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ABSTRACT 


Nowadays , the demand for accurate and reli able automated genome annotation has increased 

significanily compared with tbe previous. Thi s automated genome annotation system is able to help 

biologist to get the accurate gene predictions and distribute ann otation data to th e biosciences 

community effectively. Besides, this web-based app lication are allowed biologist to perform genome 

annotation at anywhere and anytime as long as the devices have a web browser and intelllet access. 

furthennore, analyze and interpret the data into meaningful infonnation. Lastly, present the information 

in graph ical table or chart to gain insights on the organism of interest. 
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Chapter 1 

rntroduction 

1.1 rntroduction 

Genome annotation is the process of identifying the locati on of genes and all of the coding 

regions in a genome, besides detellnining what those genes do. Therefore, gene finding is the 

most imp0l1ant step fo r the genom e annotation. Gene finding is referring to the process of 

identifying the regions of genomic DNA that encode genes. Furthennore, protein-coding genes 

as well as RNA genes are also included, but it may also include prediction of other functional 

elements such as regulatory regions. 

In the past decade, the quality of automated gene prediction in a microbial organism has 

improved gradually. Oak Ridge National Laboratory has cooperated with University of 

Tennessee at yea r 2007 to develop a microbial gene find ing program name as 

Prodigal(Prokaryotic Dynamic Programming Genefinding Algorithm) in order to inc rease the 

number of correct identifications. both genes and all of the translat ion initiation sites for each 

gene, besides, reduce the overall number of false pos itives. At that moment, Prodigal has 

become the most popular microbial gene prediction algorithms throughout the wurld. 

Prodigal software is able to improve gene structure prediction, improve translation initiation 

site recognition, and reduced false positives. Moreover, it is abl ", to provide fast and accurate 

protein-coding gene prediction in GFF3, Genbank, or Seq uin table fonnat. Add itionall y, user 
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able to identi fy how Prodigal deal with gaps and has numerous options for allowin g or 

fo rbiddi ng genes to run into or span gaps. 

BLAST (Basic Loca l Alignment Sea rch Tool) program is used to compare prim ary biologica l 

sequence information such as amino-acid sequences of different proteins from the protein ftl e 

that generated by the Prodigal program. Then, it uses protein Gl query wi th the Blast2go 

database to get Gene Onto logy (GO). 

Therefore, the outcome of the project is to develop a web applicati on name as Microbial 

Genome Annotation Automated System (MiGaSys). MiGaSys provides a complete set of 

methods for biologist to perform the microbial genome annotation. Furthennore, MiGaSys are 

combined Prod igal and BLAST software to go through gene prediction and gene aJl1lotation. 

The figure below is the pipeline of the system. 

MiGaSys 
InputFASTA , 	 , 

Store Output fi lefil e Gene 
(Protein.GFFl Web Prediction 

Application 
OwnOutput 

Databaseprediction data Retrieve Protein 
Gene 

Select Protein file rumotation 
Store 
an notation data Outpu t annotation data 

Retrieve Gene informa tion 	 Blast2Go 
Database 

Figure 1.1 Pipeline of MiGaSys 
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1.2 Problem Statement 

Most of the existing method to perfOlm microbial genome annotation is in LINUX enviro nment, 

mainly the biologists are not fam iliar with the environment. Therefore, there is a need to have 

a Bioinfonnatics pipeline in generating automated gene prediction and annotation for 

prokaryotic organisms that can execute automated genome annotation through a web browser. 

Besides that , there is no integrated/systematic tool to perform the tasks. 

1.3 Objectives 


There have three main objective need to achieve at the end of the project: 


1. Develop an open-source gene prediction and gene annotation system using PHP. 

2_ Analyze and interpret the data into meaningfu l information, to be stored into database. 

3. 	 Retrieve data from database and present it in graphical table/chart to gain insights on 

the organisms of interest. 

1.4 ProceduresliVl ethodologies 

~;',-..........:.. . 

,'-"-" 
.,-~ ...' .._0,,, "'. 

