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Abstract — We have developed a new computational 

framework that finds patterns and signatures among multiple 

genomic data files. This computational effort compares 

genomes of any size, from raw DNA, RNA or Protein input 

files, locating exact sub-sequences of any size found in a 

source genome and not in the target genomes. This 

computational framework allows us to process multiple 

genomes in a batch mode. The structure of this new 

framework and results of the signatures process allows us to 

develop many other applications, including: 1.) Creation of 

genomic fingerprints/signatures that are predictive and 

prognostic for specific biologic events or treatment outcomes, 

2.) Identification of sources and types of bacteria or viruses 

that spread in hospital or community settings, 3.) 

Confirmation of the presence of either new primary lesions or 

metastatic disease in all solid tumors, aiding in staging of 

cancer and treatments strategies, 4.) Tracking of HIV/TB 

mutational changes in patients, offering the possibility for new 

treatment paradigms, and 5) Predict locations of unknown 

genes.  

This paper presents a completely new computational 
framework. All algorithms and programs are our own original 
work structured in Java. Our framework processes data files of 
multiple formats such as NGS, fasta, and GBK, and any size, 
as well as user selected sub-sequences of any size, limited by 
the storage size or operating system. 
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I.INTRODUCTION 

In this modern age of genomics vast quantities of 

information are generated but are associated with uncertainty 

in significance. Biologists do not have the wherewithal to 

identify computationally the portions of the genome that are 

significant to biologic disease processes and the information 

science experts do not have enough knowledge of these 

biologic processes to accurately model how to extract the 

relevant information. This difficulty is present in a setting of 

ever increasing production of data. Therefore, any efforts 

between biologists/clinicians and computational experts to 

better understand genomic data will be of significant potential 

benefit ultimately to patient care and survival. We have 

offered below three medical scenarios in which better 

understanding of the patterns and signatures within genomes 

would offer invaluable knowledge that would directly guide 

patient management and improve patient survival. 

Cancer related cachexia (CC), defined as the massive loss 

of adipose and skeletal muscle tissue, is directly responsible 

for 20-30% of all deaths in patients with cancer, and is seen in 

up to 50% of all cancer patients at some point in their disease 

course. Identification of a genome signature that could predict 

for a solid tumor’s ability to initiate cachexia would 

potentially allow patients to receive pharmacologic 

interventions early enough to prevent the associated poor 

performance status potentially improving overall survival, and 

improved quality of life independent of other treatments. It is 

clear that any new knowledge regarding cachexia could be of 

high impact and importance for other associated diseases 

including rheumatoid processes, AIDS, tuberculosis, etc. One 

approach to help with quality of life and improve the survival 

of these CC patients includes identifying a genomic signature 

that could predict for those patients tumors that induce the 

deadly process, thereby allowing for earlier pharmacologic 

intervention. 

Our research group has proposed a four step mechanism 

for identifying a genomic signature for predicting the specific 

type of solid tumors that can induce CC. Step one involves 

generating a 20,000 genomic expression data set from eight 

cachexia and eight non-cachexia inducing cell lines.  These 

lines have been validated to either induce or not induce 

cachexia in animal models. Our concept involves utilizing 

computational analysis, without bias, to identify a 

signature/pattern of gene expression that segregates the tumor 

cell lines into cachexia and non-cachexia inducing lines as per 

their phenotypic demonstration. Step two involves validating 

this gene signature/pattern in genome data obtained from 60 

human non-small cell lung cancer cell (NSCLS) lines. Step 

three requires determining if the ability of these 60 NSCLC 

lines to induce CC in vivo correlates with how the signature 



predicted their behaviour to be in promoting the process. A 

final validation of the CC signature would include human 

NSCLC biopsy specimens from some patients we have 

verified clinically have developed CC and some who have not 

as a control data set. Comparisons of full genome data sets 

with new computational tools, such as those proposed in this 

study, would provide a new robust method to help clinicians 

identify biologically relevant genomic signatures for 

prediction and prognostication of disease events. Steps one, 

two, and four from our proposed study would all require use 

of computational tools being employed in this paper. 

A second significant application of new tools for 

comparing genome data in elucidating signatures/patterns is in 

making fundamental bacterial/viral comparisons to understand 

spread of etiology of infections in hospital and community 

clinic settings. Especially in this day and age, when flu, other 

viral and bacterial epidemics have become commonplace in 

the US and worldwide, there is a need to track sources and 

causes of infection as a means of treating patients 

appropriately.  

