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Introduction

I\l Nantes

General Interests U Université

Using methods from algorithms on strings and graph theory to
study...

Comparative Genomics

» Rearrangement scenario/distance
» Sequence alignment

Next-Generation Sequencing Problems

» Sequence alignment

» De novo assembly of repeats

\,

Mass spectrometry

» De novo analysis of the spectrum for identification of unknown
metabolite

» Peptide identification and protein inference

y
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Introduction

Scientific Context

1. Biological objects
genomes, genes, RNA sequences,
spectrum...

2. Combinatorial objects
string, tree, graph, permutation...

3. Algorithmics tools
3.1 Computational complexity analysis
3.2 algorithm development:
approximation algorithms, FPT
algorithms, heuristics...

G. Jean (LS2N,Nantes University - France)
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genome A= +4 +5 + 8 +7 +1 -3 -2 +6 +9 +10 -11
genome B = +1 42 +3 +4 +5 +6 +7 +8 +9 +10 +11
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Introduction

Focus

» Evolution through Genome Rearrangements

» s it interesting (and possible) to have such distances between
MAGs?
> Can we compare these distances to other types of distance?

» RNA-seq read alignments with PALMapper

P> Does the sequence | use exist in the database? is it certified?
» How can we align considering SNPs?
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Evolution through Genome Rearrangements (GR)

Definition
» Genome = ordered sequence of genes
» GR = large-scale (=gene level) evolutionary events modifying
the genome (thus the genes order)
» Studying evolution through GR:

> take 2 species (=2 genomes)
» infer minimum number of GR between them (=distance)

Mouse
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Human Source:
https://www.pnas.org/content/100/13/7672
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Evolution through Genome Rearrangements (GR)

Definition
Heavily studied problems [FLR™09] from 90's:
» different genomes: linear, circular, multichromosomal, with or
without gene duplications, strand information or not...
» different genome models: (signed) permutations, (signed)
strings, paths and cycles in graphs...
» different GR: inversion, transposition, double cut and join
(DC)...
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(c) fusion/fission (d) translocation

Source: [HMB18]
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Evolution through Genome Rearrangements (GR)

I\l Nantes

GR on both gene order and intergenic regions ¥ unwversits

» Standard models not realistic enough [BKBT16, BGKT16]

» Systematic underestimate of the distance

Sorting scenario l Rearrangement distance
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Evolution through Genome Rearrangements (GR)

I\l Nantes

GR on both gene order and intergenic regions ¥ unwversits

» Standard models not realistic enough [BKBT16, BGKT16]
» Systematic underestimate of the distance
» Genes separated by intergenic regions of different sizes

» Intergenic regions should be considered for computing
rearrangement distances

100 56 98 76 230 48 36
Sorting scenario l Rearrangement distance
49 133 98 87 196 110 23
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Evolution through Genome Rearrangements (GR)

I\l Nantes

ReS u |tS W/ Université

» Original paper [FJT17]
P> Same content of genes without duplication and unique
operation (DCJ)
P Already "difficult” even for this simplistic model

» Extended work (collaboration U. Campinas -
Brazil) [OJF*21, BJFT20, OJF*20b, BJF*19, OJF20a]
P different gene contents
P unbalanced intergenic sizes
P different sets of operations
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RNA-seq alignments with PALMapper Context
INI Nantes

PALMapper in oqgtans V Universits

Isoform quantitation & bias
r» modeling [BR10]
Tests for differential isoform
—| rDiff eXPression  [Stegle et al. 2010, 2012 i.p]
.| SpiAdder Graph. construction &
sampling [Behr et al. 2012 i.p.]
_» Gene finding with RNA-seq
evidence [Behr et al., 2010, 2012 i.p.]
LMapp Accurate spliced alignments
[De Bona et al., 2008, Jean et al. 2010, 2012 i.p.]

Accuracy of downstream analysis drastically depends on
accuracy of read mapping

G. Jean (LS2N,Nantes University - France) CEODOS-AtlantEco, Valparaiso 10 /22
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RNA-seq alignments with PALMapper PALMapper motivation

I\l Nantes
W/ Université

Motivations

» Improve alignments by using more information:

P> Accurate splice site models
» Intron length model
P Quality scores model

Idea: Use a machine learning method to infer an optimal scoring
function

» Align reads efficiently:

P Use a genomic mapper to find seed regions
P Restrict the length of the genome to align against

Idea: Adapt dynamic programming algorithm to RNA-seq
specificities
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RNA-seq alignments with PALMapper PALMapper pipeline

I\l Nantes

RNA-seq Read Alignments with PALMapper = universits

PALMapper pipeline [JKST10]
» GenomeMapper identifies unspliced alignments and seed
regions for spliced reads [SHO*09]

» QPALMA infers spliced alignments from seed regions
[DBOSRO8]

