Virus as a Mutagenic Agent in Maize

Abstract. Evidence indicating that barley-stripe-mosaic virus has a mutagenic
effect on maize is presented. The frequency of deficiencies of marker genes in
F: seeds was significantly greater from pollinations involving virus-infected males
than from healthy controls. A small percentage of F: ears, involving virus-
infected P: males, exhibited marked ratio distortions for marker genes. Such
distortions persisted in subsequent back-cross generations.

Some cereal viruses induce host
symptoms which are phenocopies of
some of the known chlorophyll mutants.
Although progeny tests of such virus-
infected plants have failed to indicate
that such induced symptoms are in-
herited, since virus infection involves
the introduction of foreign genetic ma-
terial it was considered possible that
such alien nucleic acid might induce
some recognizable genetic effects.

The idea that plant viruses may in-
duce genetic changes in their hosts
has been suggested in studies dealing
with the pathology of virus-infected
tobacco and related species () and
virus-infected broadbean (2). Proge-
nies from the last received limited study
(2), but the evidence for the inherit-
ance of virus-induced genetic changes
can be regarded as only suggestive.

More recently Nyland (3) suggested
the possibility of virus-induced genetic
abnormalities in tree fruits.

Our studies were begun in 1960.
A strain of barley-stripe-mosaic virus
(Argentina mild strain, seed-borne in
barley) was used as a possible mutagen.
It has not been determined whether
this is an RNA virus. It is presumed
to be, however, since no plant virus
studied thus far has been found to be
of the DNA type. Healthy and virus-
infected maize plants are illustrated in
Fig. 1.

Maize was used as the test organ-
ism. Two procedures were followed
in the search for virus-induced genetic
changes. The first involved comparison
of frequencies of deficiencies or sec-
tors for marker loci and the second,
the frequency of mutations in F: and

Table 1. Frequencies of entire and fractional deficiencies in F, progenies involving healthy and
virus-infected male parental stocks of maize. 4, is one of a series of genes affecting aleurone
color, A, being colored and a, colorless; Su, starchy and su, sugary endosperm; Pr, purple and

pr, red aleurone color.

Endosperm deficiencies per 1000 seeds

Total

Treatment No. of a Su pr
seeds
. Frac- . Frac- . Frac-
Entire tional Entire tional Entire tional
Virus-infected 1,300 3.1 3.8 2.3 0.8 0.0 3.1
Control 12,519 0.2 1.4 0.3 0.4 0.4 0.1

Fig. 1. Maize plants: healthy (left) and virus-infected (right).
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their subsequent breeding behavior.
Plants of a dominant marker stock
(A: Su Pr C R") were inoculated in
the seedling stage. Pollen from in-
fected plants was applied to multiply
marked recessive stocks (a: su pr C R®).
The F: seeds were then scored for en-
tire and sectorial or fractional losses
of the dominant marker genes. Data
from the treated and control series are
presented in Table 1.

Fractionals were scored according to
the proportion of the kernel surface
affected as Y2, Y4, and so forth. The
majority of the fractionals fell in the
14 class, suggesting deficiencies occur-
ring in the cell progeny of one of the
two cells produced by the first division
of the triploid endosperm nucleus. On
this assumption (entire = 1, fractional
= ¥5) the frequencies presented in
Table 1 can be summed over all loci,
providing a simple and direct measure
of the treatment effect. With this pro-
cedure the frequency of effects is
1:108 in the treated and 1: 556 in
the control series. The observed differ-
ence between treatment and control is
significant at the 1-percent level. Cor-
responding ratios for endosperm defi-

" ciencies involving ultraviolet treatment

and controls (4) were 1:42 and
1:740, respectively. Thus the esti-
mated rate from the virus-infected
males is slightly less than half of that
observed for unfiltered ultraviolet radi-
ation.

F: progenies were produced from
both treatment and control pollinations.
The ears were examined individually
and, where marked deviations from ex-
pectancy for the marker genes were
observed, the ear was shelled and classi-
fied. The ears were also examined for
any possible mutations affecting the
endosperm. In addition, a 25- to 50-
kernel sample was planted in a sand
bench and the seedlings were examined
for mutations.

In the control series three presumed
mutations were observed in the approx-
imately 1000 F: ears classified. These
involved two white and one virescent
seedling types. No ratio distortions
were observed for the marker genes.

