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1. INTRODUCTION
Oat stem rust (Puccinia gramin1s Pers. f.sp. avenae Eriks. and E. Henn)

is an important disease in the north-centralpla,rls of North America 
causing reductions in yield and grain quality. 

Oinoor and Wahl(l), in a study of the reaction of noncultivated oats 
from Israel to Canadian races of stem rust, found that Avena barbata 
Pott. collection 0203 was resistant at the seedling and adult stage to all 
stem rust races used. A 44 chromosome disomic addition line with stem 
rust resistance gene, Pg-16, from the cross 0203/5* Rodney O has been used 
in the stem rust differential set since 1977(2). Since then, only one 
North American stem rust race has been found that will attack Pg-16( 3}. 
This wide spectrum resistance makes Pg-16 extremely valuable and1t would 
be beneficial if it could be transferred into stable hexaploid (2n=42} 
A.sativa L. lines. A lack of chromosome homology and pairing makes gene
transfer between A.barbata and A.sativa difficult.

Radiation induced chromosome-breakage has been used to transfer alien 
genes. Because the transfer is a rare random occurrence, large plant 
populations must be used to obtain the transfer. Techniques have been 
developed to identify and isolate plants with the desired gene transfer 
from within a large population. Sears(4) was the first to use radiation 
to induce interspecific gene transfer. In wheat plants with an added 
alien isochromosome for the leaf rust {Puccinia recondita f .sp. tritici 
Rob ex. Desm.) resistance-carrying arm, the alien chromosome was 
transmitted through male gametes at a greatly reduced rate. Resistant 
plants were X-rayed just prior to meiosis and then used as pollen parents 
in 'screening' crosses to a susceptible female parent. Any resistant F1 
pl ants contained a transl ocati on between a host chromosome and an alien 
chromosome. To minimize cytological work and to make positive selections 
to avoid deleterious translocations, Driscoll and Jensen(5) and Aung, 
Thomas and Jones(6) irradiated seed of disomic addition lines in wheat and 
oats, respectively, in attempts to transfer disease resistance. Potential 
translocation lines were identified by the presence of monogenic 
segregation ratios. 

2. TRANSFER OF Pg-16 TO HEXAPLOID OATS
1n this study-;--seeds of 44-chromosome, resistant, disomic alien addition

(DAA) lines were exposed to gamma radiation in an attempt to induce a 
translocation of stem rust resistance gene Pg-16 to A.sativa. In the 
first generation post irradiation, all plantswere homozygous resistant. 
Any translocation bet�1een the alien chromosome and the recipient parent 
chromosome would result in the formation of a quadrivalent or bivalents 
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3. TYPES OF VARIATION AND ITS ORIGIN
The unexpected high frequency of apparent telocentrics among plants

regenerated from oat tissue cultures led McCoy et al .(6) to postulate that 
there may be regions of late replicating heterochromatin flanking the 
centromeres in oat chromosomes and that this pericentromeric 
heterochromatin may be involved in chromosome breakage in tissue culture; 
i.e. in tissue culture cells the heterochromatic DNA which is normally
late-replicating may be even further delayed in replication so that at the
time of cell division the DNA replication in these regions is still
incomplete. This incomplete replication could result in chromosome
bridges and breakage events at anaphase. The hypothesis was based on the
observations that heterochromatin is usually late replicating(?) and that
several plant species have regions of heterochromatin flanking the
centromeres of their chromosomes. However, at the time the hypothesis was
proposed, it was not known if oats had pericentromeric heterochromatin
and, if so, if it were late replicating. Recently completed ( 8) pachytene
analysis has shown that oat chromosomes have extensive regions of densely
staining heterochromatin flanking their centromeres (Fig. 1).
Heterochromatic regions also were found at the nucleolar organiser regions
of the three satellited chromosomes and as telomeric blocks in at least
five of the chromosomes. The length of the pericentromeric
heterochromatic regions is highly characteristic for many of the oat
chromosomes. Measurements of the relative length of these regions
together with relative arm lengths and total chromosome lengths have
allowed tentative identification of 17 of the 21 chromosomes at the
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FIGURE 1. A pachytene chromosome preparation with densely staining 
pericentromeric heterochromatin (h) and lighter staining euchromatin (e). 
[2O6Ux] 
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that there are also differences in the phosphorylation states of certain 
ribosomal proteins between endosperm and leaves (S. Fabijanski, 
unpublished work). We hope eventually to have specific gene constructs of 
hybrid (prolamin/globulin) mRNAs to test in both oat and wheat endosperm 
systems. This may show more clearly which cereal DNA sequences influence 
protein synthesis in grain(27). This becomes valuable information, indeed 
essential data, when foreign genes are transformed into cereals and need 
to be expressed at precise levels in order for specific grain quality 
characteristics to be achieved. 

