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CATEGORIES OF GENE PREDICTION 
PROGRAMS

The current gene prediction methods can be classified into two 
major categories,
 ab initio-based and 
 homology-based approaches. 



PROKARYOTIC GENE PREDICTION

How to pick a threshold length that will provide us with 
believable ORFs as candidate genes?

Through decades of research and development, much progress 
has been made in prediction of prokaryotic genes. 

A number of gene prediction algorithms for prokaryotic 
genomes have been developed with varying degrees of 
success. Algorithms for eukarytotic gene prediction, however, 
are still yet to reach satisfactory results. 



Simple gene structure
Overlapping genes



ORF FINDER



ORF FINDER



DETECTING SPURIOUS SIGNALS: 
HYPOTHESIS TESTING

We consider the data (e.g. an ORF of a certain 
length) to be significant when it is highly unlikely 
under the null model. 

We can never guarantee that the data are not 
consistent with the null, but we can make a 
statement about the probability of the observed 
result arising by chance (called a. p-value).



COMPUTING A P-VALUE FOR ORFS.

Imagine a random process generating a sequence of DNA, and let 
us ask the probability of this process generating an ORF by 
chance.

If all nucleotides are emitted with the same probability we 
can easily estimate the probability of observing a stop codon in 
a given reading frame. 

We are really computing the probability of seeing a stop codon, 
conditioned on seeing a start codon in the same frame, by chance.



THE GENETIC CODE



COMPUTING A P-VALUE FOR ORFS.
What is the probability of picking one of the stop codons? 
It is the sum of their probabilities: if the distribution of codons is 
uniform, it will be 3/64, versus a 61/64 probability of picking a non-stop 
codon (since there are 64 possible codons, three of which are stop 
codons).
So the probability of a run of k  non-stop codons following a start 
codon is

P(run of k non-stop codons)= (61/64)k.
Setting α=0.05, we can easily estimate the minimum acceptable ORF 
length. Since

(61/64)62 = 0.051
discarding all ORFs of length k < 62, we will remove 95% of the 
spurious ORFs.



AB INITIO-BASE PROKARYOTES

The ab initio-based approach predicts genes based on the given 
sequence alone. 
It does so by relying on two major features associated with genes. 

 The first is the existence of gene signals, which include start 
and stop codons, intron splice signals, transcription factor binding 
sites, ribosomal binding sites, and polyadenylation (poly-A) sites. 
In addition, the triplet codon structure limits the coding frame 
length to multiples of three, which can be used as a condition for 
gene prediction. 





AB INITIO-BASED

The second feature used by ab initio algorithms is gene 
content, which is statistical description of coding regions.
It has been observed that nucleotide composition and 
statistical patterns of the coding regions tend to vary 
significantly from those of the noncoding regions. The unique 
features can be detected by employing probabilistic models 
such as Markov models or hidden Markov models  to help 
distinguish coding from noncoding regions.
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PERFORMANCE EVALUATION

The accuracy of a prediction program can be evaluated using 
parameters such as sensitivity and specificity. 

To describe the concept of sensitivity and specificity accurately, four 
features are used: 
 true positive (TP), which is a correctly predicted feature; 
 false positive (FP), which is an incorrectly predicted feature; 
 false negative (FN), which is a missed feature; and 
 true negative (TN), which is the correctly predicted absence of a 
feature.





PERFORMANCE EVALUATION

Using these four terms, sensitivity (Sn) and specificity (Sp) can be described by the 
following formulas:

According to these formulas, sensitivity is the proportion of true signals predicted among 
all possible true signals. It can be considered as the ability to include correct predictions. 

In contrast, specificity is the proportion of true signals among all signals that are 
predicted. It represents the ability to exclude incorrect predictions. 



PERFORMANCE EVALUATION

Because neither sensitivity nor specificity alone can fully describe 
accuracy, it is desirable to use a single value to summarize both of 
them. In the field of gene finding, a single parameter known as the 
correlation coefficient (CC) is often used, which is defined by the 
following formula:



PERFORMANCE EVALUATION

The value of the CC provides an overall measure of accuracy, which 
ranges from -1 to +1, with +1 meaning always correct prediction and 
—1 meaning always incorrect prediction.



GENE PREDICTION IN EUKARYOTES

Eukaryotic nuclear genomes are much larger than 
prokaryotic ones, with sizes ranging from 10 Mbp to 670 
Gbp (1 Gbp = 109 bp). 

They tend to have a very low gene density. In humans, for instance, only 
3% of the genome codes for genes, with about 1 gene per 100 kbp on 
average. The space between genes is often very large and rich in repetitive 
sequences and transposable elements.