The situation in the treated series
was quite different for the approxi-
mately 1000 F: ears classified. Two
main types of effects were noted. First,
mutations were observed for several
traits; vivipary, aleurone color, and
white and virescent seedlings. F: fre-
quencies suggested that each of these
was monogenic, and limited F: prog-
eny tests supported this interpretation.
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The second effect noted in the treated
series was a marked departure from
expectation for individual marker genes
in approximately 1 percent of the F:
ears studied. These distorted ratios
were of a type which might be expected
if gametophyte factor mutation or a
chromosomal deficiency were involved.
Progeny tests (Aa X aa and reciprocal)
should distinguish these two alterna-
tives. If a gametophyte factor were in-
volved the distortion should appear in
crosses of the type aa 2 X Aa 4 and
be absent in the reciprocal. This ex-
pectation was not realized. A chromo-
somal deficiency should be revealed in
the Aa X aa cross by a characteris-
tically reduced seed set. A reduced
seed set was not observed for any of
the progenies tested. The departures
from expected equality were similar
for both types of back-crosses. In one
case, involving the starchy and sugary
alleles, the percentages of sugary seeds
ranged from 24 to 43 instead of the
expected 50 percent. Each of these
deviations from expectancy was sig-
nificant. No satisfactory explanation

has been devised for such results but
there can be little doubt that some dis-
turbing influence is operative.

Any genetic effects from viral infec-
tion are thought to be limited to effects
produced prior to or during gamete
formation in the treated plants. Recog-
nizable virus symptoms have never
been detected in F: progeny involving
treated gametes. Also we have not
succeeded in demonstrating seed trans-

mission of this virus in maize. Inocu-

lation-transfer tests have failed to indi-
cate the presence of virus in normal or
chlorophyll-deficient F: seedlings.
G. F. SPRAGUE
H. H. McKINNEY
LESTER GREELEY
Crops Research Division,
U.S. Agricultural Research Service,
Beltsville, Maryland
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Regulation of Enzyme Activity by
Specific Reversal of Feedback Inhibition

Abstract. Studies with a photosynthetic bacterium have revealed a novel type
of regulatory control of enzymes participating in amino acid biosyntheses. Feed-
back inhibition of enzyme activity can be specifically reversed by ultimate end

products of a branched pathway.

Current understanding of the meta-
bolic regulation of biosynthetic path-
ways is based on two general mechan-
isms: the control of enzyme synthesis
by repression and induction, and the
control of enzyme activity by end-
product (feedback) inhibition (Z). In
the latter mechanism, the end prod-
uct inhibits the activity of the enzyme,
which catalyzes the first reaction of a
sequence leading specifically to the
product in question, thus avoiding over-
synthesis.

Inhibition by the end product can
in some instances be reversed or
counteracted by substrate (2), by a
heavy-metal cation (3), or by relatively
high concentrations of certain amino
acids which are not direct participants
in the biosynthetic sequence in question
(4). We have uncovered a novel type of
reversal, in which the ultimate amino
acid end products of a branched bio-
synthetic pathway reverse feedback
inhibition caused by an intermediate
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or an amino acid derived from an inter-
mediate.

As shown in Fig. 1, the amino acid
homoserine is the branch point for the
synthesis of threonine and methionine.
Threonine has a dual role in that it is
an “end product” utilized in protein
synthesis and is also an intermediate
in the synthesis of isoleucine.

After considering the relationships
indicated, it seemed possible that homo-
serine dehydrogenase, which catalyzes

Protein

the interconversion of L-aspartic B-semi-
aldehyde and homoserine, might be
subject to some sort of regulatory con-
trol by the several end products pro-
duced from homoserine. Cell-free ex-
tracts of the photosynthetic bacterium
Rhodospirillum rubrum, grown in a
synthetic medium with glutamate as
nitrogen source (5), exhibit high homo-
serine dehydrogenase activity as meas-
ured by reduction of triphosphopyridine
nucleotide (NADP) with homoserine
as the substrate. As with the enzyme
from certain other bacteria (6, 7), ac-
tivity is strongly inhibited by addition of
L-threonine; D-threonine does not inhib-
it. The data of Fig. 2 show that inhibi-
tion of the Rhodospirillum enzyme by
L-threonine is strictly competitive with
homoserine; in contrast, noncompetitive
kinetics have been reported for the
homoserine dehydrogenase of Escheri-
chia coli (7).

From the standpoint of regulatory
control, it is of particular significance
that the inhibition of homoserine dehy-
drogenase activity by 1L-threonine can
be completely overcome by either
L-isoleucine or L-methionine, that is,
by the ultimate end products of the
branched pathway. These effects are
illustrated by the data of Fig. 3.

With increasing concentrations of
isoleucine or methionine, the inhibition
due to threonine is gradually reversed.
With isoleucine, a complete reversal is
attained when the ratio of isoleucine
to threonine is approximately 2; methi-
onine appears to be slightly less effec-
tive. A homolog of methionine, L-ethi-
onine, also reverses the threonine
inhibition. Inhibition of homoserine
dehydrogenase activity by L-threonine
and reversal by L-isoleucine or L-methi-
onine have also been observed with -
preparations purified a hundred fold.
Furthermore, essentially similar results
were obtained when enzyme activity
was assayed by measuring reduction
of L-aspartic B-semialdehyde with
NADPH.. With regard to specificity,
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Methionine < <<« <« Homoserine ——> Threonine —>—>—> Isoleucine

Aspartic B-semialdehyde

B-Aspartyl phosphate

Aspartic acid

Fig. 1. Pathways for the synthesis of methionine, threonine, and isoleucine.
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