 
paper analyses the HLA-DQ, HLA-DR, HNF- 4γ genes, and their relation to disease suscepti-
bilities leading to TYPE-I DIABETES TYPE-2 DIABETES, MODY, AND LADA DI-
ABETES. The paper first focuses the significance of the major Histo compatibility HUMAN 
LEUKOCYTE ANTIGEN REGION (HLA). Then the category of each allele pattern is classi-
fied and FUZZY-CLASSIFIER predicts the risk level of Diabetes. Since many environmental 
factors like stress, life style etc are involved in the cause of Diabetes Mellitus the proximity to 
the genetic risk can only be modeled to create an awareness for the patients. GRAPHS are de-
veloped to show the RISK LEVELS of different diabetes causing genes, as people all over the 
world are anticipating the threat due to this disorder terribly in the years to dawn. 

Introduction 
The real genome world is complex complexity arises from uncertainty   in the form of abstractness. 

Humans address problems featuring complexity and ambiguity subconsciously as they could think. So our 
aim is to make the computers so designed by humans to perform this task of artificial thinking and analysis of 
the complex genome in relation to hereditary diseases like Diabetes Mellitus (DM). Fuzzy classifiers, artifi-
cial neural networks & genetic algorithms provide a powerful and robust means to reduce uncertainty 
through learning based on patterns in the available data. Genes are generally represented in terms of nucleo-
tides (DNA & RNA) in the sequence of Adenine, Guanine, Thymine  & Cytosine.  DNA acts as template to 
replicate itself, DNA is also transcribed into RNA and RNA is translated into protein. A gene is a small, de-
fined section of the entire genomic sequence and any change brought about in the sequence of the base pair-
ing leads to mutations. Some mutations may lead to unexpected onset of diseases like Diabetes Mellitus. 

Insulin dependent diabetes mellitus (IDDM) or type I diabetics results from the selective and irre-
versible destruction of B-Langerhans cells (PANCREAS) by the auto immune phenomenon. Its etymology 
implies that genetic factors linked to the HLA system and environmental factors play a vital role. The distri-
bution of certain human leucocytes antigens (HLA) has been found to be significantly different in diabetic 
patients. Compared to healthy populations the genetic study from different ethnic group reveals that the sus-
ceptibility maps to the region on chromosome-6 that encodes the HLA antigens. 

The non-insulin dependant diabetes mellitus (NIDDM) or type 2 diabetes is caused by several fac-
tors both by genetic mutations (the beta 3 – adrenergic receptor gene) and by the inherited lifestyle, poor eat-
ing habits, lack of exercise etc. Genes can also cause type-2 diabetes. The beta3- adrenergic receptor gene 
makes a protein in fat cells that is involved in determining how much fuel your body burns when you are 
resting. A mutation in this gene slows down how quickly a person burns fat – increasing their tendency to be 
obese. One specific mutation in this gene called TRP64ARG (Arginine (ARG) at the 64th position rather than 
tryptophan (TRP) is almost four times more common in pima Indians than in people of European descent and 
is one and half times more common in people of African or Mexican descent. Type2 diabetes is at a higher 
rate in these populations. The paper gives a complete awareness for people all over the world about the vari-
ous significant factors causing diabetes mellitus by computer based graphs and risk analysis by fuzzy logic. 

HLA region and diabetes risk 
HLA genes are contained in the major histocompatibility complex (MHC) on the short arm of 

chromosome 6 and are classified into class II, III genes, and I. The class III genes are further divided into sub 
regions of DR, DQ, DN/DO and DP comprising the expressed, pseudo genes and the genes without known 
product. The molecules of class II are expressed uniquely on the surface of certain types of cells: macrophag-
es active B and T lymphocytes, dendritic and endothelial cells. The HLA molecules have the function to 
present antigenic peptide to T lymphocytes. The recognition of antigens   attached to class II molecules by 
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cd4+ lymphocytes leads to the activation of auxiliary T lymphocytes and the immune response. The structure 
at the level of the sites implied in the liaison of the antigen seems crucial for the function of the molecule. 

