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The maize pan-genome

o Asingle individual genome is not representative of an entire
species

o Pan-genome: the set of all genomic features among
individuals within a species

Dispensable Core

genome genomes after deletion of
dispensable genome

Morgante et al., Curr Opin Plant Biol. 2007



Aim of the project

Characterizing maize dispensable genome

Pan—genome

Dispensable
genome

Modified from Novogene Corp., 2015



Structural variants in plants

* Deletions and insertions of TEs
Reference m— - - R —--
* CNV: Copy-Number Variants
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Insertions and deletions in maize
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CNV Iin maize

Aluminum tolerance in maize is associated with higher
MATE1 gene copy number
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PAV In maize

» Short arm Chr 6
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» 2 Mb presentin B73 and absent in Mo17

Springer et al., PLoS Genet., 2009



PAV In maize

» Short arm Chr 6
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Structural variants discovery

1. Discovering deletions

Sample  I— - -
Reference -: i

2. Discovering insertions
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3. Discovering CNVs
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Structural variants discovery

1. Discovering deletions (< 50 kbp)

Sample  I— - -
Reference -: i

> Applying available methods
(paired-end mapping)



Structural variants discovery

2. Discovering insertions (< 50 kbp)
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> Applying available methods

(paired-end mapping)

> Developing new methods

(split-reads mapping)



Structural variants discovery

3.

Discovering CNVs (> 50 Kbp)
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> Applying available methods

(depth of coverage approach)



Validation of detected deletions

* |Integrated pipeline (Magris, 2016) calling:
- DeIIy (Rausch et al., Bioinformatics 2012)

— GASV (Sindi et al., Bioinformatics 2009)

* Validation in maize:

— BAC sequences (Mo17; >1 Mb analyzed, 33 events)
—> genome assembly drafts (H99, HP301; 53715 events)

0.92 0.66 0.77



Validation of detected insertions

 TE DB-dependent methods
— IGA internal pipeline (pinosio, 2012) - PEM, De Novo assembly
— lJitterbug (Hénaff et al., BMC Genomics 2015)

- RetroSeq (Keane et al., Bioinformatics 2012)

* Validation in maize:

— BAC sequences (Mo17; >1 Mb analyzed, 21 events)

—> genome assembly drafts (in progress)

* Preliminary analysis on BACs reveals an overall good power (F1>0.8)



Developing Walle

* Developing a TE DB independent method: Walle
— Split-reads mapping approach

— Able to find insertions of not annotated elements

* Validation in vitis (now running in maize):
—> Simulation of 1000 insertions

— Outperformed direct competitors



Validation of Walle

walle

retroseq
M F1 score
M sensitivity
jitterbug W precision

internal pipeline
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Walle methods

Split-reads mapping approach

Normal alignment Sample I
(no insertion events) Reference NN

Reference | oy nmm cumom on o1 o1 61 a1 avmmmm o1 o1 a1 a1 Axm 6 i oo GIm A1 GIm A1 616l A
(Chr 1)

>
7

\%

>
7
>
7

AN
N




Walle methods

Split-reads mapping approach
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Refinement of IGA internal tool calls
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Counts
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Mbp

Size of deletions and insertions
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Maize pan-genome

Gb

B Core genome

I Dispensable genome
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Shared genes analysis

B Core genome [ Dispensable genome

* Analysis performed on 7 varieties (included B73)

* PanViz D3 based visualization for comparative genomics

(https://github.com/thomasp85/PanViz - Pedersen TL, 2016)



Discovering CNV

 Computing the ratio between the read counts of a sample

genome and a reference genome in a region

Read depth

Sample
reads

Duplication _ Deletion

Reference

(Baker 2012)
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A632/B73 chr03 profile
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Correlating deletions and DOC

Haplotyope sharing (a632, chr03)
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Future perspectives

* Insertions validation and genotyping
» Finalize Walle and validate it in maize

* Obtaining a list of CNVs in maize

 Complete the characterization of maize dispensable genome
» Obtaining a list of involved genes
» ldentifying TE classes more often involved in SV
» Dating of amplification events of LTR sequences
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