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Abstract: There are various studies going on related to the Fragile X syndrome caused due to the CGG 
expansion occurring in the Fragile X Mental Retardation 1 (FMR1) gene on the X chromosome.  An 
intelligent framework is proposed that utilizes the machine learning algorithm to aid in the diagnosis of 
the Fragile X syndrome. The mutations present in the DNA can be effectively identified by utilizing the 
machine learning algorithm. The utilization of the machine learning algorithm provided great benefits 
in terms of minimal false alarm rate and thereby leading to an increase in the accuracy of the diagnosis. 
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Introduction: One of the commonly heard disorders nowadays is monogenic disorder. Monogenic 
disorder affects people at large. Genetic disorders are inherited medical disorders in human beings 
caused due to abnormality arising in their DNA. An inheritance of a single defective gene in human 
being leads to monogenic disorder. Monogenic disorders are also frequently cited as mendelian 
disorders [1]. Mendelian patterns denote the biological inheritance satisfying the laws of Gregor Mendal. 
A mutation in the single gene, which results in the gene deviating from the mendelian pattern lays the 
road to disorders in human [2]. The mutation may arise either due to single chromosome arising from 
one of the parent or from both. The monogenetic disorder may be either a dominant one or recessive 
one. The classification is typically based on whether the mutation is inherited from one chromosome or 
both the chromosomes of the parent. The various examples of the monogenetic disorders are Cystic 
Fibrosis, Tay Sachs disease, Sickle Cell disease, Polycystic Kidney disease, Hemophilia, Duchenne 
Muscular Dystrophy, Fragile X syndrome etc.  

 
Fragile X syndrome (FXS) has its main root cause in the mutation of the single gene Fragile X Mental 
Retardation 1 (FMR1) gene leading to the X linked dominant disorder in human race [3]. FMR1 gene is 
responsible for the coding of a protein known as Fragile X Mental Retardation protein (FMRP) [6]. 
FMRP houses in the brain of human beings have the key role in normal development of cognitive skills. 
FMR1 mutations lead to various distresses in human body like FXS, Parkinson’s disease, premature 
ovarian failure etc. An expansion occurring in the trinucleotide repeat (CGG) of 55-230 repeats is the 
prime causative agent of Fragile X Syndrome [7].  FXS can be roughly seen in 2% of population [4]. FXS 
leads to diverse range of deficiencies sketched in the table 1 [3]. FXS is one of the major root causes of 
intellectual disability in human race thereby affecting 1 out of 4000–6000 women and 1out of 5000–7000 
men [5]. Owing to the facts spelled out above, it can be seen that the fragile X syndrome is one of the 
most crucial areas  
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to be researched in order to aid people affected by FMR1 gene mutation. There is a necessity to have an 
in depth analysis of the gene structure and minimal error. Error minimization is important as this area is 
a most sensitive and crucial field related to the health of human race. There should be no room for 
errors as they can lead to improper diagnosis which may have adverse effects on the people. This paper 
proposes a framework for the diagnosis of Fragile X Syndrome by utilizing an apt machine learning 
algorithm.  
 

Table 1: FXS Deficits 

Deficiency Description 

Intellectual disability 

Difficulties in learning due to insufficient 

levels of adaptive and cognitive ability 

etc. 

Behaviour anomalies 

Hyperactivity, inferior eye contact, 

withdrawal from social activities, 

anxiety, broken speech etc. 

Connective tissue 

abnormalities 

Low muscle tone, hyper extensible 

joints, prolapsed in mitral valve etc. 

Phenotypic features 
Elongated face, velvety skin, prominent 

ears, face and jaw etc. 

 
The rest of this paper has been organized as follows- section II briefly discusses the various research 
done related to Fragile X Syndrome, section III explains the proposed intelligent framework in detail, 
section IV illustrates the experimental set up utilized to evaluate the proposed intelligent framework, it 
also expounds the results that we got from the evaluation and also discusses the results, and the final 
section is the concluding section of the paper.  
 
