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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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mRNA

What can genes tell you?

Changes in gene repertoires underlie phenotypic evolution Function Function

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)

—
=

Gabalddn 2024; Thomas Shafee
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Genes retain footprints of historical evolutionary events

Historical events

Increasing biomass
Dikaryotic
_septate hyphae __

Aseptate hyphae

Terrestrialization
Aseptate hyphae

Loss of amoeboid
motility and flagellum

Anucleate rhizoids and
multinucleated rhizomycelia

Phagotrophy = asmatrophy
Anucleate rhizoids

Single celled

Single celled

@ T1Fs. Fcw

Genomic events Ancient HGs

Fungal novelty

. EP, transporters, TFs, FCW

. TFs, fungal mitosis and meiosis, mating (Ste3)
. y-secretase, cobalamin, Ca®' signalling

. TFs, DASH, FCW, PCL cyclins
@ 1PR3-Ca”" signalling

. Spore formation (Spo71, Sur7)
. Flagellar genes, cytoskeleton

WAVE, cytoskeleton,
flagellar genes, CyclOp

. Secretome, transporters, TFs, mating
. GPCR, MT receptors and channels

. FCW, polarity

. FCW, polarity, PCL cyclins
@ WMT signalling

@ sTE-like TF

@ GPCR, WASH, VASP

@ velvet, Gti1/Pac2 TFs

Aphelida

Holozoa

Apusozoa

Mucoromycota

Zoopagomycota .

Olpidiomycota
Blastocladiomycota 1

Chytridiomycota

Basidiomycota
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Ascomycota
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Merényi et al, 2023
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Evolution of psilocybin biosynthetic gene clusters
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Bradshaw et al. 2024
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Avirulence genes in plant fungal pathogens

Avr avr
(Avirulence) (virulence)
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Resistance-carrying Resistance-carrying
wheat wheat

* Rust fungi diversify avirulence proteins to manipulate & evade host immunity
* Almost no sequence similarity between avirulence proteins = hard to identify

e Start from finding signalling peptide in their N-terminus

A

)

Huang, Liu & Cook, 2023
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GCATTCAAATATACTTGTCATACTTATATTATAATCTCATCATATATATGCC
TCAGTCGG ATI'I"'TI'E A ATATI"‘TI"‘ ATCTAC I‘ETI"‘TI:Z: ATACCATTAACTTGAGCTT

TTTTCAAATAAAAAAGTCAATTTTTTTTTGGAAAAATCAG
.ﬂ-rrrlmﬁl A'J'JW'JA' -|_|_|-|_1|J.|5|T|_1-|T| |_1.|5|T| ﬁ'J.ﬂ.ﬂ'JTA

GAGTGATTTTCGATA
GTTCTTCGTGTTT
AGCTTGTATGTACT!

GAGTCGGTTAGCGAGTTCGACTGTTAATCGTGAGAGAAAAACAGATTTATGG
ATAGAAGAACACAAGAGAGTCAAAAATATACTTAATGATACTAGGATCAAAA

Now with a genome assembly,

1. How do | find genes?
2. How do | know their functions?
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Where?

Two main steps of gene annotation i o Y
I ) O o o =
(] o0 (#) o (&)
1. Gene prediction Proteir.w-te\ielannotation
Protein-coding, tRNA, rRNA ol @‘! ‘f‘& &/
. T VY e
UTRs, exons, introns p) :

P —

Alternative splice isoforms (optional) How?

Process-level annotation /-\

0

2. Functional annotation

Assign biological functions to predicted genes

i‘-:
Stein, 2001 =7
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Where?

Two main steps of gene annotation e

What? )
1. Gene prediction Protelri—lz‘e:annotatlon
Protein-coding, tRNA, rRNA 0

2
X743
Y AL

X

UTRs, exons, introns

Alternative splice isoforms (optional)

Stein, 2001 =7
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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): lllumina single/pair-end RNA seq, ONT RNA seq
RNA bam file: RNA seq mapped to genome

