Cereals

This is the first article in a series of brief
progress reports on the application of the sci-
ence of genetics to commercial agriculture.

transfer of genes in the development of disease
resistant wheat, oats and barley

Fred N. Briggs

Farmers now may plant varieties of
wheat and other cereal crops—and plan
for their harvest—without fear of having
them ravaged by one or more diseases.

In 1940 stem rust reduced the Cali-
fornia wheat crop to 16.7% below the
ten-year average. The prospects were for
better than normal yields that year. Even
with wheat at just under $1.60 per hun-
dred, this represented a loss to California
farmers of over $1,500,000.

Had such a rust epidemic occurred in
1947 or 1948, the loss to growers would
have been around $4,500,000 but such a
loss could not have occurred in those
years because farmers now can choose
from five rust resistant varieties—and
90% of California’s acreage is planted
to them.

During the past decade the College of
Agriculture has made available to farm-
ers in California a number of disease
resistant varieties of cereal crops such
as bunt, stem rust, and Hessian fly re-
sistant wheats; stem and leaf rust resist-
ant oats; and mildew and scald resistant
barley.

The development of genetics furnished
the basis for scientific plant breeding.

The science of genetics deals with the
way the genes—hereditary units—which
control characters such as plant height,

grain color, disease resistance maturity
and yield in cereal varieties, are transmit-
ted and recombined in hybrid progeny.

The science of genetics has enabled the
plant breeder to solve some of his prob-
lems with great exactness and within
certain limits to make a combination of
genes which will produce the sort of
disease resistant plant desired.

Having determined the number of
genes involved in resistance to a given
disease calculations may be made to de-
termine the frequency with which they
will combine with the other desired genes.

That this type of plant breeding may
be reduced to simple mathematics will be
shown by considering the behavior of
two or three gene pairs which control
contrasting characters in wheat. Genes oc-
cur in pairs in an individual, one of each
pair being contributed by each parent.

The characters may be represented by
letters with the capital letter representing
the dominant character:

W = Gene for red kernel color
A = Gene for awnlessness

w = Gene for white kernel color
a = Gene for awned condition

F. = Offspring of first generation
F.= Offspring of second generation

If two varieties which differ only with
respect to one of the character pairs, say

kernel color, are crossed the results may
be set down as follows:

Red Wheat crossed with White Wheat
wWwW ww
F, Ww=Red-heterozygous (not true breeding)
F.1 WW = Red - homozygous (true breeding)
2 Ww = Red - heterozygous
1 ww = White - homozygous

In the next generation the homozygous
sorts will continue to breed that way, but
Ww plants will break as in the F,. At the
end of several years practically all plants
will be homozygous, and the population
will be equally divided between red and
white. Nothing new will have appeared.

Any gene pair would behave as above.
With two there would be combinations
not present in the parents.

Awnless Red Wheat x Awned White Wheat
Fi AaWw = Awnless Red - heterozygous
F:1 AAWW = Awnless Red — homozygous

2 AaWW = Awnless Red - heterozygous

2 AAWw = Awnless Red — heterozygous

4 AaWw = Awnless Red - heterozygous

1 AAww = Awnless White - homozygous
2aaww = Awnless White — heterozygous
12aWW = Awned Red - homozygous
2aaWw = Awned Red - heterozygous
1laaww = Awned White — homozygous

There are four ways in which two.con-
trasting characters may be combined.
Continued on page 16

Left Stem rust resistant wheat developed at Davis. Right Nonresistant wheat ravaged by stem rust.
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One of each of these will breed true. The
other 12 plants will be unstable with ref-
erence to one or both characters. How-
ever, the population would eventually be
equally divided among the four types.

If an awnless white plant were wanted,
one plant in 16 would satisfy the require-
ments. Eventually one in four would be
of the desired type. If an awned, white,
bunt resistant variety were wanted, one
in 64 in the second generation would have
these characters and eventually one in
eight.

An actual problem which arose in the
transfer of stem rust resistance from
Hope wheat to Baart is an example of
the process. Hope is wholly unsuited for
production in this state but does have the
one valuable character of resistance to
stem rust. On the other hand Baart is an
excellent variety for California condi-
tions, being more desirable with respect
to grain color, maturity, height, yield and
quality, etc., characters which are con-
trolled by a number of genes. Thus Baart
has 20 desirable genes and one undesir-
able—one to be replaced by a good one
from Hope giving a total difference of
21 gene pairs.

Instead of growing 16 or 64 plants in
F, as described above, 4,398,046,511,104
would be needed. About 50 million acres
of land would be required to grow such
a population. Even though there would
be 2,097,152 homozygous plants and the
population would eventually settle out
into that many sorts, there is no conceiv-
able way of handling such numbers in
order to get the single plant wanted.

If instead of allowing the plants in F,
and subsequent generations to pollinate
themselves, they were backcrossed to
Baart—pollinated with pollen from
Baart—the problem becomes simple.
Under these conditions all plants which
become homozygous will be exactly like
Baart and at the end of 6 backcrosses 8
out of 10 would be exactly what was
wanted with reference to the 20 desirable
genes of Baart. In order to keep the plants
from becoming homozygous for suscepti-
bility to rust, the gene for resistance must
be carried by selection. As long as back-
crossing continues this pair of genes
either will be heterozygous resistant or
homozygous susceptible. Heterozygous
resistant plants can be identified by ap-
propriate tests. Three generations of self
pollination after the last backcross will
get this gene into the homozygous resist-
ant condition.

Instead of growing millions of acres of
hybrids each year, a few thousand plants
were sufficient.

Genes for resistance to other diseases,
or additional genes for resistance to the
same disease may be added just as readily
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without danger of jeopardizing improve-
ments already made.

Atlas 46 barley is resistant to mildew
and scald disease. Big Club 43 wheat is
resistant to bunt, stem rust, and Hessian
fly. Four other wheat varieties are resist-
ant to bunt and stem rust, and six are
resistant only to bunt.

All of these have been bred by the back-
cross method and in no case was there a
failure to reach the objective.

It must be emphasized that this method
is possible only because characters such

as disease resistance are determined by

specific hereditary factors or substances,
the genes, and that the genes are so con-
stant that they can be transferred as units
from one variety to another without alter-
ing the characteristics which they pro-
duce. The success of the backcross method
is one demonstration that this funda-
mental principle of genetics is true.

Fred N. Briggs is Professor of Agronomy and
Agronomist in the Experiment Station, Davis.
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THE CHICKEN BUSINESS IN CALI-
FORNIA, 1948, by Arthur Shultis and
W.E. Newlon, Cir. 147, November, 1948.

This circular covers the business as-
pects of chicken raising.

POULTRY HOUSES AND EQUIP-
MENT, 1949, by J. E. Dougherty and
H. L. Belton, Bull. 476, Revised by H. L.
Belton and V. S. Asmundson, February,
1949.

This bulletin gives plans and construc-
tion details for all styles of poultry houses
from concrete floored weatherproof struc-
tures to open cage houses.
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