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The new technologies of molecular and cell biology have created a large interest in plant science. Some of
the recent advances are reviewed. These techniques are of themselves advancing rapidly in terms of increas-
ing sophistication; as they advance they allow even more detailed analysis of the plant’s genome and the pro-
cesses that it specifies. Even from today’s standpoint it is possible to see some applications in terms of man-
ipulating plants. These are particularly likely to come from enhancing (rather than replacing) the efficiency
with which plant breeders carry out their tasks. However, in the long-term the dramatic gains will come as
the technologies provide the plant scientists with a vastly increased knowledge of how plants work. The chal-
lenge will then be to turn that knowledge into improved cultivars.

Benjamin J. Miflin, Biochemistry Department, Rothamsted Experimental Station, Harpenden, Herts. ALS

2JQ, England

There is much hope and excitement being generated
throughout the world by the potential application of
new approaches in molecular biology to crop plants.
In addition, there has been steady progress in plant
cell and tissue culture to the stage where further ap-
plications can be foreseen. It is my task to review
briefly these advances and to suggest how they may
affect the practice of plant breeding. However, be-
fore starting it may be helpful to define what I mean
by this new technology, which is often termed ‘gene-
tic manipulation of crop plants’.

(1) Novel techniques for altering the genetic com-
position of plants and microorganisms associated
with them in agriculture, including recombinant
DNA techniques, limited gene transfer, partial
genome transfer, somatic hybridization, somaclon-
ing and allied tissue culture techniques, but exclud-
ing conventional plant breeding.

(2) Application of techniques for in vitro produc-
tion, multiplication and selection of plantsincluding
tissue culture, protoplast culture, plant regenera-
tion, and the selection of mutant cells or plants by
novel techniques.

In assessing progress 1 would emphasize three as-
pects of the subject which although not mutually
exclusive will help to focus the discussion; these are
technical advances, analytical aspects, and manipu-
lation.

Technical advances
Recombinant DNA techniques

Gene isolation is now well underway for plants. The
majority of the work is still at the level of making
banks of cDNA clones from mRNA from various
tissues but has extended to a number of genomic lib-
raries. Naturally, most of the cDNA libraries are for
proteins present in reasonable abundance. Not sur-
prisingly the first genes to be described in detail in-
cluded those for the large and small subunits of
RuBP carboxylase. Furthermore, cDNAs related to
all of the groups of storage proteins present in the
cereals of the Triticeae have been described, as have
clones for legume storage proteins. As yet, few of
the low abundance class of plant mRNAs appear to
have been cloned and identified.

Genomic libranies have been obtained, after ini-
tial difficulties, from most major crop species. Of
the genes characterized most have introns, €.g.
phaseolin (Sunet al. 1981; SLichTomet al. 1983) and
other legume storage protein genes (BouLTER 1984;
Fiscuer and Govubeerc 1982; NieLsen 1984), the
small subunit of RuBP carboxylase (CasHMORE
1983) and leghaemoglobin (Brisson and VERMA
1982; Wisorg et al. 1982). In many cases gene iden-
tification has been achieved by first identifying a
cDNA clone usually by hybrid-select translation
(Ricciarni et al. 1979; Forpe et al. 1981) although
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also by immunopurification of mRNA (CuLLiMore
and Miruin 1983) and by the use of synthetic DNA
probes. Some use has been made of heterologous
probes—that is genomic or cDNA clones for the
protein from non-plant species. This has been done
to find genomic clones for actin by means of a
cloned probe from Drosophila (Snaw et al. 1982) or
to identify clones corresponding to the mitochond-
rial gene for a subunit of cytochrome oxidase by
means of a probe from yeast (Foxand Leaver 1981).
Since conservation of function has often resulted in
conservation of sequence this approach may be
applied more widely in the future as more cloned
genes become generally available.

