Y730 JUIN>3 JUIL
Strasbourg

Y Successes and pitfalls of the new genome annotation
softwares

Few feedbacks on insect and plant genomes annotation

Maya Gawinoski, Audrey Chathuant, Nicolas Lapalu, David Gilardot, Frédérique Hilliou, Christophe
Klopp, Christine Gaspin, and Fabrice Legeai

o INRAQ
FRANCAISE

Liberté

Egalité

Fraternité




» Genome wide overview

v |NRAZ
FRANCAISE

Liberté

Egalité

Fraternité



> Plant genome

The Camelina sativa example

An oilseed plant in the Brassicaceae family

hexaploid

650Mbp, 20 chromosomes

» Reference annotation (RefSeq)
e 82,569 protein coding genes
107,481 mRNAs
* 94,343 fully supported (87.8%)

Pipeline EGAP (NCBI 2016)
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Annotation of the Camelina sativa genome

Are the number of genomic features similar ?

Annotation Comparison — Feature Count by Type
(Camelina sativa)
CDS
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Annevo
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66,116
(-20%)

83,807
6.9
4,573
1301
1007
90
16,152

7,552
(11%)

Helixer
v0.3.6

113,434
(+37%)

113,434
5.1
2,635
1052
849
100
19,764

22,717
(20%)

Tiberius
V2.0.5

85,207
(+3%)

85,207
5.1
893

1199
1011
201
20,070

19,295
(23%)

Annevo
A\ W

93,078
(+13%)

93,078
4.7
1,367
1,080
915
15
14,904

21,608
(23%)

with 4 RNASeq libraries including flower, leaves, stem and fruit.
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Annevo -

Tiberius 4

Helixer

EGAPX -

Annotation of the Camelina sativa genome

Completion of the annotations

BUSCO v6.0.0, with odb10_brassicales

BUSCO Assessment Results — Camelina sativa

OMArk V0.4.1 / Viridiplantae HOG database
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g;. Annotation of the Camelina sativa genome
é:’ How similar are the predictions to the RefSeq annotation

Compared each annotation to a reference annotation with gffcompare Precision * Recall
Applied F1 score formula to gffcompare results F1=2x —
Precision + Recall

Comparative Analysis of Annotation Pipelines on Camelina sativa
F1 score by feature level relative to NCBI reference

B EGAPx
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B Tiberius
EEm Annevo
80
£ 60 -
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40 | 38.3 37.4 7.1
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O .
Base Exon Intron Intron chain Transcript
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= =} Annotation of the Camelina sativa genome

Splice-sites

Distribution of the splice sites by tool
1000 oo
splicing sites
mm GT-AG
mm GC-AG
975 mm GT-AC
mmm other
h i

92.5

90.0

87.5

Percentage of the splice sites (%)

80.0

EGAPx Helixer Tiberius Annevo
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Annotation of the Camelina sativa genome

Helixer’s micro-exons (<3 bp)

Proportion of Helixer genes by number of micro-exons (Camelina sativa)

e £ B 0 micro-exons Helixer micro-exons (1-2 bp) overlap with EGAPx annotated features B In non-coding gene
Genes with/without micro-exons [ — ( (ggmelinapsativa) B In protein-coding gene
I In pseudogene
All EGAPX genes EGAPX genes overlapping with Helixer micro-exons
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> g E
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* =} Annotation of the Camelina sativa genome
C) What is the proportion of specific genes

Novel transcript (code='u’') - not in reference
(EGAPX, Helixer, Tiberius, Annevo)

25000 £4757
Ran gffcompare with the four annotations against the NCBI o 20000 -
reference o
C —
Only kept the class code « u » for « unknown » L 15000 13512
[»)
About EGAPx, only one isoform was kept for each gene E 10000 A
using agat longest isoform tool % 6357
. — 5000 A
UTR were removed before running gffcompare 1?81 —_—
& B e o6 780 180 129 91 76 39 31 25
11% 9506 [l Tiberius 3
24% 27637 Helixer @
4% 2352 EGAPx ® I
18% 1681 Annevo ®
- 1
25000 0
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Annotation of the Camelina sativa genome

Are the novel transcripts biologically relevant ?