GENE PREDICTION PROGRAMS

To date, numerous computer programs have been developed for identifying 
eukaryotic genes.

They fall into all three categories of algorithms: ab initio based, homology 
based, and consensus based. 

Most of these programs are organism specific because training data sets for 
obtaining statistical parameters have to be derived from individual organisms. 

Some of the algorithms are able to predict the most probable exons as well as 
suboptimal exons providing information for possible alternative spliced 
transcription products.
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GENE PREDICTION IN EUKARYOTES

The nascent transcript from a eukaryotic gene is modified in three 
different ways before becoming a mature mRNA for protein translation.
The first event  is capping at the 5' end of the transcript, which involves 
methylation at the initial residue of the RNA. 

The second event is splicing, which is the process of removing introns 
and joining exons. The molecular basis of splicing is still not com pletely 
understood. What is known currently is that the splicing process involves a 
large RNA-protein complex called spliceosome.

The third modification is polyadenylation, which is the addition of a 
stretch of As (~250) at the 3' end of the RNA.



GENE PREDICTION IN EUKARYOTES
The main issue in prediction of eukaryotic genes is the 
identification of exons, introns, and splicing sites. 

From a computational point of view, it is a very complex and 
challenging problem. 

Because of the presence of split gene structures, alternative 
splicing, and very low gene densities, the difficulty of finding genes 
in such an environment is likened to finding a needle in a haystack. 
The needle to be found actually is broken into pieces and scattered 
in many different places. The job is to gather the pieces in the 
haystack and reproduce the needle in the correct order.



GENE PREDICTION IN EUKARYOTES

The good news is that there are still some conserved sequence 
features in eukaryotic genes that allow computational prediction. 

For example, the splice junctions of introns and exons follow 
the GT-AG rule in which an intron at the 5' splice junction has a 
consensus motif of GTAAGT; and at the 3' splice junction is a 
consensus motif of (Py)12NCAG 
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 > 1 90 82 _AF1 15 3 99