Transcriptome assembly: assembled RNA seq

10



Mapping RNA seqg to genome assembly

Hisat2 : Mapping short read RNA seq

genome
' | N ———
—_

— - Short read RNA seq

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

genome

Long read RNA seq

11



MAKER for gene prediction

MAKER: An easy-to-use annotation

pipeline designed for emerging model
organism genomes

Brandi L. Cantarel!, lan KorfZ, Sofia M.C. Robb>, Genis ParraZ, Eric Ross4,

Barry Moore!, Carson Holt!, Alejandro Sanchez Alvarado3:4, and Mark Yandell1+5

Use RepeatMasker, BLAST, SNAP and exonerate as dependencies

Use Genome, ESTs/cDNA, protein as input

12

Compute: SNAP

Input
Genomic Sequence

/ Compute ITepeatMasker

Compute:BLAST

ptoTins ESTs/mRNAs

Filter/Cluster

Polish w/Exonerate

Filter/Cluster

X LT

Syntress SNAP

An ngtate
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FGENESH for gene prediction

Research | Open access | Published: 07 August 2006

Automatic annotation of eukaryotic genes,

pseudogenes and promoters

Victor Solovyev 3, peter Kosarev Igor Seledsov & Denis Vorobyev

Genome Biology 7, Article number: S10 (2006) | Cite this article

15k Accesses | 569 Citations | Metrics

Use genome, mRNAs, protein as input

Fgenesh++ pipeline main steps

(Map full-length mRNAs - from RefSeq or other sources—
to a genome using Est Map program, select good mappings.
Mapped regions are excluded from further gene mapping process.)

v

2. Predict gene models using known proteins from NR. ]

2a. Map known proteins (from NR database or its subsets)
to a genome using Prot-Map program. Reconstruct gene structures.

1. Predict gene models using full length mRNAs. ]

—

2b. Refine gene models with mapped protein seq e
using Fgenesh+ program.

2c. Select reliable gene models through blast2 alignments
between predicted and homologous proteins.

v

3. Predict genes ab inifio on the rest of genome by Fgenesh program.
Use genefinding parameters trained on query genome or its close relative.

v

i 4. Predict genes ab initio in large introns.

r
Using transcript
reads

Using ESTs*

Align transcript Align ESTs

reads to genomic to genomic
sequence by sequence by
Reads Map Est Map

program program

Lists of potential
splice
sites and introns
are used as
additional evidence

*With ESTs, 5- and 3- untranslated
parts of first and last CDS exor
also be predicted.

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

13
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BRAKER3 for gene prediction

optional
R 2 ] v v E
Method SRA IDs RNASeq.fastg  RNASeq.bam protein_db.fa genome.fa =
L3 -
BRAKER3: Fully automated genome annotation using \+ ska oot > wisar2 — ‘_j
- - - )
RNA-seq and protein evidence with GeneMark-ETP, ranseript Essembly
(2]
G MarkS-T traini 2
AUGUSTUS, and TSEBRA enetancbrvaning
Lars Gabriel, "> Tomas Brana,> Katharina ). Hoff,' Matthis Ebel,"? ;
Alexandre Lomsadze, Mark Borodovsky,*>*¢ and Mario Stanke'-#¢ Geal}'e Sgdggiigii_'ng 3
!Institute of Mathematics and Computer Science, University of Greifswald, 17489 Greifswald, Germany; “Center for Functional * _N
Genomics of Microbes, University of Greifswald, 17489 Greifswald, Germany; *U.S. Department of Energy, Joint Genome Institute, . . )
Lawrence Berkeley National Laboratory, Berkeley, California 94720, USA; *Wallace H. Coulter Department of Biomedical Engineering, b hints f"?&“ high confidence GeneMark-ETP
Georgia Institute of Technology, Atlanta, Georgia 30332, USA; *School of Computational Science and Engineering, Georgia Institute e IR genes gene pmdlcuons
of Technology, Atlanta, Georgia 30332, USA l
AUGUSTUS traini
g an predlcrt on > 2
= (7]
5 ¥ c
2\ wn
. . \ AUGUSTUS =
Use soft-masked genome, ESTs/cDNA (optional), protein gene nrid'ctwns 2
asin put Combine gene sets g
2

o 1
]
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Funannotate for gene predicti

Use genome, ESTs/cDNA,
protein as input

Merge results from different
gene prediction tools

Genomic
Sequencing

/

/

l

‘ Repeat Annotation ‘

EDTA

;