Another approach for the future is transposon
mutagenesis. Transposable elements have been
cloned from maize (Courace-TeBBE et al. 1983;
Doring et al. 1984) and the phenomenon of trans-
position in maize involving single and multiple ele-
ment systems has been well known for a long time
due to the pioneering work of Barbara McClintock
(see Fincnam and Sastry 1974). If a transposition
event results in an inactivation of function, then the
clement may well have inserted itself into or near
the gene responsible for the function. Given the a-
vailability of cloned DNA probes for the transposa-
ble element it is possible to sort out the particular
piece of DNA containing the transposon that is re-
lated to the observed change in phenotype. From
this it should then be possible to isolate the gene for
the mutated function. This approach is particularly
useful where the gene product causing the
phenotype is not known—for example the opaque-2
mutation in maize, which causes the high-lysine
phenotype. Transposon mutagenesis is not so likely
to be fruitful if the function under investigation is
coded for by more than one gene so that multiple in-
activations would be required. Unfortunately,
many attributes which might be expected to be
coded for by single genes, such as given enzymes,
turn out to be coded for by more than one gene. This
has been revealed by genetic analysis, for example
there are at least three genes for aspartate kinase ac-
tivity (BriguT et al. 1982), or by genomic blotting
and cloning for example in the genes for the small
subunit of RuBP carboxylase (Casumore 1979;
Dunsmuir et al. 1983). However, there is at least one
example where a transposable element has been
used to distinguish a functional gene from copies
which are either non-functional or involved with a
different pathway (WeiNanD et al. 1982).

A further method of gene isolation and identifica-
tion, which has been used by Schréder and col-
leagues, is to transfer the ‘unknown’ gene into E.
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coli by means of a vector giving a high degree of ex-
pression and then studying either the altered
metabolism of E. coli or the characteristics of the
protein produced (ScHroDER et al. 1983, 1984).

Gene transfer and expression

Foreign genes have been transferred into regener-
ated plants by means of modified Agrobacterium
tumefaciens tumour-inducing (Ti) plasmids (OTreN
et al. 1981; WuLLems et al. 1981; pe Greve et al.
1982; BarToNnet al. 1983; for reviews see Binns 1984,
Suaw 1984). This plasmid has been modified in a
number of ways, for example by mutating or remov-
ing one or more of the genes causing the disruption
of plant growth (Oowms et al. 1981; GarrinkEL et al.
1981; BarTonet al. 1983), or by inserting selectable
markers (FraLEY et al. 1983; Bevanet al. 1983; Her.
rRera-ESTRELLA et al. 1983). Recently, it has proved
possible to reduce markedly the size of the plasmid
by removing large portions of the non-T-DNA re-
gion including the virulence genes to produce a
mini-plasmid; the mini-plasmid is then com-
plemented by another compatible plasmid contain-
ing the virulence region to produce a binary vector
transformation system (Hoexema et al. 1983; pe
Framonp et al. 1983). So far, the number of genes
transferred and expressed has been small but in-
clude bacterial encoded genes other than T-DNA
and higher plant genes. As yet, little is known about
gene expression but this system will soon be
exploited by many people to identify DNA sequ-
ences important in controlling gene expression. Al-
ready there is some evidence that sequences 5’ to
the small coding sequence of the subunit of RuBP
carboxylase, when joined to a bacterial gene, can be
used to obtain light-stimulated expression of that
gene transferred into higher plants (CapLan et al,
1983).

To date, regenerated and transformed plants of
tobacco, petunia, diploid and tetraploid Solanum
tuberosum have been obtained. In the first two the
T-DNA has been shown to be inherited via the seed
into the next generation (WuLLEms et al. 1981;
Orten et al. 1981), and in the latter to be passed
through the tuber to the ensuing vegetative genera-
tion (Oowms et al. 1983). Regenerated plants of car-
rot (Cumton et al. 1982), and tetraploid potato
(Oowms et al., pers. commun.) have also been ob-
tained following transformation with Agrobac-
terium rhizogenes containing a root-inducing (Ri)
plasmid. Again the T-DNA portion of the Ri plas-
mid appears to be transferred to subsequent seed
generation of carrot (CruanrtaLet al. 1984) and tuber
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generation of potato (Ooms et al., pers. commun.).

