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Background — The Tree and Classification of Life
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Background — The genus Rosa




Background — Wild roses distribution
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Background — The Rose genome
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Haploid chromosome number: n=7 (Voanioala gerardii n=298)

Monoploid genome size: 1Cx = 0,4-0,6 Gb (Fritallaria platyptera 1Cx = 84 Gb)



Background — Adding complexity
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Background — Complex genomes

Roses genomes are very flexible...
...as modeling clay!

... And this questions the notion of ‘species’...



Background — Current phylogenetic issues
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Background — Current phylogenetic issues

Morphological traits and plastid sequences have
significant flaws to study roses relationships...

...0One solution would be to analyze many nuclear loci
across rose genomes...

PHYLOGENOMICS

GATACA

..Welcome to Phylogenomics!



Objectives — Whole thesis objectives

1. Identifying and assessing of single-copy nuclear loci for
Rosa phylogenomics

2. Building a phylogenomic network of Rosa species
highlighting polyploidizations and hybridizations as well

as traits evolution and biogeography




Methods — “Previously in PHY-ROSE...”
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A genome-mining strategy identifies 2,293 variable
single-copy nuclear loci for rose phylogenomics

Debray et al. In Prep.



Methods — “Previously in PHY-ROSE...”
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Methods — The Amplicon sequencing technigue

Step 1/2: Target PCR amplification of loci

48 DNA 48 pairs of
samples == primers
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Methods — The Amplicon sequencing technigue

Step 2/2: lllumina sequencing 2*300 bp

INDOL FWD.fastg

@SEQ00000001\1
‘ Fwd — > GATTTGGGGTTCAAAGCAG
llumina Ind. 01 < gey ;
PUr ((((FFR4) ) $55++) (2%533)
Fwd @SEQ00000002\1
Ind. 02 < Rev GATTTGGGGTTCARAGCAG
+
=><=\* () ¥*5$=) (%++) (2A’Q
Ind. 03 <Z E\gf @SEQ00000003\1
GATTTGGGGTTCAAAGCAG
+
Amplicons Of @()+22 ((*6*+>AC! I #Q'/ &QQ##
the 2,304 PCR
@SEQ25489732\1
GATTTGGGGTTCAAAGCAG
Fwd +
Ind. 48 << ke AC!IH@ GREHH* ((((*11247;
lllumina HiSeq 2500

@ 96 files to demultiplex



Methods — Post-sequencing workflow

INDO1 FWD.fastqg INDO1 REV.fastqg
@SEQ00000001\1 @SEQ00000001\2 GOAL
GATTTGGGGTTCAAAGCAG CTGCTTTGAACCCCAAATC
+ +
VR C((R*%4) ) $%5%++) (%%5%) DJ! ! #@" &@@H##* ((((*! 1247 ; Locus 01 Locus 02 Locus 03
@SEQ00000002\1 @SEQ00000002\2 - - -
GATTTGGGGTTCAAAGCAG CTGCTTTGAACCCCAAATC X320 E—— ]
+ + x402 /|
=><=\* () **%8=) (‘%++) (2A’@ *+SAC!HQ7 6%5=) (\3++) (% X68 E—
@SEQ00000003\1 @SEQ00000003\2 X24 A
GATTTGGGGTTCAAAGCAG CTGCTTTGAACCCCAAATC >
+ +
@()+22 ((*6*+>AC! | #@’ cQ@## @()+22 ((*6*+>AC! ! #Q' &RQ
Locus_48
—
@SEQ25489732\1 @SEQ25489732\2
GATTTGGGGTTCAAAGCAG CTGCTTTGAACCCCAAATC
+ +
AC! ! #Q GQRRH#H* ((((*!!124"; DJ! ' #@" &@RH#H#*Q () +22 ((*6

@ QUALITY CHECKS
@ DEMULTIPLEXING

@ TRIMMING
@ ASSEMBLY

@ CLUSTERING

@ python’ @ HAPLOTYPING



Methods — Phylogenomics networks

Method 1: with a priori

@ Diploid non-hybrid tree
= Backbone diploid progenitors tree

@ Graft alleles from diploid hybrids

and merge
Diploid-Hybrids detection?

