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1989 First job in science: Beekeeping

National Bee Unit
Luddington Experimental Horticultural Station

A year off travelling

http://www.gcmap.com/ Map Style: O Plain  Light @ Blue Marble



HRI Wellesbourne, Warwickshire, UK
(National Vegetable Research Station)

Zucchini yellow mosaic virus
Aphid transmitted potyvirus

1990-1991.: Virus purification, electron microscopy



John Innes Centre

cowpea maosaic virus
(comovirus)

John Innes Centre, Norwich, UK
Professor George Lomonossoff, Protein expression in plants: HIV coat protein expression in
cowpeas for vaccines. (PCR, DNA sequencing)

1991-1992
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1992-2000: Biochemistry and Molecular Biology
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PhD: The purification and molecular
analysis of CAL1P-phosphatase in relation
to the regulation of rubisco activity.




Biotechnology and
Bioclogical Sciences
Research Council
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2000-2002: Unix, GCG

BBSRC Bioscience IT Services: Bioinformatics training
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WELLCOME
GENOME
CAMPUS

Havana team EMBL EBI

2002 - 2017 2017 onwards
Established 1992 Hinxton, UK



The Human Genome Project
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Open Door Workshops: Human genome freely available for everyone to use.
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Genes contain
instructions
for making
proteins

or in complexes™
perform many cellular
functions

EMEBEL-EBI ::
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The Ensembl-HAVANA team

Human And Vertebrate ANalysis and Annotation

Community projects

Whole genome or Targeted
GENCODE chromosome regions or
genes

2,
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Prokaryotes:
Simple protein-coding

ene —> s
& Initiation of Tomason of
transcription ATG STOP
Genomic | 5’ end l 3’ end
ONA open reading frame
promoter
Eukaryotes:
More complex: Introns and
Exons
T o & introns Termination of
transcription ATG / \ sToP
exon = exon exon I
promoter O R
N enhancers —
exon exon
-GTnnn intron nnnCA(innnn ‘
donor acceptor
slice site splice site

EMBL-EBI .




Gene Annotation

Definition: the plotting of genes and other genome features onto genome assemblies and indexing their genomic coordinates.

Automated Annotation
* Rapid annotation of genomes

* Broad range of approaches e.g. Ab initio, protein-
genome alignments, projection

* Process vast amount of sequencing data easily

« Harder to project annotation over gene
families/known difficult regions

* Genome assembly problems can be harder
resolve

* Require set guidelines/rules for the definition of
‘features’ - biology cannot be defined easily
which makes annotation difficult

/ Manual Annotation

Increased accuracy

Easier to sort out difficult regions (e.g. MHC

regions, gene families)

Use variety of data sources and literature to

define annotation

Genes are so varied, flexibility on guidelines

Time-consuming

Expensive

* More difficult to work with vast amount of
sequencing data

~

Both Manual and Automated Annotation are required for high quality reference genome annotation

EMBL-EBI i



Alternative Splicing

Reference model N

Skipped exon e |
Retained intron | I |
Alternative splice donor 11

Alternative splice acceptor s
Alternative first exon 1 1

Alternative final exon I I I e

L]
g BN e B

) 22 200

Mutually exclusive
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HAVANA gene annotation basics

Long transcriptomic data

1 N H @ m I . .
i 11 i—11—1 EE = RNAseq data

Transcript models
(tmerge)
I N I e RNAseq introns (Recount3 data)

CAGE/RAMPAGE

L polyAseq (signal and site)

I i i i | Transcript annotation




HAVANA gene annotation basics
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Transcript annotation
Protein homology
Ribo-seq data

Mass Spec data
Conservation/constraint

(PhyloCSF)

Human variation data

Literature, comparative annotation, functional annotation, external expert databases



Biotypes

Protein Coding

i1 1

NMD

Retained Intron

I

Protein Loss of Function Genes
Reference Genome

i 1 1

A\ Polymorphic disabling mutation

Alternative Genome

Intact CDS

Unprocessed Pseudogenes

Parent protein coding gene

1 1 1

Gene Duplication

% *

Disabling mutation

Processed Pseudogenes

Unitary Pseudogenes

*
Fixed disabling
mutation

i 1 1

Intact CDS in orthologues

Synteny block

Long Non-Coding RNAS

Retrotransposition

Retrogenes

Disabling mutation

Small Non-Coding RNASs

miRNA

SnoRNA

scaRNA

SnRNA

NOTE: Currently inthe rRNA

GENCODE geneset via Vault RNA
automated pipelines tRNA

EMBL-EBI i
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mmwwmmm he px of gx 1 18 BR0es At reguire exp either by 5° RACE or RT-
PCR to extend the rigts, of by "% expression of the putativedy i peptice with specific antibodies.

