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ABSTRACT

Dormant seeds of sorghum with 2N=20; mungbean, 2N=22; peanut, 2N=40;
and tobacco, 2N=48§, were treated with sub-lethal doses of gamma radiation, post-
soaked in caffeine soiution end grown in field plots to maturity Untreated sceds
and seeds treated only with radiation or caffeine were used as control

At 30 Krads, the species with high chromosome numbers zave a bigger in-
crease in somatic mutation frequency over the radiation control than the species
with low chromosome numbers. Similarly, the species with kigh ehromosome
numbers gave a bigger increase in frequency of M, seedling mutation over the
control than the species with low chromosome numbers. The possible influence
of chromosome number on caffeine inhibition of DNA repair leading to a higher
probability of induced mutation is discussed briefly,

Introduction

It now universally recognized that living cells are normally equipp  with
certain enzyme mechanisms that restore damaged DNA segments to their original
state. Discovery of DNA repair in the early 1950°s has more or less revolutionized
present concepts on chromosomal aberration and gene mutation with their im-
portant applications in plant and animal breeding. Interest in the modification of
DNA repair also lies in the increasing exposure of plants to mutagenic systems
in the environment occurring as industrial wastes, pesticide residues, gaseous pol-
iutants and others which could increase spontaneous mutation rates.

Enhancement of DNA lesions and consequently increased rates of mutation
reportedly result when the gap-filling process in replicating DNA is inhibited by
caffeine (Kihlman et al, 1974; Kihlman and Kornborg, 1972) either by competing
with thymine dimers for excision enzyme (Sideropoulos and Shankel, 1968),
interacting with DNA rather than with repair enzymes directly (Witte and Bohme,
1972), binding with double-stranded DNA bearing short single-stranded regions
{T'so and Lu, 1962; Domon and Rauth, 1969) or other related mechanisms.

A number of factors have been reported to have influenced the enhancing
action of caffeine on mutagen-treated material although the mechanisms involved
remain to be described. For instance, lowering the temperature of treatment
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Table 1. Percend increase in frequency of M chimeral plants after post-irradiation

caffeine {reatment
{30 Krads)
Camma radiation Radiztion + Caffeine
Species Chrom Totai Chimeras Total Mutation 7%
No. My per 100 M per 10 increase
{2N} planty M plants planis  M; plants
Sorghum 20 398 18.34 267 21.72 21.16
Murngbean 12 320 21.56 236 25.85 19.90
Peanut 40 336 8.33 242 25.62 207.56
Tobacco 48 354 &.717 290 23.10 241.21

The low mutagenic response of the species with high chromosome numbers
when post-soaked only in water after radiation treatment probably explains in part
the very marked increase in frequency of chimeral plants. This radio-tolerance ex-
hibited by species with high numbers of chromosomes has been a subject of active
investigation by earlier workers (Sparrow et al, 1961; Swaminathan, 1961) who
perceived a protective or “buffering” effect of high chromosome numbers against
radiation damage. As somatic mutation in mutagen-treated material is essentially
due to chromosomal deletions (Sparrow, 1961), the proportion of chromosomal
breaks would likely be smaller in species with ligher chromosome numbers than in
those with lower chromosome numbers given the same radiation dose.

The data on seedling growth reduction shown in Figure 1 supports fl  view
(Sparrow et al, 1961) that the low mutagenic response of species with high
diploid numbers of chromosomes is due to radio-tolerance commonly observed in
this type of material. The 5% seedling growth reduction was found at a dose of
approximately 27 Krads after caffeine post-treatment in species with low chromo-
some numbers and about 36 Krads in species with high numbers of chromosomes,
A much higher radiation dosage was required to produce the same effect in species
with high chromosome numbers than the species with low chromosome numbers.