Our final case study demonstrating a need for new 

computational tools that can help decipher patterns and 

signatures in vast quantities of genomic information lies in the 

critical field of staging and treatment considerations in 

oncology. Lung cancer represents the number one cause of 

cancer related death in the US and is responsible for nearly 

three million deaths annually worldwide. Only 20%-30% of 

all lung cancer patients are alive at five years, demonstrating a 

lack of utility of a majority of our treatment paradigms. It is 

apparent, however, that a significant subset of early stage lung 

cancer patients can survive for significant periods of time after 

diagnosis. It is therefore absolutely critical in accurately 

staging lung cancer patients so that they can receive the 

appropriate and potentially life-saving treatment management 

– be it surgery, radiation, and/or chemotherapy.  With the 

biopsy specimens comes the possibility of generating genomic 

data. A comparative genomic analysis would be far more 

precise in determining if the cancer in one lung has spread to 

the other lung or if it has spread via the bloodstream from 

another part of the body. This knowledge would drastically 

change the treatment decisions and perhaps lead to two 

scenarios – allowing patients with early stage disease to 

receive the optimal treatment first and preventing late stage 

patients from getting unnecessary/toxic treatments. 

II.BACKGROUND 

In comparative genomics, the research that we see is 

usually based on finding the similarities between genomes. It is 

usually done in biological laboratories using biological 

methods. When done in  silico, bioinformatics alignment 

methods are used. Our research focuses on finding exact 

signatures/differences between genomes using bioinformatics 

approaches.  

Human DNA contains over 20,000 subunits known as 

genes, with different genes in different cells getting activated 

and suppressed as a means of generating a diversity of cells 

for specific tissues including skin, liver, hair, heart cells, etc. 

Using genomic databases,   

Sorin Draghici[1] from US Army Medical Research 

Institute of Infectious Diseases et.al showed that the sequences 

they found using a unique comparison  algorithm were truly 

unique to B. anthracis and were able to distinguish B. 

anthracis from its close relatives B. cereus and B. 

thuringiensis. Anthrax is an acute disease caused by the 

bacterium Bacillus anthracis. Most forms of the disease are 

lethal, and it affects both humans and other animals. This 

work is similar to our framework but it has limitations that we 

do not have.  

Engineering a Compressed Suffix Tree Implementation[2]  

uses Suffix Trees and compression mechanisms, the authors 

developed methods to index genomic sequences, this work 

Insignia[3] is primarily designed for detecting bacterial 

signatures. Maximum mer length <=18, unique signatures for 

word lengths 20 through 25 are available from the authors 

upon request. “If mer length > 18  many k-mers will hit the 

background simply by chance.” 

Discovery and Annotation of Repeats, Signatures, and 

Patterns in Genomic Sequences[4], uses the new biobuckets 

sort method to produced indexed data files to extract sub-

sequences of length up to 5 bases to find Signatures among 

genomes.  

Genome comparison without alignment using shortest 

unique substrings[5] detects substrings using generalized 

suffix trees. This work concentrates on shortest unique 

sequences of length < 11 and < 10.  

DNA signatures for detecting genetic engineering in 

bacteria[6] finds signatures of length from 15bp to 100bp.  

Goal was not successful for 18% of the completely sequenced 

vectors,  

Visualizing the Repeat Structure of Genomic Sequences[7]  

uses Suffix Arrays, which is better than Suffix Trees, but still 

very limiting for this kind of work. From this, it is clear that 

large scale repeat analysis remains an important and unsolved 

problem in bioinformatics.”  

Comprehensive DNA Signature Discovery and 

Validation[8] works with Bacteria and viruses only (small 

Genomes). It does not use all DNA data it is based in 

statistical methods. 

Discovery and Annotation of Functional Chromatin 

Signatures in the Human Genome[9] shows what can be 

achieved using Bioinformatics tools. This work has many 

hypothesis and uses data as well as tables and graphs from 

many different places to prove them. They conclude that their 

understanding of how different signatures relate to gene 

expression is incomplete at this time. 

Genome assembly forensics: finding the elusive mis-

assembly[10]. Present DNA sequences are not 100% correct, 



the current Human DNA which has been manually checked 

for errors, still contain errors,  a single base-pair error per 

every 73 Kbp of sequence and more significant mis-

assemblies every 2.6 Mbp. All other genomes sequences, 

called draft, which have not been manually checked, have 

higher amount of errors. “Most mis-assemblies are caused by 

repeats; therefore, understanding the repeat structure of a 

genome can aid in the validation of its assembly.”  Since my 

current research is in repeat signatures, the findings in this 

paper validate my ideas. 