nonsense_mediated decay If the coding sequence (following the appropriate reference) of a transcript finishes >S00p from a downstream splice site then it Is tagged as NMDLIf the

varlar does not cover the 1ull reference COSng sequence then it is annotated as NMD If NMD is unavoidabie Le. o matter what the exon structuee of the
missing poction is the transcript will be subject to NMD,

noN_SLop_cecay Traescript that has polyA features {including signall without a prior stop codan in the COS, Le, a non-genomic podyA tail attached directly to the CDS without 3°
UTR. These transcripts are subject to degradation.

retained_intron Alternatively spliced trarscript believed to contain intronic sequence relative 1o other, coding, variants.

proteln,_coding Contains an open reading frame (ORF).

protein cocieg LoF ROt tracsiated in the reference gencme owing to a SNP/DIP but in other individuals/haplotypes/strains the tranacript is transiated, Replaces the

polymorphic_pseudogens transcript blotype.

protein_coding COS_not_defined

Ps gene that has mass spec dats suggesting that it s also transiated,

A species-specific unprocessed pseudogene without a parent gene, as It has an active oethologue In another speck

Pseudogene that can contaln introas since produced by gene duplication.

Annotated 00 an artifactual region of the gencent assembly,

Long. Intervening noncoding linc) RNA that can be found in evolutionarily conserved, Intergeric reglons.

Unspiiced IncRNA that Is several kb in size.

Transcript where ditag and,Or published experimentsl Cata stroagly supports the existence of $Hhort Non-Coding transcripts transcridbed from the 3UTR.
MMMWWMNWWMM&*MM.MMM-MM
Short non coding RNA gene that forms part of the vault ridonucieoprotein complex.

A non-coding locus that ociginates from within the pramoter region of s protein-coding gene, with transcription proceeding in the opposite direction on the

processed_transcript vy d.p ot
ribed_unp: d doge
non_coding transcribod_unitary_psevdogent
dmbigoous.orf transisted_processed Sogere
Intronk trarslated unprocessed pseucogene
sense_overlappieg unitary_pseudogene
fant e RNA unprocessed_pseudogene

known_ncroa actifact

pseudogene HrcRNA
macro IncRNA

processed _pseudogene Jpeime_overlappiog NcRNA
disrupted_domaln
vaultRNAAaUt_RNA
bidirectional_promoter_IncRNA

other strand,

https://www.gencodegenes.org/pages/biotypes.html




The Encyclopedia of DNA Elements (ENCODE) is a public research
project which aims "to build a comprehensive parts list of functional elements The intermiasional journal of science / 30 uly 2020
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https://en.wikipedia.org/wiki/Functional_element
https://en.wikipedia.org/wiki/Human_genome

2003 onwards

The Ensembl-HAVANA Team

HAVANA - Human And Vertebrate ANalysis and Annotation

GENCODE =
VINININIVER

The goal of the GENCODE project is to identify and
classify all gene features in the human and mouse
genomes with high accuracy based on biological
evidence, and to release these annotations for the

benefit of biomedical research and genome
interpretation.

https://www.gencodegenes.org/ EMBL-EBI s



Reference genomes:

Human ~3Gb:

22 chromosomes + sex
chromosomes
GRCh38p14

Mouse ~3 Gb:

19 chromosomes +
sex chromosomes
GRCm39

Zebrafish ~1.4 Gb:

25 chromosomes, no
specific sex chromosomes
GRCz11

EMBL-EBI i



The human X &
chromosome :

The sequence that
unites the sexes

THE
HUMAN
GENOME

o

Inside: Ast for
ce’

- S Mars Express

An icy s¢a at the

martian \'«]ll.:hH

Current trends
Counting electrons
one-by-one

Evolution of sperm

First pass manual annotation completed 2013 : ' Variéty s Ooe spice oFfifs

HGNC

U0 Gane Hameocionee Commiee https://www.genenames.org/
The resource for approved human gene nomenclature




Genome published Dec 2002

4
3 Decepbde@oq,
.