Figure 1.2 \Va terfal! model 


A software process model is an abstract representation of a process and presents a description 


of a process from some particular perspective. Software process models are genera l approaches 
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for organizing a project into activities. Many methodologies have been developed and also been 

introduced, hence, there are many software development methods nowadays such as waterfall 

model, spiral model, and component-based software engineering. This microbial genome 

annotation automated system will develop by using Waterfall model software development 

methodology. 

• 	 Requirement Analysis 

All the requirement will be identitled and recorded. Besides, some of the possible 

solutions to the problem are determined. 

• 	 System Design 

When the requirement had been identitled, a suitable system is designed. The proposed 

system will meet all the requirement. 

• 	 Implementation 

The system will be impl=ented. 

• 	 Identify defects & resolve bugs 

Once the system done developed, the system will test ro reveal any bugs and enors. 

After that solve the bugs and enors that occur in the system. 

• 	 Operation and maintenance 

To improve and perfonnance or other attributes. 
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1.5 Scope 

The target of group in this proj ect is Biologist. Looking at valious open source Bioi nformatics 

tools to analyze microbial genes. BenefIt all aspects of biological research whereby identify the 

key features of the genome. 

1.6 Project Significance 

The demand for accurate and reliable automated genome annotation has increased significantly 

compared with the previous. This automated genome annota tion system is able to heJp biologist 

to get the accurate gene pred ictions and di stlibute annotation data to the biosciences community 

effectively. 

1.7 Project Schedule 

Refer to appendix I. 

1.8 Expected Outcom e 

At the end of the project, user able to use thi s system at anywhere and anytime. Besides that, 

perfonn the microbial genome annotation wi thout Linux enviro nment. Th irdl y, the user has 

user fri endly interface to perfonn microbi al genome annotation. Lastl y, data easil y exportable 

in various fonnat. 
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Chapter 2 

LITERATURE REVIEW 


2.1. Introduction 

This chapter focuses on explaining some of the general knowledge in biology. An overview 

about the process of mi crobial genome annotation. R(wiew of several existing systems to 

understand the features , strengths and weaknesses of these system s. Follow by review the 

development tool that will apply in this web application. 

2.2. General Biology Knowledge 

2.2.1 Prokaryotes and Eukaryotes cell 

In this planet, all the living organisms and microorganisms can be class ified into two groups , 

prokaryotes and eukaryotes (Klappenbach, n.d. ). These two groups have their own fundamental 

structure of cell s. Pro karyotes is the single -cell ed organisms that without membrane-bound 

nucleus or allY membrane-encased organelles. Most of the prokaryotes IS made up of single cell 

(unicellul ar) but there also have few is made of collection of cel ls (multicellular). The 

Deoxyribonucleic Acid (DNA) in prokaryotes is less structure than eukaryotes is because the 

genetic material DNA is not bound within a nucleus. Scientist had divided the prokaryote into 

two groups, whi ch is Bacteria and the Archaea. On the other hand, the eukaryotes is the 

organism which contains nucleus and membrane-encased organelles. The material DNA in 

eukaryotes is contained within a nucleus within the cell and DNA is organized into 

chromosomes. Eukaryoti c organisms may be multicellular (Animal) or single-celled organisms 
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(Plants and fung i). Figure 2.1 shown below is the di fferences between eukaryotic and 

prokaryoti c cell. 

Ellkaryotic Cell Prokaryotic C ell 

Nucleus Present Absent 

Number of chromosomes More Lhan one One- but not true 

chromosome: Plasmids 

Cell Type Multicellular Unicellul ar 

True Membrane bound 
Nucleus 

Present , Absent 

Example Anim als and Plants 
.. 

