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Meiotic recombination is not homogeneous
(Plant Genome I, 1992)

centromeretelomere telomere

Local recombination rate (in cM/Mbp) along rice chromosome 1

Local 
recombination rate



Why is recombination important?

• Academically interesting: how meiotic recombination works

• Genetic recombination is the basis of plant breeding

 Phenotypes of progeny depend largely on recombination

 More recombinants = higher p(interesting phenotype)

Understanding the laws of recombination means ability to predict it...

...so we can select the best progenitors for breeding



Some known factors that affect recombination 
in plants

GC3 content
Serres-Giardi et al (2012). The Plant Cell, three grass species

Sequence peculiarities in and around ‘hot spots’
Kianian et al (2018). Nature Communications, maize
de Haas et al (2017). DNA research, tomato

Pericentromeric heterochromatin/DAPI-bright regions
Cheng et al (2001). Genome Research, Rice
de Haas et al (2017). DNA research, tomato

Certain genes families
Chen et al (2017) Plos One, Cotton

Genes and TEs abundance
Colomé-Tatché et al (2012). PNAS, Arabidopsis

DNA methylation
Mirouze et al (2012). PNAS, Arabidopsis

... and many more



Hypothesis: recombination rates in the F1 hybrid
are altered by structural differences 
between the parental genomes 

Is genomic structural variation also a factor?



Test the hypothesis: three steps

1. Estimate F1 recombination as precisely as possible

2. Assess genomic variation between the parents
• not Illumina re-sequencing

• we want de novo sequences because we need the genome structure

3. Search for correlations between recombination and genomic 
sequence differences

If successful, derive a model for recombination based 
on parental sequence properties





1. Estimating local recombination

r = 0.59



Recombination data [prototype] 

• A population of 212 F12 recombinant inbred lines (RILs)
[IR64 × Azucena]  F1  F2  ...  F12

inter-subspecific indica × japonica  reveals wide range of genomic differences 
(400-600k years divergence)

• A set of ~1.8 million SNP markers
• Illumina ~1.5x paired-end whole-genome sequencing (WGS)



Problem 1: missing data

- lots of missing data
- sequencing errors not corrected by other reads
- heterozygotes not seen

Simulation of a 1.5 X WGS coverage (Poisson distribution) on 100 discrete positions

Reducing cost has a cost

We need imputation



Problem 2: noisy data
Individuals

SNPs

[IR64 x Azucena] RILs (F12), WGS@1.5X, raw data (filtered)



Imputation with Genotype-Corrector
2018



Imputation with Tassel-FSFHap



New imputation approach
v. 0.5: improved breakpoint impution in F2s



Imputation accuracy (simulated data)



Now we can compute local recombination rates



2. Estimating local genome variation



Genomic data
High-quality PacBio genomes of the two parents,
IR64 and Azucena – ~120x PacBio + ~40x Illumina



IR64 and Azucena can vary substantially

IR64

Azucena

(Nipponbare)

Graphics from Mauve analysis



 set of common coordinates
 allows window-based comparison of 

local recombination and genome similarity

Position shift between two reference sequences (filtered)

Finding common coordinates



3. Comparing recombination 
with genome variation

r = 0.59



Comparing genomes: which indicator?

cM/Mbp

Other curves: 

Chunk size difference; BLAST score; BLAST identity; GC %; Gene count; Gene density; TE density; Combined; SNP abundance



Finding uncorrelated features



Blast score + gene density vs. recombination

R=0.59



Mauricio Peñuela

Let’s try something better

Camila Riccio

Based on nucmer outputs



# of  variants # bases in 

inversion

# absent bases

nucmer outputs parsing



Centromere detection using CentO sequences 
and centromere correction



Local recombination vs. model (chromosome 1)





Draft manuscript 
in prep



4. Now the life-size project

r = 0.59



• A new population of 2,000 F2 individuals from the same cross [IR64 × Azucena] 
10x more precise estimates of local recombination
Direct estimation of the F1 recombination rate

• 2x WGS for each single F2 individual genome

• NOISYmputer v. 0.5  Julia code  jupyter{book}

• Look at motifs, GC3, etc

• Methylation

• TEs, genes, duplications

• Better methods to calculate genome “similarity” (SyRI)

• Try AI for model construction

• Cross-validation
• between chromosomes
• between 10 Nested-Association Mapping populations

LANDSREC: The high-resolution landscapes
in rice meiotic recombination

WP3

E. Guiderdoni (PI) M. Lorieux (co-PI) D. Zhou (co-PI)



Gypsy elements
vs. recombination



Methylation
vs. recombination



A possible application

Predict recombination for all possible pairs of the 3,000 rice genomes

 Breeders can choose the best predicted crosses 
(recombination in QTLs)

• Requires genome structure reconstruction from Illumina



LANDSREC:

*** Postdoc position at IRD, Montpellier ***

Mainly bioinformatics & AI

3 years, starts ~Feb 2022

mathias.lorieux@ird.fr
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