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Prokaryotic gene structure
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Gene prediction or gene finding is a process or identifying the regions of genomic 
DNA that encodes genes

Two classes of genes:
● Coding genes → proteins
● Non-coding genes → tRNAs, rRNAs etc.

It adopts two classes of methods:
● Similarity based (homology) searches 
● ab initio prediction

○ Markov & Hidden Markov Model

Gene Prediction Introduction



Plans to assess the performance of the tools

[2] Wang et al (2004).

It is possible to compute sensitivity, positive predictive value and specificity (only for start site) predictions based 

on annotations

Sn = TP / (TP + FN) 

PPV = TP / (TP + FP)

Sp = TN / (TN + FP) (only start site prediction) 

-Sn=Sensitivity

-Sp=Specificity

-TP=True Positive ; TN=True Negative

-FP= False Positive ; FN=False Negative

-PPV= Positive Predictive Value  
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Ab-initio approaches (CDS prediction)

Aims at predicting protein coding genes in a given genome based on certain features:

● ORFs
● GC content → codon usage bias
● regulatory motifs (SD, RBS etc.)

Highly popular methods rely on HMMs:

● GeneMarkS2
● Glimmer3 

Another approach uses dynamic programming:

● Prodigal
[3] Toledo et. al. (2009) 5



Ab-initio approaches (CDS prediction)
GeneMarkS2:

● Self-training algorithm based on a HMM
● Models transcription domain to predict gene

start more accurately
● incl. heuristic model designed to predict

horizontally transferred genes

Glimmer3:

● Interpolated Markov Model
● Reverse scoring → scoring relies on k-mer

within coding region
● Trains on long ORFs 

Prodigal:

● Identifies all ORFs and scores them
using a dynamic programming approach

● Refines predictions after training on subset of ORFs 6[4] Lomsadze et. al. 2017, [6] Delcher et .al. 2007, [7] Hyatt et. al. (2010)



Ab-initio approaches (CDS prediction)
GeneMarkS2:

● Highest sensitivity and specificity

● Works on diff. gene regulatory motifs

○ Leadered (Shine-Dalgarno +/-)

○ Leaderless 

Glimmer3:

● Under performs by most metrics

● Predicts the least short

genes (<150 nt)

Prodigal:

● Trained on E.coli

● Predicts the most gene starts

correctly in E.coli [4,5] Lomsadze et al. (2017)
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Homology based approaches

Compare sequence with known genes

Relies on extrinsic information (eg. known expressed sequence tags, messenger RNA, 

protein products, and homologous or orthologous sequences)

Important to consider horizontal gene transfer in prokaryotes, and to find tools which 

consider this

[8] Gene Prediction. (2019). 8

https://en.wikipedia.org/wiki/Expressed_sequence_tags
https://en.wikipedia.org/wiki/Messenger_RNA
https://en.wikipedia.org/wiki/Protein


Homology based approaches

● BLASTX
○ Translated nucleotide → protein

○ Produces more reliable and accurate results than BLASTn & BLASTp when dealing with coding DNA

● DIAMOND
○ Protein alignment algorithm which uses double indexing

○ Intended for replacing BLASTx in high-throughput setting

○ Aligns short sequence reads 20k X faster than BLASTx, with similar level of sensitivity

● HMMER
○ HMM

○ Designed to detect remote homologs as sensitively as possible → horizontal gene transfer

○ As fast as BLAST

9[9] Altschul et. al. (1990), [10] Buchfink et. al. (2015), 
[11] HMMER.org



Non coding gene prediction (tRNA)

tRNAs play an important role in cellular transcription by being able to recognize codons within mRNA 
and attaching the corresponding amino acids to amino acid chains

They also have regulatory and synthesis functions outside of translation

tRNAscan-SE
● Uses covariance model
● Must exceed similarity threshold + potential to form T-loop

Aragorn
● Predicts tRNA and tmRNA genes
● Attempts to find subset of the B box (GTTC)
● Expands around hits in order to find characteristic motifs

10[12] Lowe et. al. (1997), [13] Laslett et. al. (2004), 
[14] Transfer RNA (2020)



Non coding gene prediction (tRNA)

● ARAGORN vs tRNAscan-SE
○ ARAGORN is much faster and as sensitive

[13] Laslett et al. (2004) 11



Non coding gene prediction (rRNA)

rRNAs are highly conserved due to their role in protein synthesis

RNAmmer

● Predicts rRNA genes
● HMM from structural alignment

● Allows variation in rRNA genes

barrnap

● Uses a HMM for each rRNA gene

● Built from full length seed alignments

12
[15] Lagasen et. al. (2007), [16] Seemann (2018), 
[17] Kate (2017)



Non coding gene prediction (rRNA)

● RNAmmer vs barrnap

○ RNAmmer is more sophisticated and accurate

■ Uses HMMer 2.x in ‘glocal’ alignment mode

■ barrnap uses nHMMer in local alignment mode

○ barrnap is available without license

Lagasen et. al. (2007).
Torsten Seemann. (2018)
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Workflow
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