A Finding Repeats and Signatures in Genomic 

Sequences[11] is able to find exact signatures between five 

strains of Pseudomonas aeruginosa bacteria utilizing MPI 

Clusters, totaling 20 comparisons. Each set of genomes had 

pre-processed indexes which we created using Suffix Arrays. 

ISBRA  May 2009  Michael Robinson  et al. 

Discovery and Annotation of Repeats, Signatures, and 

Patterns in Genomic Sequences[12], uses own framework can 

find exact Signature of any size from Genomes of any size. 

Michael Robinson et al. SBEC 2013 29th Southern 

Biomedical Engineering Conference, May 2013 poster 

competition. 

Discovery and Annotation of Repeats, Signatures, and 

Patterns in Genomic Sequences[13]. Creation of new 

Framework to extract sub-sequences of any size from 

Genomes of any size, applied to Signatures and Repeats. 

Journal IEEE Michaael Robinson. “umpublished” ???   

Applied Genomic Signatures and Patterns[14]. Paper 

IEEE, Michael Robinson. “umpublished”  ??? 

Discovering Unknown Genes[15] uses our own 

GenomePro framework which processes raw Genomic Data of 

any size. “umpublished” ???   

III. METHODS 

Input Data Files. Our framework's algorithms have been 

implemented in Java using genomic data text files of multiple 

formats and sizes as input, as seen in Tables 1-3. Some of 

these input files can be larger than one Terabyte in size. 

TABLE I. FASTA GENOMIC DATA SAMPLE 

Fasta Format:  
>gi|9629360|ref|NP_057850.1| Pr55(Gag) [Human 

immunodeficiency virus 1] 

MGARASVLSGGELDRWEKIRLRPGGKKKYKLKHIVWASRELERFAV

NPGLLETSEGCRQILGQLQPSLQTGSEELRSLYNTVATLYCVHQRI

EIKDTKEALDKIEEEQNKSKKKAQQAAADTGHSNQVSQNYPIVQNI

QGQMVHQAISPRTLNAWVKVVEEKAFSPEVIPMFSALSEGATPQDL

NTMLNTVGGHQAAMQMLKETINEEAAEWDRVHPVHAGPIAPGQMRE

PRGSDIAGTTSTLQEQIGWMTNNPPIPVGEIYKRWIILGLNKIVRM

YSPTSILDIRQGPKEPFRDYVDRFYKTLRAEQASQEVKNWMTETLL

VQNANPDCKTILKALGPAATLEEMMTACQGVGGPGHKARVLAEAMS

QVTNSATIMMQRGNFRNQRKIVKCFNCGKEGHTARNCRAPRKKGCW

KCGKEGHQMKDCTERQANFLGKIWPSYKGRPGNFLQSRPEPTAPPE 

TABLE II. NGS GENOMIC DATA SAMPLE 

NGS Format: 

@ERR030881.107 HWI-BRUNOP16X_0001:2:1:13663:10 

ATCTTTTGTGGCTACAGTAAGTTCAATCTGAAGTCAAAACCAACCA 

+ 

5.544,444344555CC?CAEF@EEFFFFFFFFFFFFFFFFFEFFF 

@ERR030881.311 HWI-BRUNOP16X_0001:2:1:18330:11 

TCCATACATAGGCCTCGGGGTGGGGGAGTCAGAAGCCCCCAGACCC 

+ 

GFFFGFFBFCHHHHHHHHHHIHEEE@@@=GHGHHHHHHHHHHHHHH 

@ERR030881.1487 HWI-BRUNOP16X_0001:2:1:4144:14 

GTATAACGCTAGACACAGCGGAGCTCGGGATTGGCTAAACTCCCAT 

+ 

55*'+&&5'55('''888:8FFFFFFFFFF4/1;/4./++FFFFF= 

TABLE III.  GBK GENOMIC DATA SAMPLE 

GBK Format: 

LOCUS      NC_001489    7478 bp ss-RNA  

linear  

           VRL 08-DEC-2008 

DEFINITION Hepatitis A virus, complete 

genome. 

ACCESSION  NC_001489 

VERSION    NC_001489.1  GI:9626732 

DBLINK     BioProject: PRJNA15308 

KEYWORDS   RefSeq. 

SOURCE     Hepatitis A virus 

  ORGANISM Hepatitis A virus 

           Viruses; ssRNA positive-strand 

           viruses, no DNA stage;  

           Picornavirales; Picornaviridae;  

           Hepatovirus. 

REFERENCE  1  (bases 1 to 7478) 

  AUTHORS  Cohen,J.I., Ticehurst,J.R.,  

           Purcell,R.H., Buckler-White,A. and  

           Baroudy,B.M. 