So far, all transformation has been confined to a
relatively narrow range of dicotyledonous species.
Because the host range of Agrobacterium is wide
there is no reason why the range should not eventu-
ally be extended. But, monocotyledons are not
hosts and at present the Ti or Ri plasmids are not
suitable vectors for the important cereal crop
plants. However, another possibility is the use of
transposable elements, which has been successful in
Drosophila. Recently several transposable ele-
ments have been cloned from maize (COURAGE-
Tesse et al. 1983; DorinG et al. 1984) and Antir-
rhinum (Bownas et al. 1984). Ways in which these
might be useful in cereals have been discussed by
Fraveo and Mathias (1984),

Protoplast and tissue culture

Protoplasts have been obtained from a wide range
of plants and have been cultured to obtain division
and ultimately plant regeneration (Cocking 1981).
However, techniques for the mass isolation, culture
and regeneration have been developed for only re-
latively few species—chiefly members of the Sol-
anaceae. Of the major crops only potato, tobacco,
rape and alfalfa would be included in this category.
Cereals are notable by their absence. In contrast,
the number of crop species that can be readily re-
generated from tissue cultures derived from various
plant parts is considerable and includes most cere-
als, many forage legumes, all solanaceous species,
most brassicas and several other crops. The one
group that appears to be particularly difficult is
grain legumes.

Protoplasts are generally considered of potential
importance as:

(a) recipients for transformation, particularly by
naked DNA or by co-cultivation with Agrobac-
rerium;

(b) allowing fusion of whole or partial nuclear and/
or organellar genomes from a donor to a recipient
outside the barriers of sexual crossing;

(c) an efficient means, along with tissue culture, of
obtaining a wide range of selected mutants.

Whilst some success has been achieved in each of
these areas there is still much work to be done be-
fore they become routine and widely applicable
techniques. Perhaps the most successful develop-
ment has been the transformation of protoplasts,
not by naked DNA but by ‘co-cultivation’ with Ag-
robacterium. This technique developed by MarToN
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et al. (1979) has been exploited by FraLEy et al.
(1983) to give very high frequencies of transforma-
tion.

Total fusion of nuclear genomes followed by
plant regeneration has been achieved between
many species, particularly where sexual crossing
can take place, albeit with difficuity (for reviews,
see Scuieper and Vasit 1980; Evans and WiLsoN
1984). Certain fusions have been obtained with
either full or partial regeneration for sexually non-
compatible species (e.g. Power et al. 1980; MeL-
cHerset al. 1978). Little work has been published so
far on partial transfer of nuclear genes by this
method.

The sorting of organellar genomes during regen-
eration after fusion has been studied in a few in-
stances. Results with different fusions have shown
that usually it is either one or the other parental
plastid genome that is found in the regenerated
plant (e.g., Cuenet al. 1977; Menzceret al. 1981) al-
though in some regenerants both plastid types per-
sist (see, e.g., Bonnerr and GuiMeELius 1983). No
examples of recombination of chioroplast genomes
have yet been found. The situation with mitochond-
rial genomes is more complex and there is evidence
that novel mitochondrial genomes may be formed in
regenerants (see Hanson 1984 for further discus-
sion).