Depth categories — novel transcripts
{hasecion mean depihiacrass all BAMa) Functional annotation of tool-specific novel transcripts (code="'u’)
100 ~

(eggNOG-mapper, Camelina sativa)
mm Null (=0) a0/
= Low (1-10) 5 000 4 470
mm Medium (11-100)
B High (>100)
80
0,000
=
]
2
5 601 5,000 -
n
=
o
-
Y
(=]
a 0,000
& 401
o
)]
=
(o]
o= 5,000
20 1
0 .
EGAPx Helixer Tiberius AnnEvo
0 - ; . .
EGAPX Halikap FhekiE ARHETH B Informative COG (= R/S) mm Uninformative COG (R/S) BN Unmapped
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Insect Cytochrome P450

Insect’s Cytochrome P450 are involved in the detoxification of plant defense chemistry, insecticides and
environmental pollutants. They are evolving rapidly, but are very similar depending of their classification,
clustered in the genome and repeated tandemly.

Sf — 4+— — — — — —— — ————— —p 4
24 25 26 27 28 29 30 31 32 BmETS
Ha —p—p_ | @ B -+ —» 1 -
ADH ADH 16 23 15 17 3 BmMETS
 d— l—‘—
Bm e . — — |
20 19 21 aApDH ADH 22 BmETS

I

Feyeiresen BBA, 2011
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2 Insect Cytochrome P450

Annotation of the Spodoptera frugiperda genome

Spodoptera frugiperda v7 genome (385Mb, 31 chrs)

6 annotations (EGAPx without RNASeq, EGAPx + 20 RNASeq libs, EGAPx + 100 RNASeq libs)

BUSCO Assessment Results (Page 1)

tiberius_proteins.fa

egapx_rnal00_LI_proteins.fa A

annevo_proteins.fa -

egapx_norna_LI_proteins.fa A

helixer_proteins.fa -

egapx_rna_LI_proteins.fa

0 20 40
% BUSCOs

I Complete (C) and single-copy (S)
mmm Complete (C) and duplicated (D)
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Helixer
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genes
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2 Insect Cytochrome P450

48 CYP identified and curated by expert
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> Take home messages

* New ab-initio tools based on deep learning are much better than previous ab-initio predictor tools (e.g.
Augustus), they run also much faster (usually less than 1 hour)

 EGAPx annotation is different from RefSeq, and the annotation quality is sensible to the given RNAseq libraries

» Helixer predicts much more genes than the other predictors, including thousands of genes with no biological
support

* Helixer predicts numerous short and aberrant exons

* Annevo and Tiberius annotation outperform Helixer ones, and gave comparable results, with a slight advantage
for Tiberius

* For many genes differences between the gene structures lie in the details (choice of the splicing site).

For challenging cases, manual curation is still needed or it is worth to use a combiner to reconcile annotation
from the different tools

Can fine-tuning Helixer improve annotation?
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> Finetuning Helixer : Last Layer Strategy
Can we improve the results of Helixer by finetuning the model ?

Detailed Helixer Model

Architecture
Main input
% | Last Layer Strategy
% Convi1D Layer x4 CNN block to finetuning workflow
% capture local
é Batch Norm motifs GFF3 + FASTA
. | |
Weights and é Reshape Layer GeenuFF
biases frozen é | | .sqlite3 db
% x3 bLSTM block to Conversion into h5
% bLSTM Layer capture long |
% dependencies
% | Split train/val
é Dropout Layer |

Reshape Layer ~ Combine
Dense Layer

Weights and Reshape Layer > Finetuning “model hat”
biases |
retrained

Softmax Activation

Output
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> Finetuning Helixer : Last Layer Strategy

To improve insect odorant receptor (OR) genes annotation

The case of insect odorant
receptors (ORs)

Cha"enging family : INRAQ;g An Integrative Deep Learning and Structural Workflow l{ﬁf/
» Highly divergent protein sequences especially the beginning o e e g

B0, .. S5, 182 53 BE__ow e eSS 56 578 S Butterwick et.al (2018)
Orco | I/ AURTY NN AR I O TN O ArASrnEEEER o NI ORI
OR ||l I | | 0 11 AT
100 200 300 400
Qrco residue number Conserved BE___1 Variable

* Organization in cluster
* Multiple short exons / Long introns ool el e

a a
finetuned Helixer (last layers srategy) or Braker3 and EgapX fed with good qualiy

