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Abstract  Simple sequence repeats (SSRs) have been demonstrated to affect normal gene 
function to cause different genetic disorders. Several conserved and even partial functional 
SSR patterns were discovered in inherited orthologous disease genes. To explore a wide range 
of SSRs in genetic diseases, a system focuses on orthologous SSRs for disease genes through 
comparative genomics mechanism is constructed in this research. The system is developed by 
employing the OMIM (Online Mendelian Inheritance in Man) and the NCBI HomoloGene 
databases as the resources of human genetic diseases and homologous gene information. In 
addition, The Comparative Genomics for SSR discovery system (CS-SSR) is also adopted for 
providing annotated SSR information among various model species. By integrating these data 
resources and data mining technologies, biologists and doctors can retrieve novel and 
important conserved SSRs information among orthologous disease genes. The proposed 
system named as Orthologous SSR for Disease Gene (OSDG) is a comprehensive andefficient 
online tool for discovering conserved SSRs of disease genes and it is freely available at 
http://osdg.cs.ntou.edu.tw. 
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1 Introduction 
Recent studies have pointed out that repeat number variation of simple sequence 

repeats (SSRs) affects various genetic diseases. Several important observations of the 
correlation between disease phenotype and genetic heterogeneity suggest the 
importance of discovering conserved SSR motifs among various species. Hence, this 
study takes the aim of developing novel methods to identify putative functional SSRs 
through cross-species comparison and to discover inheritable genetic disease which 
are associated with the mutation of repeat tracts. 
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Genetic diseases can be inherited from parents and are mutations in the germ cells 
of the body, which involved in passing genetic information on to the next generation. 
The mutations of genes cause varying effects on health, depending on where they 
take places and whether they amend the function of crucial proteins. Four types of 
genetic disorders are defined in general, including single gene, multifactorial, 
chromosomal, and mitochondrial disorders. The single gene disorder is defined as the 
defects appeared in one particular gene, and often possess simple inheritance patterns. 
So far, more than 4,000 single gene disorders are known, such as cystic fibrosis, 
sickle cell anemia, and Huntington’s disease. Up to date, the types of mutations 
include: (1) Insertion: An insertion varies the total number of DNA bases by tucking a 
piece of DNA in a gene. (2) Deletion: A deletion changes the number of DNA bases 
by eliminating a piece of DNA. (3) Duplication: A duplication consists of a segment 
of DNA that is abnormally copied one or more times. (4) Frame shift: A frame shift 
mutation causes by the addition or loss of DNA bases and changes a gene’s reading 
frame. (5) Repeat expansion: A mutation increases the number of times of repeated 
short DNA sequence. All these various types of mutations bring into results of 
malfunctioning proteins. In this paper, we focus on single gene disorder and try to 
find out the relationship between a single gene diseases and genetic mutations in 
repeat segments.  

Simple sequence repeats (SSRs, also called microsatellites or short tandem repeat) 
are sequences of repeated nucleotides in DNA consisting of a continuous repeated 
core pattern which range in length from 1 to 9 base pairs (bps) and the whole 
repetitive region spans less than 150 bps. Evidences show that a large number of 
SSRs are interspersed throughout vertebrate genomes and eukaryotic genomes 
[1][2][3]. Within genetic and inter-genetic regions of whole human genomes, 
one-tenth of the nucleotide sequences were proved to contain SSRs [4]. The 
mutations of SSRs appear to follow a stepwise mutation model (SMM) [5] and make 
SSRs become not only numerous but also polymorphous [6]. 

The polymorphous property of repeating length was employed to emphasis the 
SSRs as biomarkers in the fields of evolution and DNA fingerprinting. Nowadays, 
SSRs are not just applied to map genes as biomarkers, they play a critical role in gene 
regulation, transcription and protein function. For example, SSR variations in 
5'UTRs could affect gene transcription and translation, whereas SSR expansions in 
3'UTRs could cause transcription slippage and result in disrupting splicing and 
possibly disturbing cellular functions. If SSRs in introns, they can affect gene 
transcription, mRNA splicing, or export to the cytoplasm [7]. Several kinds of 
genetic diseases causing a number of genetic disorders are mainly due to the change 
of repeat numbers that may appear in the coding regions (exons) of disease genes [8]. 
That is to say the length polymorphisms can affect fundamental functions on human 
inherited genes and possibly cause genetic diseases [9][10]. There are a number of 
well known genetic diseases which are caused by SSRs polymorphism [11], such as 
Fragile X mental retardationl [12], Huntington’s disease [13], etc.. Furthermore, 
microsatellite instability (MIS) cause SSR polymorphism has been proved to be the 
main reason that affects the DNA repair progresses and makes cancer cells to spread 
[14][15]. 