In terms of mutant selection, studies with proto-
plasts or tissue cultures have been relatively disap-
pointing. Although a number of variants and some
mutants have been selected there have been numer-
ous problems associated with the regeneration of
fertile, cytologically normal plants. Perhaps the
most successful series are the auxotrophs selected
by King, Gebhardt and colleagues (GeBHarDT ¢t al.
1983; KinG 1984) and by NeGruTiu (1984). However,
few of these have been carried through to fertile
plants and analysed genetically. Selection of mut-
ants at protoplast or cell level also restricts the range
of mutations to those whose phenotype is expressed
in culture; conversely they are well suited to inves-
tigating the type of resistance to toxins or adverse
environments that results from gene amplification
mechanisms. Those variants and/or mutants ob-
tained in culture will probably be of considerable
use as selectable markers in fusion experiments (for
further discussion, see Schieper and Vasi. 1980;
Evansand WiLson 1984) though so far they have not
contributed greatly to the analysis of biochemical
pathways important in crop producton. For detailed
reviews of this area the reader is referred to Kinag
(1984); SomerviLLE (1984); MirLiN et al. (1983);
CHALEFF (1981); MaLiGa (1984).
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Analytical aspects

Many of the techniques above—particularly gene
isolation, characterization and transfer—are analyt-
ical techniques that will tell us a great deal about the
way plants are organized. Much of this information
will add to our store of knowledge without provid-
ing direct application and some will provide new in-
sights into how to breed, select and develop our
crops. The analytical nature of the techniques—par-
ticularly the ability to recognize defined pieces of
DNA-—are also of use directly in crop breeding.

Biochemical pathways

The use of biochemical mutants to analyse biochem-
ical pathways was fundamental in establishing much
of our understanding of bacterial metabolism; many
of the pathways thus established have been shown
subsequently to occur in plants, but even now sev-
eral assumptions are made based on analogies with
bacterial systems. There are obvious reasons, such
as generation time, genome complexity and the ina-
bility to work easily with large populations, why a
similar approach was not used in higher plants. Re-
cently, a number of groups have begun to analyse
pathways of nitrogen and carbon metabolism by
means of mutants with defined genetical and
biochemical properties. The overwhelming major-
ity of these mutants have been obtained by selection
at the whole plant or embryo level. The critical fac-
tors have been the devising of suitable selection
screens and the willingness to undertake a consider-
able amount of routine work such as embryo dissec-
tion or measurements on each individual in a mut-
ant population. Advances in this field have been
specifically reviewed (SomERviLLE and OGREN 1982;
MirLin et al. 1983; SomerviLLE 1984). These em-
phasize the amount of novel biochemical informa-
tion made available by this approach.

Further progress is likely to come from mutant
studies as other selection screens are devised. Pro-
gress is also likely as more genes for enzymes are
cloned. The availability of these will allow very de-
tailed biochemical analysis, for example in vitro
mutagenesis allows questions to be asked and
answered regarding the role of amino acid residues
in the active site of an enzyme. Examples of this are
the successfully induced change at the activation site
of the RuBP carboxylase of Rhodospirillum rubrum
(GurrteriDGe et al. 1984) and the recent 100-fold in-
crease in the affinity of tyrosyl tRNA synthetase for
ATP induced by a single base change in the cloned
gene (WiLkinsonet al, 1984).
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The regulation of metabolism will also slowly be
uncovered by the use of recombinant DNA
techniques. For example, a fascinating story is un-
folding regarding the way in which a plant deals with
ammonia assimilation. The enzyme responsible—
glutamine synthetase—appears to be present in al-
most all tissues of the plant. However, it is clear
from biochemical studies that different tissues have
different forms of the enzyme (for a review, see Mc-
Natiy et al. 1983; MirLin et al. 1981) and that these
may change in activity in response to certain stimuli.
For example, the nodules of Phaseolus vulgaris con-
tain two forms of the enzyme. One form (GS,,) re-
sembles that present in uninoculated roots (GS,)
and does not change in activity as nodules develop.
The other form (GS,,) is physically separable (Cut-
LiMore et al. 1983) and immunologically distinct
(CuLLivore and MiFLin 1984) from GS,, and GS,,
and increases in activity in parallel with nitrogenase
and leghaemoglobin; neither GS,, or leghaemoglo-
bin increase markedly in ineffective nodules in-
duced by certain strains of Rhizobium phaseoli con-
taining specific mutations (Laraet al. 1983; sec also
RogeerTsoN et al. 1975). The availability of cloned
probes for nodule GS (CutLiMorE et al. 1984) will
allow the determination of the number of GS genes
involved in higher plants and eventually their diffe-
rential expression in response to tissue specific and
external controls.