Annotation and Knock Out designs

The EUCOMM program

Knockout Mouse Project
(KOMP)

VL WWWARIS com natur e Since 2006, schentists around the workd have been working topether
. . to generate a targeted knockout mutation for every gene in the
MOouLe penome

' ‘Atmpsphigric €O, - The mouse
\drépinthe ocdan . genome 5
)1 Drag réduction ’ S5 SESperimental model
 Bleaaginfuids’ '
N H W37 s+ sits .
/.« Reghlitory ¥ cells
Basis for pepsisient *
4 lxill'\l‘i«-n .

or ijuman bjoligy

International Mouse Phenotyping Consortium

First pass manual annotation started 2012 completed 2018

MG

Mouse Genome Informatics

https://www.informatics.jax.org/ EMBL-EBI .




Letter | Open access | Published: 17 April 2013

The zebrafish reference genome sequence and its
relationship to the human genome

Kerstin Howe, Matthew D. Clark, Carlos F. Torroia, James Torrance, Camille Berthelot, Matthieu Muffato,
John E. Collins, Sean Humphray, Karen MclLaren, Lucy Matthews, Stuart McLaren, lan Sealy, Mario

Caccamo, Carol Churcher, Carol Scott, Jeffrey C. Barrett, Romke Koch, Gerd-Jorg Rauch, Simon White,
William Chowy, Britt Kilian, Leoner T. Quintais, José A. Guerra-Assuncao, Yi Zhou, ... Derek L. Stemple &

+ Show authors

Nature 496, 498-503 (2013) | Cite this article
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“r_Genome Reference Consortium

Correct regions in the genome

To close as many gaps as possible
To produce alternative assemblies of structurally variant loci where
necessary

Scientific community can report loci in need of review
Human, mouse, zebrafish, rat and chicken

_'_ %ﬁ:ﬁger EMBL-EBI i @ZFIN

Natmnal Lib f M d a
i o e 14|

& Washington University School of Medicine inStLouls

{"' McDONNELL
_.)GF_HGME INSTITUTE

http://www.ncbi.nlm.nih.gov/projects/genome/assembly/grc/

EMBL-EBI



Do we know how many genes there are?

Protein coding genes

1980s 100,000

2000 40,000

Today ?

EMBL-EBI . ¢



Otter/ZMAP
GPRS56:
Human G protein-coupled receptor 56 gene
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Blixem:
Interactive browser of pairwise alignments that have been stacked up in a
multiple alignment

(400 iN § £00IN OLK § FVIOIE |

Overview of alignment
o

> Y 2 AK096596.1(2367)

chrX-38¢*1 Wm atct

FEE T

Sequence details Genome sequence mRNA alignments Splice site Gene models
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E’Ensembl Manual Annotation
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Ensembl features
Genomes and gene builds for >300 species ‘I_if.

Variation data
Compara (alignments, gene trees, homologues)

Regulatory build s
¢ % e

BioMart (data export) @ -

Tools for data processing, e.g. VEP
Display your own data
Programmatic access via APIs

Completely Open Source (FTP, GitHub)

- "I_':'-Y f LISEJG [
gy =

EMBL-EBI . ©



FAM241B in Ensembl and UCSC genome browsers

Location: 10:69630247-69633596 ) cene [ Go | «[«|(+ u - = [>][

¥ Addiremaove tracks |ﬁ Custom tracks | =<5 Share | [ Resize image | [E] Exportimage | £ Resetconfiguration | % Reset track order |

335kb Forward strand -
69, 631Mb §9,632Mb 69,631Mb
chromeosome bands [ gecl ]
Genes (Comprehenatve [F-'-.I‘-'I.24IE 201 - ENSTO0000373279 5 !
set from GENCODE 46) [-112018 200
: —— e T _I—l
FAMZ2418-203 - ENSTOO000491890 =
protein coding CDS not defined
[— —i—— —— -
FAMZ41B-202 - ENSTODO00SZ1T16 >
protein coding
Contigs ALAS0311.11 >