To develop this prolamin:globulin model system in wheat:oat endosperm, 
oat endosperm RNA was reverse transcribed to produce complementary DNA 
(cDNA). This cDNA was cloned in both plasmid pBR322 and lambda phage gtlo 
to form several cDNA libraries. Screening with 12S (prolamin) or 18S 
(globulin) end-labelled mRNA on plaque filters, we have isolated both 
12S-specific and 18S-specific clones. Our prolamin cDNA clone, p3B3, has 
been used to probe for the expression of this gene during the 6-week 
period of grain development by Northern blotting. Similarly, we have used 
it to probe the DNA from nineteen species of Avena to look at how prolamin 
gene copy number and chromosomal rearrangement vary with ploidy level. 
The p3B3 cDNA insert is about 1,100 nucleic acid base pairs (bp) long and 
hybrid selects a 16 KO prolamin. We are now sequencing this cDNA by 
Sanger's dideoxy method. The prolamin protein fraction shows many 
differences among species in the mature protein, possibly a result of gene 
copy number which varies: about 30 copies per haploid genome in A.sativa 
as determined by reconstruction on Sac 1 digests; 20-30 copies7n 
A.barbata, 30-40 copies in A.clauda and only 15-20 copies in A.magna.
- To further evaluate germplasm variation, repeated DNA sequence clones
have also been generated to probe restriction fragment length
polymorphisms (RFLPs) in the oat polyploid series ( Figs. 1,2). We have
investigated the relationships between the species in the genus Avena by
Southern blot analysis of species DNA probed with cloned repeated
sequences. Our results were generated using primarily two probes, pTa-71,
a rRNA clone isolated from wheat(8), and RS-1, a repeated sequence clone
which we isolated from a Ch 4A genomic library of Avena DNA. The data in
Figure 1 demonstrates that it may be possible to distinguish the different
genomic karyotypes on this sort of analysis. In addition to the dominant
common band seen in all the species, it seems that some species have
homogenised a group of different variants or homologous sequences through
the course of evolution. The amount of variation seen in this RFLP 
pattern may indicate the rapidity in which variant genes have been 
homogenised. Using the oat repeated sequence cl one RS-1 on the other 
hand, quite different hybri di sat ion patterns were observed in the Avena 
species (Fig. 2). It became apparent that the different genomic 
karyotypes displayed distinctive bands. A southern blot hybridisation 
signal designated Band 1 appeared in all species containing an A genome 
and was absent in others, such as A.clauda, a C diploid. Similarly, RS-1 
probe produced a C-karyotype specific band at about 4.3 kilobase position, 
absent in A.barbata and A.hi rtul a as shown. These figures demonstrate 
that genomes that have been classically grouped into different karyotypes 
can also be distinguished using molecular probes. It is very likely that 
the differences in the restriction digests and subsequent blots can also 
be associated with chromosome morphology. 

3. CONCLUSION
To summarise, oat lipase, prolamins, legumins and vicilins have been
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Rapid development of biotechnological methods suggests that genetic 

engineering in plants might be feasible in the future. A lot has to be

1 earned about the mode of action of various genes in oats before such 
methods can be used but theoretically it may be possible to insert a small 
segment of alien DNA, which carries a gene of economic value, into the 
A. sat i \/a genome and by that means overcome reproductive and sterility
i,arriers. This would avoid the need for so many backcrosses which are 

typical of gene transfer via interspecific crosses. 
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for the 7606 florets emasculated. Although some crosses were macte
specifically because of wide differences in agronomic type of the parents 
most hybrid combinations were decided by coincidence of flowering time' An effort was made to minimise differential growth and vigour due t� 
differences in seed size by planting only seeds from primary florets. It
1�as obvious that the F1 seeds produced in the 'clipped' emasculated florets were smaller than either parental or F2 se eds; smaller seed size
may have placed the F

1 
plants at some disadvantage, at least in terms of 

initial gro1•1th. All parent, Fl, and F2 Plants were individually 
established in the glasshouse 1 n 4 .4 cm square peat pots. At 
approximately the three-leaf stage, plants were transplanted to the field 
locations at Temple and McGregor, Texas, during the first and second weeks
of November, 1967. 

Plots of pa reht, F 1 and F 2 entries were single rov1s 140 cm 1 ong 
containing 30 plants spaced approximately 4.7 cm apart; the between-rev,
spacing was 30 cm. For each cross, the parents, F1, and two F
populations derived from different F1 Plants were included at eac�
location. Five replicates of six crosses were planted at each location 
1�hile the seventh cross was planted in only two replications at each test 
site. Since parent-hybrid comparisons within crosses were of greatest 
interest, a split-plot experimental design was chosen. Crosses assigned 
as main plots were randomised within each block, and the parent and hybrid 
populations within crosses assigned as sub-plots were randomised within 
main plots. Traits measured were grain yield and the yield components 
tillers per plant, seeds per panicle, and weight per seed. Individual 
plant data were collected for these characters at Temple, but only 
whole-plot data were collected at McGregor due to severe lodging and some 
culm breakage at harvest. 

3. RESULTS - HETEROSIS STUDY
In these rest1lts, the term 'heterosis' is used to denote the superiority

of the F1 or F2 over the higher parent. In some cases, research workers
have used 'high-parent heterosis' or 'heterobeltiosis' to denote this
comparison. 

Fi hybrids at Temple showed grain yield heterosis of 6 to 105% (Figs.
1-7). Six of the seven F1s yielded significantly more grain than their
better parents, and four F1s exceeded their better parents by more than
40%. At McGregor, grain yields of the F1s ranged from 94 to 230% of the
high-parent yields (-6% to 130% 'heterosis'), with three of the yield 
increases being statistically significant. To conserve space, yield data 
for the McGregor test are not given; tabular data for this location have 
been published(3). 

Grain yields of the hybrids also were compared to that of the 
highest-yielding pure line entry at each test location, since this yield 
comparison would determine the 'practical' competitiveness of any hybrid.
Six of the seven F1s at Temple had higher average yields than Coronado,
with three of the yield advantages being statistically significant (Fig. 
8). At McGregor, five of the seven hybrids produced higher average grain 
yields than the highest-yielding pure line entry, Florida 500, One hybrid 
outyielded Florida 500 by 40%, and two others exhibited appreciable 
(although statistically non-significant) yield advantages of 15 and 22% 
over this pure-line entry. Inbreeding depression was relatively severe in 
most crosses. However, two F2s at Temple and two F2s at McGregor yielded
significantly more grain than their better-yielding pure-line parents. 
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