Plant development

Most of the processes involved in plant develop-
ment are a complete mystery. As yet we have no
tenable hypothesis for the mechanisms of action of
plant growth regulators. The molecular factors in-
volved in switching the plant from vegetative to re-
productive development in response to environ-
mental changes are virtually unknown beyond the
discovery of the light receptor phytochrome.
Nevertheless, this switching and the subsequent
transfer of the resources to the developing seed are
one of the important processes in determining
yield—in cereals this is generally considered to have
been much more important than primary CO, as-
similation in the development of modern high—
yielding cultivars (see Girrorp and Evans 1981). 1
would predict that much of the efforts and rewards
in the future will be concerned with the application
of the new techniques to these problems. Some
progress is already being made. The Ti and Ri plas-
mids show how plant morphology can be altered by
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a small number of genes. Which genes are impor-
tant (at least in the Ti plasmid) is now known, as is
their complete DNA sequence (Barkeret al. 1983):
their transcripts can be recognized and some have
been characterized (see Binns 1984). Some evidence
as to the nature of the biochemical reactions
catalysed by these genes is now available (SCHRODER
et al. 1984). This system is likely to be extremely
useful in analysing the role of plant growth reg-
ulators in the control of crop development.

The availability of cDNA and genomic clones of
genes that are active during seed development in
both cereals (Larxins 1983; MiFLIN et al. 1984) and
grain legumes (BouLTER 1984; NisLsen 1984;
SuicHTOM et al. 1983) means that we are on the way
to describing tissue specific genes important in seed
storage. Assink (seed) storage capacity is one of the
most important determinants of yield it is important
to know some of the factors which determine this.
For example, what is the relative importance of
gene number and strength of promoters in deter-
mining the expression of the protein in the grain?
Can we define the nature of the DNA sequences
which determine that a gene is expressed in the
seed?

Plant/micro-organism interactions

Crop plants interact with microorganisms in a whole
range of associations from the wholly beneficial to
the totally devastating. At the molecular level most
attention has been given to the Rhizobium/legume
interaction and its role in the fixation and sub-
sequent assimilation of nitrogen (Miruiv and CuLLi-
MoRre 1984). The genetic system of free-living and
symbiotic nitrogen-fixing bacteria has been
analysed intensively. We are now able to describe
the genes involved in nitrogen fixation in Klebsiella
in almost complete detail and, to a lesser extent, in
Rhizobium. A promising start has been made in
cloning the genes determining nodulation and host-
specificity (Jounston and Downie 1984). Allied to
this is the availability of cloned probes for defined
and undefined plant genes involved in the plant’s re-
sponse (Verma and Lonc 1983; BisseLinG et al.
1984). Thus the tools are being obtained for a de-
tailed analysis of this particular interaction. Simi-
larly, as mentioned before, the pathogenic relation-
ship between Agrobacterium and their hosts is also
being studied intensively. Although both of these
systems have obvious direct applications they also
provide model systems on which to base the study of
other plant/microorganism interactions.
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Plant defence mechanisms

Many aspects of the environment of crop plants be-
sides microorganisms adversely affect crop plants.
These include cold, heat, lack of moisture, salinity
and vertebrate and invertebrate pests. Osmotic
stress results in the synthesis of low motecular
weight nitrogenous compounds such as glycine-be-
taine or proline (Stewart and LaHRER 1980; Wyn
Jones and GorHaM 1983). Valentine and colleagues
have used a biochemical mutant approach to
analyse the analogous response in bacteria (see
Strom et al. 1983). Kuen and BrigHt (1982) have
selected proline overproducers in barley and tested
their response to stress. The results showed only
marginal differences and suggested that higher
levels of proline accumulation might be required.
Various other responses such as the synthesis of
pathogenesis-related proteins (Antoniw and WHITE
1983; Carret al. 1982) of protease inhibitors in re-
sponse to disease {(Ryan 1983) and of hydroxy-rich
glycoproteins in response to pathogens and
ethylene (Toppan et al. 1982) are being studied at
the molecular level.