[ehe1o (@22.1) B o2z SRRkl W O R 2 Wis 90 a6 )|
Scale 2 kb} I hg3s
chr10: | 69,628500| 69,629,000/ 60,629,500] 69,630,000 69,630,500| 69,631 oool 69,631,500] 69,632,000 69,632,500| eomoool 60,633,500| 60,634,000| 690,634,500| 69,635,000 69,634
GENCODE V46
FAM2418 = ~m-—— i} S —
FAM241B " = Lo
FAM241B o OUADOAOASINSSas. S8
NCBI RdSoqm curated subset (NM_*, NR _*, NP _* or YP_") - Annotation Release NCBI Ref. GCF_000001405.40-RS_2024_08 (2024-08-27)
FAM241B/ 453063 W
ENCODE Candidate Cis-Regulatory Elements (cCREs) combined from all cell types
E1475250/anhP D £1475252 peom [ R g : )
Et47525v/enhP N E1a75254/enhP
E147525%anhP N
H3K4aMe1 Mark (Often Found Near Regulatory Elements) on 7 cell lines from ENCODE
4 b2 sy
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Consortia and resources that have utilized GENCODE data:
@ iGVF ' ’ BBBOGREGOR  2fepcomp IS

Genome Browser
GTEX HUMAN
HUiO e, @S
ATLAS Catalog RefSeq

qg PRIMED AN e,
| i UniProt ¢
S DECIPHER ClinGen A

GRCh3g _ . ing 20 year P
‘RNA

W reaoctome
ICGC
@SR % @ Expression Atlas

=) 100,000 nOmAD HGNC
=) Project. E“. ClinVar MANE) oemes @pmommmve

ENCODE

genome aggre



GENCODE
YROVORY

Human Mouse How to ac

About us

‘ Human

Statistics about the current GENCODE Release (version 46)

The statistics derive from the gtf file that contains only the annotation of the main chromosomes.

For details about the calculation of these statistics please see the README statstxt file.

General stats

Total No of Genes 63086

= Protein-coding genes 19411
- readtheough genes (not included) 654

=P Long non-coding RNA genes 20310
—_— Small non-coding RNA genes 7565
— Pseudogenes 14716
* processed pseudogenes 10657

- unprocessed pseudogenes 3564

- unitary psewdogencs 258

Immunoglobulin/T-cell receptor gene segments
- protein coding segments 411

- pseudogenes 237

Total No of Transcripts
Protein-coding transcripts

« full length protein-coding

= partial length protein-coding
Nonsense mediated decay transcripts

Long non-coding RNA locl transcripts

Total No of distinct translations

Genes that have more than one distinct translations

https://www. gehcbdegenes.org/human/stats.html

254070
89581
64695
24886
21774

59927

65650

13620

More about GENCODE Human

Current human data

Release history

Statistics
Data format
FTPsite

EMBL-EBI %%‘



« Transcript annotation is central to understanding variant effects

Exon not expressed in tissue’ Shifted splice site*  Novel exon® Novel exon*
Brain RNA-Seq ‘ 1 ‘
u A - £ A l
Conservation |, [k gy . o bl o B i “hx o N ‘“ “
Sequence variation . - . .
Canonical transcript | 1/ 1\ | ~" ] ) " & . g - : — NN
1 2 3 4
S‘tj\évard etal. Genome Medicine (2017)
" NMD transcript l:,“: ""‘-"":///\\-:‘——""_-—’\\““N:—""’f\‘_“"{}""-_"—‘\““{l BB

* How to report variant 3? Conflicting report depending on which transcript is used as
reference?

* How to report variant 4? Do we need a new transcript?
« Annotation updated as new biology is uncovered

EMBL-EBI . ©



Human geneset refinement

Two comprehensive independent
human reference transcript sets:

EMBLEBI [ ety b

Why is this a problem?
* Resources use either Ensembl/GENCODE (EBI) or RefSeq (NCBI)

« Differences make it hard to for researchers to exchange data or translate co-
ordinates

» Standardise transcript set across genomics browsers
What's the solution?