 GGATCGACCCTg taag tt tt

 > 4 53 28 _AB0 0 03 8 1

 GCGCGCTCAGTg taagt atc

 > 4 53 28 _AB0 0 03 8 1

 AATCTCCATTCg taag tacc

 > 4 53 30 _AB0 0 15 1 7

 ACTGGACGCTGg taag gact

 > 4 53 31 _AB0 0 15 1 7

 TCGCTTACCGGgt gagcgcg

 > 4 53 31 _AB0 0 15 1 7

 GACCTTAAAAAg taag tatg

 > 4 53 31 _AB0 0 15 1 7

 CGTCGATGAAGg tact tg cc

 > 4 53 31 _AB0 0 15 1 7

 CCTGATGGCAGgt aagg gg g

 > 4 53 31 _AB0 0 15 1 7

 GATGACTCCAGg tg cg gcct

 > 4 53 31 _AB0 0 15 1 7

 ACAGCCTGGACg t at gtccc

 > 4 53 31 _AB0 0 15 1 7

 CGGCTGGCCAAg tag g tct c

 > 4 53 31 _AB0 0 15 1 7

 CACTCCCTGAGg taagcctt

 > 4 53 31 _AB0 0 15 1 7

 TGGCTGTTCAGgt tt gt ccc

 > 4 53 31 _AB0 0 15 1 7

 ACGACGGCAAGg tagg ct cc

 > 4 53 31 _AB0 0 15 1 7

 GACCTTCACAGg tg atgt tt

 > 4 53 31 _AB0 0 15 1 7

 GGCTCCTTGATg taagcacc

 > 4 53 31 _AB0 0 15 1 7

 GACCTCTGATGgt gagcacg

 > 4 53 31 _AB0 0 15 1 7

 GCCAAGGGGAAgt g ag tgt c

 > 4 53 31 _AB0 0 15 1 7

 ACGCCATGGAGgt gagccg c

 > 4 53 31 _AB0 0 15 1 7

 CGTCAGGAAAGg tg ag cag a

 > 4 53 31 _AB0 0 15 1 7

 CTCTCCCACTGgt gagcact

 > 4 53 31 _AB0 0 15 1 7

 CAGGGGCGAGAg tg ag tt gg

 > 4 53 31 _AB0 0 15 1 7

 CTGAAGTCCAGg tag ag gg t

 > 4 53 31 _AB0 0 15 1 7

 CTGTCGAAACTg tacg tg tg

 > 4 53 32 _AB0 0 15 1 7

 GGGTCGCGCTGg tg ag tgg a

 > 4 53 32 _AB0 0 15 1 7

 GAGGCCTCGGCg t aagtcct

 > 4 53 32 _AB0 0 15 1 7

 GGCGAGAGCAGg tg tg gg g g

 > 4 53 32 _AB0 0 15 1 7

 GCTAAAAACCTg tg cgtatt

 > 4 53 32 _AB0 0 15 1 7

 AAGCCCATCGGg tg t gtaca

 > 4 53 33 _AB0 0 15 1 7

 GGGTCGCGCTGg tg ag tgg a

 > 4 53 33 _AB0 0 15 1 7

 GAGGCCTCGGCg t aagtcct

 > 4 53 33 _AB0 0 15 1 7

 GGCGAGAGCAGg tg tg gg g g

 > 4 53 33 _AB0 0 15 1 7

 GCTAAAAACCTg tg cgtatt

 > 4 53 34 _AB0 0 15 2 3

 CATCGTCACCTgt gagt gcc

 > 4 53 34 _AB0 0 15 2 3

 GAATGGAGAAGg tatg ag tt

 > 4 53 34 _AB0 0 15 2 3

 CAGAGTGCTGTgt gagt acc

 > 4 53 34 _AB0 0 15 2 3

 CAGAGTGACAGg taagt gt a

 > 4 53 34 _AB0 0 15 2 3

 TCATGGTTCAGg tactt gac

 > 4 53 34 _AB0 0 15 2 3

 CGGGGCCGGGGgt g ag tag t

 > 4 53 34 _AB0 0 15 2 3

 AGCTCTTAGAAgt gagt cg g

 > 4 53 34 _AB0 0 15 2 3

 CCACAGAAAAGg tg cctacc

 > 4 53 34 _AB0 0 15 2 3

 ACCAGAAACAGgt acttt tt

 > 4 53 34 _AB0 0 15 2 3

 AACACTACTTAg taag tatt

 > 4 53 34 _AB0 0 15 2 3

 GAGTTTTACATg taat tg at

 > 4 53 34 _AB0 0 15 2 3

 CAAATTGAAAAg tat ccttt

 > 4 53 34 _AB0 0 15 2 3

 AGACAGCCCAGg taag acca

 > 4 53 34 _AB0 0 15 2 3

 TCAGGACTCAGg tatg cg tt

 > 4 53 34 _AB0 0 15 2 3

 GCCGCTGGCTGg tg agt gg g

 > 4 53 34 _AB0 0 15 2 3

 CAACACGAGAGg tg ag gt g c

 > 4 53 34 _AB0 0 15 2 3

 CAGACCACAAAg tg ag tagg

 > 4 53 34 _AB0 0 15 2 3

 TCAGGAACACGg taacg gag

 > 4 53 34 _AB0 0 15 2 3

 AGTCCCAGCAGg taaacatt

 > 4 53 34 _AB0 0 15 2 3

 AAAATTTTTTTgt aag tg at

 > 4 53 34 _AB0 0 15 2 3

 TATGTATGAAGgt ag gt gg t

 > 4 53 34 _AB0 0 15 2 3

 ACTGGACGCTGg taag gact

 > 4 53 35 _AB0 0 15 2 3

 TCGCTTACCGGgt gagcgcg

 > 4 53 37 _AB0 0 18 9 S

 TGTGGTACCTGgt g ag tag g

 > 4 53 37 _AB0 0 18 9 S

 CCCCAAATTATg taagt caa

 > 4 53 37 _AB0 0 18 9 S

 AATGAAAATAAgt acgt cac

 > 4 53 38 _AB0 0 18 9 S

 TGTGGTACCTGgt g ag tag g

 > 4 53 38 _AB0 0 18 9 S

 CCCCAAATTATg taagt caa

 > 4 53 38 _AB0 0 18 9 S

 AATGAAAATAAgt acgt cac

 > 4 53 38 _AB0 0 18 9 S

 GGAGAAGCAAGgt cagt gg c

 > 4 53 39 _AB0 0 18 9 S

 TGTGGTACCTGgt g ag tag g

 > 4 53 39 _AB0 0 18 9 S

 CCCCAAATTATg taagt caa

 > 4 53 39 _AB0 0 18 9 S

 AATGAAAATAAgt acgt cac

 > 4 53 39 _AB0 0 18 9 S

 GGAGAAGCAAGgt cagt gg c

 > 4 53 40 _AB0 0 18 9 S

 TGTGGTACCTGgt g ag tag g

 > 4 53 40 _AB0 0 18 9 S