Every gene has a number of alleles coding for the diverse molecules expressed in different individu-
als .The distribution of these alleles are specific for every population .The combination of alleles carried by a 
chromosome constitute a HLA- haplotype. The polymorphism of the expressed class II molecules already 
considerable due to complexity of genetic level is increased due to expression of hybrid molecules. These are 
the molecules of trans complementation resulting from the combination in trans of a and b chains coding for 
the genes A and B of two different chromosomes while the inter-isotopic molecules are formed by a and b 
chains of two different loci (E.g., DRa –DWb). The alleles found at different loci of a haplotype are not dis-
tributed just by chance but according to certain preferred association called” linkage disequilibrium”. The 
genes, which are extremely close like that of, class II and with strong linkage disequilibrium is associated to a 
disease. With the evolution of techniques allowing finer analysis of HLA system, the markers associated to 
IDDM were localized more precisely. Each different amino acid sequence is given a number. For the DQ 
molecules both its alpha and beta chain gene are polymorphic and thus to specify a DQ molecule one must 
specify both chains. For DR molecules only the DRB chain is polymorphic and thus only this chain is speci-
fied. Each number after the star indicates a specific amino acid sequence of the HLA allele (Figure 6) and the 
letters and first number the gene (e.g. DRB1*0401, DR B chain gene number 1, allele 0401). The alleles of 
different HLA genes (e.g. DRB1 and DQB1) are non-randomly associated with each other, such that with 
DRB1*0401 one usually finds one of three DQ alleles (e.g. DQB1*0301, DQB1*0302, DQB1*0303) rather 
than any one of more than forty different DQB molecules. Such non-random association of alleles of differ-
ent genes on the same chromosome is termed linkage dysequilibrium. 

The serologic typing of class II antigens showed that frequency of antigens DR3 (DW3) and DR4 
(DW4) were much more increased among IDDM subjects compared to healthy control population. The DR 
region was more closely associated to IDDM and the association with class I was secondary to linkage dise-
quilibrium between B15 and DR4 and between B8 or B18 and DR3. Similarly negative association was more 
strongly linked to DR2 in linkage disequilibrium with B7. The table below reveals that the frequency of dif-
ferent HLA antigens and their associations with diseases vary with the ethnic and geographic origin. In cer-
tain populations there is positive association with DR9 (Chinese, Japanese, blacks) or DR7 (blacks). In Cau-
casians more than ninety percent of the IDDM patients are DR3 or DR4.The highest risk is observed with the 
heterozygote subjects having DR3 / DR4 which represent thirty to fifty percent of juvenile IDDM patients. 
Recently it has been found on the position 57 of the DQB chain correlate with the susceptibility or resistance 
to IDDM. Most of the haplotypes neutral or negatively associated to IDDM carry an aspartic residue 
(ASP57), (“protective allele”) while the haplotypes positively associated to IDDM code for noncharged 
(“susceptibility allele”) amino acid (Ala, val or ser57). These observations were confirmed in transgenic 
mouse model.  

Presentation of antigenic peptides of islet auto antigens is a key process in the autoimmune response 
that leads to type 1 diabetes mellitus. Auto antigens like GAD65, IA- 2 play a crucial role in the development 
of type1 diabetes known as (LATENT AUTO IMMUNE DIABETES FOR ADULTS OR LADA). Research-
ers have developed intramuscular immunization with plasmid DNA expressing pancreatic islet auto antigens 
(GAD or insulin B Chan) to protect from type 1 diabetes. The induction of auto reactive, regulatory (D4 lym-
phocytes that produce IL-4 rather than deletion or “anergy” of auto aggressive T-Cells was the mechanism 
underlying this protection. 

Table I illustrates the frequency of DQA1 alleles varied across ethnic groups. Significant differences 
were observed between type 1 diabetic and non-diabetic individuals from the same population. DQA1 alleles 
coding for arginine at position 52 (ARG-52) have been associated with susceptibility to type 1 diabetes. Al-
though there are four DQA1 * Arg 52 alleles, only DQA1 * 0301 has been shown to have a significant inde-
pendent effect on type 1 diabetes risk. In some populations DQA1 * 0501 is associated with the disease. 
However in other areas this allele is neutral. Other than DQA1 * 0102, no DQA1 variant is an independent 
protective marker for type 1 diabetes. The positive associations in Caucasians have been observed with a 
non-transcribed minisatellite region (VNTR) in the 5’flanking region. The shorter class I allele predisposes to 
type 1 diabetes. While longer class III allele appears protective. Mutations in the transcription factor hepato-
cyte nuclear factor (HNF) – 4c are the cause of one form of maturity onset diabetes of the young (MODY1). 
The genetic variations in the HNF-4γ gene (HNFLG) are associated with MODY in Japanese patients. Muta-
tions in the HNF 1γ- and glucokinase genes are most severe in causing diabetes among Europeans. 
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Fuzzy logic based analysis: 
The fuzziness with respect to our problem: 

In our problem we proceed forward to predict the risk-levels of Type I Diabetes and risky alleles in-
herited. Based on the type of allele inherited by a person we categorize the risk level under the following un-
certain categories. They are, HIGHLY SIGNIFICANT, SIGNIFICANT, PROTECTIVE. 

