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Section 1

Functional Annotation

Understanding the functional impact of alternative splicing



Isoforms of the same gene can have different functions gémsc

So far, we have focused on structural annotation.
But how do novel transcripts differ from reference transcripts Belxpre-mitNA
in their biological functions?

i »~ N Bcl-xL mRNA
Isoforms from the same gene can have different, even -
opposite, functions.
We want to obtain functional annotations for transcript or
protein sequences and investigate differences between Belad
isoforms.
Proapoptotic Antiapoptotic
Overexpressed in cancer
Intervention opportunities
Detection: Treatment:
= Overexpression of splicing regulatory factors = Drugs affecting the activity of splicing factors
= mRNA from cancer-related splice isoforms = Antisense oligonucleotides (SMOs)
Diagram: = Proteins from cancer-related splice isoforms = Drugs against cancer-related isoforms
BCL2L1 xS and xL isoforms o s :
Pio, Ruben, and Luis M. Montuenga. "Alternative splicing in lung cancer." Ao dien = Vimecinn.

Journal of Thoracic Oncology 4.6 (2009): 674-678.

Long-reads Transcriptomics



Many methods exist to add functional annotations to sequences g@msc

Blast2GO:
Links high-scoring BLAST hits to Gene Ontology terms for
transcriptome/protein function inference.

eggNOG-mapper

InterProScan: A z PRODIGAL ¢——— gs;«:g:m/
Scans sequences through InterPro member databases, e.g. for conserved i B pt, - +
domains, motifs, and family signatures, and maps to GO terms. H P oacllaig =lpeetoy

B HMMER DIAMOND MMSEQS2
eggNOG eggNOG NOG
eggNOG-mapper: HuM protein protein

profiles database database  download eggNOG 08
hmmscan

Assigns functional annotations via fast orthology mapping, leveraging
precomputed orthologous groups from the eggNOG database.

create taxa-specific DB

R diamond mmseqs
OG proteins iterative multi-step
mode search

phmmer

SEARCH

SEARCH
DA seed orthologs E HITS

Taxonomic scope filter Fine-grained orthologs

iuij, wery 2, query 3 / qu

No annot No annot' No annot

Deep Learning:

Emerging deep learning methods (DeepGO, FANTASIA, etc.) leverage
deep neural networks to assign functions e.g. by prediction from sequence
or inference from protein language model embeddings.

ORTHOLOGY
pa pena @annotation orthologs »aw<vas E REPORT

ORTHOLOGY INFERENCE

D eggNOG  COG FunCat ) ANNOTATED
z annotation E GFF
S g database Ga‘w&ocv “
ee. <l oo a> DM GFF file
n ntol R r 5 D‘D’N_u_’ WYaINla 2nnotated
2] =< 1 > queries
g ~ E s PFAM realignment
PFAM
eggNOG-mapper Pfam =) Somans
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https://geneontology.org/
https://www.ebi.ac.uk/interpro/
https://www.ebi.ac.uk/interpro/
https://www.ebi.ac.uk/interpro/
http://eggnog-mapper.embl.de/
http://eggnog-mapper.embl.de/
http://eggnog-mapper.embl.de/

Section 2

IsoAnnot & IsoAnnotLite

Understanding how to annotate functions to
custom transcriptomes



IsoAnnot brings a wide variety of annotations to the isoform DégJREc

Input data |
Output data -

Transcript level features
Protein level features [1]

IsoAnnot combines a variety of databases
and predictive algorithms to obtain

isoform-resolved functional annotations. S | sowng
Transcvlpt; Isoforms

Currently, it is challenging to use. O sequences

IsoAnnotLite offers easily usable transference of Ll

3 UTR cis-regulating elements

functional annotations from pre-computed and

= 5' UTR dis-regulating elements
s_ & UTRScar
H 23 Upstream ORFs
= Protein Annotation
manually curated gff3 files. a R :
§% olyAdenilation Sites
;‘ = Repeat Masker — Repeats and low complexity POSMERREAM. ERAdonnS
T S SignalP4 Signal peptides

COILS Colled-coll ragions

THMMH

Sequence based
predictors

Transmembrane reglons

L1111

MobiDB

Disordered reglons

PT modifications
Transmembrane regions
mIRNA binding sites Binding, Crasslink reglons

Active Sites

Database Transference Algotithms il

RBP binding sites
Compositional blas reglons

Colled-coll regions.

Nuclear Locallzation Signals

Database Transference Algorithms |

Functional sites and reglons

Annotation File
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o mifWalk : miRNA
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tappAS visualizes functional annotations at isoform resolution ... and more gé'_g;JREC

Protein annotations

Transcript annotations
Zkscan1 - Zinc finger with KRAB and SCAN domains 1

Zkscan1 - Zinc finger with KRAB and SCAN domains 1 Ge ne name

0 1K 2K 3K 4K ] 100 200 300 400 500
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PB.5698.1 (+) NM_133906.4
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L ) 23 ot 900 o 2 ) 90 o oo 0 = ———_——.—_ __.___.__._.--.-.-._
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¥
~ Swissprot_Phosphosite : PTM [ pfam : DOMAIN - PF13912
1 RepeatMasker : repeat 0 UTRsite : PAS .
fam : DOMAIN - PFO0096 :DOMAIN - PF01352
© PAR-CUP:RNA binding  © UTRsite: uORF 2 tranSCrlptS W ptam W pfam
" . . . I pfam : DOMAIN - PF02023
¢ UTRsite : 3'UTRmotif © mifWalk : miRNA

Annotation (symbol within) located in intron region

Expression in 2 conditions and whether Present transcript / protein annotations and
there is differential expression. their sources.

©
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tappAS visualizes functional annotations at isoform resolution ... and more gé'_g;JREC

Transcript annotations Protein annotations

Zkscan1 - Zinc finger with KRAB and SCAN domains 1 Zkscan1 - Zinc finger with KRAB and SCAN domains 1
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Not D v 1 r

0 o ety ve . " ' L ——— —_— - - - —
= 50 H‘% ¥ L) % @ < < + = og 260

¥
~ Swissprot_Phosphosite : PTM [ pfam : DOMAIN - PF13912
1 RepeatMasker : repeat 0 UTRsite : PAS
W piam : DOMAIN - PFO0096 [ pfam : DOMAIN - PF01352
@ PAR-CLIP : RNA_binding 9 UTRsite : UORF
. . . _ Il pfam : DOMAIN - PF02023
¢ UTRsite : 3'UTRmotif © mifWalk : miRNA

Annotation (symbol within) located in intron region
Missing exon caused loss of PFAM domain

PF01352 which included a post-translational
modification (phosphorylation site).
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Reflection gé-_gJREc

Why is functional annotation at isoform-resolution useful?

Which types of functional annotations provided by IsoAnnot(Lite) can you remember?
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Thank You!

TREC

For more information about the LongTREC Summer School:

https://longtrec.eu
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