Related Works: A great deal of research is being done across the world in the ambit of Fragile X 
Syndrome and Fragile X Mental Retardation 1 gene disorder. Dean et al have presented a detailed review 
report on the Fragile X syndrome. It included the summarization of the research findings for the 
challenges in the field of therapeutics, pathophysiology and technical problems found in the Fragile X 
Syndrome. The author has stated that the disorder has been discovered more than two decades ago but 
still has lot of surprises in its sleeves that are yet to be solved. The author also states the necessity of 
early diagnosis of the syndrome [3]. 
 
Pugin et al has in detail stated about the FMR1 disorders in the ambit of clinical, pharmacological and 
molecular aspects. The author has stated that 98% of the FXS cases have been found to be due to CGG 
triplet expansion of the FMR1 gene. The author also has in detail expounded the neurobiological aspects 
of the FMR1 including the FMR protein (FMRP) roles in human cognitive development and FMRP 
related disorders. The author has also illustrated the treatment of the Fragile X Syndrome and about the 
genetic counseling [8].  
 
Mayo et al have done various experiments on the mice with normal gene and the mice that have 
mutation in their FMR1 gene. The mice were subject to various stress conditions like no stress, restraint 
stress and unpredictable stress conditions for a total of 12 days. The authors have observed that chronic 
stress lead to the induction of the social interaction and working memory [9].Jiraanont et al have 
performed a series of experimental analysis and concluded that the deletion of 300 KB of DNA also leads 
to the Fragile X syndrome [10].Wang et al have devised powerful methodologies for large scale analysis 
of the individual synapses. Their analysis revealed distinct mutations in the synaptic proteins across 
6000 metrics [11].Clark et al have analyzed nearly 321 cases of CGG repeats of FMR1 gene. The authors 
have evaluated the relation between the Essential Tremor and FMR1 alleles. The findings of the author 
have suggested that FMR1 CGG repeats do not form a genetic risk factor for Essential Tremor [12].  
 
From the above terse discussion of the Fragile X Syndrome and Fragile Mental Retardation 1 gene, it can 
be seen that different research groups are actively involved in finding various aspects of the syndrome 
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and the FMR1 gene. To aid in the diagnosis of the Fragile X Syndrome, we have proposed an intelligent 
framework in identifying the mutation in the fragile mental retardation 1 (FMR1) gene.   
 
The Intelligent Framework: The following are the paramount components of the proposed intelligent 
framework which will aid in the diagnosis of the FMR1 gene disorder: 

· Pre-processing  

· Outlier Detection 
Pre-Processing: The initial step of the framework is to pre-process the data. Data pre-processing is an 
important and crucial step in the data mining processes as mostly the data we receive as raw from any 
system may have flaws, missing values, noisy, unreliable values, out of range values, impossible 
combinations or inexpressible data. In our case the input to our system will be the DNA sequence which 
may be that of the normal person or syndrome affected person (i.e person with mutant gene). The DNA 
sequence as such is not possible to do any type of analysis to elicit the necessary information. Machine 
learning algorithms work on Big unstructured data but the data should be expressible.  
 
The DNA, RNA sequence of the Fragile Mental Retardation 1 gene is in the inexpressible form. As a first 
step this inexpressible DNA, RNA sequence dataset should be converted into graphical expressible form. 
The dataset should be further pre-processed to remove any missing values. 
 
Outlier Detection: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

To improve the diagnosis of the Fragile X Syndrome intelligent machine learning algorithms can be 
utilized. The involvement of machine learning algorithm provides great benefits in terms of increase in 
accuracy of the diagnosis as well as minimal human intervention to avoid any humane errors and speedy 
diagnosis. There are four broad branches of machine learning algorithms that include supervised, 
unsupervised, semi supervised and reinforcement algorithms. Of these categories unsupervised 
algorithms seem to be a natural fit for our framework as our data comprises of DNA sequence that is 
generally unlabelled data and also our motive is to identify the hidden structures of the mutant FMR1 
gene. There are various unsupervised algorithms such as Hebbian Learning, Generative Adversarial 
Networks, blind signal separation techniques etc. The outlier detection algorithm has been adopted in 
our approach. As per the curt definition of the outlier detection algorithm, it involves the identification 
of the observations that deviate from the expected pattern. An outlier can occur due to errors or events. 
Errors are comprised of any noise related measurement caused due to any flaws in the measurement 
technique or measuring device or any other faulty process. Events are due to any type of changes in the 
normal or historical pattern of the state or system. This fits our problem as the diagnosis of the FMR1 
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gene syndrome involves the identification of the hidden structure of the mutant gene that does not 
conform to the normal healthy FMR1 gene pattern.  
 