Because genetic diseases among animals provided useful information about 

160 The 3rd International Symposium on Optimization and Systems Biology



 

 

human counterpart disorder, it is essential to proceed with cross-species comparison 
to discover conserved SSRs among different homologous disease genes from 
particular model species. In the field of comparative genomics, homology represents 
the similarity originating from common ancestor, and orthology and paralogy are two 
major subtypes of homology. If similar genes were separated by a speciation event 
from a common ancestor, the genes are claimed as orthologous genest, and which 
genes may have the same function and even encode homologous phenotypic traits 
like proteins or enzymes. If they were separated by a gene duplication event in a 
species, the genes are called paralogous of each other [16][17]. Through the 
comparison of orthologous genes with probable SSRs in various model organisms, 
we can categorize genes from different organisms and absorb much information as 
possible with respect to annotations of novel conserved SSRs within orthologous 
genes. 

The proposed system was developed by employing the OMIM (Online Mendelian 
Inheritance in Man) [18] and the HomoloGene databases [19] for the resources of 
human genetic diseases and homologous gene information. In addition, we 
developed efficient SSR searching algorithms for identifying prefect/imperfect SSR 
patterns from various genomes and constitute a significant SSR database through 
cross-species comparison [20]. 

The survey of previous work indicated that there were limited systems and 
databases being built for discovering the relationship between the SSRs and diseases. 
The TRbase system was built by Body T. et al., which provides all tandem repeats 
within disease genes of the human genome. Although TRbase system provides 
comprehensive tandem repeat information, it is still difficult for users to identify 
unknown regulators from tremendous amount of tandem repeat records [21]. On the 
other hand, OrthoDisease system provides the orthologous information of human 
genetic disease, but the SSR information of genetic diseases was not designed to 
present [22]. In order to provide an integrated and comprehensive system for 
discovering conserved SSRs from orthologous disease genes, we have combined the 
advantageous features of these two systems and adopted efficient SSRs retrieving 
technologies to establish a new online web system which is named as the 
Orthologous SSRs for Disease Genes (OSDG).  

2 Material and Method 
In this developed system, we have collected and integrated a few representative 

databases for identifying orthologous SSRs of disease genes. First, the genetic 
disease information in the developed system was retrieved from OMIM database. 
The OMIM is an online catalogue containing all known diseases with a genetic 
component, and it was shosen as the main resources of genetic diseases. The dataset 
of genetic diseases was rearranged and stored as an effective structure in our local 
database for real time searching. Currently, 11,486 genes related with 4,595 human 
genetic diseases were collected in the proposed system [23]. 

In addition to related genetic disease profiles, the annotation data for disease 
related genes within various species, including detailed transcripts and translate 
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locations, was acquired from Ensembl release 49 through the BioMart interface [24]. 
This information facilitates our proposed system to demarcate and comprehend the 
distinct part of genes (upstream, downstream, 3’UTR, 5’UTR, Intron, Coding). For 
SSR information, the proposed system integrated with a SSR searching system 
(Comparative genomics SSR discovery, CG-SSR) developed by Pai T., et al. [20], 
which contributes all SSR motifs among multiple species. Each SSR record, 
retrieved from CG-SSR database, includes information of core repeat pattern, core 
pattern length, location on the chromosome, and ratio of tolerance. 

Finally, orthologous information from two databases was adopted for integration. 
One is the HomoloGene profile from OMIM and the other is orthologous information 
from Ensembl. The NCBI HomoloGene is foundation of orthologous information in 
the proposed system. If a gene is not included in the HomoloGene, the system checks 
the gene symbol and its chromosome location of gene to obtain the Gene ID. 
Afterward, the system proceeds to obtain the orthologous information from Ensembl 
according to the Gene ID automatically.  

 

 
Figure 1: The framework of transforming data resources. 

 
Each database adopts different identifiers to record different types of gene 

information. For combining the information from different data resources, the 
system has designed a transforming relationship among various distinct databases. 
At first, the system set up a look-up table between Gene ID and MIM ID through 
MIM2Gene profile belonged to NCBI. After accomplishing the mapping 
relationship between Gene ID and MIM ID, the link between OMIM and 
HomoloGene datasets was also established through Gene ID. According to the 
Ensemble Gene ID, the system built the relation between HomoloGene profile and 
CG-SSR searching results. The framework of transforming relation was shown in 
Figure 1. After completing the setting-up processes of different material resources, 
an on-line query system for identifying the orthologous SSRs of genetic diseases was 
accomplished by integrating the information  from OMIM, HomoloGene and 
CG-SSR, and the data flowchart and comparative genomics mechanism were shown 
in Figure 2. 
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Figure 2: The flowchart of searching orthologous SSRs of genetic diseases by 

comparative genomics mechanism. 
 
