SNP Identification to Breed for Biomass Production in Sorghum: an alternative

to non-renewable resources in tropical and temperate regions
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1. Introduction : Sorghum biomass as a Carbon Source
® To substitute to non-renewable fossile carbon sources through biorefinery approach ® Cell Wall composition (lignin, cellulose, hemicellulose content)
—> To produce energy : bioethanol, methane, electricity ® Animal nutrition (organic fiber digestibility, dry matter digestibility, solubility, nitrogen and mineral content)
—> To make biocomposites (matrix + natural fiber) and biomaterials for building ® Sugar content and juice production (Brix, Brix at 30% moisture and juice weight in principal stem)

—> To support the green-chemistry value chain

® To feed animal

Analysis of genetic determinism is of key importance to:
i. Identify genome areas involved in trait variation

ii. Support and optimise breeding strategies adapted to the different industrial processes using knowledge from i.

These goals can be achieved focusing on various traits relative to biomass composition and production:

® Dry matter production (plant height, dry matter content, principal stem dry matter weight)

Main objective : Highlight SNP to be used in a breeding process for biomass production

2. GWAS through Mixed-Model to detect associations between biomass characteristics and genotypes
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® Association panels covered a wide diversity of Sorghum
® 21 phenotypes were obtained corresponding to the 4 meta-phenotypes.

® Mixed-models were used to test association between SNP and phenotypes using
GEMMA (Zhou and Stephens, 2012) and choosing LMM model. The model used
was in the form:y =+ Qv + SNP + Zu + e (Yu et al., 2006) and considered both
Structure and Kinship.

® Bbmh (best blast mutual hit) algorithm for orthology analysis was used to iden-

tify candidate sequences for cell wall proteins

Kinship pairwise
13 sub-population & scores (K matrix ex-
. pressed as identity

by State)

groups (Q matrix) :__
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3. Association results match with some candidate sequences obtained from orthology analysis with other species

3.1. Heritabilitiy values were calculated using REML variances estimated
from a mixed-model without SNP in AsremlI-R (Butler, et al., 2009) for each
variables in each trial.
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3.2. Significant SNP were identified if their —logio(pvalue) was superior to 5

(average threshold value for 5% FDR correction on every trials-phenotype combina-
tion) and allowed to:

® Define genome areas containing at least 1 significant SNP

® Check for matching with candidate sequences from bbmh analysis

areas matching with

enome areas .
& candidate sequences

Meta-phenotype SNP inside or close to (< 5 kb)

associated (distance < 100 kb) candidate sequences
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Number of genome areas associated with phenotypes variation and SNP directly
linked to candidate sequences for cell wall proteins
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3.3. A focus on the variable adISndf (lignin/total fiber) observed in France in 2008 shows interesting candidate ortholog sequence for a laccase previously
identified on Arabidopsis as implied in lignin polymerization (Zhao et al., 2013) and in maize as impacting biomass quality (Dhugga et al., 2011, patent US
2011/0239329 A1l).

2 SNP declared significant are located close to the
candidate sequence for laccase (67 242 057—67
244 587 pb)

Bonferroni corrected treshold
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Gnclusion : \

® Population analysis highlights 13 sub-population groups showing a genetic continuum except for one isolated group composed of accce-
sions from the margaritiferum race. Linkage disequilibrium decreased rapidly for distances superior to 1 kb and confirms the high num-
ber of SNP necessary to cover the entire Sorghum genome in association panels (Bouchet et al., 2012).

® GWAS analysis allowed to identify promising SNP to breed for biomass production, some being close or inside candidate sequences ob-
tained from an orthology analysis with maize, rice and Arabidopsis. Because of the wide genetic diversity covered by association panels

Kchosen, those results could serve in a breeding program using genitors from the cultivated pool of Sorghum. /
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