Bacteria and Archaea 

Cell size IO- I OOum 1-1 0um 

Table 2.1: The diffe r ences between eukaryotic aud prokaryotic cell 

2.2.2 DNA, Genes, Genomes and Genome Annotation 

Deoxyribonucleic acid (DNA) is th e chemical compound that encodes the genetic instruction 

needed to develop and direct the acti vities of nearl y all li ving orga ni sms. DNA is a long polymer 

made from repeating units call ed nucleotides. According to the Saenger (198 .. ). each DNA 

strand is made up of four chemical uni ts, adenine (A), thymine (T), guanine (G) , and cytosine 

eC) which called nucleotide bases. According to the opposite strands palr spec ifi cally, a A will 

al ways pair with a T while a C will always pairs with a G. The ord er of the nucleotide base has 

a diffe rent meaning of the informat ion encoded in the part of th e DNA molecul e. The genome 

is an organism's complete se t of DNA. Every single cell in Our body contain approximatel y 3 

billion DNA base pair, or letters, that make up the hum an genome. 
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DNA sequencing is the method to detennine the exact order of the bases in a strand of DNA. 

Shotgun (Sanger) and high-throughput (Next-generation) sequencing had become the two 

broad categories to do the DNA sequencing. However, high-throughput sequencing had been 

overtaken the shotgun sequencing technology. According to Hall (2007), thi s is because high

throughput sequencing provide high demand for low-cost sequencing, bes ides that high

throughput sequencing technologies that parallelize the sequencing process, therefore able to 

produce thousands or millions of sequences at once. 

According to Stein (2001), value of the genome is only as good as once it had been annotated . 

Annotation is the bridges that connect the sequence and the biological organism. The main 

objective of annotation is to identify the key features of the genome, the function abo ut genes 

and their products. Followed by attaching infollnation to the sequences. Genome annotation 

consists of three main steps. First step is to identify portions of the genome that do not code for 

proteins. Second step is to identify elements of the genome, the process called gene prediction 

and the last step is attaching biological infollnation to the element. 

Gene prediction or gene finding is one of the first and the most important p rocess In 

computational biology. The main purpose of gene prediction is to identify ti e regions of 

genomic DNA that encode genes. This includes protein-coding genes as well as RNA genes , 

bu t also include prediction of other functional elements such as regulatory regions. Figu re 2.2 

shown the generic process for bacterial genome annotation. 
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Figure 2.1: A generic process for bacterial genome annotation 
Source: http ://b/b.oAjordjournals. org/conlenl/early/20 12/03/08/b/b. bbsOO 7full 

2.2.3 BLAST: Basic Local Alignment Search Tool 

BLAST is an algorithm for finding regions of loca l similality betwc,en sequences . BLAST will 

compare primary biological sequence information, such as nucleotide o r protein sequences to 

sequence databases and identi fy the stati stical significance of matches. Besides that, BLAST 

able to show functional and evolutionary relationships between sequences, an, able to help 

identify members of gene families. 

In addition , BLAST accept the sequence in FASTA or Genbank fonnat or Accession Number 

(GI number). or number is created by NCB! which is a selies of digits that assigned 

consecutively to each seq uence reco rd . Where th e output can be del ivered in a variety of 

formats. These formats include HTM L, plain text and XML formatt ing. 

9 
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2J Existing Systems 

2.3.1 AGeS: A Software System for Microbial Genome Sequence Annotation 

AGeS is the Annotati on ofmicrobial genome sequences that developed as a standalone software 

applicati on, which incorporates with the in-house Bioinformati cs tools and database. User can 

install thi s software on Linux computer or a Linux cluster. The reason of develop ing into a 

standalone app licati on is because annotation of genomes from next-generation sequencing 

required fast, high-throughput, and full y integrated and automated. Besides that, standalone 

application able to provide the best so lution for researchers that need to annotate a large nu mher 

ofgenomes and store the output locall y fo r further analysis. 

AGeS system was designed to support three main capahilities . The firs! is all the FASTA fomlat 

and resulting annotati on data will store in the central database and contain an easy-to-use 

graphical user interfaces (GU Is) for user to manipulation and perfonned visualization steps. 

