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Preface

rabidopsis thaliana has emerged as the model organism of choice

for a wide range of basic and applied research into plant biology.
This is largely due to the strength of Arabidopsis for genetic approach-
es, and, with the completion of its genome sequence, for genomic
approaches as well. Our intention was to provide a simple guide to the
application of Arabidopsis genetics to studies of plant biology. We hope
that this volume will be a useful laboratory manual for those new to
Arabidopsis genetics, as well as a reference for more established investi-
gators when they require a commonly used protocol with which they are
not familiar.

We have organized the manual in the order that a typical project
proceeds. The early chapters cover growing Arabidopsis, identification
of mutants, and basic genetic analyses. Later chapters cover phenotypic
analyses, isolation of genes identified by mutations, and methods for
studying gene expression. Appendix 1 provides Internet resources for
the Arabidopsis community. We have concentrated on methods that are
widely used in the community, in an attempt to provide a useful, yet
affordable reference. We have not provided protocols for a large num-
ber of basic molecular biology methods that are not specific to Ara-
bidopsis research. Readers who are not familiar with such methods
should consult one of the many excellent molecular biology manuals.

The idea of writing this manual grew out of our experiences teach-
ing the Arabidopsis summer course at Cold Spring Harbor Laboratory.
We thought that the manual for that course would be useful for the
wider community, but should be expanded to cover a broader range of
methods. Daphne Preuss was instrumental in the early stages of plan-
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ning and compiling the manual, and she contributed one of the chapters
as well as several protocols. Other protocols were provided by us, mem-
bers of our laboratories, or colleagues. We are very grateful to all con-
tributors, without whom this manual could not have been produced.
They are credited at the beginning of each protocol. Many of these pro-
tocols have been widely used for a long time, and we certainly do not
pretend to have invented them, we merely wrote them down.

We are indebted to the excellent staff of Cold Spring Harbor Press.
Mark Curtis drew the figures, Sidn Curtis did a terrific job as develop-
mental editor, making our text suitable for publication, and production
editor Dorothy Brown made it into a book. Finally, without the persis-
tence, patience, and organization of Kaaren Janssen and Mary Cozza,
this project would never have been completed.

We hope that investigators of Arabidopsis will find this manual use-
tul, and we welcome any feedback on the improvement of the protocols
or any mistakes in them.

Detlef Weigel
Jane Glazebrook
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How to Grow Arabidopsis*

he plant Arabidopsis thaliana, like most model organisms, is con-

venient and inexpensive to grow. It thrives in soil-filled pots and can
be maintained in greenhouses, growth chambers, custom-made growth
rooms, or even on window ledges and outdoors. The plants also grow
readily in defined solid or liquid media, allowing rapid screening for
seedling defects, recovery of transformants, and propagation of
pathogen-free tissues. Parameters to consider for each of these growth
environments are discussed in this chapter, and a brief introduction to
the anatomy and morphology of Arabidopsis is given below.

MORPHOLOGY AND ANATOMY

The major anatomical features of Arabidopsis and its key developmen-
tal landmarks are briefly summarized here; cited references provide a
more thorough analysis.

Recently fertilized ovules contain small embryos with a suspensor
(see Figure 1.1, dark gray) and the embryo proper (light gray). The sub-
sequent developmental phase takes place over approximately 7 days and
is divided into the globular, heart-shape, torpedo-shape, and cotyledo-
nous stages (Meinke and Sussex 1979; Mansfield and Briarty 1991; Juir-
gens and Mayer 1993). As the embryos mature, the seed pods (siliques)
become yellow and then dry completely, finally shattering and releasing
the seeds. The collection and storage of seeds are discussed later in this
chapter.

*Chapter contributed by Daphne Preuss (Howard Hughes Medical Institute, Uni-
versity of Chicago, [llinois).
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Cotyledons

Root meristem  Roet

initials Meristem
Quiescent center

Collumella

Figure 1.2.

