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PYOCESSES
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DOE Plant Research Laboratory, Michigan State University, East Lansing, Michigan 48824, U.S.A.

SUMMARY

The use of transgenic plants has become a standard tool of experimental plant biology and is changing
many approaches to plant improvement. The technology has greatly expanded the range of methods
available to isolate and identify new plants genes, and has permitted great strides in understanding the
mechanisms which regulate gene expression. In addition, the ability to use cloned genes to alter the
functional expression of the gene in transgenic plants has created entirely novel opportunities to examine

the biological role of virtually any cellular constituent.

1. INTRODUCTION

In the decade since the first reports of the production
fertile transgenic plants, it has become routinely
possible to produce large numbers of transformants of
many plant species. For easily transformed species,
such as tobacco, the methods for producing transgenic
plants are technically simple and inexpensive. Thus,
in spite of the fact that several months are usually
required to obtain transformed differentiated tissue,
production of transgenic plants has become an indis-
pensable component of the methodological repertoire
in virtually all aspects of experimental plant biology.
For instance, because many methods of gene isolation
are based on the use of indirect genetic criteria, the
final proof that a gene corresponds to a particular
mutation is ultimately the ability of a cloned gene to
complement the mutation. Once a gene is cloned,
most methods of examining the function of the gene
now depend upon the production of transgenic plants.

In this brief overview I have attempted to sum-
marize the various ways in which the methodology is
currently exploited, and to speculate on additional
possibilities.

2. ISOLATING GENES
(a) Gene-product based cloning

Insights into many aspects of plant biology can be
gained by isolating the genes which control the process
of interest. Thus, for instance, in order to understand
the mechanisms which regulate the response of plants
to light, it has been essential to have access to genes for
proteins which regulate (Wagner et al. 1991) or are
regulated by light (Green et al. 1988). However, the
utility of the approach is proportional to the ease with
which a gene of interest can be isolated. Figure 1
shows schematically most of the methods which are

currently employed to isolate plant genes. Until
recently, the most widespread method of gene isola-
tion was ‘gene product based’. This is typically
accomplished by isolating sufficient quantities of a
gene product so that an antibody can be raised or so
that enough peptide sequence can be obtained to
synthesize oligonucleotide probes or polymerase chain
reaction (PcR) primers. These materials can then be
used to screen appropriate cDNA or genomic libraries,
or to amplify target sequences by pcr. The limitation
of this approach is that for many genes, the product is
not known or cannot be purified in sufficient quanti-
ties.

(b) Insertional inactivation

The currently most popular alternative to product-
based cloning is transposon or T-DNA tagging. In
those species such as Antirrthnum majus or Zea mays
where several well-characterized transposable ele-
ments are known, many important genes have been
isolated by tagging (Balcells et al. 1991). The limi-
tation of this approach is that it is usually necessary to
screen very large numbers of individuals in order to
identify a mutation in a particular gene. For instance,
in the isolation of the opagque-2 gene by transposon
tagging with the Spm element, approximately 500 000
kernels were examined in order to find a mutation.
Thus, this approach has been most useful in identify-
ing mutations which result in readily scored pheno-
types such as alterations in colour or morphology
(Carpenter & Coen 1990).

Since transposable elements are not well character-
ized in many other important plant species, there has
been widespread interest in introducing a well-charac-
terized transposable element into these species. Most
of the effort has been focused on the maize Ac/Ds
system which appears to retain transposon character-
istics when transferred to dicot species such as tobacco
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Figure 1. The various methods used in plant gene isolation.

and Arabidopsis (Dean et al. 1992). Although these
heterologous systems have not as yet been sufficiently
refined so that they are generally useful, the general
approach seems very promising in the long term.

