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An integrated approach to bud set in poplar:
phenotypes, cqndidate genes, and QTLs

Antje Rohde', Tom Ruttink', Sophie Dillen®, Nicolas Marron®, Francesco Fabbrini4,
Véronique Storme', Véronique Jorge?, Anne Rae?, Isabella Paolucci’, Muriel
Gaudet!, Gail Taylor’, Reinhart Ceulemans®, Marijke Steenackers®, Maurizio
Sabatti*, Catherine Bastien? and Wout Boerjan'

The seasonal cycle of growth and dormancy is a distinct character of perennial plants and
represents one of the most basic adaptations of trees to their environment. The recurrent tran-
sitions of meristems into and out of dormancy are of primary significance to plant productivity
and survival. These transitions are tightly linked to the yearly dates of bud flush and bud set
that in turn delimit the growth season.

In poplar, perception of a short-day signal leads to apical bud set and dormancy induction.
Because bud set is of prime importance in determining season length in a changing environ-
ment, we dissected this developmental program at the phenotypical, genetical and molecular
levels. Taking advantage of the poplar genome sequence, we integrate candidate genes obtai-
ned in large-scale gene expression studies with information of QTLs determined in three poplar
pedigrees.

Expressional candidate genes were identified in the apex/bud during short-day-induced bud
set, using cDNA-AFLP and micro-arrays. Apical buds of plants were sampled at weekly inter-
vals during six weeks of short days, after which apical buds are fully dormant and cannot resu-
me growth without prior cold treatment. The set of significantly differentially expressed genes
comprises 1350 genes.

For phenotypic measurements in the field, a new bud-set scoting system was developed: bud
set is phenotyped with seven developmentally distinct stages. This system allows accounting
for the onset of the bud-set process as weli as for its dynamics, as opposed to most earlier stu-
dies that rely on the date of accomplished bud set only. Applying this system, high-resolution
phenotypic data were obtained in three poplar pedigrees, grown in two environments, and a
collection of 450 Populus nigra accessions.

QTLs for different bud-set-related traits have been determined in the three pedigrees and have
been positioned onto the poplar genome sequence. Integrated with the position of the expres-
sional candidate genes, they identify genomic regions of relevance for bud set.

Together, this integrated approach provides a comprehensive overview of bud set in terms of
the molecular processes associated with aspects of bud development and elucidates the gene-
tic architecture of bud set. Genes or genomic regions identified through this combined appro-
ach are tested for their adaptive relevance in association genetics approaches (see abstract of
Zaina et al.).
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