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RECENT DEVELOPMENTS OF APPLIED GENETICS
IN THE FIELD OF AGRICULTURE

LORING M. JONES
DeKallb Hybrid Seed Company, DeKalb

The objective of this report is to
show how mnew ideas culminating
from years of ‘‘theoretical’’ explora-
tion in the field of genetics can bene-
fit present day agriculture. The sci-
ence of genetics has taught us that
genes have been mutating, segregat-
ing, and re-arranging themselves in-
dependently since evolutionary time
began. Genes have been primarily
responsible for the evolution of plant
and animal life to the present level.

Careful research by geneticists,
during the last 50 years, has shown
how the ‘‘power of a gene’’ ecan,
first of all, be understood, and sec-
ondly, be harnessed to do important
work in agriculture.

Four general fields of research in
genetics appear to offer definite
promise in the improvement of our
economic erops.

I. ArTIFiciaLLy INDUCED
MuraTioNs

The possibility of increasing the
spontaneous mutation rates of genes
has occupied the attention of plant
breeders sinee the turn of the cen-
tury. Some research in the 1920s
used X-rays in an attempt to induce
gene changes artificially. But it was
not until 1927 that H. J. Muller,
working with the fruit fly, Droso-

phila melanogaster, showed clearly
how the natural mutation rate could
be increased by applying radiant
energy in the form of X-rays. He
predicted that the availability of
artificially induced, mutant races
would offer tremendous possibilities
for the plant and animal breeder.

In 1928, Stadler working inde-
pendently with barley, Hordeum
vulgare L., confirmed the fact that
mutation rates could be altered in
plants as well as in animals.

Sinee the 1920’s, a great deal of
the radiation work for the improve-
ment of plants has been conducted
by plant breeders in Sweden, name-
ly, Nilsson-Ehle, Gustafsson, and
MacKey. Their work has recently
been reviewed by Gustafsson (1951).
The Swedish workers isolated several
mutations of barley which were char-
acterized by very dense heads and
stiff straws. These so-named “‘erec-
toides’” mutants outyielded the orig-
inal Golden variety by 1.3% in tests
conducted over a 10-year period.
From an agronomic point of view,
the significant contribution made by
radiation of barley was the addition
of a stiffer stalk, which wounld tend
to prevent lodging and subsequently
bolster yields.

In this country, Gregory (1954)
screened 975,000 progenies of X-
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radiated peanuts, Arachis hypogea
L.. var. Virginia buneh. He found
several mutant strains which were
higher in yield and had better re-
sistance to the common leaf spot
disease, Cercospora arachidicola.

K. J. Frey (1954), at Towa State,
has been successful in X-raying seeds
of oats, Avena sativa L. Some of
the mutant oats were shorter and
had stiffer straws than the Huron
variety. Four others ‘‘headed’ a
week earlier, a few showed resist-
ance to races 7 and 8 of oat stem
rust, Puccinia graminis avenae
Erikss. and E. Henn. Some of the
mutant oat strains yielded 60 bushels
per acre with a test-weight as high
as 31 pounds per bushel. The stand-
ard check variety, Huron, in this
same test yielded 30 bushels per acre
with a test-weight of 21 pounds per
bushel.

Konzak (1954) working with Mo-
hawk oats, variety CI4327, reported
that in 1953 he isolated 73 mutant
plan‘rs which showed resistance to
oat stem rust 7a, following an arti-
ficial inoculation of the pathogen.
Seed from which these I)rowenieﬁs
grew had been previously placed in
the thermal column of the nuclear
reactor at the Brookhaven National
Lahgratory. Mutations were induced
by the ionizing effect of thermal neu-
trons on seeds exposed 4 and 8 hours
to a flux of appruxnnate]\ 4.6 x 10°
thermal neutrons /em.?/see. The re-
sistance to stem rust which was ob-
tained appears to be controlled by
a single dominant gene.