A variant of transposon tagging has been developed
to exploit the fact that when transgenic plants are
produced, there is inevitably a disruption of the
genome by the insertion of ectopic DNA into the
chromosome (Feldman 1991; Koncz et al. 1990). If
the disruption caused a detectable mutation, the
disrupted DNA can be readily cloned by using the
ectopic DNA as a probe for the flanking sequences.
Because it is somewhat tedious to produce transgenic
plants on a large enough scale to use T-DNA as an
insertional mutagen, the utility of this method has
been largely restricted to Arabidopsis because it has a
small genome which is almost devoid of repetitive
DNA. Thus, it appears that a very large proportion of
T-DNA insertions generate mutations.
approximately 199, of all T-DNA insertions produce
a visible phenotype (Feldman 1991). In addition to
the small genome size, a facile method has been
developed for transformation of Arabidopsis which has
permitted the production of more than 13000 trans-
genic lines, many of which are available from the
Arabidopsis Resource Centers at Ohio State University
and the University of Nottingham. In this method,
seeds are briefly germinated in a culture of Agrobacter-
wm  lumefaciens then grown to maturity. By some
unknown mechanism, a small proportion of the
progeny are found to be transformed and can be
identified by selection for a kanamycin resistance
marker on the T-DNA. Presumably, the plants arising
from the seed inoculation become systemically infected
and are occasionally transformed by the intracellular
population of 4. tumefaciens. Although the method has
led to the isolation of many interesting genes, the
approach is inherently limited by the fact that it is
opportunistic rather than systematic. That is, if a
mutation in a particular gene is not represented in the
existing collection, the method is not applicable.

Another promising variant of T-DNA tagging is
based on the concept of enhancer trapping. In this
method a promoterless gene encoding a reporter gene
(e.g. GUS) or selectable marker (e.g. kanamycin
resistance) is placed adjacent to a T-DNA border so

that if the T-DNA inserts into the genome adjacent to
an active promoter, the gene is expressed and the
transformed cell survives exposure to the selective
agent or expresses the reporter gene (Kertbundit ef al.
1991; Topping et al. 1991). The complementary
approach is to place a strong enhancer adjacent to the
T-DNA border so that a quiescent gene is activated by
the proximity of the enhancer (Walden et al. 1991).
The large numbers of independent transformation
events required for this approach are obtained by
protoplast transformation. The key to the successful
use of this strategy seems to be in designing screens
which will narrow the number of surviving colonies to
those in which a particular subset of genes has been
targeted. In the first successful application of this
method, antibiotic resistant tobacco cells which grow
in the absence of exogenous auxin have been identified
following transformation with an enhancer. If major
regulatory genes control the production of secondary
metabolites (see Ludwig et al. 1990), this approach
might prove very useful for the identification of genes
which are required for the production of secondary
metabolites such as taxol or other complex plant
metabolites of medicinal value. For instance, insertion
of an enhancer near the regulatory locus might
activate high level expression of the pathway in
cultured cells. Many plant-derived drugs are suffi-
ciently complex so that antibodies can be raised
against the compounds and these might be used to
screen the transformants for the presence of cells
which express high levels of the compounds.

(¢) Subtractive methods

The conceptual complement to the isolation of
genes on the basis of a transposable element or T-
DNA insertion is to exploit the existence of a deletion
of a target gene. The utility of this approach was
demonstrated by the isolation of a gene which comple-
mented a mutation of the gal locus of Arabidopsis (Sun
et al. 1992). The mutation had previously been
suggested to be a deletion on the basis of conventional
genetic criteria. A portion of the gene was highly
enriched by several successive rounds of hybridization
of small fragments of DNA from the wild type with
biotinylated DNA of the mutant, followed by removal
of DNA hybrids by chromatography on an avidin
matrix. The main limitation to the utility of this
approach is the difficulty associated with producing
and identifying small deletions in higher plants. A
variant of the method can, however, be exploited to
enrich for genes which are more highly expressed
under one condition than another.

