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Gene Structure and Prediction 
 

The aim of the gene prediction is to identify regions of genomic DNA that encode proteins. 

It is based on the statistical analysis of sequence bias in genomic coding regions. Many of 

the gene finding programs is similarity-based, i.e. sequence similarity at protein or 

nucleotide level to known proteins or Expressed Sequence Tags (EST) to identify the 

genome regions likely to be protein coding. If a region has a similarity to a known EST or 

protein, it provides support that the region likely encodes an exon.  

 

Gene structure 

A gene is a segment of DNA that is expressed to form a functional product like an RNA or 

a polypeptide. It is the unit of heredity in living organisms and normally resides on a stretch 

of DNA that codes for a type of protein or for an RNA chain that has a function in the 

organism. All living things depend on genes, as they specify all proteins and functional 

RNA chains. Genes hold the information to build and maintain an organism's cells and pass 

genetic traits to offspring, although some organelles (e.g. mitochondria) are self-replicating 

and are not coded for the organism's DNA. 

 

The process of genetic transcription produces a single-stranded RNA molecule known as 

messenger RNA, whose nucleotide sequence is complementary to the DNA from which it 

was transcribed. The DNA strand whose sequence matches that of the RNA is known as 

the coding strand and the strand from which the RNA was synthesized is the template 

strand. Transcription is performed by an enzyme called an RNA polymerase, which reads 

the template strand in the 3' to 5' direction and synthesizes the RNA from 5' to 3'. To 

initiate transcription, the polymerase first recognizes and binds a promoter region of the 

gene. Thus a major mechanism of gene regulation is the blocking or sequestering of the 

promoter region, either by tight binding by repressor molecules that physically block the 

polymerase, or by organizing the DNA so that the promoter region is not accessible. 

 

 
 

 

Gene prediction methods: 

There are several methods of gene prediction, differing in the approach, algorithm, and the 

efficacy of protein prediction methods. Important methods of gene prediction are as 

follows: 
 

 Laboratory-based approaches 

 Feature-based approaches 

 Homology-based approaches 

 Statistical and HMM-based approaches 
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(I) Laboratory-based approaches  

It is a traditional method to find a gene, which includes experimental procedures for 

locating genes in a sample of DNA. There are many techniques to identify gene as follows: 

(a) Southern Blotting- for DNA 

(b) Northern Blotting- for RNA 

(c) Western Blotting- for Protein 

(d) S1 nuclease mapping-for the identification of 5’-end of the gene  

(e) Primer extension-used to map the 5’ ends of DNA or RNA fragments. 

(f) Exon trapping- also called exon amplification is used to find expressed DNA 

sequences in a genome sequence and is based on selection for functional splice sites 

in genomic DNA. 

(g) RT-PCR-It is used to detect the RNA transcript of any gene. 

(h) In situ hybridization-It is used for the localization of specific mRNAs in cells or 

tissues.  

 

(II) Feature-based approaches 

Feature-based approaches are based on pattern recognition, treating DNA fragments as 

sequences. 

(a) Gene finding by ORF prediction- It is a DNA sequence that contains a start codon and a 

stop codon in the same reading frame. ORF is supposed to be a gene which encodes a 

protein, but in some cases encoded protein for ORFs are not known. The start-points and 

end-points of a given ORF are not equivalent to the ends of the messenger RNA (mRNA), 

but the ends of the ORF are usually contained within the mRNA's sequence. 

 

There are many online tools are available for finding the ORFS like: 
 

(i) ORF  Finder from NCBI Toolkit 

It identifies all possible ORFs in a DNA sequence by locating the standard and alternative 

stop and start codons. The deduced amino acid sequences can then be used to BLAST 

against GenBank. ORF finder is also packaged in the sequence submission software Sequin. 

 

 
 

Steps to perform 

1.  Sequences can be pasted or also enter accession /GI id and followed by the selection of 

region from where to where an ORF has to be identified. 
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2.  And finally click on orfFind 

 

 
 

3.  Output File: 

 

 
 

 

 

(ii) SIX FRAME from Biology Workbench 

SIX FRAME from Biology Workbench produces translations of nucleic acid sequences. 

