
EARLY BUD-BREAK1 (EBB1) defines a conserved
mechanism for control of bud-break in woody

perennials
Victor Busov1,*,**, Elena Carneros2, and Igor Yakovlev2

1School of Forest Resources and Environmental Science; Michigan Technological University; Houghton, Michigan USA; 2Norwegian Forest and Landscape Institute; A
�
s, Norway;

**Biotechnology Research Center, Michigan Technological University, 1400 Townsend Drive, Houghton, MI 49931, USA

Keywords: climate change, dormancy, phenology

Bud-break is an environmentally and economically important trait in trees, shrubs and vines from temperate
latitudes. Poor synchronization of bud-break timing with local climates can lead to frost injuries, susceptibility to pests
and pathogens and poor crop yields in fruit trees and vines. The rapid climate changes outpace the adaptive capacities
of plants to respond through natural selection. This is particularly true for trees which have long generation cycle and
thus the adaptive changes are significantly delayed. Therefore, to devise appropriate breeding and conservation
strategies, it is imperative to understand the molecular underpinnings that govern dormancy mechanisms. We have
recently identified and characterized the poplar EARLY BUD-BREAK 1 (EBB1) gene. EBB1 is a positive regulator of bud-
break and encodes a transcription factor from the AP2/ERF family. Here, using comparative and functional genomics
approaches we show that EBB1 function in regulation of bud-break is likely conserved across wide range of woody
perennial species with importance to forestry and agriculture.

Dormancy is an adaptive mechanism in trees from temperate
latitudes that allows survival the dehydration and freezing stress
during winter months through a temporary suspension of
growth. The process encompasses several distinct developmental,
growth and physiological stages. Specifically, in the fall
shoot growth is terminated, followed by transformation of the
growing apex into a dormant bud. Buds undergo a number of
physiological changes culminating into what is known as endo-
dormancy. Endodormant buds can no longer respond to growth
promoting signals and require exposure to several weeks of near
freezing temperatures (known as meeting a chilling requirement)
before they become again competent to regrow in the presence of
inductive signals.1-4 Once the chilling requirement is met,
regrowth is almost exclusively dependent on high temperatures.
The timing of each of these processes is synchronized with the
local climates. Poor synchronization can lead to frost damages by
either late spring frosts around the time of bud-break, early fall
frosts around the time of growth cessation and/or poor, pro-
longed and uneven bud-break when chilling requirement is not
met due to warm winter temperatures.5,6

Dormancy traits are polygenic, and a large number of inde-
pendent genes can control the onset and release from dor-
mancy.7,8 These genes and mechanisms are still poorly
understood and generally dissected in one or a few species. Thus,
it is unclear if the genes and mechanisms that control dormancy
characteristics are conserved and to what extent among different

taxonomic lineages. Development of genomics and functional
genomics resources in many species, including woody perennials
trees from temperate latitudes with a dormancy cycle9-13 enables
translational approaches for validation the conservation of these
mechanisms.

We have previously identified and shown that the EARLY
BUD-BREAK 1 (EBB1) gene is a positive regulator of bud-break
in poplar.14,15 The gene encodes a transcription factor from the
AP2/ERF family. EBB1 is involved in regulation of bud-break in
Populus but the importance of the gene in regulation of bud phe-
nology in other woody perennial species is still unclear. Using
homology searches and taking advantage of a number of fully
sequenced and annotated genomes, close homologs of EBB1
were found in several woody perennial species. We specifically
selected species from the temperate latitudes that display cycling
between dormancy and active growth (Fig. 1A). These included
Prunus persica, Malus domestica, Vitis vinifera and Picea abies.
The four species span a wide range of taxonomies, life histories
(trees vs. vine) and geographic ranges. Three species (Prunus per-
sica, Malus domestica, Vitis vinifera) are of significance to the
grape and fruit trees industry while spruce (Picea abies) is impor-
tant for the forestry industry and is also a central component of
many natural ecosystems in the Eurasian region. We found one
ortholog of EBB1 in Prunus persica and Vitis vinifera. Three
orthologs were discovered in spruce. All other species, including
Arabidopsis had 2 close paralogs showing homology to EBB1.
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Comparative phylogenetic analyses showed that the Vitis ortho-
log was most similar to the poplar EBB1. Furthermore, all pro-
teins from Rosacea species grouped in a separate lineage.
Consistent with their evolutionary history, the gymnosperm
spruce orthologs were different from all the angiosperm proteins.