(d) Map-based cloning

The ideal method for gene isolation should be
capable of isolating any gene for which a phenotypi-
cally detectable recessive variant allele exists. Map-
based cloning methods such as chromosome walking
are theoretically suitable in that they permit the
isolation of any allele which can be genetically
mapped. This effectively excludes only quantitative
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trait loci (Qrrs). However, these methods may be
considered less than ideal because of the amount of
effort required to implement map based cloning in
higher plants.

The strategy in map-based cloning is to genetically
map an allele of a target gene near previously isolated
DNA fragments, typically restriction fragment length
polymorphism (rRrLP) markers. Then, the region of
the genome containing the gene is isolated, and sub-
fragments are used to complement the mutation.
Arabidopsis 1s the most suitable plant for the appli-
cation of map-based cloning methods because, in
addition to suitable genetic characteristics, it has a
uniquely small nuclear DNA content which is almost
devoid of interspersed highly repetitive DNA
(Meyerowitz 1989). Several rRFLP maps have been
constructed (Chang et al. 1988; Nam et al. 1989),
which now contain approximately 312 markers distri-
buted over the five chromosomes. As the total DNA
content has been estimated to be 70000 kb, the
average distance from any gene to the nearest RFLP
marker is about 225 kb. This is comparable to the
average insert size of about 160 kb in the several yeast
artificial chromosome (vac) genomic libraries which
are available for Arabidopsis (Grill & Somerville 1991;
Ward & Jen 1990).

The general utility of these resources was recently
demonstrated by the map-based isolation of a gene
which complements a mutant (fad3) of Arabidopsis
deficient in omega-3 fatty acids (Arondel et al. 1992).
In this instance, a YAC covering the region of the fad3
gene was used to probe a cDNA library prepared from
a tissue in which the biological information had
suggested the fad3 transcript would probably be
moderately abundant. The vac encoded only one
moderately abundant cDNA. Production of transge-
nic plants which expressed this ¢cDNA resulted in
genetic complementation of the fad3 mutation, there-
by establishing the identity of the gene. In those
instances where the target gene is weakly expressed, it
is necessary to subclone the vacs and transform the
mutant with a series of overlapping subclones to find
the complementing fragment. This was essentially the
approach which was used to clone the 4BI3 gene from
Arabidopsis by map-based methods (Giradaut et al.
1992). Although it remains somewhat tedious to
isolate genes by this approach, it seems likely that with
the development of an ordered set of vacs for the
Arabidopsis genome it will become much easier to
implement this approach. At present, more than one
third of the genome has been covered by identified
vacs of known map position (Hwang et al. 1991).

Although Arabidopsis has unique advantages for
map-based cloning, it may be possible to implement
the related method of ‘chromosome landing’ in other
plant species, or in Arabidopsis, to accomplish similar
ends. The idea is to bypass the construction of a very
high density RFLP map and to focus instead on
identifying polymorphic markers which are very
tightly linked to a target gene. This is possible because
of the observation that if random 10 base pair (b.p.)
oligonucleotides are used as primers in PCR using
genomic DNA from polymorphic individuals, the pcr
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products frequently exhibit polymorphisms designated
RAPDs (randomly amplified polymorphic DNA)
(Reiter et al. 1992). The central concept underlying
the use of RAPDs for chromosome landing is that if one
pools DNA from a number of phenotypically identical
F2 progeny from a cross between two polymorphic
parental lines which carry different alleles for a gene
of interest, the pooled progeny will show the polymor-
phisms of both parents for all regions of the genome
except the small region surrounding the target gene
(Michelmore et al. 1991). In this region, the pooled
progeny will necessarily have the same chromosomal
composition as the mutant parent. It is possible to
identify closely linked DNA probes (i.e. RaPDs) by
preparing DNA from each parent and from the pooled
F2, then screening these three DNA samples for
polymorphisms by the pcr-based method. Polymor-
phic bands which are present in the pooled F2 and the
mutant parent represent fragments of DNA which
have a high probability of being closely linked to the
mutation. Tight linkage can be verified by scoring
additional F2 progeny and tightly linked polymorphic
fragments can then be used to screen a vac library.
Because of the relative ease with which a thousand or
more different primers can be screened, this method
has the inherent potential to generate very tightly
linked markers even for species with relatively large
genomes.