The resulting translations further selected individually and imported into the Workbench 

under Protein Tools. SIXFRAME accepts nucleic acid sequence containing only the 
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IUPAC nucleotide abbreviations a,c,g,t, and u. SIXFRAME Translations indicate stop 

codons with asterisks (*).  

 

Steps to perform 

1. Select Nucleic Tools from default session. 
 

 
 

1. 2. After choosing the query sequence followed by clicking on SIXFRAME and then ‘Run’ 

button is to be clicked. 
 

 
 

3. Finally get the parameter window as shown below: 

 

 

Parameters: 

 Translation Tables: Many different organism-specific translation tables are available.  

 Translation Parameters: All parameters are sequence specific. 

 Start Translating at: Defines the first nucleotide residue to be included in the translation. 

 Stop Translating at: Defines final nucleotide residue to be included in the translation 
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 Frame to Translate:  Defines the translation frames to be used. Options include: 

Each individual frame (1 - 6), the three (3) forward frames, the three (3) reverse frames, 

and all 6 translation frames. 

4. Run as Batch: Selecting this checkbox submits the FASTA search as a batch job to 

be run in the background. This means that the results will not be immediately returned and 

allows the user to end their session and retrieve the search results at a later time during 

another session. When batch results are available, the user may retrieve them using the 

"Retrieve BATCH Output" tool on the protein or nucleic acid tools pages. 

5. Submit: Submit search. 

View Last Run: Appears in tools which have previously been used and for which previous 

results remain available and allows user to view the results from their most recent analysis 

with this tool. 

Abort: Returns to Main Tools page without performing database search 

 

 
 

6. After submitting an output file has been generated. 

 

 



 6 

 
 

(iii) Six Frame translations by BioEdit: 

It is a biological sequence alignment editor written for Windows 95/98/NT/2000/XP.  An 

intuitive multiple document interface with convenient features  makes alignment and 

manipulation  of sequences relatively easy on your desktop computer.    Several sequence 

manipulation and analysis options and links to external anaylsis programs facilitate a 

working environment which allows you to view and manipulate sequences with simple 

point-and-click operations 
 

Steps to perform 
 

1. Select sequence title  

2. Select sequence 

3. Select nucleic acid  

4. Six-Frame translation, and choose frames. 
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(iv) GRAIL:(Gene Recoginition and Analysis Internet Link 

GRAIL is one of the most widely used ORF identification tool )-(http://compbio.ornl.gov/ 

Grail-1.3/). It provides analysis of protein coding potential of a DNA sequence. GRAIL 

uses variable length windows tailored to each potential exon candidate defined as an ORF 

bounded by a pair of start/donor, acceptor/donor or acceptor/stop sites. Besides, Grail II 

helps in analyzing protein-coding regions, poly(a) sites, and promoters, enables to construct 

gene models, predicts encoded protein sequences, and provides database-searching 

capabilities. 

 

(III) Homology-based approaches 

Eukaryotic genes are more difficult to identify than of the prokaryotes. Searching for 

known homologous is the most widely used method for identifying genes. Homology 

search depends only on the evolutionary relatedness, and so are widely applicable. A major 

advantage of finding homologous product is that some of the information about the gene 

may be already known. 

Search for genes can include matches to one of the following: 
 

- Known proteins 

- Protein Motifs  

- ESTs (Expressed Sequence Tags) & ACRs (Ancient Conserved Regions) 

Homology-based gene prediction system can find similarities to previously identified 

coding regions. Alternatively, a different Homology-based approach is to identify totally 

unknown genes to compare two whole genomes and look for conserved regions. Tblastx-is 

one of the tools available for finding coding regions. It searches and translate either query 

sequences or databases from nucleotides to proteins so that protein - nucleotide sequences 

can be performed. It also converts a nucleotide query sequence into protein sequences in all 

6 reading frames and then compares this to an NCBI nucleotide database which has been 

translated on all six reading frames. The approach to this problem is to translate the 

sequence in all six reading frames (3 forward and 3 reverse) and do a similarity search 

against the protein databanks. If a protein sequence matches, it gets its DNA sequence and 

align it with the unknown sequence. The start and stop codons would then get identified. If 

the query sequence were genomic, then the introns would also be identified.  