=g

SR
Comprehensive benchmark comparing the state-of-the-art methods
of our pipeline, we compare its performances (fme

e a very divergent family, they have representative patiems

length (~ 390 residues). the absence of a peplide signal, 7

transmembrane (TM) helices, some residue signatures, and a highly conserved
30-structure. Therefore, exploiting al these Properties fogether, we manage 1o
‘genes and predict the qualty of the OR candidates

Helixer
alone

tation t and divergent genc famitcs,

toward OR funchion prediction, integrafing available functional data, for example
progress wih IEES-Pars, IGN and UvA)

Ganuest

Default Helixer on S.frugiperda ? ORs : Assessment with splice
sites coordinates comparison and visual check
— 25/71 correctly annotated S.frugiperda ORs G} B @
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> Finetuning Helixer : Last Layer Strategy

What is mutable during finetuning ?

The case of insect odorant
receptors (ORs)

Most stable input
Hyperparameters configuration
* Class weights (cW) —— GFF3 FASTA —— — -
* Transition weights (tW) \/
* Length OR-like GeenuFF Usually made with 12
*  Subsequence length (SL) (300-500) salite3 db RNA-Seq support
= Canonical §§ | =4
* Learning rate (LR) * START/STOP Conversion into h5
* Bitscore > 750
UTRs** |
Input Split tr|a|n/val
* N species —
Combine
* GFF3 content
Finetuning

*NBHMIE : Respectively : NCBI, Braker3, Helixer, Miniprot and Exonerate
**Patch same-size UTRs from NCBIreplaced genes to alternatives or made themup
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> Finetuning Helixer : Last Layer Strategy

Results: Which hyperparameters configuration is the best for now ?

250000 -

200000 -

SL value

100000 -

50000 A

INRAZ

SL vs Best-hit selection per test (tie-aware)

The case of insect odorant

150000 -

46
45
42
a1 41 41
A 1 @ 23 40
/
7 % % @ ® - Z e O
n20 n20
F 30
=
I
(o]
. o
=
22 S
(%]
20 &
12 12
@ & 10
= ® .\
—— SL Best-hit count
. 0 ; ; 0 r . ' T . r . 0
© ) y Vv “ L) ™ ) v %] ™ A Q N
X X X, X X Y Y R X X X hS Y%
<& <& <& <&’ <& <& & & & <& <& <& & &

Test (ordered by SL)

=» Reducing the SL may improve ORs annotation
=» Having transition and classes weights may improve ORs annotation
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. No Classes and Transition Weights
## NoUTRs

. Check to pass GeenuFF

receptors (ORs)
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> Finetuning Helixer : Last Layer Strategy

Results: Is finetuning really an added value comparing to the default ?

The case of insect odorant
receptors (ORs)

Assessment by bitscore against known reference : Assessment with splice sites coordinates comparison
On a same query which one has the best prediction ? and visual check

SL vs Best-hit selection per-test tie-aware

70 250000
60 200000 %
® 50 =1
2 40 150000 8
5 30 100000 £
? 20 2
10 50000 @
0 0
Default Test4
Test (ordered by SL)
Count of queries —— S| value
Helixer Best finetuned ]
alone Helixer
About quality (ignoring UTRs)
— ~+8 ORs
About retrieval
—+10R
— Finetuned Helixer tend to be better than default Helixer
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> Take home messages

New ab-initio tools based on deep learning are much better than previous ab-initio predictor tools (e.g.
Augustus), they run also much faster (less than 1 hour for a genome )

EGAPx annotation is different from RefSeq, and the annotation quality is sensible to the given RNAseq libraries

Helixer predicts much more genes than the other predictors, including thousands of genes with no biological
support

Helixer predicts numerous short and incorrect exons

Annevo and Tiberius annotation outperform Helixer ones, and gave comparable results, with a slight advantage
for Tiberius

For many genes differences between the gene structures lie in the details (choice of the splicing site).

For challenging cases, manual curation is still needed or it is worth to use a combiner to reconcile annotation from
the different tools

Fine-tuning Helixer is complex and does not significantly improve the results

It must possible to tune or train specifically Tiberius model, but the process is complex and lacks documentation
and requires lot of data and resources

Since its version 2.0.5, the Tiberius pipeline is able to take into account transcriptomics data to improve the
transcripts (new isoforms and UTR).
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