RepeatModeler

RepeatMasker

Library

H

| Gene Annotation ‘

| De novo |

Augustus

GeneMark

‘ Homology-based |

‘ RMNA-seq-based |

MetaEuk

1

|

l ncRNA Annotation |

Barrmap

tRNAscan-SE

GlimmerHMM

—

I

SNAP

BRAKERZ2

Funannotate

[ Trinity ][ HISAT2 ]

Infernal

—
I

l |

[ PASA ][StringTie]

/ Final Gene Set /—’

( COG ) (eggNOG )( GO )( InterPro )

Nr

( KEGG )(

)( Pfam )(SWiSSrPI‘ﬂ[)

clean —> sort —> mask —> train —> predict —> update —> annotate —> compare
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Helixer for gene prediction

JOURNAL ARTICLE

Helixer: cross-species gene annotation of large

eukaryotic genomes using deep learning 3
Felix Stiehler, Marvin Steinborn, Stephan Scholz, Daniela Dey, Andreas P M Weber,

Alisandra K Denton &

Bioinformatics, Volume 36, Issue 22-23, December 2020, Pages 5291-5298,
https://doi.org/10.1093/bioinformatics/btaal044
Published: 16 December 2020  Article history v

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

Using Only DNA sequence as input

16
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Main output of gene prediction

.proteins.fa
.cds-transcripts.fa
.scaffolds.fa

gff3

.gbk

17

Multi-fasta file of protein coding genes
Multi-fasta file of transcripts (mRNA)
Genome file same as the input
Genome annotation in GFF3 format

Annotated Genome in GenBank Flat File format



Main output of gene prediction

.gff3 gene annotation information
Seqid Source  Type Start End Strand Features
funannotate 119247 11;;;6 : : ISEM;676:;;5551iT1;Darent:HK676_ﬁﬁﬁﬁﬁl;product:hypothetical protein;

AU3_HapA_CHRO1 funannotate 119757 119936 . . ID=MKE76_00RRR1-T1.exonl; Parent=MK676_B0EROE1-T1;
AU3_HapA_CHRO1 funannotate 119247 119726 . . ID=MKE676_00RRR1-T1.exon2; Parent=MK676_B0EEE1-T1;

AU3_HapA_CHRE1 funannotate 119757 119936 . ID=MKE76_00R001-T1.cds; Parent=MK676_000001-T1;
AU3_HapA_CHR81 funannotate 119247 119726 . ID=MK676_000001-T1.cds; Parent=MK676_000801-T1;

18

TEQSAPROVID ER I D: PRV12002 (AUSTRA LIAN UN IVERSITY) CRICOS PROVIDER O DE: 00120C



Main output of gene prediction

.gbk Genebank format of annotation

/locus_tag="MK676_012878"
complement(37U922. .375U52)
/locus_tag="MK676_012878"
/product="hypothetical protein"
complement(37U922. .375U52)
/locus_tag="MK676_012878"

/codon_start=1

/product="hypothetical protein"
/protein_id="ncbi:MK676_012878-T1"
Jtranslation="MGHSEADNTILPSKGADTATTSLRGHIQSQPQCIQQCTSVQGLP
DPCRTVEEWHKFLPECEKIRGESQYLQIAQWMASIHGEQKHDSIDTRMEEKQPSTTQT
SAKNSPSGQQRKFQCEKAATSSKKGKGKAPAPKPYNQGYRIPKIQQDAIENVFRMART

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

Can be used as input of funannotate annotate

19
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Two main steps of gene annotation

2. Functional annotation

Assign biological functions to predicted genes

Where?
Nucleotide-level annotation

What?
Protein-level annotation

N & 1

A U
“\:"’,“.‘;6 {/'\
g\

1A

it
e

Stein, 2001
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Functional annotation with eggNOG-mapper

eggNOG-mapper v2: Functional Annotation,
Orthology Assignments, and Domain Prediction at
the Metagenomic Scale 3

Carlos P Cantalapiedra, Ana Hernandez-Plaza, Ivica Letunic, Peer Bork =,

Jaime Huerta-Cepas &

Molecular Biology and Evolution, Volume 38, Issue 12, December 2021, Pages 5825-5829,
https://doi.org/10.1093/molbev/msab293
Published: 01 October 2021

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

21

EGGNOG-MAPPER

gename-wide functional annolation

Annotate a file
What kind of data?