 

(IV) Statistical and HMM-based approaches 

Hidden Markov Model  (HMMs) for gene prediction can be developed by using simplified 

gene grammar rules like start codon, end codon, length is divisible by 3 and no stop codons 

in the reading frame. Some HMM based tools available for finding gene prediction are: 

 

(i) HMMgene (http://www.cbs.dtu.dk/services/HMMgene/): HMMgene is a program for 

prediction of genes in anonymous DNA. The program predicts whole genes, so the 

predicted exons always splice correctly. It can predict several whole or partial genes in one 

sequence, so it can be used on whole cosmids or even longer sequences. HMMgene can 

also be used to predict splice sites and start/stop codons. If some features of a sequence are 

known, such as hits to ESTs, proteins, or repeat elements, these regions can be locked as 

coding or non-coding and then the program will find the best gene structure under these 

constraints. The program is based on a HMM, which is a probabilistic model of the gene 

http://compbio.ornl.gov/%20Grail-1.3/
http://compbio.ornl.gov/%20Grail-1.3/
http://www.cbs.dtu.dk/services/HMMgene/
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structure. This means that all predictions have associated probabilities that reflect how 

confident it is in the predictions. Apart from reporting the best prediction, HMMgene can 

also report the N best gene predictions for a sequence. This is useful if the there are several 

equally likely gene structures and may even indicate alternative splicing.  

 
 

HMMgene takes an input file with one or more DNA sequences in FASTA format. It also 

has a few options for changing the default behavior of the program.The output is a 

prediction of partial or complete genes in the sequences. The output is in a standardized 

format that is easily read by other programs, which specifies the location of all the 

predicted genes and their coding regions and scores for whole genes as well as exon scores. 

Steps how to perform: 

(1) Sequences can be pasted in a given space with a plain fasta format or can also be loaded 

with a file by browsing option and followed by selecting the organism name. 

>SEQ1 Any text following the identifier is ignored 

TCATTGTATCAGAAAGATAAAGAAAAAATAATCGTATTTCAGTACTTCTATACATCCTAAAAGGGAAGAC 

GGAACACTTAAGTGGTTGATAAATTTGAAAAGCTGATTAAACATAATAATCACCATGTTGGGGGAAGACA 

TAAAAGTCATAAAACAGATTTTTTATAATATTAAAAAAGTGACATGAAAATTATACAATTTTAGAAAGGA 

ATATAAAAAGGCAGGAGTTAAAAAATAGTGGGACTAATATCATAGAAAACTATCCATGAGGAAGGTCAAA 

TTTATTTTCAACATGTAAAAAGGATAAAGAGTAGAGGTATTTTAAAAATTCACAGATTCTTAATGAGGCA 

AATGTTAAAATATGGAACCCAATCTCAGACAAATACATAGAAAGGAGTAAGGGCCAACTCTCATGCATAA 

GGTATCCCATCCTATAGCAAATCAGATATATAGGTACGCTTGA 
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(2) After submitting the sequence an output file will generate like as shown below: 
 

 
 

Output Interpretation: 

The output of the program is in GFF format, which is a sequence annotation format 

developed with gene finding.  

Note: The HMMgene only predicts coding regions. That is, the first exon (`firstex' below) 

is only the coding part of the first coding exon and similarly for the last exon (`lastex' 

below). Below a `gene' therefore means the region of the gene from start to stop codon.  

(ii) GENSCAN- It is an online program to identify complete gene structures in the   

genomic DNA. It is a HMM based gene finder. The Web server at the MIT can be found at: 

http://genes.mit.edu/GENSCAN.html. 

 

 
 

It is a program to predict complete gene structures. GENSCAN can be used to identify 

introns, exons, promoters sites, polyA signals, etc. It uses three-periodic fifth-order Markov 

model of coding regions. The algorithm can assign a probability as to the chance that a 

given sequence represents an exon or an intron.  

http://genes.mit.edu/GENSCAN.html
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Steps to perform: 

(1)  The DNA sequence is to be pasted in the space provided the input file can be uploaded 

by using the browsing option. 
 