« Identify a representative transcript that captures the most information about
each protein-coding gene (not just the longest/first one)

- Will also help standardise clinical reporting
EMBL-EBI



MANE project
Matched Annotation from NCBI and EMBL-EBI

* A transcript set with the following attributes:
Match to GRCh38
One MANE Select transcript per locus

100% identical between the RefSeq and corresponding Ensembl
transcript for 5’UTR, CDS, and 3UTR

No new identifier

» Transcripts should be:
«  Well-supported, conserved, expressed

* Representative of biology at each locus
Fairly stable, but will allow updates when necessary

All the transcripts we annotate should always be considered and we are certainly
NOT saying that biology can be simplified to a single transcript at each genomic locus

EMBL-EBI i =



MANE Select methodology

Step 1 )
Select
Step 2
Compare
<~
Step 3a Step 3b
Same NOT same
splicing/CDS: splicing/CDS:
* Match ends * Manually curate
* Release * Changes to pipeline

EMBL-EBI



MANE Plus Clinical

SCN5A 17.77 Eb forward strand ——»
— — | — —
3861 Mb 3862 Mb
MANE v0.85 transcripts [ 1 T A | | |
with Ensembl labels [ O T | | 1
MANE v0.95 transcripts 1 I (.
with RefSeq labels
| [ | |
MANE v0.95 transcripts EMSTO00004 13689 .6 —
with Ensembl labels ——
EMSTO0000423572.7
MANE v0.95 transcripts —
with RefSeq labels NM_000335.5 —
MNM_001099404.2
20623.33-. ~
- |
GTEx aggregate f |
|
PP SR SN MY o SH
ClinVar clinically associated variants LI | |l
Frame 1 ey el ey paremsr g e =
PhyloCSF  Frame2 YT WP PR Tr T e ey
Frame 3 B |

'Fl"'l"'l'"l'lr-'l"l"l"r-r T T Oep—————— =
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The Forefront
of Genomics’

Questions & Answers #1

Genome Research
Institute

American Society of
Human Genetics
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Too many transcripts?
Have we found all the genes?

What about all the genomes?

EMEBEL-EBI ::



Too many transcripts?
Have we found all the genes?

What about all the genomes?

EMEBEL-EBI ::



More data = more annotation

T ——— e e — -

e o ———— - ———————
— T e

MAPK10 — 192 alternatively spliced transcripts



TAGENE

Manual review Manual review Manual review

B B

'] L]
] 1
'] Ll
Filte fter
n
: : . o
] ] o
L] ] LI
] ] L
Long-read data: " N ¥
PacBio, ONT, 5LRseq ] Repeat overlap
|— (| Intron length
l = *  Splice site canonical?
|_' *  Antisense?
L]
Short-read RNAseq data: I
Mumina GENCODE annotation

EMEL-EBI




TAGENE development

/\ Improved biotype assignment

Manual TAGENE - better rules

Review Annotation

- better filtering of confounders
- readthrough transcripts

GENCODE
Geneset

EMBL-EBI i =



TAGENE development
i

LR
SCAMP3 | 7" ||

.I .I.I L0 | OO0 ...
pllggn COL OO ' I I III
||||| |

| | |1
By OO0 Ml ir.
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Before After




Current transcript classification




Classifying transcripts

Basic L maam man - I
B | I
I A ]
I ]
L saam  mam
] _ pan
Comprehensive



Classifying transcripts

Basic

Comprehensive



Classifying transcripts

Basic L aaan  mam mam I
N - -
I B ]
I D
L e mam
] -
Comprehensive
EMBL-EBI



Classifying transcripts

Basic

Comprehensive



Classifying transcripts

Basic

Comprehensive

EMBL-EBI .



New long transcriptomic data, breaks model

Basic
I - - I
I | - I
. I B |
. ] -
B  mm I
I A ]
] I ]
Comprehensive



New long transcriptomic data, breaks model

EMBL-EBI .



How do we plan to manage this?

® MANE Select

® 1 representative transcript per coding gene
® Limited extension to other biotypes in future

® Gives areference transcript for coding genes
¢ Ensembl canonical for other biotypes

o

Having a reference essential in developing transcript hierarchy
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Reference transcript supports comparison
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Reference transcript supports comparison
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Collapse define NR set of non-reference
features

[
[]
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Test non-reference features to identify those
with functional significance

Introns: B e pi—

RNAseq (Recount3)

Compare junction inclusion ratio (JIR ) reference vs alt
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Test non-reference features to identify those
with functional significance

|
[ ]
Exons:

Conservation and constraint

]
PhastCons and PhyloCSF =

EMBL-EBI



From scoring features to GENCODE Primary

arLODE

|dentify set of features (introns and exons) that exceed threshold

|dentify the transcripts that those features are part of

Use ‘Ensembl Select’ pipeline to generate per transcript scores and ranking
Add highest scoring feature-containing transcripts to GENCODE Primary
Retain rankings for GENCODE Comprehensive transcripts

EMEBEL-EBI ::



GENCODE Primary initial set
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GENCODE Primary, MANE and Ranking

i,
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GENCODE Comprehensive (30 transcripts)
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Too many transcripts?
Have we found all the genes?