We next looked for additional evidence to corroborate EBB1
orthologs’ involvement in regulation of bud-break. Recent work
in apple provides a strong evidence for conservation of EBB1
function.16 The C-repeat binding factor (CBF/DREB) transcrip-
tional activator genes have been shown to have a critical function
in acclimation to cold stress.16 Overexpression of a peach CBF
gene in apple has indeed resulted in increased cold tolerance but
also caused accelerated bud set, leaf senescence and delayed bud-
break. This suggested that CBF may play a coordinating role
between the physiological acclimation (e.g., cold tolerance) and

the growth and developmental changes
that occur during dormancy cycle (e.g.,
growth cessation, bud set, dormancy and
bud-break). The expression of several
critical regulators of these processes were
compared between the CBF transgenics
and WT plants, including one of the 2
apple EBB1 orthologs (MdEBB1). In
WT apple plants, MdEBB1 showed
nearly identical expression pattern in the
transition between dormancy and re-ini-
tiation of growth (bud-break) as its pop-
lar ortholog. MdEBB1 was barely
detectable in the dormant buds but its
transcript abundance highly increased
prior to bud-break. The expression
increase prior to bud-break was signifi-
cantly delayed in the CBF overexpressing
transgenics. Thus the delayed bud-break
in CBF transgenics was almost perfectly
correlated with a delayed increased in
the expression of the MdEBB1 before
bud-break.

In Vitis, recent study provided com-
prehensive view of the genome wide
transcriptomic changes associated with
different dormancy phases.17 Using this
data, we studied the expression of the
Vitis EBB1 ortholog (VvEBB1) during
dormancy cycle. Consistent with the
EBB1 expression in Populus, VvEBB1
was sharply downregulated during dor-
mancy period and increased in the
months prior to bud-break. The gene
was expressed at high levels during the
active growing season (Fig. 1B).

Finally, we used the congenie.org
functional genome resource to study the
expression of the 3 spruce EBB1 ortho-
logs in various tissues.11 Among 22 dif-
ferent tissue types, the 3 orthologs were

most highly expressed in vegetative buds (Fig. 2A), further sup-
porting the conservation of EBB1 function. However, analyzes of
the dynamics of the 3 genes expression in buds prior and around
bud-break showed a much more complex dynamics (Fig. 2B),
indicating putative differences between the role of these genes in
angiosperms and gymnosperms. In angiosperm lineages, EBB1
orthologs appear to be down regulated in dormant and up regu-
lated in actively growing apices. The expression of the gymno-
sperm orthologs appear to be more complex (Fig. 2B). One of
the orthologs (PaEBB1.2) showed an expression similar to the
ones observed in the angiosperm trees. In the other 2 genes
(PaEBB1.1 and PaEBB1.3) we did detect a spike in the expres-
sion approximately 5 weeks before bud-break, but the increased
in expression was transient (weeks) and reverted to low levels
around the actual bud-break. Differences in expression patterns

Figure 1. Phylogeny and expression of EBB1 orthologs. (A) Orthologs of poplar EBB1 were identified
through homology searches. Arabidopsis orthologs were also included. Phylogenetic tree was con-
structed using Mega 4.1. Numbers in the branches show percent bootstrap support out of 1,000 itera-
tions. (B) Expression of Vitis ortholog. Expression values are based on microarray data.17

Abbreviations used for the names of the genes in different species are as follows: Md-Malus domes-
tica; PaDPicea abies; PtaDPopulus tremula X alba; VvDVitis vinifera.
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between deciduous angiosperms and evergreen gymnosperms
could be related to fundamental difference in the biology of dor-
mancy between these 2 groups. In spruces, epigenetic memory is
set during embryogenesis and growth conditions during the first
vegetation period considerably affect chilling requirement for
bud-break.18 In addition, spruce, as an evergreen conifer, has
photosynthetic area prior to budburst, which means that the
involved signaling mechanisms could be quite different.

The sum of phylogenetic and expression analyses of EBB1
orthologs indicate that EBB1 is a part of a conserved mechanism
for control of bud-break in trees and show the translational
power of accumulated genomics and transcriptomics resources in
a number of plant species. Our data also suggests that there could

be significant differences or diversification of EBB1 function in
relation to evolutionary history and specific biology.
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