The outlier detection can be done by either using the clustering based outlier approach or nearest 
neighbour based approach. Each of the approaches has their own advantages. Owing to the fact that 
clustering based outlier detection can adapt with ease on the event of addition of any new data points 
i.e. it can effectively run in incremental mode.  
 
The outlier detection component encompasses of the following steps: 

· Pre-processing 

· Detection of Outliers 

· Classification of Outliers 
Pre-Processing: There exists various means to compare the gene structures. We have used correlation 
as the metric for comparison of the gene structures. The correlation was calculated between the normal 
gene dataset and the test gene datasets for which the classification is required by utilizing the Pearson 
Correlation Coefficient. Pearson Correlation Coefficient between normal gene dataset and test gene 
dataset (Cn,t) is as follows: 

 

 

 
Where, 
N denotes the total count of the records in the dataset 
n denotes the normal gene dataset 
t denotes the test gene dataset 
The next step is to employ the k means clustering algorithm for the correlation dataset. Each of the 
correlation value is appended to the cluster whose intra distance is relatively less than that of the other 
clusters. If in case the intra distance does not fall within a pre defined threshold, a new cluster is been 
formed with the correlation point the head of the newly created cluster. After several iterations, a set of 
clusters gets defined in the feature space. 
 
Detection of Outliers: The subsequent step is labelling of the clusters formed in the previous pre-
processing step. The clusters are labelled as either normal or outlier. The identification is performed on 
the basis of the inter cluster distance metric. We propose the usage of the Euclidean distance measure 
(E) to be employed as the dissimilarity metric.  

 
Where, 
E(C1,C2) denotes the Euclidean distance measure of two clusters 
C1 denotes the cluster one 
C2 denotes the next cluster 
 

Classification of Outliers: The ensuing step of the proposed intelligent framework is to classify the 
outliers. The focus of the work is to identify the hidden structure of the mutant gene structures. If there 
exist no distinct outliers found out in the previous step then the test gene can be said to be a normal 
gene structure.If the previous step had clusters labelled as outliers, then the outlier clusters should be 
subject to further analysis to elicit the hidden structure of the mutant gene. Thus remove the tuples of 
the test dataset that are classified under the normal cluster. Take up only the outlier clusters for further 
analysis to enrich the knowledge base of the mutant FMR1 gene. Outlier clusters may have values due to 
event or error as explained before.  
 
To ascertain that the outliers are not due to any human error or any other measurement defects, the 
neighbouring points are checked against the outliers. If similar points exist then they are due to events 
i.e. mutant fmr1 gene, else they are some sort of errors. The erroneous values identified are not 
considered for further analysis. The outliers due to the events i.e. mutant FMR1 gene, are taken up for 
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further analysis. This facilitates to infer the ranges over which the gene structure deviates from the 
normal gene that leads to the Fragile X Syndrome. This inference aids in finding out the various mutant 
FMR1 gene, which have various advantages like early diagnosis of the Fragile X Syndrome. 
 
A detailed algorithm of the proposed framework has been penned down in figure 1 and a flow diagram of 
the framework has been sketched in the figure 2. 

 

 
Figure 2: Flow Diagram 

 
Experimental Results and Discussion: To ensure the correctness of the proposed framework, we 
made a series of experiments using MatLab and R tool. This section will illustrate the results obtained in 
the course of the experiment done. Initially the pre-processing should be done  
on the FMR1 gene sequence dataset. The gene is represented by the nucleotides order within the 
molecule of the DNA. A single strand of gene is composed of the four bases: adenine, cytosine, guanine 
and thymine.  The DNA sequencing of the FMR1 gene dataset is converted into expressible graphical 
sequencing. The figure 3 and figure 4 shows the graphical representation of a mutant FMR1 gene and 
normal FMR1 gene of FXR syndrome.  

