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Molecular Control of Activity- Dormancy transitions in Populus

Abstract

Perennials such as woody plants, growing in the high northern part of
the earth have to cope with seasonal changes alternating between mild
summer and the harsh winter periods. To survive and adapt their
reproductive phase to the most favorable environmental conditions trees
cycle between periods of active growth during summer and a state of
growth arrest during winter, referred to as the activity- dormancy cycle.

Studies underlying this thesis are aimed to increase our understanding of
how plants growing in the high northern latitudes cope with the seasonal
changes at a molecular level. Analysis of the global transcription in poplar
showed that progression through the different stages of the annual activity-
dormancy cycle is accompanied by massive transcriptional changes.  Our
data shows that genes involved in cell cycle regulation, chromatin
remodeling and plant hormone signaling and biosynthesis are regulated
during short day induced dormancy, suggesting key roles for these genes in
the regulation of dormancy. Furthermore, we show that P#FIE, a plant
homolog of the ESC component of the chromatin remodeling polycomb
repression complex in Drosophila, is a key regulator of dormancy.

We also show that variation of timing of growth cessation and other
physiological processes between ecotypes during dormancy induction could
results from genetic variation in components downstream of the short day
signal perception rather than in the perception of the short day signal.
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Polycomb repression complex.
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Results! Why, man, I have gotten a lot of results. I know several thousand things
that won't work.
-Thomas A. Edison
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1 Introduction

Woody plants are among the largest and longest-lived organisms on the
earth. Since they may live for many decades, or even centuries, they need
strategies that enable them to survive constantly changing environmental
conditions. Such strategies are of particular importance to woody plants
growing in high northern latitudes where they are exposed to extreme
climatic changes between the mild summer seasons and harsh winter
periods. Any damage caused by the winter cold may seriously affect the
plant’s chances of survival until the following spring. Plants have therefore
evolved a mechanism that enables them to anticipate the onset of winter by
terminating growth, acquire cold hardiness, and enter a state of dormancy.
Similarly, in the spring when reactivation occurs, newly growing tissues are
exposed to temperatures that fluctuate between warm days and cold nights.
As spring approaches, these plants initiate growth only after they have
experienced a sufficient number of warm days, by which they reduce the
probability of suftering frost damage.

The aim of the present study is to deepen our understanding of how
plants, growing in high northern latitudes, cope with seasonal changes
through their adaptations at the molecular level. A better knowledge of how
forest trees are able to adapt to large seasonal changes in environmental
conditions is of great interest, both for basic research, as well as from an
economical point of view. For example, rapidly changing climate conditions
caused by global warming are likely to have serious effects on the growth
habits of woody trees. A better understanding of how, at the molecular
level, plants cope with climate change would therefore facilitate attempts to
breed and/or engineer trees that will be capable of adapting rapidly to future
climatic conditions.
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1.1 Dormancy

Woody plants growing in high northern latitudes are subjected to large
seasonal variations in temperatures and other climatic and environmental
conditions that influence their growth. Warm temperatures and the long
photoperiod during summer months provide plants with the optimal
environmental conditions for growth and reproduction, while the freezing
temperatures during winter can cause severe damage to actively growing
plant tissues. Survival of these plants is therefore dependent on their ability
to synchronize their growth and reproduction with seasonal changes in the
environment. To do this plants of seasonal climates have evolved an annual
growth cycle that alternates between a state of active growth during summer
and a state of dormancy during winter, hereafter referred to as the active-
dormant cycle.

Dormancy, in its broadest definition, can be defined as a lack of visible
growth. In 1987 Lang et al. described three states of dormancy:
ecodormancy, endodormancy and paradormancy. During ecodormancy,
growth is temporally terminated by external factors e.g. unfavorable
environmental conditions, but growth can resume if the environmental
conditions become favorable. Endodormany is induced by endogenous plant
factors. At this stage the tree is no longer able to resume growth even under
favorable conditions, such as long days and warm temperatures. Plants, such
as trees of boreal forests, need to have been exposed to low temperatures for
a prolonged period of time (chilling requirement) in order to break
endodormancy. During paradormancy, growth is inhibited by factors
originating in parts of the plant other than the dormant bud, such as apical
dominance when signals from the apical meristem prevent growth of the
axillary buds as long as the apical bud remains intact (Howe et al., 1999;
Lang et al., 1987).

The transition from an active to a dormant state occurs gradually and is
initiated during late summer when plants cease their growth in response to
shortening day-length (Figure 1). Almost simultaneously with the cessation
of growth, bud formation occurs at the apex, which involves a
developmental switch from leaf primordial formation to bud scale
formation. The formation of the bud (generally referred to as bud set) leads
to the formation of bud scales that bend over and enclose the underlying
tissue — i.e. leaf primordia and the shoot meristem - thereby protecting them
(Figure 2) (Rohde et al., 2002). In the early stages after bud set, the plant is
in a ecodormant state, and growth can be reinitiated if plants are exposed to
favorable conditions e.g. long days.
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Figure 1. A schematic representation of the activity-dormancy cycle of the
plant meristem throughout the seasons of the year.

As day length continues to decrease and temperature falls during autumn, a
transition from ecodormancy to endodormancy takes place.

As plants are further exposed to low temperatures during winter, the
chilling requirement is fulfilled and a transition from endodormancy to
ecodormancy occurs. On the return of spring, plants are exposed to several
days of relatively warm temperatures thereby releasing the apical bud from
its ecodormant state, and the changes that occurred in the bud during
autumn are gradually reversed, resulting in bud break (Figure 1).

In the present thesis, dormancy is referred to as that state of growth
cessation, when plants are unable to resume growth, even under favorable

growth conditions - | NN
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