@ Graft alleles from polyploids
and merge

Polyploids detection?
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Methods — Phylogenomics networks

Method 2: without a priori
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Methods — Phylogenomics networks

Method 2: without a priori
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Results — Amplicon Sequencing

1 pilot run already analyzed: 90% of success

o8y

48 Species



Results — Method 1: with a priori

Polyploid detection?
DA o 5 i i “Hn Y
50:50 25:75 ?
2X 4x > X

Alleles frequencies in combination with literature
give an idea of the ploidy level



Results — Method 1: with a priori

Uncorrected p-distance
o
[}%]

0.0+

BRAO4

BROO1

Diploid-hybrids detection?

Comparison of intra/inter
specific sequence variations

“Intra-individual variations << Inter-individual variations
in diploids non-hybrids”

" Inter-individual
I Intra-individual



Discussion — Amplicon sequencing

- Prior (genomic) knowledge on the taxa studied

Barstia (Orobanchaceae) Uribe-Convers et al. 2016 PLoS ONE 11(2):28pp
Cucurbita (Cucurbitaceae) Kates et al. 2017 MPE 111:98-109

- Targeting alleles

;&SO% /\ LocusO1 ? Locus02
Locus02
N
S~ 1 2 3 4 5 6
Chr2
B6X

=& Allele variation
) Allele phasing



Discussion —Amplicon sequencing

- Robustness toward DNA quality

Carefree sampling and storage
Herbarium samples can be used
Some accessions were sampled before 2000

- High-quality sequencing for low price
Deep sequencing coverage (up to 11,591 X — mean was 3,308 X)
0,83€/locus/species vs. ca. 3 €/locus/species using 1X Sanger sequencing



Perspectives — On the origin of Rosa persica

Dr Zahra Karimian
Research Center for Plant Sciences
Ferdowsi University of Mashhad - Iran
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Background — The genus Rosa

Rosa Trachyphyllae
Synstylae Rubifoliae
Vestitae
Caninae Rubiginae
Pimpinellifoliae Tomentellae
Rosa P f Caninage
Carolinage
Gallicanae
Rosa Chinenses
Banksianae
Hulthemia
Bracteatae
Platyrhodon _
Laevigatae
Hesperhodos

Genus Sub-genus Section Sub-section
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: STEP 1:
Fragaria vesca Rosa 'Old Blush' Find Single Copy Genes (SCGs) in
34,809 39,669 both species
7,146 T 8,568
~ STEP2:
RBB 33 | 1 ’784 30 mcl Find shared Single Copy Orthologs
N (SCOs)
| Referencepeptise
-— -— a. blast PE-1 \
] — sequence
]
————m— [ = b. find PE-2 iteration 1
_—
| sequence STEP 3:
} ¢ de novo Target assembly of the 1784 SCOs
assembly in unassembled genomes

iteration 2

ARARR AR A AR AR AL teration 2

b 3sp 40 STEP 4:
Species a
- Align contigs, find blocs with =4
species (including R. 'Old Blush' and
Species N R : d desi .
Consensus . persica) and design primers on
Primers design CONSEnsuUs sequences

STEP &:

“ 5‘ Species L Check primers specificity on
whole genome
'—‘ sequence R. 'Old Blush' genome and
find theoretical amplicons on

assembled genomes

Debray et al. In Prep.



Methods — The 4-primer amplification




Methods — Allelic frequencies and ploidy

@ Concatenation of nuclear loci in the ref. hap OB

1 2 3 4 5 48

= super ref.

@ Mapping all reads of 1 individual




<:> Count Allelic variations

= super ref.

= mapped reads
freq Count freq Count

Al A2
0 0 1 60
0,25 | 15 0,75 | 45
0,5 30 0,5 30
0,75 45 0,25 15
Y | 1 60 0 0




@ Count Allelic variations

freq Count freq Count
Al A2
0 0 1 60
60
0,25 15 0,75 45
% Type
% 40+ First
E' | Second
0,5 30 0,5 30 § Third
204
0,75 45 0,25 15
1 60 0 0 o T _‘| i a0
25 50 75