Conventional genetic analysis has revealed and
characterized a large number of genes in crop plants
that confer resistance to pests and diseases. So far,
there is little information as to the nature of the gene
products. As far as I am aware the only one that can
be tied down to a molecular event is that for resis-
tance to Alternaria alternata f. sp. lycopersici in to-
mato. In this example Gilchrist and colleagues have
shown that Alternaria produces a toxin which affects
aspartate transcarbamylase by making the enzyme
more sensitive to feedback regulation by UMP. Re-
sistant genotypes contain an enzyme which is al-
tered in its response to UMP in the presence of the
toxin {(McFarLanp and GirchrisT 1982; SiLer and
GiLenrisT 1983; Gicurist and McFarLanD 1982).
The use of recombinant DNA techniques may pro-
vide the tools to allow us to define many more resis-
tance genes in detail.

Since our knowledge is so limited there is obvi-
ously no shortage of systems which need to be
analysed, and much work requires to be done be-
fore we have any real understanding of the range of
defence mechanisms that operate in our crop plants.

Manipulation

To a large extent manipulation is the other side of
the coin from analysis. Once a system has been
analysed then decisions can be made as to how it
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might be manipulated. Conversely analysis often
depends on manipulating a change (e.g., selecting a
mutant) in the system and observing the results. In
the sections that follow I want to make some sugges-
tions as to how the techniques reviewed above
might contribute to improving plant cultivars.

Plant breeding is of course the oldest form of
genetic manipulation practised by man. In the cur-
rent age it is an extremely sophisticated process,
particularly in our important cereals. However,
there are a number of new techniques which are or
may be applied to aid breeders in their tasks. For
example, FLavirr et al. (1983) have described how
recombinant DNA techniques, by producing
probes for specific viruses, may speed up the assess-
ment of resistance during a plant breeding pro-
gramme or the recognition of source of cytoplasmic
male sterility.

In the immediate future, though, most applica-
tions are likely to arise through the use of tissue cul-
ture techniques. There are many practical advan-
tages to be gained by the use of micropropagation,
and these techniques are already widely applied in
commerce. Similarly tissue culture techniques can
aid in producing plants of different ploidy levels.
Embryo culture has also been exploited for a long
time both in the production of haploids and in the
rescuing of products of wide crosses (see YEunG et
al. 1981 for review). The area of protoplast and tis-
sue culture work that has generated the greatest
amount of discussion in relation to plant breeding is
that which has been christened ‘somaclonal varia-
tion’. Much of the current phase of interest stem-
med from papers of Shepard (SHueparp et al. 1980;
SHEPARD 1981; Secor and SHeparD 1981; MATERN et
al. 1978) showing a wide range of variation—some
of it in agronomically important characters—that
existed among regenerant plants from potato pro-
toplasts. However, variation among regenerated
plants is not new and has been described by many
authors (e.g., see Heinz and Meke 1971; D’Amato
1977} and has been exploited in the sugar cane in-
dustry. Nevertheless, the work of Shepard stimu-
lated many groups to explore this variation further.
It has been established that it occurs in regenerants
of potato, wheat, rice, sugar cane and brassicas (see
BrioHT et al. 1983; Tuomas et al. 1982; and LARKIN
and Scowcrort 1981, 1983) from either protoplast
and/or tissue culture.

