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“My genome assembly is quality-
controlled, looking good! What now?”

Your assembly .fasta file contains nothing more 
than just nucleotides...

Find genes to give biological meaning to it!
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What can genes tell you?

Gabaldón 2024; Thomas Shafee

Changes in gene repertoires underlie phenotypic evolution

 e.g. development, metabolism, reproduction, pathogenicity...

Gene family evolution enables adaptation and speciation

Gene can be viewed as evolutionary units that evolve independently from 
species tree (sometimes)
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Genes retain footprints of historical evolutionary events 

Merényi et al, 2023
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Evolution of psilocybin biosynthetic gene clusters  

Psilocybe aka “magic mushroom”

Bradshaw et al. 2024
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Avirulence genes in plant fungal pathogens
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• Rust fungi diversify avirulence proteins to manipulate & evade host immunity
• Almost no sequence similarity between avirulence proteins → hard to identify

• Start from finding signalling peptide in their N-terminus

Huang, Liu & Cook, 2023
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Now with a genome assembly,

1. How do I find genes?
2. How do I know their functions?
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Stein, 2001

Two main steps of gene annotation

1. Gene prediction

     Protein-coding, tRNA, rRNA

     UTRs, exons, introns

     Alternative splice isoforms (optional)

2. Functional annotation

   Assign biological functions to predicted genes
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Different formats of evidence for gene prediction

Protein evidence (Optional)

 Protein database: UniProtKb, Pfam

 Protein sequences of related species

Transcript evidence

 RNA seq (fastq): Illumina single/pair-end RNA seq, ONT RNA seq

 RNA bam file: RNA seq mapped to genome

 Transcriptome assembly: assembled RNA seq
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Mapping RNA seq to genome assembly 

Hisat2 : Mapping short read RNA seq

Minimap2 : Mapping long read RNA seq with splice-aware mode 

Short read RNA seq

genome

Long read RNA seq

genome



TEQ S A PROVID ER I D: PRV12002 (AUS T RA LIAN  UN IVE RSI TY ) CRICOS  PROVI DER CO DE: 00120C

12

MAKER for gene prediction

Use RepeatMasker, BLAST, SNAP and exonerate as dependencies

Use Genome, ESTs/cDNA, protein as input
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FGENESH for gene prediction

Use genome, mRNAs, protein as input

Web version of FGENESH can be used with parameters for genomes of human, mouse, 
Drosophila, nematode, dicot plants, monocot plants, yeast and Neurospora.
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BRAKER3 for gene prediction

Use soft-masked genome, ESTs/cDNA (optional), protein 
as input

optional
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Funannotate for gene prediction

clean –> sort –> mask –> train –> predict –> update –> annotate –> compare

Use genome, ESTs/cDNA, 
protein as input

Merge results from different 
gene prediction tools 

Wang et al. 2023



TEQ S A PROVID ER I D: PRV12002 (AUS T RA LIAN  UN IVE RSI TY ) CRICOS  PROVI DER CO DE: 00120C

16

Helixer for gene prediction

Model is trained to differentiate Intergenic, untranslated, coding and intron

Using Only DNA sequence as input
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Main output of gene prediction

.proteins.fa  Multi-fasta file of protein coding genes

.cds-transcripts.fa Multi-fasta file of transcripts (mRNA)

.scaffolds.fa  Genome file same as the input

.gff3    Genome annotation in GFF3 format

.gbk    Annotated Genome in GenBank Flat File format
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Main output of gene prediction

.gff3    gene annotation information

Seq id           Source       Type    Start   End           Strand                 Features 
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Main output of gene prediction

.gbk    Genebank format of annotation

Position of genes, mRNA, CDS and corresponding protein sequences are included

Can be used as input of funannotate annotate
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Functional annotation with eggNOG-mapper

Use precomputed orthologous groups and phylogenies 
from the eggnog database to transfer functional 
information from fine-grained orthologs only
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Functional annotation with antiSMASH 

Rapid identification, annotation and analysis of 
secondary metabolite biosynthesis gene clusters in 
bacterial and fungal genome sequences
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Functional annotation with InterProScan5

InterProScan predicts multiple aspects of protein features and functions

Stop codons are not allowed within protein sequences
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GFF3 output of InterProScan5 

Name of protein      Type                  End          Strand 
          Source     Start    E-value                     Description               

Protein ID
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TSV output of InterProScan5 

Name of protein                                         Length of protein           Hits name    Start              E-value     Interpro ID                 Gene Ontology
                      md5                                         Source ID    Start               End                          Date               Interpro description
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Functional annotation with BUSCO

BUSCO measures completeness of genome assembly, gene set and transcriptome completeness

BUSCO also outputs genes identified as conserved single-copy orthologs
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Functional annotation with Phobius

Phobius predicts transmembrane topology and signal peptides from the amino acid sequence 
of proteins
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Functional annotation with SignalP and EffectorP 

SignalP uses fasta sequence file as input 
and predicts signal peptides
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Functional annotation with SignalP and EffectorP 

EffectorP uses predicted signal peptides as input and predicts apoplastic and cytoplasmic 
effectors in fungi and oomycetes
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Protein annotated as hypothetical protein without known function

Hypothetical proteins are those that are predicted to be expressed in an organism, but no evidence of them 
exist in gene banks

Proteins with unknown functions still may have crucial roles 



TEQ S A PROVID ER I D: PRV12002 (AUS TRA LIAN  UN IVERSI TY) |  CRICOS  PROVI DER CO DE: 00120C

THANK YOU
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