(e) Large-scale sequencing

Although not, as yet, widely employed in plant
biology, the recent improvements in instruments for
large-scale automated DNA sequencing promise to
significantly change many current practices. It has
now become possible for one laboratory to obtain
partial nucleotide sequence (EsTs, expressed sequence
tags) for many thousands of cDNA clones in a period
of a few months (Adams et al. 1991, 1992). Further-
more, because of the large amount of sequence
information available in public nucleotide and protein
sequence databases, a significant proportion of ran-
domly sequenced cDNA clones can be assigned prob-
able function by comparison to the sequence data-
bases. In the case of human c¢cDNA clones,
approximately 189, of the first 5000 EsTs were
assigned probable function (Adams et al 1991). Simi-
larly, of the first 1000 EsTs from rice, approximately
209%, were assigned probable function: mostly by
reference to non-plant genes (Uchimiya et al. 1992).
In view of the efficiency of this approach as a
mechanism for connecting plant biology to the large
amount of sequence information available in other
orders, it is apparent that very large numbers of EsTs
will soon be available for several plants such as rice,
maize and Arabidopsis.

For the foreseeable future, it will not be possible to
assign function to most EsTs by reference to the
databank, or the proposed homology will be of
marginal statistical significance, or the correspondence
between the function of the gene product in one
organism and another may be obscured by species
specific differences. In these instances, the EsTs will

[ 63 ]


http://rstb.royalsocietypublishing.org/

THE ROYAL
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

THE ROYAL
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

Downloaded from rstb.royalsocietypublishing.org

202 C. R. Somerville

serve essentially as stimuli for hypotheses about the
existence of a previously unidentified gene. These
hypotheses may be expected to become increasingly
important leads into novel aspects of plant biology as
more and more genes of readily evident function are
characterized. The ability to analyse these EsTs in
transgenic plants will be the essential technique for
testing these hypotheses.

(f) Cloning by complementation

Much of the power of yeast genetics is based on the
ease with which a gene which complements a
mutation can be isolated. Because of the technical
difficulties associated with producing large numbers of
transformed plants, it is unlikely that the isolation of
genes by complementation of plant mutations, per se,
will be implemented in higher plants. However, the
use of map-based cloning methods is a compromise
solution in which the amount of DNA which must be
introduced into the mutants is reduced so that fewer
transgenic plants need to be produced.

An increasingly important method of cloning plant
genes is the use of plant cDNA clones to complement
microbial mutants. Many biochemical pathways are
similar or identical in plants, bacteria and fungi, and
functional complementation of auxotropic mutations
is not uncommon (Minet et al. 1992). An informative
example of the possible opportunities was the recent
cloning of two different genes encoding potassium
channels by the complementation of the same yeast
mutant (Anderson et al. 1992; Sentenac et al. 1992).

Many of the traits, for which genes are sought,
occur in plants in which conventional genetic methods
are not likely to be implemented. For example, if one
wanted to identify the genes for the synthesis of a
particular secondary metabolite in an exotic plant
species, it is unlikely that it would be possible to justify
the expenditure of time and effort required to estab-
lish a genetic system in a new species even if it was
amenable to the approach. A possible solution to this
problem may be to develop a facile system for the
development of pacs (plant artificial chromosomes).
This is not possible at present because no plant
centromere has yet been isolated. If it were possible to
produce libraries of Pacs containing foreign DNA in a
readily transformable species such as tobacco or
Arabidopsis, it may be possible to isolate genes by a
kind of ‘dominant heterologous complementation’ in
which genes for particular traits are identified by their

expression in a distantly related host. This might be a’
particularly interesting approach to the isolation of

indispensable genes which regulate aspects of growth
and development. This might eventually also be a
useful approach in the isolation of genes for enzymes
involved in the synthesis of complex secondary meta-
bolites.