In potato the indications of Matern et al. (1978)
and Secor and SueparD (1981) were that characters
of agricultural importance varied in ways that could
be exploited in the production of new cultivars.
Similarly, work in the U.K. (BriguT et al. 1983;
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Evanset al. 1984) has suggested that variation in ag-
ronomically useful characters is occurring. Cur-
rently none of the regenerants has yet been released
as a cultivar but a several are likely to undergo de-
tailed testing during the next few years. Similarly,
large numbers of wheat regenerants are currently
being evaluated in the field for agronomically useful
characters. Thus it is possible that, even at a rela-
tively early stage, some useful material might
emerge from such a programme. This could be par-
ticularly valuable in potato where progress from
conventional techniques has been relatively slow
and where there are problems of sterility in certain
cultivars.

In terms of technique, results have shown that to
obtain somaclonal variation in potato or cereals
there is no need to go through the technically de-
manding business of isolating protoplasts and induc-
ing them to divide and regenerate plants but that a
similar range of variation is available in plants de-
rived from tissue culture {van HARTEN et al. 1981;
BrigHT et al. 1983; WueeLer et al. 1984). This
simplification should make the technique much
more attractive to breeders and thus of wider appli-
cation.

The reasons for the release of variation after pas-
sage through tissue culture are not clear. Certainly,
a significant proportion can arise from chromosome
abnormalities in that regenerants can have a wide
range of aneuploidy or, where euploid, may show
evidence of chromosome translocations (Karret al.
1982; Sree Ramuru et al. 1983). However, the
majority of regenerants are euploid with no visible
chromosome damage (WHeELER et al. 1984). It will
be interesting to probe the DNA of these regener-
ants by means of Southern blotting using a range of
c¢DNA or genomic DNA probes to see how much re-
striction fragment variation has been induced by
passage through culture. Although it may be ex-
pected that agronomically useful variants will arise
from the euploid regenerants, the ability of plant
cells to lose chromosomes (or parts of them) in cul-
ture may be useful in certain circumstances. Thus
such techniques may be useful for obtaining intro-
gression of genetic material following wide crosses
or protoplast fusion (see OrToN 1979).

Gene transfer by A. wmefaciens Ti plasmid de-
rivatives has been achieved in dicotyledons, and the
commercial potato cultivar Maris Bard has been
transformed and T-DNA shown to persist through
into the subsequent tuber generation (Oowms et al.
1983). Thus in principle there is no reason why de-
fined gene transfer should not be rapidly applied to
certain crops. The problem is which genes to trans-
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fer and it is here that progress will halt until we have
more knowledge of genes that are important for
crop production. This in turn will require advances
in our ability to analyse various crop processes.
However, even this analysis may not always provide
the answer as many processes which affect yield are
likely to be polygenic (see Simmonns 1983 for discus-
sion).

Polygenic characters, or traits whose molecular
genetic basis is unknown, may be transferred by
protoplast fusion, either by using entire protoplasts
and hoping for a subsequent reassortment perhaps
via ‘somaclonal variation’ or by using irradiated
donors to attain partial chromosome transfer. Pro-
toplast fusion can also be important in transferring
traits encoded by organellar genomes. In many
crops potential yield gains may be achieved by
utilizing hybrid vigour. One of the problems in ob-
taining this is to have an effective system for produc-
ing hybrids; in practice this is often achieved by
utilizing cytoplasmic male sterility (CMS) (e.g., in
maize). The primary forms of CMS appear to be
coded for by the mitochondrial genome (see Han-
soN 1984 for review). Recently, PeELLETIER et al.
(1983) have succeeded in transferring CMS from
radish to Brassica napus by means of protoplast fu-
sion.

Despite the importance of polygenic systems
there are also single gene traits that are worth trans-
ferring. At the molecular level, if it ever proves pos-
sible to improve RuBP carboxylase by in vitro
mutagenesis then these genes will have to be rein-
serted. Certain traits for herbicide resistance are
likely to be single genes—for example a single base
change in the chloroplast gene coding for a 32,000
M, protein is thought to be responsible for atrazine
(a herbicide) resistance. Again such resistance can
be transferred between species by protoplast fusion
(see Binping et al. 1982; PeLLETIER €t al. 1983 for a
description of such attempts). Perhaps in the future
certain genes for high lysine proteins may be in-
serted into cereals (e.g., see SHEwry et al. 1981) —
and other quality traits may also be altered by single
gene changes.