Another interesting project at
Brookhaven has been the construc-
tion of a eontinuous gamma radia-
tion field. A central source of radio-
active cobalt 60, which can be
lowered underground when not in
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use, irradiated plants grown in eir-
cular rows around the source of the
gamma-rays. Singleton (1955)
learned that best results were ob-
tained by bringing the plants into
the field for short periods of time,
and then removing them to a ‘‘port-
able’’, non-radiated field. In one ex-
periment, corn plants were brought
in for one day and placed on the
G-meter cirele where they were ex-
posed to 1,300 roentgens. A much
higher rate of endosperm mutations
was obtained than with lower doses
per day under chronic radiation.
Singleton and his co-workers also
found that the optimum time for
irradiating corn plants was in a peri-
od after meiosis and just prior to
the shedding of pollen.

Three examples of ionizing muta-
cenic agents have been deseribed:
X-rays, thermal neutrons, and gam-
ma rays. The nature of changes
induced are about the same for all
three. Many of the mutations are
recessive, and are for the most part
deleterious. Some sources of radia-
tion may induce more changes per
unit of energy than others. Calde-
cott et al. (1954) has found that
Himalaya barley seeds were much
more uniformly affected by thermal
neutrons than by X-radiation. The
highest mutation frequency obtained
with thermal neutrons, without caus-
ing a high degree of sterility, was
two times that obtained with 20,000
roentgens. It is the ionization effect
of X-rays, gamma rays, and thermal
neutrons which tends to break com-
plex chromosome molecules. As a
result, parts of chromosomes are
broken off or translocated. Because
of this, some gene loci are deleted
or altered, so that different genetic
expressions result.
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Stakman (1954) pointed out that
probably one of the best services
radiation could render would be to
break chromosome linkages between
beneficial and deleterious genes. He
cited the situation in Triticum where
a variety, recently produced in Mexi-
0, is highly rust resistant. However,
the section of the stem just below
the terminal inflorescence is very
weak and limber. The “‘limber neck’’
gene or genes are linked with the
genes for rust resistance and will
complicate breeding in wheat until
this linkage can be broken.

Mutation rates can also be in-
creased by the application of ultra-
violet rays, mustard Zas, manganous
chloride, and internal trace elements
sueh as C" and P*., In addition
to these agents, there are genic and
extragenic units, which exert a spe-
cific type of control on the action
of the gene with which they become
associated. These units are capable
of transposition from one location
in the chromosome to another. One
example of this, is the dissociation-
activator system (Ds-Ac) of Me-
Clintock (1953). Ds is responsible
for the modification of genic expres-
sion. The Ae component determines
when changes by the Ds will occur.
Other systems inducing mutations
by genes and chromosome systems
are being discovered; in time these
may provide the plant breeder with
new material for improved breeding
stock.

II. PoLvrLomY IN PLANTS

A useful phenomenon which oe-
curs in plants is the multiplication
of the basic chromosome number
from a 2n or normal diploid condi-
tion to a 4, 5, 6, or 8n, ete. polyploid
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condition. In general, polyploids
are characterized by an increase in
height of plant, in thicker stems,
broader leaves, larger fruiting
bodies, larger stomata, and larger
pollen grains. There are exceptions,
however, and many polyploids will
be found whose parts are reduced in
S1Ze,

1. Autopolyploids are formed by
an inerease in the basic number of
chromosomes of a single species.
This can oceur in nature or can be
induced artificially by an agent
such as the plant alkaloid colchicine.
Muntzing (1951) reported that
tetraploid varieties of red clover,
Trifolivm pratense 1., are commer-
cially available in Europe. In vield
tests condueted at various loeations
in Sweden these autotetraploid elo-
vers out-yielded the normal diploids
11 out of 15 times. In performance
trials on winter rye, Secale cercale
L., Muntzing found that autopoly-
ploids out-yielded normal diploid
rye by 55%., Furthermore, the flour
from tetraploid rye had better bak-
ing qualities, Autodiploidy has
proven most sucecessful in plants in
which seed yield is not an important
factor, because plants with this type
of polyploidy are often semi-sterile.
Where root, leaf, flower, and fruit
size, as well as vitamin content, are
important, autopolyploidy has dis-
tinet advantages.

One interesting application of au-
topolyploidy is in the development
by Japanese breeders of a triploid,
seedless watermelon. First a normal
diploid melon, Citrullus vulgaris
Schrad., is doubled to the tetraploid
form.  The tetraploids are then
crossed with diploids. The result-
ing triploid plants will be sterile
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and seedless. Consequently, fertile
diploid plants must be in the same
field to provide normal pollen for
stimulation of ovule development.