3. GENES AND BIOLOGY

Cloned plant genes are generally used to examine
some aspect of genetic mechanisms, to examine the
role of the gene product in the life of the organism

Phil. Trans. R. Soc. Lond. B (1993)
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Figure 2. Schematic outline of the ways in which transgenic
plants are used to examine the structure and function of
plant genes.

or to add, alter or remove a trait of practical
importance. The methods by which these objectives
are realized are summarized in figure 2 and described
below.

(a) Reducing gene expression by antisense or
cosuppression

One of the simplest methods of experimentally
reducing the level of accumulation of a gene product is
to produce a transgenic plant in which some portion
of the gene transcript is expressed in an antisense
orientation from an ectopic copy of the gene (Gogar-
ten et al. 1992; van der Krol et al. 1988). As no firm
rules have emerged for the optimal design of an
antisense construct, the usual approach is to use the
entire transcript, the 5 half and the 3’ half in three
parallel experiments. It is not uncommon to find that
all three constructs produce a similar range of effects.
As In most experiments with transgenic plants,
because of position effects, it is generally necessary to
produce a minimum of several dozen independent
transgenic plants to as to survey the full range of
possible levels of suppression.

Although the mechanism of antisense suppression is
not understood, it is possible to imagine mechanisms
which account for the effect. By contrast, the observa-
tion that expression of ectopic copies of part of a
homologous sense transcript may also cause loss of
expression of both the ectopic and the native copy of
the gene is mysterious. This phenomenon, termed co-
suppression, has only been reported in higher plants
and has been observed for only a few genes such as
chalcone synthase, which is involved in flower pig-
ment formation (Napoli ef al. 1990; van der Krol et al.
1990). In this case the tissue specificity of gene
expression can be observed by observing the pattern of
pigment formation on the flower. It is apparent from
the patterns seen in plants exhibiting cosuppression
that the effect may vary depending upon the develop-
mental state of the tissue. The occurrence of colour
variegation also indicates that the effect can be
unstable as might be expected for an epigenetic
phenomenon. The eventual resolution of the mechan-
ism for this interesting effect may eventually suggest
novel mechanisms of directed gene control.
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(b) Gene inactivation

Although there have been several reports of homo-
logous replacement of an endogenous gene with a
cloned gene, the frequency is too low to be directly
useful at present (Halfter et al. 1992; Lee et al. 1990;
Paszkowski et al. 1988). However, it has only been
several years since similar problems with directed gene
replacement in cultured animal cells were overcome
by methodological improvements (Capecchi 1989;
Mansour et al. 1988). The most important innovation
was the development of methods for selecting against
ectopic integration of exogenous DNA so that only
homologous integrations survived selection. It seems
likely that the implementation of similar techniques
will result in similar improvements in homologous
recombination in plant cells. In many plants it is now
possible to transform protoplasts at high efficiency and
to select rare recombinants. Thus, there seems no
intrinsic limitation to the application of this method in
easily cultured plant species.

An alternate possibility for obtaining gene disrup-
tion (although not gene replacement) may arise from
the fact that the Ac/Ds transposon system from maize
has been shown to be active in all other plant species
tested (see, for example, Dean et al. (1992)). The Ac
element has the property that it preferentially trans-
poses to a nearby site. This property can, in principle,
be exploited by creating a series of transgenic lines of a
plant species in which Ac or Ds elements are scattered
around the genome. To inactivate a cloned gene, one
would first map the cloned gene by RFLP-mapping. In
the next stage, a family of Ac/Ds transposition events
is produced using an Ac or Ds element which is
inserted near the mapped gene. The presence of an
individual in the population in which Ac or Ds has
jumped into the target gene can be assessed by using
the Pcr reaction to test for an Ac/Ds insertion in or
near the target gene. This can, in principle, be done
by preparing total DNA from subpools of all the
plants which experienced transpositions, and then
using one PCR primer based on the sequence of the Ac/
Ds element, and one based on the sequence of the
target gene. If the Ac/Ds element lands sufficiently
near the target gene, the pcr with produce a new
band. The individual transposition event can be
identified by successive subdivisions of the population
of transposition events.