The designed web system provides four different searching mechanisms named 

as Orthologous, SSR, Disease, and Gene, respectively. First, the Orthologous 
function displays a list of disease genes from OMIM and those genes possess 
orthologous relationship among selected model species. In this study, there are 8 
model species considered for orthologous search including human, mouse, rat, 
zebrafish, chicken, cow, dog and chimpanzee. Through cross-species comparison 
mechanism, all potential functional SSRs in various regions of genes were annotated 
from all genomes of model species. Optional keyword filtering function for matching 
prefix of gene symbol name is available to help users to narrow down the possible 
searching results. Secondly, the SSR search function facilitates users searching all 
disease related genes efficiently by setting a specific SSR pattern which is considered 
as an important pattern found in previously published literatures. Totally 501 possible 
SSR basic patterns from mononucleotide to hexanucleotide can be found within 
whole genome sequences of various model species. It is important that users can 
designate a specific gene region where SSRs located at. Six regions of a gene 
sequence were categorized as: upstream, 5’UTR, intron, exon, 3’UTR and 
downstream. Thirdly, the Disease function provides users to get detail information 
about a specific genetic disease by querying with multiple keywords, prefixes of a 
disease name, related disease description, or simply the MIM ID parameters. Finally, 
the Gene function provides three ways to discover disease genes: (1) Disease gene 
symbol, such as “HTT”, (2) NCBI/EMBL gene ID, such as 143100 or 
ENSG00000197386, and (3) MIM ID, such as 601373. A screen shot of the proposed 
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system was shown in Figure 3, which describes the application of retrieving 
associated disease genes with respect to the SSR pattern “CAG”. 

 

 
Figure 3: A screen shot from “SSR” motif function. All disease genes containing the 

specific SSR pattern ”CAG” were displayed in the list. 
 

3 Results and discussion 
Based on interoperability of orthologous properties and SSR searching 

techniques, all conserved orthologous SSR patterns can be discovered from the 
interested inherited disease genes. Through comparative genomics mechanism, the 
OSDG system possesses the ability of retrieving possible functional SSRs from 
orthologous disease genes of medical importance. The information of retrieved SSRs 
contained within 8 model species genomes includes core pattern length (length 
threshold >20), quality threshold (0=perfect SSR, 1=imperfect SSR), and locations 
(upstream, 3’UTR, 5’UTR, intron, coding and downstream). 

The conserved orthologous SSRs can be defined as if the same SSR patterns are 
existed (the same core pattern appeared in the same region)among the target gene and 
its orthologous genes. System automatically highlights the SSRs within coding 
regions when the amount of species is over half of all organisms. Taking the HTT 
gene as an example, the mutation is verified and caused by the “AGC “(or “CAG”) 
repeat expansion and it induces the Huntington Disease symptoms [25]. The 
searched results from OSDG were shown in Table1. 

 SSR expansions and/or contractions in protein-coding regions brought about a 
gain or loss of gene function through frame-shift mutation. Tri-nucleotide repeats 
located in coding region were associated with various types of cancer and implicated 
in various neurodegenerative disorders [26]. Hence, we experimented on all disease 
genes to gather statistical information about the distribution of ten kinds of triplet 
SSRs. The results were shown in Table2. These results not only coincided with the 
conclusions of previously published observation but also interpreted the importance 
of biological meaning. For examples, the AGC, CGG and AGG patterns are the most 
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core patterns appeared in coding regions, and ATT (TAA) are never appeared in the 
coding region since it would be translated into a stop codon [9]. Most of them in 
5’UTR were CCG which served as binding sites [13]. In the intron regions, the 
absence of CCG in various taxonomic groups is due to highly mutable CpG pattern 
and results in CpG methylation [4]. 

 
Table 1: The conserved SSR motifs for HTT gene among eight model species, only 

tri-nucleotide patterns were displayed here. 
Pattern Cow Dog Zebrafish Chicken Human Mouse Chimp Rat 

AAC     Intron Intron Intron Intron 
AAG    Intron Intron Intron Intron Intron 
ACC Intron Intron   Intron Intron Intron Intron 
AGC Coding  Coding  Coding Coding Coding Coding 
AGG Intron Intron   Intron Intron Intron Intron 
CCG Coding Intron   Coding

Intron 
Coding Coding

Intron 
Coding 

 
 

Table 2: The amount of disease genes appear in six districts with specific triplet 
SSRs. 

[Parameters：Length Threshold (20) and Quality Threshold (0.2)]. 
Patte
rn 

Upstrea
m 

3’UTR Codin
g 

Intron 5’UTR Downstr
eam 

AAT 118 49 0 1173 3 120 
AAC 60 32 20 826 3 88 
AGC 35 13 148 236 28 27 
AGG 262 56 155 1168 65 152 
CGG 180 27 141 170 133 18 
ACG 0 0 2 4 0 1 
ACT 6 1 3 120 0 4 
ATC 11 11 26 386 3 23 
AAG 88 31 57 846 13 65 
ACC 35 15 47 440 4 33 

 
A comprehensive annotation resource for human genes, and especially of genetic 

diseases with orthologous SSRs, provides one of important research directions and 
guidance of translational medicine. It is believed that accumulated knowledge of 
genes associated with genetic disorder caused by SSRs allow researchers to address 
more complicated issues, including the relative contributions of genetic diseases 
shared by all species and how sequence features (such as conservation and 
polymorphism) relate to disease characteristics. Accordingly, the OSDG system 
provides an efficient and effective tool to discover well conserved SSRs among 
orthologous genes and facilitate users getting potential SSR candidates as disease 
gene regulators, and it can be expected to discover all potential SSRs associated with 
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genetic diseases through cross-species comparison. 
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