2. The second type of polyploidy
is called allopolyploidy or amphidi-
ploidy. These forms are often the
result of interspecific crosses. The
two chromosome sets are doubled ar-
tificially to produce a new fertile
variety. Allopolyploidy has oceurred
in nature during the course of evolu-
tion in some of our economic plants
such as upland cotton, Gossypium
hirsutum L. and wheat, Triticum
vulgare Vill. One useful applica-
tion of amphidiploidy is in the im-
provement of existing species of cot-
ton. This was recognized by Beasley
(1942) who crossed Arizona wild
cotton, Gossypium thurberi Tod.,
with Asiatic wild eotton, G. arbore-
wm L. He then doubled, with col-
chicine, the (n = 13) x (n = 13)
cross to obtain a fertile amphidi-
ploid (2n = 52) cotton. The amphi-
diploid cotton could then be crossed
readily with American upland cot-
ton (2n = 52). This technique en-
abled cotton breeders to introduce
senes for such things as disease re-
sistance and good fiber gualities into
existing commercially important spe-
cies.

A similar technique is used in the
improvement of wheat (Sears, 1947
and 1948). By crossing a related di-
ploid, Aegilops speltoides Tausch,
with tetraploid wheat, Triticum di-
coceoides Korn, a triploid results
and is sterile. However, by doubling
the chromosome complement, it be-
comes fertile and will eross readily
with the common hexaploid wheats.
Thus, valuable rust resistance fac-
tors found in Aegilops spp. can be
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introduced in the common variety
of wheat.

I11. SELECTIVE BREEDING

Plant breeders have in recent
years attempted to improve old,
mass selection techniques by devel-
oping systems for concentrating
more favorable genotypes within a
given population. These up-graded
populations would then provide a
source for elite inbred lines which
upon subsequent re-combination ex-
press heterosis in a much higher de-
gree.

1. Stadler, in 1944, proposed
gamete selection. His technique with
maize, Zea mays L., involves a maxi-
mum selection of superior gametes
by ecrossing uniform inbred lines
with open-pollinated varieties. The
hybrids are then self-pollinated and
at the same time out-crossed to a
uniform tester strain whose genetic
make-up will not mask the heredi-
tary differences of the strains being
tested. The inbred line is also out-
crossed to this same tester. Both
types of tester crosses are then com-
pared for yielding ability. If certain
variety = tester combinations signifi-
cantly outyield the inbred = tester
cross, those gametes are considered
superior to the inbred line, and war-

rant further inbreeding (Brown,
1953).
9. Hull (1945) developed a

system of reeurrent selection for
specific combining ability based
on the theory that over-dominance
(AA<Aa>aa) is largely responsi-
ble for heterosis. One or two three-
generation cyeling periods are re-
quired for building up a favorable
gene population which has been re-
currently selected against a tester
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inbred line or single eross. Inbreds
developed from this synthetic popu-
lation of favorable genes should com-
bine well with the tester lines or
single cross. Sprague and Brimhall
(1950) have found recurrent selec-
tion effective in selection for high
oil eontent in corn kernels. Jenkins
et al. (1954) successfully isolated
lines resistant to Helminthosporium
turcicum leaf blight. Johnson (1952)
has been able to improve sweet clo-
ver, Melilotus alba Desr., by one
eyeling period of recurrent selec-
tion.

3. An additional refinement of
the technique of mass selection has
been termed reciprocal recurrent se-
lection Comstock et al. (1949). Two
sources of genetically diverse ma-
terial are used for selection—open-
pollinated A and synthetic B, for
example. Recurrent selections from
A will be test-crossed with B as a
tester, and those of B erossed with
A as a tester. In this way favorable
genes from both composite sources,
A and B, will be aceumulated, and
lines derived from them should re-
combine with maximum vigor.