The second is using the integrated software pipeline do the microbial genome annotation. Use 

Do-It-Yourself Annotation (DIY A) fram ework to anal yze sequence contigs and locates 

genomic regions that code for proteins, RNAs, and other genomic elements. A fter that , using 

an in-house-developed high-throughput pipeline, the Pipeline for Protein Annotation (PIP ) to 

identi fy and annotate protein-coding regions. The third capabili ty is using open-source genome 

browser GBrowse to do the vi sualization of annotated sequences. 

10 




Figure 2.2: AGeS system architecture 

Source: !JlIp:llwww.ncbi.nlm.nih.govlpubmedI21408217 

The figure 2.3 shown the system architecture of AGeS. AGeS server provide the easy-to-use 

GUI access ible via a web browser, an embedded relational database management system for 

storing sequences and other job-related data, and a high-throughp ut software pipeline fo r the 

aTU1otation of input genomes. AGeS server allow multiple users to access the AGeS GUT by 

using the web browsers. The AGeS provide three functions fo r user. 

J. Sequence management for uploading and manipu lati ng genomic sequence and their 

properties. 

2. Job submission for running the annotation pipe line. 

3. Graphical visualization of the annotated sequence with GB rowse. 
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The workflow manager module in AGeS server is to guide the entire lifecycle of the user" s job, 

starting from the upload of an input sequence and ending with the v isualization of the annotated 

sequences. The annotation pipeline is the AGeS standal one app lication that initiated by the 

workflow manager when user 's request and runs in batch mode on the Linux cluster to achieve 

high throughput. There have two options for user to obtain their annotation result. First is 

bookmarking the result page and loading it back at a later time. Second is providing an e-mail 

address for automated notification once the annotation ,completed . After the completion of 

annotation, the annotation result will stored within a user's sess ion. Therefore, user able to vi ew 

it by using GBrowse or download it as GenBank file , 

£ t 'd SMf'S/5()(U:b t. Mr. 2 7 P.1%7 , • ott. c' ,.. r'
1
I 

fI~lon "r Chr~ 
"" .. ,b r .ZII CI . ;,' 0) ~., o.~ a.to; l.~ ~ ~,t:; L~ 1 . 1 ~ 1.n1 1. '" 1.4t , ~ I. .., ,.'" ~ . "" L!Ir ,:1! 

RecOMl>j"",U on hot~POl r. 

_ _ _=II.~~T'..:L=-!.... ~ _ ... _ ' t! ' ) 'M' ______. _ ... _ . JLI. ..~ 

£ nt....,,,, ._ 

:----- -....n't'_--f''"1''t..-....,o...~~~-----------------

l-H .... ,IC. 
oon", "" ~.39' · - - '. -
DIIR/GC COflumt 

hr--~"'"W~~·"'\/\~·/~v./\.~'\../'V'.....•.._r/\~~.J\IU 

Figure 2,3: Annotation result in GBrowse 

Source.' hup.//gmod.org/wiki/GBrowse 
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2.3.2 BASys: a web server for automated bacterial genome annotation 

BASys (Bacteria Annotation System) is the web application that perform autom ated, in-depth 

annotation of bacterial genomic example chromosomes and plasmid sequences. BASys not a 

single program or software that run the automated bacterial genome anno tation . It is usin g more 

than 30 programs to determi ne approx imately 60 annotati on subfields for each gene, there 

includ ing gene/protein name, GO function and so on. 

BASys allow the anon ymous and login user access , monitor and retrieval of genome annotation. 

The anonymous user is onl y allowed to summit single chromosome for annotation , the system 

will email the anonymous user a secure URL to monitor the progress and retrieve their 

annotation once completed. On the other hand, registered user can submit multiple 

chromosomes and plasmid annotation and monitor them at the same time. BASys prov ided 

fro nt-end web interface for user submitting the raw genomic data in FASTA fOlmat that need 

go through the annotation process. After that the annotation engine will analyze the 

chromosome data and generating the annotations. Lastl y, interpret the full annotation genome 

inform ation into the various graphics, HTML and textual output. 
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