Finally, one should not be limited by our current
view of agricultural crops, particularly as surpluses
of certain of them accumulate in Europe and far-
mers in the USA are paid not to sow them. There is
no reason why the ability of plants to harvest effi-
ciently the sun’s energy should not be used in situ for
producing novel products. Where any protein—
particularly, but not necessarily, one encoded by an
eukaryote gene—is required in large amounts at low
cost then plants in the long-term may be better pro-
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ducers than microbial fermentors. Both legume and
cereal seeds have the ability to synthesize and pac-
kage proteins into deposits within the seed. Thus
the legume seed is well able to carry out cleavage of
signal peptides, core glycosylation and terminal
fucosylation (see review by CHrispeeLs 1983) and
can even subsequently cleave storage proteins at
sites that bear a striking resemblance to cleavage
sites in the precursors of animal peptide hormones
(Bouvter 1984; NieLsen 1984). The technology for
subsequently harvesting the seed and storing and
transporting it is well developed. Thus one could en-
visage higher plants as efficient low cost fermentors,
a development that could extend the use of agricul-
tural crops and increase their value and provide the
third world with access to biotechnological products
without a massive chemical industry infrastructure.

Summary

Some devotees of the new technology have made
startling pronouncements as to the replacement of
plant breeding by a new era of gene cloners. This
will not happen. My prediction is that we shall con-
tinue to rely on the skill of the conventional plant
breeder for some considerable time. However, the
breeder will increasingly be helped in his task by
some of the techniques described above.

Recombinant DNA technology by virtue of its
power—e.g. in theory and given time, it is techni-
cally possible to produce a complete DNA sequence
for a cultivar—is bound to improve our knowledge
of plant chromosomes. Since plant breeding is the
art of reassorting genes and chromosomes into the
most favourable combination, then any technique
that provides more information of this raw material
and allows it to be followed through successive cros-
ses and subsequent segregations must be capable of
improving the art. I am sure that as plant research
workers become more familiar with the techniques,
then various ingenious applications will follow (see,
for example, the discussion by Burr et al. 1983 on
the use of restriction fragment polymorphism in
plant breeding). In the long-term, specific genes are
likely to be transformed into a limited range of crop
species—perhaps bacterial genes for herbicide re-
sistance may be some of the first—in order to
achieve precise tailoring of the crop to specific
needs.

The techniques of tissue culture are and will in-
creasingly affect plant breeders. Micro-propagation
is widely used for horticuitural crops and will be
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used in the production of virus-tested propagules
for vegetatively propagated field crops such as
potato. Variants arising from somaclonal variation
may be useful. The techniques may be applied to
producing in-breds for crossing to produce hybrid
seed (already one patent for this has been taken
out). Protoplast fusion, particularly where the
donor has had its chromosomes fragmented, will
eventually allow transfer of complex (or genetically
ill-defined) traits across species incompatibility bar-
riers. Similarly, tissue culture techniques will proba-
bly speed up the introgression of desired genes into
existing improved backgrounds.

However, the aspect that excites me most is that
plant scientists now have an entirely new range of
techniques available to them. These will enable us
to probe plant metabolism and the control of plant
development to a far greater degree than previously
possible. What this will reveal cannot be predicted;
however I am convinced that it will be this know-
ledge that will open up our ability to manipulate our
crop plants in entirely novel ways. The challenge
will be to apply that ability to increase crop produc-
tivity, largely through the production of new cul-
tivars. Since the rapidly increasing human popula-
tion is entirely dependent, directly or indirectly, on
the products of plant metabolism it is essential that
we succeed.
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