4. A new method of selection is
the isolation of superior gametes
through the monoploid method of
producing homozygous diploid lines.
Chase (1949, 1953) successfully de-
veloped new inbred lines of corn by
this system; they perform as well as
or better than lines developed by
the conventional method of inbreed-
ing. One advantage of this system
of selection is that it enables one
to sereen a large mass of material
for elite genotypes. Once superior
gametes are recognized by an ade-
quate testing procedure, they can
then be utilized immediately in re-
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combination with other homozygous
diploid lines or conventional inbreds.

IV. CyrorrAsMic MALE STERILITY

Control of normal pollen produe-
tion by the eytoplasm was first ob-
served in maize by Rhoades (1933).
Factors producing this type of ste-
rility are transmitted independently
from one generation to the next
through the cytoplasm of the female
egg cell. Whether or not the cyto-
plasmic factors for sterility will
manifest complete control over pol-
len production is dependent on the
nuclear genes. The first commercial
application of eytoplasmic pollen
sterility was made in hybrid produe-
tion of the onion, Allium cepa L,
H. A. Jones et al. (1937, 1947). To-
day, however, the most widespread
use of eytoplasmic male sterility is
in the production of hybrid seed
corn. It was first pointed out by
D. F. Jones and Everett (1949) that
a great deal of detasseling in corn
production could be eliminated if
a completely pollen-sterile single
cross is used in place of the normal,
fertile seed parent. Aectually, both
fertile and sterile counterparts of
a hybrid can be produced in the
same field. Blending at harvest time
is accomplished by picking a seed
row of the fertile single cross, and
then a seed row of the male sterile
single cross. This insures an ade-
quate mixture of fertile, pollen-
shedding plants. Sinee all female
flowers are fertile, a normal seed
set will result. The control of pollen
production by nuclear genes was de-
scribed by Jones (1950) and Rogers
and Edwardson (1952). Certain in-
bred lines of corn contain genetic
factors for pollen restoration which
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will overcome pollen abortion by the
eytoplasm. These restorer genes pro-
mote normal pollen grain develop-
ment. The use of restorer lines in
hybrid seed corn production would
enable a hybrid to be produced with-
out blending in the field.

General improvement of hybrid
corn can be expected from the use
of eytoplasmic male sterility for the
following reasons: 1. inbred line
inerease and single-cross foundation
seed production require intensive
supervision; 2. the addition of re-
storer faectors in the male single-
cross may bring in other beneficial
genes which are linked with the re-
storer genes; and 3. the deecrease
in the amount of detasseling neces-
sary for commereial seed production
will reduce injury to the female
plants normally encountered
through removal of leaves and infec-
tion by plant diseases.

In addition to maize and onion,
hybrid seed of other plants such as
the carrot, Daucus carota Li., sugar
beet, Beta vulgaris (saccharifera)
T., and petunia, Petunia wviolacea
Lindl, is being produced with a cyto-
sterile female parent.

Recently, Stephens and Holland
(1‘15-1) announced that in sor g]mm,
Sorghum vulgare Pers., hybrid grain
pmdu(,tmn is (*mnmgrelallv possible
through the use of (-\'toplaqmle male
sterility. Increases in yields up to

_pollination.
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100% have already been reported
from widespread strip tests and
yield trials. The increased yield of
hybrid sorghum, together with con-
tinued drought in the corn growing
areas and acreage restrictions, with-
in a very short period of time should
double the present yield from the
11 million acres of sorghum grown.

It would be difficult at this time to
predict which one of these four fields
of genetic research will benefit agri-
culture most. Evidence has been
presented which shows that efficient,
peacetime applications of atomie en-
ergy can greatly increase the muta-
tion rate. With this higher frequen-
¢y of gene mutations in plants, the
,r_-ledter will be the chances of locat-
ing beneficial changes. It has also
been shown that by means of poly-
ploid species and improved selection
techniques, disease resistance and
additional yield factors can be incor-
porated in our economic erops. The
discovery of male-sterile factors in
the eytoplasm and of fertility
restoration genes in the nucleus has
increased the possibilities for hy-
brid production in many of our
cultivated species. With pollen ste-
rility, tedious emasculation of per-
feet-flower plants, such as the on-
ion, is no longer necessary for cross
To sereen many genera
of the plant kingdom for eytosterile
strains will become the plant breed-
ers next important challenge.
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