 
Figure 3: Mutant FMR1 Gene 
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Figure 4: Normal FMR1 Gene 

 
The correlation was computed between the test FMR1 gene dataset and the training FMR1 gene dataset. 
K means clustering was performed on the correlation dataset. It is necessary to compute the optimal K 
value for efficient clustering of the correlation dataset. An increase in the K value devoid of any penalty 
imposed will eventually result in the reduction of errors in the clustering. A perfect clustering with zero 
error is possible at extreme conditions i.e. when each and every data point gets assigned to its own 
cluster. This does not help out in eliciting any information needed. So there is a necessity to infer an 
optimal K value that will ensure both maximum accuracy as well as maximum assignment of data points 
to the clusters. Figure 5 shows the plot of the computation of the optimal k value. It can be seen that k 
value of 3 will be an optimal value for outlier classification. Figure 6 shows the clusters obtained by 
employing k means clustering on the correlation dataset of the FMR1 test gene dataset. 
 

 
Figure 5. Optimal K Value 

 

 
Figure 6. K Means Clustering 
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From figure 6 we can see cluster number 3 is an outlier clusters. The outlier cluster is taken up for 
further analysis. Next step was to find out whether the values are due to error or event. The result of the 
outlier detection is shown in the figure 7. A best fit line is drawn over the outlier detection plot to infer 
whether the points are due to event or error. The points around the best fit line are due to event. In our 
case the event is due to the mutant nature of the FMR1 gene. Figure 8 illustrates the best fit line. This 
shows the hidden structure of the mutant FMR1 gene. We made further manual analysis on few test 
FMR1 gene dataset to find out the false alarm rate. The figure 9 shows the percentage of the false alarm 
rate. It can be seen that false alarm rate is considerably less which by itself shows the accuracy in finding 
the hidden mutant structure of Fragile X Mental Retardation 1 gene. 
 
Conclusion:  Fragile X Syndrome was first discovered twenty decades back. Since the discovery of the 
syndrome various researches has been going on in the field of the Fragile X Syndrome. Still now there 
has been various researchers are trying to find therapies that will induce fast recovery. At the same time 
early diagnosis is very much necessary to ensure quick start of the therapy for the affected children and 
also frequent counselling for the affected child’s parents. Thus we have proposed a simple intelligent 

framework for early diagnosis of the mutant FMR1 gene. 
 

 
Figure 7. Outlier 

 
 

 
Figure 8. Best Fit Line 

 



Mathematical Sciences International Research Journal Volume 7 Spl Issue 3                  ISSN 2278-8697 

 
 

 
IMRF Biannual Peer Reviewed (Referred) International Journal | SE Impact Factor 2.73             |    259  

 
 

References:  
 
1. Michael H. Guo et al, “Determinants of power in Gene-Based Burden testing for Monogenic 

Disorders”, The American Journal of Human Genetics 99, 527–539, September 1, 2016. 
2. www.wikipedia.org/wiki/Mendelian_inheritance 
3. D.D.Dean et al, “Fragile X syndrome: Current insight”, The Egyptian Journal of Medical Human 

Genetics, 17, 303-309, 2016. 
4. Brosco JP, Mattigly M and Sanders LM, “Impact of apecific medical interventions on reducing the 

prevalence of medical retardation”, Arch Pediatr Adolesc Med, 160, 302-309, 2006. 
5. Claudia Ciaccio et al, “Fragile X syndrome: a review of clinical and molecular diagnoses”, Italian 

Journal of Pediatrics, 43, 39, 2017. 
6. www.wikipedia.org/wiki/FMR1 
7. www.ncbi.nlm.nih.gov/gene/2332 
8. Pugin et al, “Clinical, molecular, and pharmacological aspects of FMR1-related disorders”, 

Neurología., 32(4):241—252, 2017. 
9. Mayo et al, “Behavioral effects of chronic stress in the Fmr1 mouse model for fragile X syndrome”, 

Behavioural Brain Research, 320, 128–135, 2017. 
10. Jiraanont et al, “Germinal mosaicism for a deletion of the FMR1 gene leading to fragile X syndrome”, 

European Journal of Medical Genetics, 2016. 
11. Wang et al, “FMR1 KO and Fenobam Treatment Differentially Impact Distinct Synapse populations 

of Mouse Neocortex”, Neuron 84, 1273–1286, December 17, 2014. 
12. Clark et al, “Genetic analysis of FMR1 repeat expansion in essential tremor”, Neuroscience Letters, 

593, 114–117, 2015. 
 

*** 
  


