Enhancing nitrogen
fixation
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Inheritance of a singlegenedetermined sensitivity to hostselective toxins produced by Alternaria alternata f. sp. lycopersici, a
fungal pathogen specific to
tomato. Segregation in F, generation fits ratio of l resistant: 2
intermediate: 1 susceptible plant
from the original cross of homozygous-resistant by homozygoussusceptible parental (P,) plants.

Lesions on tomato leaves and fruit
caused by disease-determining
toxins produced by t h e pathogen
A. alternata following infection of
plant. This disease was important
to the fresh-market tomato industry in San Diego and Ventura
counties from the early 1960s to
t h e late 1970s. It is now controlled
in these areas by genetic resistance in what may have been t h e
first cloning of a gene for disease
resistance.

inhibition by the toxin than that from the susceptible genotype. Other host-selective toxins
have been hypothesized to interfere with
membrane integrity, although the exact
mechanism is unresolved. Clearly, cloning of
specific alleles lacking sensitivity to toxins
but :pecific glycosyl transferase enzymes are from the same or unrelated species and introknown to be involved in cell surface carbohy- ducing the cloned DNA into the cultivated
drate synthesis. Attempts to molecularly plant is a goal, along with establishing a valuclone the primary disease-determining genes able information base on resistance gene
of certain plant pathogens, especially bac- products.
teria, are in progress in laboratories at U.C.,
As assay systems for resistance genes have
Berkeley, Davis, and Riverside. If such genes become available at the level of gene action,
can be cloned and their gene products more more laboratories are attempting to identify
readily isolated, it will be possible to perform and clone disease resistance genes and are
experiments to elucidate the molecular func- searching for suitable vehicles to introduce
tion of such genes and to isolate the predicted this DNA into desired plants. Although forresistance gene-coded receptors produced by eign DNA has been experimentally introthe host plant.
duced into plant cells using the crown gall Ti
Other bases of resistance appear to be con- plasmid, we are not aware of the successful
stitutive and, depending on the form of gene introduction of defined plant genes into other
expression, may involve the presence or plant cells by recombinant DNA technology.
absence of host-plant sensitivity to chemical We predict, however, that this will happen
disease determinants produced by the patho- within the next few years. Disease resistance
gen. In several diseases, alleles at a single genes are indeed likely to be among the first
genetic locus in the host control both suscep- genes introduced into new plants by genetic
tibility to the pathogen and sensitivity to engineering, not only because of their considhost-selective toxins produced by the patho- erable economic importance, but because
gen. Such toxins are useful as direct chemical they represent some of the few examples in
probes of the genetic interaction. Recent plants of naturally occurring and defined
work at U.C., Davis, with such a host-para- single genes with definitive phenotypes.
site interaction (see photos) indicates that the Thus, their transfer can be detected easily and
host-selective toxin inhibits a key enzyme in rapidly.
the pyrimidine biosynthetic pathway, asparDavid G . Gilchrist, Associate Professor, Plant
tate transcarbamylase; the enzyme from the Pathology, U.C., Davis, and Noel 7: Keen, Proresistant genotype is relatively less sensitive to fessor, Plant Pathology, U.C., Riverside.
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E o d u c t i o n of ammonia from atmospheric
nitrogen by the Rhizobium-legume symbiosis
offers opportunities for genetic improvement
of both Rhizobium bacteria and host legume.
Root nodules formed by rhizobia are the organs responsible for nitrogen fixation. California crops that might benefit most directly
from such improvements are alfalfa, clover,
common beans, lima beans, garbanzos, and
blackeye peas. Additional nitrogen fixed, but
not used, by those plants would be bound in
an organic form that could carry over to benefit subsequent crops.
Recent genetic information indicates that
leguminous plants vary in their capacity to
use soil nitrogen and to fix atmospheric nitrogen with Rhizobium. Our understanding of
how efficiently nitrogen is fixed by common
varieties of legumes grown in California is
limited, but significant work in this area is
being done by L. R. Teuber and K. W. Foster
at Davis. Genotypic variation for protein
concentration in alfalfa grown sequentially
on atmospheric nitrogen and ammonium nitrate has been measured, and over 700 genotypes of large-seeded grain legumes are being
assessed in the field for their capacity to use
atmospheric and soil nitrogen. Such studies
will provide the information required to produce the next generation of nitrogen-efficient
legumes for California.
More immediate benefits will be reaped
from genetic studies of the bacterial partner,
Rhizobium. Laboratories at Davis are investigating hydrogen uptake, a process affecting
efficiency of nitrogen fixation (see article by
R. C. Valentine in this issue), and D. N.
Munns at Davis is examining Rhizobium
strains for natural variation in tolerance to
acid and aluminum stress. Collaborative
work between the John Innes Institute in
Norwich, U.K. and our group in Davis has
used conjugal plasmid transfer to produce
Rhizobium strains significantly superior to
either parent. The key plasmid, pIJ1008, carries determinants for hydrogen uptake,
which are not found in Rhizobium strains
that nodulate alfalfa and clover. Although
pIJ1008 is expressed most completely in pea
rhizobia, it has been transferred to closely related clover and alfalfa bacteria, and those