 CCCCAAATTATg taagt caa

 > 4 53 40 _AB0 0 18 9 S

 AATGAAAATAAgt acgt cac

 > 4 53 41 _AB0 0 18 9 S

 TGTGGTACCTGgt g ag tag g

 > 4 53 41 _AB0 0 18 9 S

 CCCCAAATTATg taagt caa

 > 4 53 41 _AB0 0 18 9 S

 AATGAAAATAAgt acgt cac

 > 4 53 41 _AB0 0 18 9 S

 AAGACCAGCAGg taatg cat

 > 4 53 42 _AB0 0 18 9 S

 TGTGGTACCTGgt g ag tag g

 > 4 53 42 _AB0 0 18 9 S

 CCCCAAATTATg taagt caa

 > 4 53 42 _AB0 0 18 9 S

 AATGAAAATAAgt acgt cac

 > 4 53 42 _AB0 0 18 9 S

 AGATTACACAGgt aatg agc

 > 4 53 42 _AB0 0 18 9 S

 AAGACCAGCAGg taatg cat

 > 4 53 42 _AB0 0 18 9 S

 GTGTGTCGAAGgt acgg tcc

 > 4 53 42 _AB0 0 18 9 S

 GTGCAGCAACGg tg ag cag c

 > 4 53 43 _AB0 0 18 9 S

 TGTGGTACCTGgt g ag tag g

 > 4 53 43 _AB0 0 18 9 S

 CCCCAAATTATg taagt caa

 > 4 53 43 _AB0 0 18 9 S

 AATGAAAATAAgt acgt cac

 > 4 53 43 _AB0 0 18 9 S

 AAGACCAGCAGg taatg cat

 > 4 53 43 _AB0 0 18 9 S

 GTGTGTCGAAGgt acgg tcc

 > 4 53 43 _AB0 0 18 9 S

 GTGCAGCAACGg tg ag cag c

 > 4 53 44 _AB0 0 18 9 S

 TGTGGTACCTGgt g ag tag g

 > 4 53 44 _AB0 0 18 9 S

 CCCCAAATTATg taagt caa

 > 4 53 44 _AB0 0 18 9 S

 AATGAAAATAAgt acgt cac

 > 4 53 44 _AB0 0 18 9 S

 AGATTACACAGgt aatg agc

 > 4 53 44 _AB0 0 18 9 S

 AAGACCAGCAGg taatg cat

 > 4 53 45 _AB0 0 20 5 9

 TATGTGGTAGGgt aagagag

 > 4 53 45 _AB0 0 20 5 9

 AGCCACCTCAGg tg gg gg cc

 > 4 53 45 _AB0 0 20 5 9

 GATGCCCAGAGg tg agtt ta

 > 4 53 45 _AB0 0 20 5 9

 ACACAGCCACGg taactgt g

 > 4 53 45 _AB0 0 20 5 9

 GTTGTGCCCTCg taag tg tc

 > 4 53 45 _AB0 0 20 5 9

 AACTTCTCTAAg taag cag a

 > 4 53 45 _AB0 0 20 5 9

 TGGCGTTGCTGgt gg gt ccc

 > 4 53 45 _AB0 0 20 5 9



GENE PREDICTION IN EUKARYOTES



GENE PREDICTION IN EUKARYOTES

Some statistical patterns useful for prokaryotic gene finding 
can be applied to eukaryotic systems as well. 

For example, nucleotide compositions and codon bias in 
coding regions of eukaryotes are different from those of the 
non-coding regions. 

Hexamer frequencies in coding regions are also higher than 
in the noncoding regions. 



GENE PREDICTION IN EUKARYOTES
Most vertebrate genes use ATG as the translation start 
codon and have a uniquely conserved fanking 
sequence call a Kozak sequence (CCGCCATGG). 



GENE PREDICTION IN EUKARYOTES
In addition, most of these genes have a high density 
of CG dinucleotides near the transcription start site. 
This region is referred to as a CpG island, which helps 
to identify the transcription initiation site of a 
eukaryotic gene.



GENE PREDICTION IN EUKARYOTES

Homology-Based Programs

Homology-based programs are based on the fact that exon 
structures and exon sequences of related species are highly 
conserved. 

When potential coding frames in a query sequence are 
translated and used to align with closest protein homologs 
found in databases, near perfectly matched regions can be 
used to reveal the exon bound aries in the query. This 
approach assumes that the database sequences are correct. 



GENE PREDICTION IN EUKARYOTES

It is a reasonable assumption in light of the fact that many 
homologous or paralogous sequences to be compared with 
are derived from cDNA massive sequencing of the same 
species.

 With the support of experimental evidence, this 
method becomes rather efcient in fnding genes in 
an unknown genomic DNA.

The drawback of this approach is its reliance on the 
presence of homologous in databases. If the homologous are not 
available in the database, the method cannot be used. 



GENE PREDICTION IN EUKARYOTES
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