Allele Freq



Methods — Recovering alleles from reads

reads _ _
v Séquencage lllumina paired-end
2 x 300bp

v

Total : 18,876

Qualité de la base

140-144  165-169 185-189 205-209 225-720 245-249 265-260 285-289 0 234567651519 3034 4549 60.64 80-84 100104 120124 140-144 165169 185189 705-208 725229 245.249 763269 785289

l, Position dans les reads Position dans les reads

Forward Reverse




Methods — Recovering alleles from reads

y

Demultiplexage

L —_____IND48 reversefastg _ _|

|
F--—" INDO1_forward.fastq
S INDO1_reverse.fastq

|
F--— INDO02_forward.fastq
S INDO2_reverse.fastq

,/I IND48

F-—— IND48_forward.fastq

Primers.txt

PAIRO1 F
PATRO1 R

PAIR02 F
PAIR02 R

PATR48 F
PATR48 R

ACGTGTGACAGT
GGACTTTGACTG

GTGTGCAGGTGG
GCCGACGAGACA

CTGTCCCTGATT
ATAGCACACACG




Methods — Recovering alleles from reads

> INDO1 forward.fastqg

rr—--——H=—/——F~ —F~—"~—~—~———— 1
| INDO1 @SIM:1:FCX:1:15:7258:9987
L~ INDO1_forward fastq | — L:N:O0AL |
L INDO1 reverse fastq GATTTGGGGTTCAAAGCA...TCT
—~ +
L_J INDO2 VU ((((FFH4) ) $3%+4) (LHIK _

I

I

I

I

I

I

I

I

: F--—" INDO2_forward.fastq
| : INDO2_reverse.fastq
I

I

I

I

I

I

I

I

@SIM:1:FCX:1:15:6329:1045
1:N:0\1
TCGCACTCAACGCCCTGCA..TAG

_I_

<>; ##=><9=AAAAAAAAAAOH# : <#

-

| IND48

@SIM:1:FCX:1:15:0254:2202
1:N:0\1
GTCCATAGCACGTGCATCCC..AAT

n
<<?2#87?2>79=CC:CCA(A)A9!:&>




Methods — Recovering alleles from reads

INDO1 forward.fastqg

Primers.txt

PAIRO1 F ACGTGTGACAGT
PATIR0O1 R GGACTTTGACTG

PATROZ2 F GTGTGCAGGTGG
PATROZ R GCCGACGAGACA

PAIR48 F CTGTCCCTGATT
PATR48 R ATAGCACACACG

X

| 7 PAIROLF

PAIROl F

PAIROl F

GATTTGGGGTTCAAAGCA..TCT
ACGTGTGACAGT

TCGCACTCAACGCCCTGCA..TAG
ACGTGTGACAGT

GTCCATAGCACGTGCATCCC..AAT
ACGTGTGACAGT




Methods — Recovering alleles from reads

GATTTGGGGTTCAAAGCA..GAATC
PAIROl1 F |ACGTGTGACAGT
I—) Calcul de la distance de Levenshtein (LD)

entre les 2 chaines de caractéres
(ie. nombre minimal de caracteres qu'il faut supprimer,
insérer ou remplacer pour passer d’'une chaine a l'autre)

SiLD < 4:

Le read est associé a la PAIRO1 en partie forward
Sinon:

Le read est abandonné (et sa paire reverse aussi...)



Methods — Recovering alleles from reads

Au final jobtiens une arborescence de fichiers de reads :

INDO1 PAIRO1l Forward.fastqg
INDO1 PAIRO1l Reverse.fastqg

INDO1 INDO1 PAIR02 Forward.fastgqg
INDO1 PAIRO2 Reverse.fastqg
INDO2
INDO1 PAIR48 Forward.fastqg
INDO1 PAIR48 Reverse.fastqg
IND4S8

48 individus x 48 paires x 2 sens = 4 608 fichiers



Methods — Recovering alleles from reads

<
m==-200

INDO1 PAIRO1 Forward.fastg
INDO1 PAIRO1 Reverse.fastqg

* Retirer les morceaux d’adaptateurs lllumina

* Retirer les fenétres de 4bp dont la moyenne de
qualité est < 20 (99% de confiance dans
I'identification des bases)

* Retirer les reads nettoyés < 30 bp

INDO1 PAIRO1 1P.fastqg INDO1 PATIRO1 1U.fastqg
INDO1 PAIRO1 2P.fastqg INDO1 PAIRO1 2U.fastqg