Soybean yield trials use a s a
control a line genetically
incapable of being infected by
nitrogen-fixing bacteria to
measure soil nitrogen availability
(pale green plants). Other plants
are nodulated and use both soil
and atmospheric nitrogen.

organisms are being studied.
One concrete example of enhancing nitrogen fixation and agronomic yield through
genetic alteration of Rhizobiurn has been
demonstrated in soybeans. A mutant of the
commercial R.japonicurn strain USDA 110
was selected for high nitrogen-fixation
capacity in pure culture in R. C. Valentine’s
laboratory. Under microaerophilic conditions, similar to those encountered in the
plant root nodule, the mutant strain C33 had
94 percent more activity than the parent
strain 110. In subsequent tests with C33 on
soybean plants grown under controlled environments, we measured approximately a 40
percent increase in dry matter and nitrogen
content relative to plants infected with strain
110.
Those results stimulated field trials run at
Davis in 1979 and 1980. Seed yield and total
seed nitrogen (protein) content were increased significantly in ‘Clark’ soybean
plants treated with mutant strain C33, which
yielded 39.2 bushels per acre in 1979 and 44.6
in 1980, compared with 36 and 38.3 bushels,
respectively, with USDA 110. Seed nitrogen
content with C33 was 146 pounds per acre in
1979 and 186 pounds in 1980, compared with
136 and 159 pounds, respectively, with USDA
110. During both field seasons, more than 80
percent of the rhizobia reisolated from root
nodules of field-grown plants were identified
as the applied 110or C33 strain on the basis of
genetic markers.
A genetically similar, but nonnodulating,
line of ‘Clark’ soybean yielded 27.1 and 17.7
bushels per acre containing 73.6 and 44.8
pounds of nitrogen per acre in 1979 and 1980,
respectively. That decline in available soil nitrogen associated with different field sites
was responsible for the more obvious promotive effect of strain C33 in 1980 when compared with 1979. Thus the genetically altered
strain C33 was as good as strain 110 under the
moderate soil nitrogen conditions used in
1979and clearly superior under the greater nitrogen stress experienced in 1980.
Donald A . Phillips, Professor, Agronomy and
Range Science, U.C., Davis, and Larry E.
Williams, former Graduate Research Associate,
now Assistant Professor, Agronomy, Louisiana
State University, Baton Rouge.

Herbicide tolerance
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David Pratt

Isolation of mutants tolerant or resistant to
herbicides may become a valuable application of cell culture techniques. Every herbicide is restricted in use by the number of
crops it damages or kills. Tolerant mutants of
various plant species could broaden the usefulness of currently available herbicides. The
advantages of searching for this kind of mutant using cell cultures are (1) accuracy and
uniformity of herbicide exposure in culture,
(2) the ease with which billions of cultured
cells may be screened for ability to grow in
the presence of the herbicide, and (3) the potential (as yet unrealized for most crop species) for easy isolation of recessive mutants
using haploid cell cultures.
Paraquat-tolerant mutants of tomato were
isolated using an interspecific hybrid strain
called L2. This plant had 25 percent cultivated and 75 percent wild tomato ancestry
and was selected for the wild tomato traits of
rapid callus growth and efficient plant regeneration. When callus cells of this hybrid were
placed on agar medium containing a lethal
concentration of paraquat, spontaneously
occurring presumptive mutant callus clones
that could grow under these conditions appeared at a frequency of one out of four billion cells tested.
Diploid plants were regenerated from 10 of
the 22 clones isolated. Although some of
these plants were normal in appearance,
others were abnormal (leaflets smaller and
thicker than normal) with reduced vigor and

fertility. New callus cultures initiated from
the regenerated plants typically had at least a
30-fold increase in paraquat tolerance relative to normal callus of strain L2. Paraquat
tolerance was transmitted to sexual progeny
in each of the three clones tested, confirming
the hypothesis that the paraquat tolerance resulted from a mutation.
Limited tolerance was expressed at the
plant level in regenerated plants from two out
of seven clones tested. Although some were
killed and the rest were damaged by paraquat, plants deriving from paraquat-tolerant
clones PQT’) and PQTZ2were significantly
less damaged than plants of parent strain L2.
Each of these mutant plants is probably
heterozygous for one or more alleles that
confer the paraquat tolerance. The tolerance
of different mutants may arise through more
than one pathway. Thus, highly resistant
plants might be achieved through inbreeding
to produce homozygous tolerant genotypes,
through hybridization to combine different
tolerance alleles in a single strain, or through
isolation of new and better mutants.
Eventually, herbicide-tolerant tomato
mutants are likely to have agronomic applications. The greatest weed problems of
tomato in California are the closely related
nightshades, which are sensitive to the same
herbicides as are tomato cultivars. Paraquattolerant tomato mutants, however, may be
useful only as a model system, because the
high human toxicity of this herbicide will
restrict the times at which it can be safely applied, even to a tolerant crop of a species
grown for edible fruits or foliage. Further experiments may produce tomato plants that
tolerate other herbicides, perhaps achieving
effective weed control together with the flexibility to choose compounds that pose the
least risk to the environment.
Bruce R . Thomas, formerly graduate student,
and David Pratt, Professor, Bacteriology, U.C.,
Davis.
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