What about all the genomes?
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Microproteins

Under 100aa: not usually looking for proteins that small

The major approaches so far used by GENCODE:

» Evolutionary analysis
» Mass spectrometry-based searches for smORFs

* Ribo-seq / ribosome profiling
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GENCODE microprotein discovery: evolution

Discovery of high-confidence human protein-coding We ann Otated 144 new h uman p rotel n_COd Ing
genes and exons by whole-genome PhyloCSF helps ge nes based ono bservati on Of protei n

elucidate 118 GWAS loci

constraint

50 are microproteins

Vi 27 IS 011, papms R T
v 10 100X Diowriormatc M B 200

PhyloCSF: a comparative genomics method to distinguish
protein coding and non-coding regions

Michael F. Lin"%*, Irwin Jungreis'-? and Manolis Kellis'?-*
' Computor Scence and Artiicial Intoligence Laboratory, Massachusotts Insttuto of Tochnology, 32 Vassar
Streot 32-0510, Cambridge, MA 02139 and “The Broad institute, 7 Cambridge Centor, Cambndgo, MA 02142, USA
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GENCODE microprotein discovery: evolution

FAM240B
- o e —

78aa microprotein

Gene completely missed during first pass human and mouse manual
annotation

» Following PhyloCSF identification, annotation was possible with short-read data
« Expression of the gene is specific to fetal eye in human and mouse

EMEBEL-EBI ::



GENCODE microprotein discovery: evolution

e.g. TINCR, once a famous "

IncRNA 87aa microprotein

TINCR ubiquitin domain containing [Eublepharis macularius]
Sequence 1D: XP_054835179.1 Length: 87 Number of Matches: 1
Sea 1 more title(s) v See all identical Proteins(iPG)

Range 1: 11087 GenPent  Graphics

o Eapoct Mathod evt Possrwe "
133 brts(334) 30-38 Compositional matrix adpist 6LB7(T0%) TERT(8T™) OBT(0W)

Query 1  MEGLRRGLSRWKRYHIKVHLADEALLLPLTVRPROTLSDLRAQLVGQGVSSWKRAFYYNA 60
ME LRR LSARWKRYHIKVHLA++ +LLPLTVRP D + DLRA LV +GV+SWK+ FYYNA
Sbjct 1 METLRRSLSRWKRYHIKVHLAEDDVLLPLTVRPTONMMOLRAHLVREGVTSWKKTFYYNA 66

Query 61 RRLDDHOTVRDARLQDGSVLLLVSDPR 87
R+L +H+TV++A++0+GSVLLLVSD R
Sbjct 61 ROLGEHETVKEAKIQNGSVLLLVSDER 87

A ubiquitin-like protein encoded by the “noncoding” RNA
TINCR promotes keratinocyte proliferation and wound
healing

Akihiro Nita, Akinobu Matsumoto Ronghao Tang. Chisa Shiraishi, Kazuya ichihara, Dalsuke Saito, Mikita Suyama,

Tomohary Yasuda, Gaku Tsup, Masutaka Furue, Bumpei Katayama, Toshiyuki Ozawa, Teruasa Murata, |
Keschl |, Nakayama [8)

v
Alphafold structure prediction




GENCODE microprotein discovery:. proteomics

Proteomics:
2016 reanalysis of the Pandey / Kuster lab proteomics datasets
Mass spectrometry analysis done by J. Choudhary & J. Wright

Improving GENCODE reference gene annotation
using a high-stringency proteogenomics workflow

Affiliations + expand
PMID: 27250503 PMCID: PMC4895710 DOI: 10.1038/ncomms 11778
Free PMC article