The membership functions for fuzzy categories we have can we have can be represented as follows: 

MEMBERSHIP FUNCTIONS 

M (): MEMBERSHIP FUNCTION                Rl: RISK LEVEL 

CATEGORY       MEMBERSHIP FUNCTION 
         1 ifR1>= 0.1AND Rl<. 6 
Slight Risk   M (Slight Risk) 
         0 otherwise 
 

1 ifR1>= 0.5AND Rl<= 0.8 
Significant Risk   M  (significant Risk) 
         0 otherwise 

1 if R1 >=0.7AND Rl<= 1.0 
Very significant   M (Very significant) 
         0 otherwise 

 
MEMBERSHIP FUZZY LOGIC-RISK LEVELS OF DIABETES GENES 
FUNCTION (M) 
 
                       
 
  1.0 
 
 
 
 
 
 
                           0 
                                                 .1      .2   .3       .4     . 5        .6           .7            .8        .9         1  
 
 
   RISK LEVELS  

SLIGHT RISK  

HIGH RISK  

VERY HIGH RISK 

 
Fig.1. Determination of membership to fall under a particular category 

From the graph presented in the previous page, we proceed forward to calculate the possibility of a 
risk level to fall under a particular category. The procedure is as follows: -For our example here, we take the 
following values: - 

We are to find under category does the risk level category of 0.55 fall into. From the graph we see 
that the category 0.55 falls under both the areas of slight risk and significant risk. Let us now see exactly un-
der what category does it exactly fit into. From the FUZZY GRAPH take the height of category 0.55 in the 
area of Slight Risk. Taking probability for Slight risk category we get 0.5 / 0.7 = 0.7142. Taking probability 
for significant risk category we get 0.2 / 0.7 = 0.2857. From the above two probability values we see that 
category of 0.55 falls under the slight risk. 

Graphical analysis of results 

Tables and graphs 
Table:1 

Genetic marker ALLELES No IDDM relative First degree relative with IDDM 
DQM*0302/*0201 ALLELE1 1 in 25 1 in 4 
DQM*0302/*0302 ALLELE2 1 in 60 1 in 10 
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DQM*0302/*602 ALLELE3 1 in 1500 Unknown 
DQM*0302/*other ALLELE4 1 in 60 1 in 10 
DQM*0201/*0201ALLELE5 1 in 350 1 in 10 
DQM*0201/*otherALLELE6 1 in 400 1 in 20 
Other ALLELE7 1 in 5000 1 in 40 

Importance of genetic markers in susceptibility to type 1 diabetes 
Risk estimates for susceptibility to type 1 diabetes in Caucasians according to presence or absence 

of IDDM susceptibility genes and family history. DQB*0302 and DQB*0201 are associated with high sus-
ceptibility, while DQB*0602 is a protective gene. The risk is highest in patients who are heterozygous for 
both high susceptibility genes – DQB*0302 and DQB*0201. (Data from Neprom, GT, Diabetes Rev 1993; 
1:93) 

Fig:2 GENETIC RISKLEVELS OF DIABETES FOR TABLE1 ALLELES 

 
Fig:3 GENETICRISKLEVELSOFDIABETES  

GENETIC MARKERS AND RISK LEVELS OF 
DIABETES( WITH IDDM RELATIVES)

ALLELE1
ALLELE2
ALLELE3
ALLELE4
ALLELE5
ALLELE6
ALLELE7

GENETIC MARKERS AND AND RISK 
LEVEL OF DIABETES(NO IDDM 

RELATIVES)
ALLELE1
ALLELE2
ALLELE3
ALLELE4
ALLELE5
ALLELE6
ALLELE7

 
Table 2 Table 3 
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HLA-DQ AND TYPE 1 DIABETES 
Table 4. Frequencies of DQA1 alleles among type 1 diabetic cases and unrelated non-diabetic controls from 
WHO Diamond Molecular Project6 and the 12th International Histocompatibility Workshop and Conference8  

Arg-52 alleles are italicized.   
 * p  < 0.05 for cases versus controls (corrected for multiple comparisons). 