Trimmomatic: A flexible read trimming tool for lllumina NGS data

Bolger et al. 2014, Bioinformatics 30(15):2114-
2120



Methods — Recovering alleles from reads

Jonction des
reads pairés

INDO1 PATRO1 1P.fastqg

Qread25486\1
CACCACATATGCTGTCTCTGGCAC
_|_

<>; ##=><9=AAAAAAAAAAQ# : <

@readl2579\1

CACCACATATGCTGTCTCTGGCAC

CACCACATATGCTGTCTCTGGCAC

INDO1 PAIRO1 2P.fastqg

@read25486\2
GGTTTAGAGGAATCAGATTCAAGT
+

;22#A=>CO1<<> () /, *-94#; ; A

@readl2579\2

GGTTTAGAGGAATCAGATTCAAGT

\L Reverse complement




Methods — Recovering alleles from reads

Jonction des
reads pairés

CACCACATATGCTGTCTCTGGCAC

<=

CACCACATATGCTGTCTCTGGCAC

—

—~ --min-overlap = 10 bp
--max-mismatch-density = 25%

Aucun gap
INDO1 PATIRO1 combined.fastqg
INDO1 PAIRO1 Notcombined.fastqg (‘NNNNN’insertion)

FLASH (Fast Length Adjustment of SHort reads)
Magoc and Salzberg 2011, Bioinformatics 27(21):2957-2963



Methods — Recovering alleles from reads

INDO1 PATRO1 combined.fastqg
INDO1 PAIRO1 Notcombined.fastg

Processus itératif (3 répétitions) :

* Détection des chimeres de PCR par alignement

* Regroupement des reads similaires avec un seuil
croissant d’identité au cours des itérations

Pour chaque locus, pour chaque taxon :
Cluster 1 : 925 séquences
Cluster 2 : 854 séquences
Cluster 3 : 75 séquences
Cluster N : 2 séquences

INDO1 PATIRO1 PURC clusters.fastqg

Pipeline for Untangling Reticulate Complexes (PURC)
Rothfels et al. 2016, New Phytologist 213(1):413-429



Methods — Recovering alleles from reads

Contient tous les haplotypes possibles.
INDO1 PATIRO1 PURC_clusters.fastqg Leur nombre est surestimé en raison
\1: des insertions de NNNN.

‘1, * Regrouper les cluster qui sont identiques
EHel (en ignorant les gaps)
- « Déduire des haplotypes dans un contexte
ou la ploidie n’est pas connue

¢ INDO1 PATRO1 PURC_clusters_reduced.fastqg

Fluidigm2PURC
Haplotypage Blischak et al. 2018, BioRXiv



Methods — Recovering alleles from reads

Haplotypage

Exemple : L'étape de Clustering identifie 6 clusters chez un individu 4x

On utilise comme variable la taille des clusters et comme paramétre le
taux d’erreur de séquencgage au locus.

1400 1256

= 1200 984 o On modélise différents cas de figure :
O @ 1000 Modell :000000
L n Model2:100000
TS a0 N Model3:110000
= 200 80 14 Model4:111000
0 Model5:111100
PSR U C R U P RS Model6:111110

Model7:111111

Pour chague modéle, on calcule son maximum de
vraisemblance et on regarde si le gain obtenu est intéressant

Fluidigm2PURC
Blischak et al. 2018, BioRXiv



Methods — Recovering alleles from reads

Maximum de vraisemblance pour un modeéle a H clusters :

J’ Niveau

Nb de moyen

clusters Taille du . ,
. . d’erreur de
envisagés dusteri | VAriable

tous les

¢ \ / /reallgi;,ce
ly = z C; Xlog(1l—¢€)+ C; X log(e)
v =

parametre

Les clustersde O a H Les clusters suivants
sont de vrais clusters (>H) sont des erreurs

Fluidigm2PURC
HapIOtypage Blischak et al. 2018, BioRXiv




Methods — Recovering alleles from reads

v

Haplotypage

Maximum de vraisemblance

2500

2000

1500

1000

500

0

2015 2017 2020

——
<10%

Modell Model2 Model3 Model4 Model5 Model6 Model7
On retient le Model4 FIuidingPURC
(& 3 vrais clusters) Blischak et al. 2018, BioRXiv



