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❑ Genome assembly: steps and techno



❑ Triticeae refseq current status (09/2022)

Reference-quality genome assemblies

• T. aestivum
• Chinese Spring (NRgene)

• ArinaLrFor Jagger Julius CDC_Lancer CDC_Landmark Mace 
Norin61 Stanley SY-Mattis Spelta (NRGene)

• Zang1817 (NRGene)

• Fielder (Pacbio HiFi)

• Kariega (Pacbio HiFi)

• Renan (ONT)

• Attraktion (Pacbio HiFi)

• T. urartu AA
• T. durum AABB
• T. dicoccoides AABB
• Ae. tauschii DD
• Ae. searsii DD
• Ae. bicornis DD
• Ae. longissima DD
• Ae. sharonensis DD
• Ae. speltoides SS





• Total 63x

• Select 30x with longer reads
(reads>50kb ➔ 15x)

PromethION
18 runs

MinION
2 runs

NovaSeq
30x

Renan
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❑ Step#1: sequencing

Bionano

HiC



https://www.youtube.com/watch?v=GUb1TZvMWsw

Early stages 
-> error rate in reads: 12%
-> error rate in assembly: 4%

o basecalling
o polishing

ACGTAGACGTACGGCTGCATCGCATTCATCGGCGGGGGGGGGCTGCTCGTCGCTCCTCGT

*                     *

*                     *
*                     *

*                     *

*

*

Illumina 
30x

assembly

% of CS markers aligned
(5,394,172 ISBPs)
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❑ Step#2: read assembly

Renan

Nanopore

https://www.youtube.com/watch?v=GUb1TZvMWsw


1 optical contig

11 sequence contigs

1 scaffold
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❑ Step#3: scaffolding



❖ Metrics
➢ Genome size=14.3 Gb
➢ 2904 scaffolds (=138/chr)

❖ Quality Assessment
Genes: 98% CS genes found
TEs: 92% CS ISBPs found
QV: lower (99.95% accuracy) than NRGene-based assemblies (99.99%)

❑ Assembly metrics



HiC

X not efficient enough to build a 
chromosome-scale assembly

❑ Step#4: pseudomolecule construction

2904 scaff 21 chromosomes

ACGAG

2. HiC

1. CS-guided
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 14.2 Gb (0.1 Gb unanchored)

❑ Step#4-1: CS-guided pseudomol construction



❑ Step#4-2: HiC corrections
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❑ Step#4-1: CS-guided pseudomol construction

Renan

HiC



❑ Step#4-2: HiC corrections

▪ 18 chimeric scaff
▪ 198 scaff with correction of 

location and/or orientation

21 chr + chrUn 61 Mb (<1%)
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Renan Refseq_v2 versus 10 wheat genomes



Jagger

Renan

~1.6 MbContig N50=2 Mb

w-gliadin gene cluster

ATGAAGACCTTCATCATATTTGTCCTCCTTGCTATGGTGATGAGCATCGCCAGTGCCACTAGGCAACTAA

GCCCTAGAAGCAAGGAGTTGCAAACACCACAAGAACAATTCCCCCAACAGCAATTTCCTCAACCACAACA

AATCCTCCAACAACAATTCCCCCAACAACAACAAATCCCCCAGCAACCGCAACAATTCCCCCAACAACAA

ATCCCGCAACAGCAAATCCCGCAACAACAAATCCCCCAACAACAACAAATCCCCCAGCAACCACAACAAT

TCCCCCAACAACAGCAATTCCCCCAACAACAACAAATCCCCCAGCAACCACAACAATTCCCCCAACAACA

GCAATTCCCCCAACAACAACAAATCCTCCAGCAACCACAACAATTCCCCCAACAACAGCAATTCCCCCAA
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ATTTCCAATACCATACCCACCCCAACAATCACAAGAACCTTCCCCATACCAACAATATCCACAACAACAA

CCATATGGGAGCAACGTTATAAGTATCAGTGGCCGATGA
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GTTATAA
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Figures and captions 

 

Fig. 1. Structural, functional, and conserved synteny landscape of the 21 wheat chromosomes. (A) Circular 

diagram visualizing genomic features of wheat. The tracks towards the center of the circle display (a) Chromosome 

name and size (100 Mbp tick size, light grey bar = short arm, dark grey= long arm of the chromosome); (b) 

dimension of chromosomal segments R1, R2a, C, R2b, R3; (c) Kmer 20 frequencies distribution; (d) LTR-

retrotransposons density; (e) Pseudogenes density (0 to 130 genes per Mb); (f) Density of high confidence gene 

models (HC; 0 to 32 genes per Mb); (g) Density of recombination rate; (h) SNP density (39). Connecting lines in the 

center of the diagram highlight homeologous relationships of chromosomes (blue lines) and translocated regions 