 
 

(2)  While pasting the sequence, the required parameters are to be filled or selected and the 

after setting all the parameters click on the Run GENSCAN button is to be clicked, and 

then it will generate an output file as shown below 

 

 
 

(3)In the result file, it will show the predicted genes/exons and simultaneously it will 

provide all the information of the predicted genes like, beginning coordinate and end 

coordinate, length of the predicted gene. It will also give the sequence of the predicted 

genes too.  

 

 
 

(ii)  FGENESH- It is HMM-based gene structure prediction tool. It can be used for the 

multiple genes and for both of the chains It is the fastest (50-100 times faster than GenScan) 

and most accurate gene finder available at http://www.softberry.com/berry.phtml?topic= 

fgenesh&group=programs&subgroup=gfind 

http://www.softberry.com/berry.phtml?topic=%20fgenesh&group=programs&subgroup=gfind
http://www.softberry.com/berry.phtml?topic=%20fgenesh&group=programs&subgroup=gfind
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Steps to perform: 

(1)  The nucleotide sequence is to be pasted the space provided or the file can be uploaded 

also.It can be used with the parameters given for the following genomes like: human, 

mouse, Drosophila, nematode, dicot plants, monocot plants, yeast (S.pombe) and 

Neurospora. 
 

 
 

 

(2)  After giving the input file and selecting the organism type just Submit button is to be 

clicked  

 
 

(3) After submitting the input, it will generate an output file like as shown below: 
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Output file 

It will show the sequence name, length of the sequence, number of the predicted genes, 

number of the exons, positions of the predicted genes and exons, strand location, start and 

end position of the genes and exons, score of the matrix and the ORF of the genes. It  will 

also show the sequence of the predicted genes. 

 
 

 
 

The output file in PDF format can also be downloaded. 
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Other Gene prediction associated tools: 

 

(1) Poly-A site prediction: 

HCpolyA is used for Poly-A Site prediction using Hamming Clustering Method on the 

webGene server. It is a tool for prediction and analysis of protein-coding gene structure. It 

is a Hamming-Clustering method for poly-A signals prediction in 3' regions of eukaryotic 

genes. The website is available at the server http://zeus2.itb.cnr.it/~webgene/ 

wwwHC_polya_ex.html 

 

 
 

http://zeus2.itb.cnr.it/~webgene/%20wwwHC_polya_ex.html
http://zeus2.itb.cnr.it/~webgene/%20wwwHC_polya_ex.html
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(2)  TATA siganalling, promoter & trans-factor bind site prediction: 

HCtata is a similar tool using Hamming-Clustering Method for TATA Signal prediction in 

Eukaryotic Genes. The website is available at the server 

http://zeus2.itb.cnr.it/~webgene/wwwHC_tata_ex.html  

 

 
 

 

(3) MatInspector- It Searches sequence for Transcription Factors.The website is available 

at the server  

( http://www.genomatix.de/online_help/help_matinspector/matinspector_help.html) 

 

 
 

(4) Signal Scan- It is used to find and list homologies of published signal sequences with 

the input DNA sequences. The website is available at the server  

(http://www-bimas.cit.nih.gov/molbio/signal/) 

 

 

http://zeus2.itb.cnr.it/~webgene/wwwHC_tata_ex.html
http://www.genomatix.de/online_help/help_matinspector/matinspector_help.html
http://www-bimas.cit.nih.gov/molbio/signal/
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(5) Tfsitescan- This tool is intended for promoter sequence analysis and works best with 

sequences of ~500 nucleotide. 

 

 
 

 

(6) Splice site prediction-Genefinder is a tool for exon prediction (http://rulai.cshl.org/ 

tools/genefinder/), which predicts exon by finding the splicesites(Exon-intron) boundaries. 

 

 
 

 

(7) Repetitive DNA & CpG island (confirm after checking) analyses: 

RepeatMasker2 (http://ftp.genome.washington.edu/) used for analysis of Repetitive 

element in DNA sequences. RepeatMasker screens DNA sequences in fasta format against 

a library of repetitive and returns a masked query sequences ready for database searches as 

well as a table annotataing the masked regions.  

 

 

http://ftp.genome.washington.edu/
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(8) tRNA gene prediction-tRNAscan is used for genomic tRNA identification 

(http://lowelab.ucsc.edu/tRNAscan-SE/). 
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