Found 16 missing protein-coding genes

We have not yet found any microproteins using MS-first approaches el g



GENCODE microprotein discovery: Ribo-seq

> Nat Biotechnol. 2022 Jul;40(7):994-999. doi: 10.1038/s41587-022-01369-0.
Standardized annotation of translated open reading

frames -
6,885 Ribo-seq ORFs are
Jonathan M Mudge # ', Jorge Ruiz-Orera # 2, John R Prensner # 3 4 5, Mar:eyA Brunet &, <100aa (95%)

Ferriol Calvet 7, Irwin Jungreis 8 2, Jose Manuel Gonzalez 7, Michele Magrane 7,

Thomas F Martinez '© ", Jana Felicitas Schulz 2, Yucheng T Yang ' ', M Mar Alba 16 16, lmlcrotranslatlo nSl
Julie L Aspden 7 18 pavel V Baranov 12, Ariel A Bazzini 2° 21, Elspeth Bruford 7 22,

Maria Jesus Martin 7, Lorenzo Calviello 23 2% Anne-Ruxandra Carvunis 2° 26 Jin Chen 27,

Juan Pablo Couso 28, Eric W Deutsch 29, Paul Flicek 7, Adam Frankish 7,

Mark Gerstein 13 30 31 32 Norbert Hubner 12 33 34 Nicholas T Ingolia 3%, Manolis Kellis & 9,

Gerben Menschaert 3¢, Robert L Moritz 29, Uwe Ohler 37 38 39 Xavier Roucou 49,

Alan Saghatelian '°, Jonathan S Weissman 41 42 “3, Sebastiaan van Heesch # 44

Affiliations 4+ expand
PMID: 35831657 PMCID: PMC9757701 DOI: 10.1038/s41587-022-01369-0

These are *NOT* annotated as proteins, they’re just 'Ribo-seq ORFs'
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GENCODE microprotein discovery efforts: Ribo-seq

Canonical protein

ATIN "o T T

5'UTR
1 .....................................................................................
g CUDTSR/non-coding Phy|OCSF ‘UORF’ is conserved in tetrapods
New 29aa |:|
1 ATXN1 |

Concurrent transcript annotation tries to infer how such proteins are expressed
* some UORFs are differentially transcribed compared with the canonical CDS
* some, like this case, seem to be part of the same transcript structure
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Too many transcripts?
Have we found all the genes?

What about all the genomes?
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I' tick " ““l

Earth's beart of iroa begins | - in chronic pain recovery

to yield its secrets ; 15 . 13586 | I in 2 mova explosion . 77
S . ‘
$15
; e

a Closing in on a complete
- human genome » <2

The international journal of science / 11 May 2023

.......

Data from 47 individuals combinetocreate
reference resource that reflects human diversity
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Mapping GENCODE annotation to HPRC Haplotypes

é
v/ /
99.5 A ;
. e i
% 99.0 1 g_‘_
o
= . -
© 98.5 1
g 3
[ o
3 98.0 1 .;,
M
975

Protein-  Noncoding Protein- Nonc'oding
coding genes coding  transcripts
enes mapped  transcripts mapped :
rr?apped PR mapp;% PR Liao, et al. 2023



Where do we need to improve - novel sequence”?

LPA on T2T:CHM13
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Where do we need to improve - novel sequence”?

LPA on T2T:CHM13
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Where do we need to improve - novel sequence”?
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Where do we need to improve - novel sequence”?

LPA on T2T:CHM13
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LPA on T2T:CHM13

Where do we need to improve - novel sequence”?
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Gene clusters - CYP2D6

CYP2D8 CYP2D8
pseudogene : pseudogene
‘| 5 ! I
_ I i3 CYP2D7 LoF
i1 CYP2D7 LoF ! :
e =+ CYP2D7 LoF
4 = Novel CYP2D
' pseudogene
B
! cvPoDs || CYP2D6 LoF . CYP2D6 LoF
== ;: = o
Reference - GRCh38 CHR_HSCHR22 2 CTG1 CHR_HSCHR22 8 CTG1
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Gene clusters - KIR - T2T-CHM13
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Gene clusters - KIR - T2T-CHM13
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chrig:
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Changing the concept of a gene

* Genes on reference treated as individual entities
« Unigue HGNC gene symbol
« Systemic labelling in clusters
« USP17L10, USP17L11, etc

* This does not scale across pangenome

* Root gene symbol + suffix
- Capture information about haplotype, position, more?
* Human readability vs computational utility
® USPl?L_******
* Apply to reference genome as an alias?
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