(green lines). (B) Positioning of the centromere in the 2D pseudomolecule. Upper panel: Density of CENH3CHiP-

seq data along wheat chromosome (all chromosomes are shown in Fig. S2). Lower panel: Distribution and 

proportion of the total pseudomolecule sequence composed of TE of the Cereba/Quinta families. The bar below the 

lower panel indicates pseudomolecule scaffolds assigned to the short (black) or long (blue) arm based on CSS data 

• 107,891 genes

o Predicting genes is still NOT routine

GDEC Clermont, France – Rimbert Leroy Choulet et al.

PGSB Munich, Germany – Spannagl Twardziok et al.

EI Norwich, UK – Swarbreck Venturini et al.

IWGSC RefSeq (Chinese Spring)

HC genes

LC genes 161k

107k

A B D







3B

Choulet et al. 2014

3B

IWGSC 2014

3B

Clavijo et al. 2017

chr3B BAC-by-BAC TGAC_v1 Chr. Survey Seq

7264 genes

(26% identical)

5862 genes5728 genes

(12% identical)

➢ denovo gene annotation not adapted to pangenomics



Gmap
~12% 

ambiguous 
mapping

o Gene projections / Annotation transfer

Chinese Spring Renan

Reference 
annotation

➢ denovo gene annotation not adapted to pangenomics

➢ Gmap vs whole genome introduces mis-alignment errors

➢ Develop MAGATT pipeline





❑ MAGATT (Marker-Assisted Gene Annotation Transfer for Triticeae)

ISBPs (uniquely mappable)

Renan

Chinese Spring

target region

TEs

gene

mRNA, CDS, exons

➢ 98% of genes 
mapped accurately

➢ + 4400 (4%) Renan 
specific genes



❑ Introgressions

chr2A

Renan

chr2N

telomere 40 Mb

Chinese Spring

chr2A

telomere 35 Mb



Renan – chr7DV

Chinese Spring – chr7D telomere

telomere

30 Mb, ~500 genes



Chinese Spring – chr7D

Renan – chr7DV

99% 99% 97% 96% 97%98%

Renan – chr7D



❑ TE dynamics

▪ PhD Nathan Papon 
(2019-2022)

Daron et al. 2015

Wicker et al. 2018

De Oliveira et al. 2020



~1 Mb



o TE modeling with CLARITE and ClariTeRep

5000 known wheat TEs

Classification

https://github.com/jdaron/CLARI-TE

~500 families

ClariTeRep

Daron et al. Genom Biol 2015

TREP++



➢ Near-complete TE turnover since A-B-D divergence
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Wicker et al. Genom Biol 2018
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➢ Independent TE evolution in the diploids AA, BB, DD
➢ Some rare cases of TE amplif in the tetraploid AABB

Family#3

AA BB DD
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A-B-D last 
common ancestor

A

B

D

~ 3 Myrs
TE turnover

Most families were active since A-B-D divergence
➢ Equilibrium

Hypothesis of a structural role of TEs likely under selection pressure?

dA

dB

dD



❑ Genomic variability affecting TEs in 
wheat using assembled genomes

PhD Nathan Papon (2019-2022)
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DD

Ae. tauschiiT. dicoccoides
T. durum

AABBAABBDD

T. aestivum

AA

T. urartu

Luo et al. 2017Ling et al. 2018

IWGSC 2018
Walkowiak et al. 2020
Guo et al. 2020
Aury et al. 2022

o Material = multiple RefSeq now available

Avni et al. 2017
Maccaferri et al., 2019

x13 
accessions



gene#1 2 3 4 5 6 7 8 T. aestivum 
AABBDD

T. urartu
AA

conserved variable

o Method
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• 5% .. 15%
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• No genome expansion/contraction

o Extent of variability affecting TEs
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Recent TE insertions
➢ ~4,000–13,000 transposition events / subgenome (<1% of the genome)

deletion

transposition

Impact of polyploidy?

➢ none

insertion

insertion

➢ 346 active families (=99.7% of all TEs)

How many families were active recently?
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▪ No genome expansion/contraction due to TE transposition

Conclusions

▪ All families were active recently

▪ No impact of polyploidy

▪ No TE burst

▪ Transposition rate is stable

➢ Equilibrium

➢ Role of TEs in genome architecture under evolutionary constraints
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