@ Proteins Ocbs O Genomic O Metagenomic

Up to 100,000 proteins in FASTA format.

Upload sequences

Files may be compressed in gzip format (file name must end in 'gz)
Choose file | No file chosen

Email address (Required for job scheduling and notifications)

Advanced Options

£ Databose

Search against database:

®eggNoG 5 O Novel tamilies
Q Search filters

%= Annotation cptions

) Seeds

.
e
(m—

_—
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Functional annotation with antiSMASH SR :

atus Resalts for existing job

JOURNAL ARTICLE s o
antiSMASH 7.0: new and improved predictions for -
detection, regulation, chemical structures and .
visualisation 3 B s S

Load sample input Open example output

Eman agaress (optional)

Kai Blin &, Simon Shaw, Hannah E Augustijn, Zachary L Reitz, Friederike Biermann,
Mohammad Alanjary, Artem Fetter, Barbara R Terlouw, William W Metcalf, Ue_'e"" o srichnen: elaved
Eric J N Helfrich ... Show more — ; e

Extra features amer  mnon

Nucleic Acids Research, Volume 51, Issue W1, 5 July 2023, Pages W46-W50,
https://doi.org/10.1093/nar/gkad344 g e

MIBIG mparison ActiveSiteFinder RREFinder

Published: 04 May 2023  Article history v cusaepram snays Framatac GO trm snnctton sFam anayss

@ TFES analysis

NC_003888.3 - Region 1 - hglE-KS
Location: 86,637 - 139,654 nt. (total: 53,018 nt) ‘Show pHMM deleciion rufes used

Download region SVG Download region GenBank fie

ngEks
L ]

B @radaEn: b e @ e ‘-_—DII-G 1D oaE Dreaem Il‘-l

80000 95,000 100,000 105,000 110,000 115.000 120,000 125000 120,000 135000

Legend:

W core genes | [l additi i genes | | [llvansportrelated genes | [l reguiatory genes | | [l other genes resistance | | A TTAcodons ¢ binding site

Rapid identification, annotation and analysis of oo Qi

Gene overview Y NRPS/PKS domains Y MIBIG comparison Y ClusterBlast Y KnownClusterBiastY SubClusterBlastY TFBS Finder Y NRPS/PKS modules.
Gene/CDS overview

secondary metabolite biosynthesis gene clusters in Fitor ———— tomaicalyzoomo el catuss @)
ba Cte ri al a nd fu nga | geno m e S eq u ences Identifier Product NI:renglll:A Function ;:quen:; NCBI Blast -

sce0104  hydrolase 672 223 [H other Copy | Copy BlastP
05 endo-1,4-beta-xylanase 726 241 [l other ﬂ ﬂ BlastP
insertion element transposase 393 130 [ other \Copy | | Copy) BlastP
aminoglycoside nucleotidyltransferase 558 185 [H other (Copy, | Copy)  BlastP
hypothetical protein 150 49 [l other \Copy | | Copy) BlastP

SCOf hypothetical protein 471 156 [l other ﬂ ﬂ BlastP
sc00110 DNA-binding protein 840 279 [ other \Copy ) | Copy) BlastP
sco0111  oxidoreductase 753 250 [ biosynthetic-additional \Copy) | Copy) BlastP
sco0112  hypothetical protein 156 51 [l other Copy | | Gopy BlastP

22
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Functional annotation with InterProScan5

# EMBL-EBI % Services Research @ About us EMBL-EBI . 0 -
Entry matches to t L o [l | options - | | Exeort -
| B 100 150 200 250 00 0 400
1
4 InterPro &
o 3 e rF  Representative Domains
Classification of protein families —

- Family
» Browse

Release notes Download

» Results

» About Contact us

@/ search / Sequence Ao et
- - -
- - o
Search InterPro e —
by sequence bytext by domain architecture [ AlphaamjiC2
T
Glyco_hydro_13_cat_dom
[i] samy.
Scan your sequences ~ Homalogous Superfamily
Glyco_hydro_b
This form enables you to submit sequences to the InterProScan web service for scanning against the InterPro protein signature databases. O

Please note that you can submit up to 100 sequences at a time. Alternatively, you can download InterProScan to sean your sequences locally.

Glycoside_hydrolase_SF

= Unintegrated
. Ceosases ]
Glycosyl hydrolas....