 DQA1 Allele 
Caucasianª  African Americanb  Asianc  12th IHWC  

Cases 
(n=163)  

Controls 
(n=192)  

Cases 
(n=99)  

Controls 
(n=152)  

Cases 
(n=207)  

Controls 
(n=168)  

Cases 
(n=1820)  

Controls 
(n=1936)  

*0101  .10  .15  .09  .16  .08  .11  .07  .14  
*0201  .02*  .12  .03  .07  .02  .02  .04  .10  
*0301  .44*  .16  .42*  .11  .64*  .37  .40*  .16  
*0401  .04  .05  .03*  .11  .04  .03  .03  .03  
*0501  .28  .25  .29  .19  .08  .12  .37  .28  
*0601  ---  ---  ---  ---  ---  .01  .01  .01  
Caucasianª:  Jefferson County, AL; Allegheny County, PA. 
African Americanb Jefferson County AL; Allegheny County, PA.   
Asianc : Hokkaido, Japan; Seoul, Korea.   

 

HLA-DQ AND TYPE 1 DIABETES 
Table 5. Frequencies of DQB1 alleles among type 1 diabetic cases and unrelated non-diabetic controls from 
WHO Diamond Molecular Project6 and the 12th International Histocompatibility Workshop and Conference8  
Non-Asp-57 alleles are italicized.   
 * p  < 0.05  for cases versus controls). 

 DQB1 Alleles  
Caucasianª  African Americanb  Asianc  12th IHWC  

Cases 
(n=163)  

Controls 
(n=192)  

Cases 
(n=99)  

Controls 
(n=152)  

Cases 
(n=207)  

Controls 
(n=168)  

Cases 
(n=1820)  

Controls 
(n=1936)  

*0201  .30  .22  .46*  .18  .07  .04  .40*  .22  
*0302  .31*  .09  .18*  .03  .18  .10  .33*  .08  
*0401  ---  ---  ---  ---  .21*  .10  ---  ---  
*0402  .04  .04  .01*  .07  .01  .03  .03  .03  
*0501  .10  .13  .11  .16  .08  .08  .07  .12  
*0601  ---  .003  ---  ---  .05*  .16  ---  .01  
*0602  .01*  .13  .05*  .23  .01*  .07  .01  .10  

 

Conclusions 
The application of computer aided logistics to Human Genome and prediction of diseases i.e. Di-

abetes Mellitus is tried on a small sphere using study of Human Leukocyte Antigen region.The significance 
of  HLA-DR, HLA-DQ, HNF-4γ alleles are carried out. The nature of Diabetes is complicated, with different 
genetic and environmental factors. But such a prediction on the genetic patterns would definitely give a prob-
ability for an individual to genetically anticipate the disease and go in for future technologies like stem cell  
transplanting etc to predispose the probability.  Diabetics who have inherited DR3 (but not DR4) develop 
diabetes at an older age, and tend to hare antibodies against Insulin. These people are also more likely to de-
velop thyroid autoimmune disease. Diabetics who have inherited DR4 (but not DR3) tend to develop di-
abetes earlier in life and have an immune reaction against Insulin. Diabetics who have inherited DR3 and 
DR4 develops diabetes at the youngest age and has the highest levels of antibodies against Insulin. DIABET-
ICS WHO HAVE INHERITED DRB1*0401,0405,0402,DRB1*0301, AND DQB1*0302 INDICATES 
HIGEST GENETIC RISK PROBABILITIES. RESEARCH COULDN’T IDENTIFY ALL THE 
GENE SEQUENCES THAT PUT A PERSON AT DEFINITE RISK FOR TYPE I OR TYPE 2 DI-
ABETES. Even if they did know all THE RISKY GENES, it is found that people with low risk genes (DR2, 
DR5 or long VNTR regions in chromosome 6 )can still develop Diabetes and so a careful analysis of envi-
ronmental factors like stress, family habits etc are to be considered along with genetic testing. Even if a ge-



 307 

netic test reveals that a person is at high risk, doctors have no absolute course of action for preventing di-
abetes. Instead the test may add stress to an individual. From this study we create an awareness to keep it in 
control by earlier detection if not complete cure for such a permanent pancreatic disorder. 
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