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ABSTRACT

Associations among alleles at nine nuclear loci and three chloroplast DNA (cpDNA) genotypes
were assessed in a sample of 247 accessions of the wild barley, Hordeum vulgare ssp. spontaneum.
Alleles at two of the nine nuclear loci are marked by length variations in the intergenic spacer region
of ribosomal DNA (rDNA), and those of the other seven loci are well characterized allozymes. The
three chloroplast DNA (cpDNA) genotypes are marked by restriction fragment length polymorphisms
resulting from three polymorphic restriction sites detected by Southern blot hybridization. The
analyses were performed by dividing the nine nuclear loci into a series of two-locus subsets and
constructing log-linear models to characterize associations between the subsets of two nuclear loci and
the cpDNA genotypes. Statistically significant associations were detected between six of the nine
nuclear loci and the cpDNA genotypes, either individually as pairwise correlations, or through
interaction with another nuclear locus to form three-variate complexes. Although the sample size of
the present study was inadequate for statistical evaluation of higher order interactions, the results
suggest the existence of interactions in which more than two nuclear loci are involved in associations
with cpDNA genotypes. The observed cytonuclear associations appear to result from interplay among
a number of evolutionary forces including a mating system of predominant selfing, differentiation
among gene pools of local populations, and adaptation of barley genotypes to specific environmental

conditions.

NTERACTIONS between nuclear and chloroplast
genomes have been demonstrated for a number
of important physiological and biochemical processes.
A well known example is the enzyme ribulose 1,5-
bisphosphate carboxylase-oxygenase (Rubisco), whose
eight larger subunits are encoded by chloroplast DNA
(cpDNA) and synthesized within the organelle,
whereas the eight smaller subunits are encoded by the
nuclear DNA and synthesized in the cytoplasm as
higher molecular weight precursor polypeptides.
These precursors are transported into chloroplasts,
processed to their mature sizes, and combined with
larger subunits to form functional enzyme (ELLIS
1981).

At the phenotypic level, functional interactions be-
tween nuclear and chloroplast genomes leading to
variegation in Oenothera have been well studied (re-
view in GRUN 1976). In hybrids made to produce
various combinations of chloroplast genotypes and
nuclear backgrounds, it was found that only certain
combinations of chromosome complements and chlo-
roplast types were compatible with each other in pro-
ducing green tissue, whereas other combinations pro-
duced no green tissue or various sorts of abnormal
tissue. It was also found, in studies of mixed plastids,
that the chloroplasts of various species differed con-
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sistently in their relative competitiveness.

These observations of differential compatibility and
varying competitiveness have direct implications in
mechanisms of coadaptation between the two ge-
nomes. For example, if a mutation with increased
competitiveness were to occur in a naturally compat-
ible nuclear-chloroplast system, the changes in chlo-
roplast competitiveness could lead to displacement of
the ancestral type. Conversely, if the nuclear geno-
types were less compatible with the new chloroplast
type than with the ancestral one, selection might occur
for nuclear mutants that are more compatible (or
better adapted) with the more competitive chloroplast
type; thus, the chloroplast genome might act in turn
as a selective agent for the genetic composition of the
nuclear genome. Therefore, many combinations of
nuclear and chloroplast genes with varying degrees of
adaptedness may exist at the population level. Some
combinations may be more fit than others under given
environmental conditions and the best adapted nu-
clear-chloroplast combinations may differ from one
environmental condition to another, thus extending
the scope of “coadaptation” in incorporating genes
into different genomes. Studies of the modes of such
interactions between the two genomes require ability
to identify intergenomic coadapted complexes which