AmyAc_arch_bac_plant_AmyA
ALPHA-AMYLASE

v Other Features

£ Choose file " Example protein sequence

> Advanced options

436

[E A-amylase_pln - IPRO13775
Apha-amyiase plant - PIRSFO01025

[E Alpha_amylase - IPRO06046
ALPHAAMYLASE - PROOT10

[ A-amylase bs C -
Alpha-amy_C2 - PFO7E:
aipha-amy_ 00810

[ 6lyco_hydro_13_cat_ dom - IPROO604T
Alpha-amylase - PFOD128

aamy - SMo0E42

IPROT2850
21

Sh

[ Glyco_hydro_b - IPROI3780
G3DSA26040.1 180

(Translgiycosidases - SSFS

[1Glyeoside_hydrolase SF - IPROIT853
24

Glycosidases - G3DSA:3.20.20.80
Glycosyl hydrolase domain - SSFS1011
AmyAc_arch_bac_plant AmyA - cdli314
ALPHA-AMVYLASE - PTHR43447

PHOBIUS: SIGNAL_PEPTIDE_C_REGION
PHOBIUS: SIGNAL_PEPTIDE

InterProScan predicts multiple aspects of protein features and functions

Stop codons are not allowed within protein sequences

23

PHOBIUS: NON_CYTOPLASMIC_DOMAIN

-
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GFF3 output of InterProScan5

Name of protein  Type
Source

Pcal2NC29_STE3.2 . polypeptide

PcalZNC29_STE3.2 PANTHER protein_match
Pcal2NC29_STE3.2 CDD protein_match

Pcal2NC29_STE3.2 PRINTS  protein_match

Pcal2NC2%_STE3.2 PRINTS protein_match

IPROD149%9  GPCR fungal pheromone mating factor, STE3

24

End Strand
Start E-value Description
1 385 + o ID=Pcal2NC2%_STE3.2:md5=3181c601b7150e9282c5702815efcdsf
3 335 13E-90 + . date=38-18-2024;Target=Pcal2ZNC29_STE3.2 3
3350ntology_term="GO:0804932" "G0:8087186","GO:8816028" ID=match$1_3_335;Name=PTHR280%7;status=T,Dbxref="InterPro:IPROE14
7 228 4.09343E- + . date=38-18-2024;Target=Pcal2NC29_STE3.2 7 228:1D=match$2_7_22&:signature_desc=7tmD_STE3:Name=cd14966;status=T
59
268 282 3.5E-27 + . date=30-10-2024;Target=Pcal2NC29_STE3.2 268
262;0mology_term:"GO:8984932','60:89S?166’,’60:@@16020";1D:match$3_266_262:signature_des«c:Fungal pheromone STE3 GPCR
signature;Name=PRE8899;status=T;Dbxref="InterPro:IPREO149%"
88 181 3.5E-27 + . date=308-18-2024;Target=Pcal2NC29_STE3.2 88
181;0ntology_term="GO:8004932" "GO:00687186","GO:0816020"ID=match$3_88_101;signature_desc=Fungal pheromone STE3 GPCR
signature;Name=PRE8699;status=T:Dbxref="{InterPro:IPREO149%"
Protein ID
G protein-coupled receptors (GPCRs) constitute a vast protein family that encompasses a wide
INTERPRO range of functions, including various autocrine, paracrine and endocrine processes. They show

considerable ...

i
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TSV output of InterProScan5