Fate map of the early embryo. (SAM) Shoot apical meristem. (Redrawn, with
permission, from Ben Scheres at http://www.bio.uu.nl/~mcbroots/fatemap.htm.)

The embryos contained within mature seeds have the necessary
organs for early seedling development (see Figure 1.2). Among these are
the shoot apical meristem (SAM) and cotyledons (the embryonic leaves),
the hypocotyl, the radicle (the embryonic root), and the root meristem.

The key layers of the root have been established by the time the seed
is mature. Root development in Arabidopsis follows a defined lineage
(Dolan et al. 1993), with a quiescent center of meristematic cells that form
the vascular bundle, pericycle, cortex, endodermis, epidermis, columella,
and root cap (see Figure 1.3). Lateral roots extend from the primary root,
and root hairs emerge from the epidermal cells in a regular pattern.

Shoot development continues with the formation of leaf primordia
from the shoot apical meristem, which develop into rosette leaves. The
basal part of the leaf, where it attaches to the stem, is called a petiole;
the rest is made up of the leaf blade. The number of rosette leaves varies
with growth conditions; short days favor rosette growth, whereas long
days favor the initiation of reproductive development. The first two true
leaves arise opposite each other and are more or less round. Subsequent
leaves arise in a spiral and are more oval. Most commonly used ecotypes
have leaves slightly serrated (Figure 1.4). On the leaves, hair-like pro-
jections (trichomes) serve as useful markers to distinguish juvenile and
adult tissues (Kerstetter and Poethig 1998). The first few rosette leaves
lack trichomes on their lower, or abaxial, surface. Subsequent leaves
have trichomes on both surfaces. Leaves on the inflorescence shoot, also
called cauline leaves or sometimes bracts, lack trichomes on their upper,
or adaxial, surface.
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Trichoblast
Atrichoblast

Epidermis
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Cortex initial
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Figure 1.3.
Anatomy of root tip. See text for details.

In most laboratory strains such as Landsberg erecta (see Figure 1.5)
or Columbia, floral meristems are initiated on the flanks of the primary
shoot apical meristem about 2 weeks after germination, when plants are
grown in long days. These meristems develop into floral buds, which
become visible in the center of the rosette after approximately 1 week.
Subsequently, the main shoot elongates and produces an inflorescence.
The shoot elongation process is also referred to as bolting. Colloquial-
ly, the inflorescent shoot is often called a bolt, but this is not proper Eng-
lish (a bolt is part of a lock or a projectile or a measure of fabric, but
never part of a plant!). Cauline leaves decorate the lower part of the
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Figure 1.4.

Drawing of leaves two to eight (in order of appearance) in the Columbia eco-
type. Note changing morphology of leaves, with overall shape changing from
round to oval, and margins from entire to serrated. (Redrawn, with permission,
from Kerstetter and Poethig 1998 © Annual Reviews.)

inflorescence shoot. As with the leaves, flowers form in a spiral pattern,
with approximately two flowers opening each day. Flowers have four
whorls of major organs, which are, from the outside to the inside, four
sepals, four petals, six stamens, and two congenitally fused carpels that
form the central gynoecium (see Figure 1.6) (Smyth et al. 1990).

Pollen development occurs within the anther locules; each Arabidop-
sis flower can produce up to 1000 pollen grains. A microspore mother
cell undergoes meiosis and produces a tetrad of microspores; two subse-
quent mitotic divisions yield mature pollen grains containing a vegetative

Figure 1.5.

Rosette leaves in the Landsberg erecta ecotype. (Left) Upper leaf surfaces with
trichomes on all leaves. Numbers indicate order of leaf appearance. (Right)
Lower leaf surfaces on the same rosette, with trichomes gradually appearing,
first on the midrib of leaf 3 and 4 (arrow), and only in large numbers from leaf
7 on. (Redrawn, with permission, from' Telfer and Poethig 1998 © Company of
Biologists Ltd.)