PALMapper

Sequence input

Unspliced
Alignments
mRNA Genome

= e
Seed QPALMA .
regions scoring & Alignments
alignment

Final

Alignments

= ==
GenomeMapper

parameters cores fo
for spliced pqtent!al
alignments splice sites
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Method  Spliced alignments
I\ Nantes
\J Université

Spliced alignments with PALMapper

Semi-Global
Banded
Spliced

Alignment

Genomic
Sequence
Reduction

Mapping

Genome
Sequence
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Method  Spliced alignments

. . . I\ Nantes
Dynamic Programming Algorithm W Université

Semi-Global
Banded
Spliced

Alignment

Genomic \ | Pseudo

Sequence Chromosome
. Sequence

Reduction =

Alignments

Mapping

Genome
Sequence

The seed position inferred from the seed region guides a
dynamic-programming-based alignment algorithm:

ed parameters
for spliced alignments

Semi-Global Banded
Align the whole read | Limit the number of Allow long gaps
with a portion of the gaps from the corresponding to
pseudo chromosome perfect alignment introns
sequence
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Method  Spliced alignments

. . . I\ Nantes
Dynamic Programming Algorithm \J Université

mRNA
R
= Genomic Semi-Global
Mapping Sequence Banded
— Spiced

Reduction Alignment

Genome
Sequence

for spliced alignments

Pseudo Chromosome Sequence
...GACCGTCAGCTAATTCATGCCGTACTGGACCACCTACAGTTGACCGTCAGCTAATTCATGCCGTAGGTTACCACCTACAGGT...
T

Read

TTGACATCCACCAGGACCAGTTGACATCCACCAGGT

"Backward sub-alignment Forward sub-alignment
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Method

Dynamic Programming Algorithm

Spliced alignments

I\l Nantes
W Université

Mapping

Genome
Sequence

Genomic
Sequence
Reduction

Sequence

for spliced alignments

Semi-Global
Banded
Spliced

Alignment

CTGGACCACCTAC@T GACCATCAGCTAATTCATGCCGT@STTACCACCTAC@T

J-1

< Gap on read

%,

TTGACATCCACCAGGACCAGTTGACATCCaccacer

Gap on DN.

G. Jean (LS2N,Nantes University - France)
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Method Extended scoring model

QPALMA extended scoring model O Unersts

Read
Genomic ‘
Mapping “ Sequence
Genome i
Sequence

0.5
ACGTACA GTAGCT . .CCGTAGAATTGACTGTGTTG. ..
Sy )

gap A C G T N
gap 033 0 £.0 £ £0 10 » Sequence matches
: s :E; :8 :8 :8 :;i » Computational splice site predictions
013 £0 £0 £0 £0 £0
055 £0 10 £0O 1O £
012 £0 1O 1O 10 10 » Read quality information

Semi-Global
Banded
Spliced

Alignment

Source of information

» Intron length model

C
(€]
T
N

Quality scoring M : (E x R) x ¥ - R [DBOSRO8]
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Method Extended scoring model

QPALMA extended scoring model U Vantes

W Université

Estimation of QPALMA scoring model via a large margin approach
similar to SVMs

. - Sequence input
Artificial reads generation

mRNA Genome
Error model / Reads Sequence
creation

Optimized
parameters for
spliced alignments

QPALMA
Training
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Method Results

I\l Nantes

ReS u |tS W/ Université

Significant Speed Gain: QPalma vs. Palmapper

» Full sequencing run of C. elegans RNA-Seq data of 24 x 10°
reads of 36-nucleotide length

» Evaluation of predicted introns

TopHat TopHat sen. QPALMA PALMapper

Recall 0.39 0.62 0.65 0.65
Precision 0.86 0.76 0.88 0.88
Running Time (min) 216 544 12000* 186

TopHat [TPS09]. The running time for QPALMA was extrapolated.
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Method Features

I\l Nantes

Variant-Aware alignments \ Universite
Motivation:
» Many reads may not have an alignment (errors, polymorphisms,
RNA-editing)

idea: Detect commonly occuring RNA/DNA differences and use
during the alignment
» Genome of interest is unknown but a close relative is available
» Aligning against several close genomes is needed
idea: Get variants between the genomes and use them during
the alignment
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Method Features

I\l Nantes

Variant-Aware alignments \ Universite

PALMapper strategy:
» Construct super-sequence graph containing all variants

» Use dynamic programming to align against all possible paths

Insertion

DNA

Deletion
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Method Features

I\l Nantes

Variant-Aware alignments \ Universite

PALMapper strategy:
» Construct super-sequence graph containing all variants

» Use dynamic programming to align against all possible paths

Insertion

DNA
SNV

Read alignment Deletion

» Strategy used in paper [DZM*14] about DNA methylation in A.
thaliana
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conclusion
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Thank you ! Gracias ! Merci !

El Morado January 2019 El Morado May 2023
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