
HAL Id: hal-04807728
https://hal.inrae.fr/hal-04807728v1

Submitted on 27 Nov 2024

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution - NonCommercial - NoDerivatives 4.0
International License

Genomic predictions and Genome-wide association
studies on DNA pools to characterize traditional maize
landraces and identify genomic regions associated with

agronomic traits and environmental adaptation
Sarah Ben-Sadoun, Agustin Oscar Galaretto, Antoine Roux, Brigitte
Gouesnard, Alain Charcosset, Laurence Moreau, Delphine Madur, V.

Bourdin, Stephane Nicolas

To cite this version:
Sarah Ben-Sadoun, Agustin Oscar Galaretto, Antoine Roux, Brigitte Gouesnard, Alain Charcosset,
et al.. Genomic predictions and Genome-wide association studies on DNA pools to characterize
traditional maize landraces and identify genomic regions associated with agronomic traits and en-
vironmental adaptation. 7th International Conference of Quantitative Genetics (ICQG7), Jul 2024,
Vienna, Austria. . �hal-04807728�

https://hal.inrae.fr/hal-04807728v1
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://hal.archives-ouvertes.fr


Genomic predictions and GWAS on DNA pools to characterize traditional maize landraces and 
identify genomic regions associated with agronomic traits and environmental adaptation
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Figure 1: Geographical distribution of the 262 landraces and their assignment to
the 4 genetics groups defined by ADMIXTURE (Alexander et al., 2009)
Landraces with an assignment probability below 0.5 were considered admixed
and colored in black.

Figure 2: Manhattan plots for GWAS of a) flowering time, b) linoleic content, and
c) thousand kernel weight.

Figure 3: Dendrogram of genetic diversity based of modified Roger’s distance
(MRD) of the 262 landraces including additionnal data on (from internal to
external layer): a) thousand kernel weight, b) allelic frequency of the most
significant SNP associated with thousand kernel weight, c) barplots with the
assignment to 7 ancestral groups and d) barplots from ADMIXTURE analysis

Figure 4: Geographic distribution of the 262 French landraces colored
according to their thousand kernel weight

Figure 5: Accuracies (correlations between observed and predicted
values) estimated using fivefold CV (boxplots) and LOO approach (dots)
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262 traditional maize landraces collected between
1950 and 1970 (Gouesnard et al., 1997) were:

• Genotyped with a 50K SNP array using
pooled DNA samples (Arca et al., 2021)

• Evaluated in two field trials for 84 agro-
morphological and seed composition traits

Climatic variables of landraces collection sites
were retrieved from WorldClim database.

Structure analysis identified 4 genetic groups
corresponding to different geographical origins of
landraces (Figure 1).

Traditional maize landraces is a valuable source of
genetic diversity to cope with climate change and
agroecological transition due to their local adaptation.

DNA pool genotyping is a cost-effective approach to
genotype highly heterogeneous maize landraces and
identify untapped landraces in modern germplasm
(Arca et al., 2023).

We genotyped 262 maize landraces from the French
national collection using DNA pools to i) characterize its
genetic structure, ii) identify genomic regions associated
with agronomic traits and environmental adaptation, and
iii) perform genomic predictions.

GWAS and GEA approaches identified several genomic
regions associated with agronomic traits or
environmental and bioclimatic variables.

Some of the identified genomic regions colocalize with
known genes related to the studied traits.

GP can be used to accurately predict agronomic traits of
landraces, which could be a way to characterize large
collections of landraces maintained in genebanks.

Our results suggest that DNA pool genotyping of
traditional landraces is highly efficient to conduct GWAS
and GP

GP performed using a GBLUP model on each trait
separately

Precision of predictions evaluated using 2 methods:
• fivefold cross-validations
• leave-one-out approach (LOO)

Highly accurate predictions for agro-morphological
traits (Figure 5): it ranges from 0.42 to 0.87 (0.70 on
average)

Predictions of traits related to seed composition: quite
accurate predictions on average, in particular for grain
vitreousness traits (Figure 5)
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GWAS performed with allelic frequencies using a
mixed model accounting for both relatedness (K)
and genetic structure (Q):

Y = Xβ + Qδ + Zu + e

u~Ν(0,Kσg)

K: based on VanRaden (2008), and adapted to use
allelic frequencies rather than allele-variants
(Cericola et al., 2018)

Q: Admixture matrices for 4 genetic groups

Model implemented in MM4LMM R package
(Laporte et al., 2022)

Several Quantitative Trait Loci (QTLs) involved in
agro-morphological and seed composition
variation were detected (Figure 2).

Some QTLs colocalizes with known genes:

→ QTL on chr6 for linoleic content (Figure 2.b)
colocalizes with a gene involved in the
pathway of oil biosynthesis in maize (Zheng
et al., 2008; Yan et al., 2018)

→ QTL on chr4 (Figure 2c) for Thousand Kernel
Weight colocalizes with KRN4 gene that
determines Kernel Row Number (Liu et al.,
2015)

Thousand Kernel Weight (TKW):

• TKW varies according to genetic structure
and geographical origins (Figures 3 and 4)

• Allelic frequency of the most significant SNP
on chr4 (Figure 2.c) correlates with genetic
structure (Figure 3)

Genome-Environment Association Studies (GEA):
detection of several genomic regions associated
with environmental and bioclimatic variables
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