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Context of variety registration

2 tests: Lucerne:
= YCU testing important genetic progress
= DUS testing high proportion of refusal

Difficulty:
*  Huge within-variety variation in lucerne (outhreeder, tetraploid)
» Large reference collection (230 varieties) + 30 candidate varieties

Question:
*  Couldwe separate lucerne varieties by using a high number of maolecular
markers?

Technology : Genotyping by Sequencing (GBS)
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Context of variety registration

* Reference collection ~600 varieties,
with seeds ~230 varieties

* Registered varieties
— Eurcpe: 555
— USA: 167
— Canada: 280
— China: 77
— Argentina: 715

Use of molecular markers to structure the collections

* Not so efficient in previous studies on
lucerne (RAPD, AFLP, SSR)

* New technologies to obtain a high number of
markers

An emerging technology : _
Elzsh 1.2011
Genotyping by Sequencing (GBS) - shireeta

Used on bulks of heterozygous individuals o
(= lucerne variety) - Rainerietal 2012

Encouraging results on perenial ryegrass
Reasonable costs - Byrne etal 2013
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Questions

* Method: is the evaluation of allele frequency
on bulks of individuals accurate ?

— On 3 varieties, comparison of allelic frequencies
on 4 bulks of 100 individuals each and on 40
individuals that were separately genotyped

* Structure of genetic diversity

— Is it possible to differentiate among 20 varieties?

— Is the genetic distance correlated to the
phenotypic distance?
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* 3 varieties studied at the individual level
2 veryclose: Félicia et Galaxie, 1 different: Barmed
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GBS sequencing

Sowing, leaflet sampling

DNA extraction on individual plants and bulks

Building of librairies at INRA Lusignan
8 lanes, single-end, 100 pb, 10 bulks + 15 individuals/lane

* Sequencing at INRA Genopole Toulouse

Bioinformatics
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Iﬁ" Dutpet : sam then bam file
: : Tool @ GATE B
Variant Calling ELEEERCELY 2 SNP detection

Ouitpast 1 .ol fles

,T:p“‘“:.““"". . Merging thefilesof all genotypes
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Protocole GNU/Linux =  Scripts: BASH, Python 3.4, AWK
- Programmes -
— GATE, BWA, Sickle/Scythe, ...

— Instructions within script BASH
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Bioinformatics

* Between 3.7 and 4.6 millions reads after trimming et
mapping

* For the individuals, the dosage of each SNP is estimated
(from O to 4 for each allele).

* For the bulks, the SNP are coded depending on their
frequency in the bulk :

number of reads carrying the allele

total number of reads at this SNP

Data analysis

Repeatability of allelic frequency determined on the 4
bulks

Comparison of allelic frequency calculated on the

average of 40 individual genotypes and on bulks

Differentiation with GBS markers:

— Principal component analysis (PCA) on allelic frequencies,

— Fer and Nei distances among varieties

Correlation with phenotypic distances

— Calculation of a GAIA distance between 2 varieties: sum on
all traits of a weighted difference

— Correlation and Mantel test of GAIA distance with Fsr and
MNei distances
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Repeatability of allelic frequency determined

on the 4 bulks
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Comparison of allelic frequency calculated on the
average of 40 individual genotypes and on bulks
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Distinctness of 20 varieties for which 4 bulks have
beengenotyped

PCA on 20 varieties
o &

i

Zoom on the 15 French varieties

PCA on 15 varieties axes 1-2

Axis 2
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Zoom on the 9 North varieties

FCA on B varieties, axes 1-2
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Test of significance =~
* Fer between populations (significant at P < 0.95)

B

o o oo
[< oo oo™ oo

Mnm Q08 O00s Oooed

=

mﬂ.lﬂ. a0 ooee aom ooes

mﬂ.ﬂ'ﬂ Q08 O0ER OG0 OO0 oo oo
mﬂ._ Qo OE oMl oo 000 OO0 oo
mm QL 0100 G087 OO0 OO0 008 OO0 ooal
Mnm Q08 04 Ol O0iE 00 Q080 0§l oOel oo

Mmimummmummmmrmm

mﬂ.l- [:Bi-r] Ol olE 4l O16) 0L 410 Q171 dlee olem

AT o108 4l duG oM 4l alE oL QT oM a1 a1 al1Ts

m I O OEd O OEF QER O ONF OE0 O06E O6E 417 4le ol

_ Ol o006 O Q077 OoNl OG 007 O0ad O08l o0er O0d Q1 Q19d QT G0
m a0 QML aER 40 o0 008 Q0FT O0M O0e0 a7 a0 a1l Ol Ol ooes aoma
m O QS Ol OEE OEG QEF OE0 O6E OEE 060 Q4 041G 417 Olld OEE om0 ol

O 07T 00Nl o068 OO0 008 o000 o087 o087 O 07 014 O30 OuN O Ol Qe ooEw

mmmmmvmmmrmmmmmuﬂmummmmml



BMT/16/17
Annex, page 9

Correlation with phenotypic distances

* 2 methods to test difference among varieties:
— CoyD: calculated for each quantitative trait (+ x>
for qualitative traits)

— GAIA: distance between a pair of varieties
resulting from the addition of the weightings of all
traits

* CoyD and ¥? presently used in DUS testing;
GAIA will be used from 2018 onwards on

lucerne
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Correlation of GAIA distance with phenotypic distances
With all 20 varieties
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Conclusion

* Efficiency of GBS to genotype individuals or bulks
on a heterozygous tetraploid species

* Accuracy of the estimation of allelicfrequencies
on bulks

* Significant difference between each pair of
varieties

* Structure of the diversity is consistent to our
knowledge of the varieties

* Good correlation between geneticdistance and
phenotypicdistances
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Conclusion

* Use of GBS markers to help DUS testing?

— To structure the collection of varieties

* A candidate variety is tested phenotypically with the
varieties with small genetic distance

* Less field plots / experiments
* More precise trials
— Use of molecular markers only

* Good correlation with phenotypic traits

* Mo effect of environment

Conclusion

* More studies needed
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— To optimize GBS protocole "1 —
number of markers / cost *

— To estimate genetic distances n o B e we e e

* between candidate varieties
that were not distinctin DUS tests,

* between seed lots of the same variety, etc

— More varieties to be considered: reference collection

[End of Annex and of document]