A similar use of the Pcr reaction to isolate genes
which have been deleted or disrupted by other
mechanisms may also be imagined. For instance, there
are approximately 13000 lines of Arabidopsis carrying
random T-DNA insertions. If DNA were made from
these lines in pools of 50 or 100 plants, it would be
possible to screen the entire population for insertion in
a target gene by scoring only a few hundred pcr
reactions using one or more primers based on the
target sequence and a primer based on the T-DNA
sequence. Similarly, one might screen pools of muta-
genized plants for a specific deletion by using primers
which are derived from sequences which are normally
too far apart in the wild-type to give rise to a PGR
product.
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(¢) Altered expression of cloned genes

In some cases the best way to examine the function
of a cloned gene may be to increase the amount of
expression or to alter the location or timing of
expression of the gene. A beautiful example of the
utility of the approach was the demonstration that the
Lc¢ gene of maize was an autonomous transcriptional
activator (Ludwig et al. 1990). Introduction of the
coding sequence of the Lc¢ gene under control of a
constitutive promoter into various tissues such as roots
which are not normally pigmented resulted in ex-
pression of the entire pathway of anthocyanin produc-
tion. This result indicated that the product of the L¢
gene is a transcriptional regulator which is able to
induce transcription of all the genes in the pathway in
cells representing many different developmental
states.

In some instances a fresh insight into some aspect of
the biology of an organism may be gained by
introducing genes from other organisms. For instance,
in order to alter the composition of the sugars in the
vacuole or the apoplast of photosynthetic tissues,
Sonnewald et al. (1990) used a yeast invertase gene to
target abnormal accumulation of invertase to these
cellular locations. The invertase hydrolysed sucrose
which was normally present in these compartments.
This, in turn, caused informative perturbations in the
transport of assimilates and in overall photosynthetic
activity.

(d) Localizing and dissecting gene expression

At present, the standard method for identifying
where and when a plant gene is expressed is to fuse the
promoter sequence of the gene to the coding sequence
for a bacterial B-glucuronidase (GUS) and produce
transgenic plants (Jefferson et al. 1987). The presence
of GUS activity can be conveniently detected by
histochemical staining of microscopic sections. The
widespread and enthusiastic application of this
method has led to the accumulation of a vast amount
of information about the cell and tissue specificity of
gene expression. In many instances, the application of
this method has resolved longstanding problems which
could not be resolved by other methods. For instance,
it had been known for many years that the leaves of
dicots contained a cytoplasmic and a chloroplast
isozyme of glutamine synthase, but the physiological
significance of these isozymes was unknown. Brears et
al. 1991 resolved this by using GUS fusions of the two
promoters to demonstrate that the two isozymes were
expressed in distinct cell types with different physiolo-
gical functions within the leaf.

In the absence of the ability to produce transgenic
cells, the study of the relationship between gene
structure and function would necessarily be a kind of
archeological discipline in which the wonders of
extinct creatures are imaginatively reconstructed from
bits of fossilized bone. It has been suggested that
shooting gold particles coated in DNA into cells at
several thousand feet per second and examining the
average activity of a reporter gene is only a small step
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forward in this respect. Fortunately, it is now routi-
nely possible to produce transgenic plants of many
species in which the hypotheses derived from such
transient expression assays or other criteria are routi-
nely tested (Schell 1987). Although it is not conve-
nient to produce transgenic plants of certain species,
the fact that promoters from one species of plant are
generally expressed at the correct place and time in
distantly related species has permitted the widespread
use of a few species as ‘universal’ recipients of genes
from other species.