Name of protein

Pcal2NC29_STE3.2

Pcal2NC29_STE3.2

Pcal2NC29_STE3.2

Pcal2NC29_STE3.2

25

md5

3181c681b7150e59202c9702815efcdaf

3181c681b7150e59202c9702815efcdaf

3181c6681b7150e9202c97020f5efcdaf

3181c601b7150e9202c97020f5efcdaf

385

3835

389

389

PANTHER PTHR28097

CcDbD

PRINTS

PRINTS

Length of protein
Source

ID

cd14966

PROG&YY

PROG&YY

Hits name
Start

PHEROMONE
A FACTOR
RECEPTOR

7tmD_STE3

Fungal
pheromone
STE3 GPCR
signature

Fungal
pheromone
STE3 GPCR
signature

Start E-value Interpro ID Gene Ontology
End Date Interpro description
3 335 13E-90 T 38-18- IPROE1499 GPCR GO:0004932|GO:.00087186|GO.0016t
2024 fungal
pheromone
mating
factor,
STE3
7 228 409343E- T 30-18- - =
39 2024
268 282 35E-27 T 30-18- IPREO1499 GPCR GO:O004932|GO.0007186|GO:0016¢
2024 fungal
pheromone
mating
factor,
STE3
88 101 30E-27 T 30-18- IPREO1499 GPCR GOO004932|GO.0007186|GO.0016!
2624 fungal
pheromone
mating
factor,
STE3
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TSV output of InterProScan5

Name of protein Length of protein Hits name Start E-value
md5 Source ID Start End
Pcal2ZNC2%_STE3.2 3181c601b7150e9202c97020f5efcdsf 385 PANTHER PTHR2808%97 PHEROMONE 3 335 13E-960 T
A FACTOR
RECEPTOR

@ GENEONTOLOGY
Unilfying Biclogy
a

About Ontology Annotations

O Any @ Ontology @ Gene Product

Downloads Help

O Term

(] mating-type factor pheromone
receptor activity

26

Definition

Combining with a mating-type factor pheromone to
initiate a change in cell activity.

Ontology source space

molecular_function GO

Interpro ID Gene Ontology
Date Interpro description

30-18- IPRO®1499 GPCR GO:0004932|GO:0687186|GO:0R16(
2024 fungal

pheromone

mating

factor,

STE3

Synonyms AltID

|
—/
==
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Functional annotation with BUSCO

JOURNAL ARTICLE

BUSCO: assessing genome assembly and annotation
completeness with single-copy orthologs @

Felipe A. Simao, Robert M. Waterhouse, Panagiotis loannidis, Evgenia V. Kriventseva,
Evgeny M. Zdobnov ®  Author Notes

Bioinformatics, Volume 31, Issue 19, October 2015, Pages 3210-3212,
https://doi.org/10.1093/bioinformatics/btv351
Published: 09 June 2015  Article history

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

BUSCO also outputs genes identified as conserved single-copy orthologs

'w)
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Functional annotation with Phobius

ID  UNNAMED
FT  SIGNAL 1 25
FT  REGION 1 & N-REGION.
FT  REGION 7 28 H-REGION.
& EMELE G B2 At PTES Y e FT  REGION 21 25 C-REGION.
e FT  TOPO_DOM 26 436 NOM CYTOPLASMIC.
I
.
PhOblus Phobiuzs posterior probabilities for UNMAMED
Protein Functional Analysis (PFA) 1 r
Job Dispatcher Help & Privacy Your Jobs Input form m
0.8 q
Welcome to the new Job Dispatcher website. We'd love to hear your feedback about the new webpages! X
=)
Phobius is a program for prediction of transmembrane topology and signal peptides from the amino acid sequence of a protein. E
E o6t i
Input sequence @ Paste your sequence here - or use the example sequence =
5
T
=
=
5 0.4 9
£
i
el
[
=}
o
[l | e ) s ool |
S0 106 150 200 250 300 350 400
transmembrane cytoplasmic = non cytoplaznic == sighal pephide s—

Phobius predicts transmembrane topology and signal peptides from the amino acid sequence
of proteins

i
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Functional annotation with SignalP and EffectorP

Brief Communication | Open access | Published: 03 January 2022

SignalP 6.0 predicts all five types of signal peptides
using protein language models

Felix Teufel, José Juan Almagro Armenteros, Alexander Rosenberg Johansen, Magniis Halldor Gislason,

Silas Irby Pihl, Konstantinos D. Tsirigos, Ole Winther, Seren Brunak, Gunnar von Heijne & Henrik Nielsen =

Nature Biotechnology 40, 1023-1025 (2022) ‘ Cite this article

Submit data

Sequence submission: paste the sequence(s) and/or upload a local file

Protein sequences should be not less than 10 amino acids. The maximum number of proteins is 1000.
The long output format might timeout for more than 100 entries.

(T Use SignalP 6.0 on BioLib if this server is heavily loaded.

Enter protein sequence(s) in fasta format...