  TITLE    Complete nucleotide sequence of  

           wild-type hepatitis A 

           virus:comparison with different 

           strains of hepatitis A virus and  

           other picornaviruses 

  JOURNAL  J. Virol. 61 (1), 50-59 (1987) 

   PUBMED  3023706 

IV.RESULTS 

Our Framework converts raw data files into files 

containing large amount of well organized information, which 

is very easy to use in the development of new applications that 

will further our research. We created several applications 

using our framework. We created several applications using 

our framework.  

Signatures. Computationally we performed exact 

comparisons of DNA, RNA and amino acid sequences of any 

length, using multiple biological life forms. Finding signatures 

in multiple genomes, Bacteria or viruses is the process of 

discovering what sub-sequences exist in one sample but not in 

the other, which showed us the differences between samples. 

We selected many types of Genomes and extracted sub-

sequences of multiple lengths creating their corresponding 

data structures, then using our signatures application we 



compared each sample against the others finding their 

signatures. 

Gene Prediction. By examining the dark matter areas in the 

above Bacteria, we can predict the location of currently 

unknown genes.  

Disease Progress. We were able to compare sub-sequences 

from the same biological subjects at different times to track 

changes.  

Genomic Fingerprints Libraries. Using genomes of 

organisms that can potentially be used as biological weapons, 

we can create libraries of genetic fingerprints to be used in the 

rapid detection of bio-warfare threats and take corrective and 

immediate medical measures.  

Creating genetic fingerprints libraries of known Bacteria, 

viruses, and tumors, which are currently cured with known 

treatments or medications, will allow us to search for those 

fingerprints in other genomes and apply the known cures to 

new diseases. These fingerprints can also be useful to identify 

the source of drug resistance.  

Predict Repeat Locations. Since we know the locations of 

all sequence repeats, we were able to mathematically predict 

the possible repeat locations in the above Bacteria.  

V.REFERENCES 

[1] Sorin Draghicl, et.al US Army Medical Research Institute of Infectious 
Diseases et.al. Identification of Genomic Signatures for the design of 
essays for the detention and monitoring of Anthrax threats. September 
23, 2004 

[2] Niko Välimäki, Wolfgang Gerlach, Kashyap Dixit, and Veli Mäkinem. 
Engineering a Compressed Suffix Tree Implementation. 2007  

[3] Adam M. Phillippy, Kunmi Ayanbule, Nathan J. Edwards, and Steven 
L. Salzberg.Insignia: a DNA signature search web server for diagnostic 
assay development. 2009 

[4] Michael Robinson, Discovery and Annotation of Repeats, Signatures, 
and Patterns in Genomic Sequences. Michael Robinson et al. 5th 
International Symposium on Bioinformatics Research and Applications 
(ISBRA09), Nova Southeastern University, Ft. Lauderdale, Florida, 
USA. May 2009. 

[5] Bernhard Haubold, Nora Pierstorff, Friedrich Möller and Thomas 
Wiehe. Genome comparison without alignment using shortest unique 
substrings. 2005. 

[6] Jonathan E Allen, Shea N Gardner and Tom R Slezak, 2008. DNA 
signatures for detecting genetic engineering in bacteria, 2008 

[7] Visualizing the Repeat Structure of Genomic Sequences, Nava E. 
Whiteford et al. (2008). 

[8] Adam M. Phillippy et al. Comprehensive DNA Signature Discovery and 
Validation, 2007. 

[9] Gary Hon, Wei Wang, Bing Ren. Discovery and Annotation of 
Functional Chromatin Signatures in the Human Genome. 2009 

[10] Adam M Phillippy Michael C Schatz and Mihai Pop. Genome assembly 
forensics: finding the elusive mis-assembly. 2008 

[11] Michael Robinson, Guangyuan Liu, Camilo Silva, Masoud Sadjadi, 
Hector Duran4 and Giri Narasimhan. Finding Repeats and Signatures in 
Genomic Sequences. ISBRA  May 2009. 

[12] Michael Robinson, S.S.Iyengar and Puneeth Iyengar Discovery and 

Annotation of Repeats, Signatures, and Patterns in Genomic Sequences. 

SBEC 2013 29th Southern Biomedical Engineering Conference. 2013 

[13] GenomePro Processing Genomic Files Of All Sizes, Michael Robinson. 

Technical Report FIU-SCIS-2015-01-20-1 January 2015  

[14] Discovering Unknown Genes, Michael Robinson, Technical Report 

FIU-SCIS-2015-01-20-3, January  2015   