(e) Introducing new or improved traits

The potential applications of genetic engineering
methods to the improvement of economically impor-
tant plant species are too vast to enumerate. Many of
the goals of traditional plant breeding seem likely to
be accelerated by the application of molecular gene-
tics when the relevant genes are available (Gasser &
Fraley 1989). For instance, durable disease resistance
is consistently ranked as one of the highest priorities of
many breeding programs. Substantial progress to-
wards achieving virus resistance has been achieved by
the expression of viral coat proteins in transgenic
plants (Beachy et al. 1990). Similarly, expression of
anti-insecticidal proteins in transgenic plants has
provided new mechanisms for resistance to insect pests
(Williams et al. 1992). This latter application is
expected to have a very beneficial effect upon the
environment by leading to reduced use of insecticides.
A creative application of detailed knowledge of tissue
specific gene expression has been the use of a pollen-
specific promoter to express ribonuclease in develop-
ing pollen (Mariani et al. 1990). This causes male
sterility, a trait which is very useful in the large-scale
production of hybrid seed.

Many of the conceivable applications involve alter-
ing the quality or quantity of the economic product in
ways that cannot be accomplished by conventional
plant breeding. Thus, for instance, potatoes which
produce very high levels of starch were produced by
introducing a bacterial gene for ADPglucose pyro-
phosphorylase under control of a tuber specific pro-
moter (Stark et al. 1992). Unlike the plant enzyme,
which is subject to allosteric regulation by interme-
diates of the starch biosynthetic pathway, the in vivo
activity of the bacterial enzyme was not subject to any
form of feedback regulation. Thus the bacterial
enzyme was not inhibited by the high concentration of
biosynthetic intermediates and, as a result, greater
metabolic flux of photosynthate toward starch synthe-
sis was possible. Many other modifications of starch,
oils or storage proteins can be envisioned by the
similar introduction of one of a few genes.

In addition to providing new tools to facilitate
conventional breeding, the ability to move genes from
one organism to another provides entirely new possibi-
lities to use plants as sources of new biomaterials. An
example is the recent production of biodegradable
plastics such as poly--D-hydroxybutyric acid (PHB)
in plants. This compound, which serves as a storage
material in many species of bacteria, normally ac-
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cumulates as small intracellular granules. PHB is
made from acetoacetyl-CoA in two enzymatic steps.
When the two bacterial genes involved in the conver-
sion of acetoacetyl-CoA to PHB were expressed in
transgenic Arabidopsis plants, PHB accumulated in
small granules within the plant cells and appeared to
have the same properties as PHB which normally
accumulates in bacteria (Poirier et al. 1992). If
adequate levels of production of PHB or related
polyalkanoates can be produced in transgenic field
crops it might be feasible to satisfy a significant
proportion of our needs for this class of materials from
a renewable source. Furthermore, the availability of
an alternate outlet for agricultural production would
have a beneficial effect on the farm economy in the
developed world and could reduce or eliminate the
need for agricultural subsidies.

4. CONCLUDING REMARKS

Experimental plant biology is in the midst of a
scientific and technical revolution which has been
made possible by the development of methods for
isolating genes and analysing their structure and
function in transgenic plants. The explosive growth of
information which has resulted is fueling a secondary
revolution in the ways in which plant improvement is
undertaken. More importantly perhaps, the ability to
move genes from other orders of organism into plants
and to precisely control the expression of foreign genes
will expand the ways in which we utilize plants.
However, virtually all of the knowledge which has
been gained to date concerns temperate plants. To
exploit the full potential of this technology, it is
essential that work begin on developing the methods
for producing transgenic plants of many of the
important tropical species upon which much of the
worlds population depends for food and fibre. Some of
these species, such as oil palm and coconut, pose
technical challenges because of long life cycles, but
tremendous opportunities because of the very high
productivity of these and related species.
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