For example proteins Click here

Format directly from your local disk: | Choose file | No file chosen

SignalP uses fasta sequence file as input

organism Output format: Model mode:
O Eukarya @® Long output ® Fast
® Other O Short output (no figures) O Slow
"Eukarya” only predicts Sec/SPI The slow mode takes 6x longer to compute. Use when accurate
SPs. region borders are needed.
29

and predicts signal peptides
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Functional annotation with SignalP and EffectorP

> Mol Plant Microbe Interact. 2022 Feb;35(2):146-156. doi: 10.1094/MPMI-08-21-0201-R.

Epub 2022 Feb 1.

EffectorP 3.0: Prediction of Apoplastic and
Cytoplasmic Effectors in Fungi and Oomycetes

Jana Sperschneider 1 Peter N Dodds 2

Affiliations + expand
PMID: 34698534 DOI: 10.1094/MPMI-08-21-0201-R

Table 3. Test sets for assessing the false-positive prediction rates for cytoplasmic and apoplastic effector prediction by EffectorP 3.0°

Test set

Proteins (r)

EffectorP 3.0

EffectorP-fungi 3.0

Cytopl.

A N

Cytopl

A 1

Sets depleted in cytoplasmic proteins
Plant proteins with annotated apoplastic
localization

Apoplastic proteome of Magnaporthe oryzae

(Kim et al. 2013)

Apoplastic proteome of Oryza sativa
(Kim et al. 2013)

Leaf apoplast proteome of Brassica rapus
var. napus infected with Verticillium

longisporum (Floerl et al. 2008)

Leaf apoplast proteome of Arabidopsis

thaliana infected with V. longisporum
(Floerl et al. 2012)

Apoplastic protecome of Nicotiana
benthamiana leaves (Goulet et al. 2010)

Fungal CAZYs (UniProt, reviewed entries)

Fungal saprophyte secreted proteins

False-positive rate for cytoplasmic effector
prediction

Sets depleted in apoplastic proteins

Plant proteins with annotated cytoplasmic
localization

Fungal endoplasmic reticulum-localized
proteins

Fungal Golgi-localized proteins

Fungal vacuole proteins

Human proteins

Bacterial type-III effectors (T3Enc)
(Hui et al. 2020y

RxLR effector candidates (Win et al. 2007)

False-positive rate for apoplastic effector
prediction

27

1,164
24,432
26,258

3,843
71

19

15
20,238
519

358
24,705

37 (10.2%)
12 (7.7%)
1(1.1%)

0 (0%)

1 (3.7%)

2 (12.5%)

115 (9.9%)
2,018 (8.3%)
2,186 (8.3%)

1,970 (51.3%)
23 (38%)

4 (21.1%)

4(26.7%)

7,314 (36.1%)

263 (50.7%)

331 (92.5%)

75 (20.7%)
32 (20.6%)
23 (24.5%)

5 (62.5%)
7 (25.9%)

10 (62.5%)

232 (19.9%)
3,635 (14.9%)

84 (2.2%)
4 (5.6%)

1(53%)

0 (0%)
513 (2.5%)
17 (3.3%)

0 (0%)
618 (2.5%)

39 (10.8%)
5 (3.2%)
0 (0%)

0 (0%)

0 (0%)

0(0%)

68 (5.8%)
1,625 (6.7%)
1,737 (6.6%)

1,355 (37.5%)
16 (22.5%)

3 (15.8%)

4 (26.7%)
5.790 (28.6%)
210 (40.5%)

249 (69.6%)

74 (20.4%)
32 (20.6%)
23 (24.5%)

5 (62.5%)
8 (29.6%)

11 (68.8%)

231 (19.8%)
3,597 (14.7%)

86 (2.2%)
4 (5.6%)

1(53%)
0 (0%)
480 (2.4%)
17 (3.3%)

0 (0%)
587 (2.4%)

EffectorP uses predicted signal peptides as input and predicts apoplastic and cytoplasmic

effectors in fungi and oomycetes

30
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Protein annotated as hypothetical protein without known function

Search NCBI

‘ hypothetical protein X m

Results found in 23 databases

Literature Genes Proteins

Bookshelf m Gene Conserved Domains
MeSH m GEO DataSets Identical Protein Groups
NLM Catalog m GEO Profiles Protein
PubMed @ PopSet Protein Family Models m
PubMed Central Structure

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

i
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