At a dose of 30 Krads, seediing gréwth reduction after post-treatment with
caffeine caused a lethality increase of only about 8% over the control in species
with low chromosome numbers and about 19% over the control in the species with
hiph chromosome numbers, As seedling growth reduction is highly correlated with
chromosemal breakage (Conper and Stevenson, 1969), it is assumed that the
marked increase in somatic mutation frequency in the species with high chremo-
some numbers is due to large scale chromosomal breakage.
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Figure 1. Mean My sceding growth reductions in species with low and
high chromosome numbers.

Mutagenic effects of caffeine. When used alone, caffeine did -not cause any effect
both in the M; and M, generations. Trial tests using concentrations lower and
higher than 0.10%, even wh« applied alone for long periods of up to 24 hours
did not cause any effect on present materials. Some slight leaf damage in M, secd-
ling from seeds soaked for long periods at temperatures of 32°C — 35°C were
also observed in the water control.

Several reports, however, are available indicating that caffeine when used
alone is an inducer of point mutations and producer of chromosomal breaks
{Kihlman, 1974; Ostertag and Haake, 1966; Witkin, 1958; Novick, 1956, Kihlman
and Levan; 1949; Fries, 1950} in various o nisms ranging from bacteriophage,
bacteria and yeast to plants, Drosophila ana mammalian cell cultures. However,
Glass and Novick {1959) were able to demonstrate thal the mutagenic action of
caffeine requires DNA synthesis. an indication that caffeine is indeed specific for
DNA (Kihlman, 1974).

Tt is npot surprising, therefore, that the synergistic effects of caffeine with
various chemical and physical mutagenic agents has attracted more interest than its
use alone as a mutagen. Investipators on the potentiating effects of caffeine as a
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Table 2. Pescent increase in [requency of My seedling mutal 15 after post-  diation
caffeine treatment

{30 Krads)
Gamma radiation Radiatian + Caffeine
Species Chrom, Tatal Mutation Toral Mutation %

No. Mo per 1060 Mo per 1040 increase
(2N} seediings seedlings seedlings  seedlings

Sorghum 20 2,256 35.02 1,922 37.98 7.01
Mungbean 22 1,095 38.36 1,338 43.35 1300
Peanut 40 612 17.97 345 44.04 24507
Tobacco 48 1,283 14.03 1,004 39.84 1B3.%96

post-treatment in various organisms {Yamaguchi, 1979; Thacker, 1979; Hartley-
Asp and Kihiman, 1971; Sideropoulos and Shankel, 1968; Shimada apd Takagi,
1967; Clarke, 1967) agree that the enhancing effect of caffeine as a post-treatment
results from its inhibitory action on the repair of DNA damage, particularly the
post-replication repair even in such materials as barley, bean and onion root-tips
among others. This view on the nature of caffeine action has heen supported by
Chan ef al, (1979); Lehman and Kirk-Bell (1974); Buht et af., (1972) who showed
that caffcine indeed inhibits post-replication repair in mutagen-treated material,
Frequency of M, seedling mutations. The frequency of seedling mutations in the
form of chlorophyll-deficient M, seedlings was employed to indicate the induction
of point or gene mutations, a method originally proposed by Gaul (1961} and
universally adopted by plant radiation workers. As shown in Table 2, the frequency
of gene mutations due to radiation alone in species with Jow chromosome numbers
was higher than the mutation rates in the species with high chromosome numbers.
This is probably due to the protective or buffering effect of high chromosome num-
bers previously discussed above. Thus, the increase in mutation frequency after
caffeine post-treatment was mark« y higher in the species wit high chromosome
numbers than in the low chromosome group although their mutation rates were,
similar.

To induce the same effect on the genetic material, a higher dose will likely
be required in cclls with high chromosome numbers than in cells with few chromo-
somes (Sparrow et ., 1961}. The proportion of lesions in the genetic material
will most probably be lower in cells with more chromosomes than in cells with
fewer chromosomes given the same radiztion dose. When the repair process is inter-
fered with, however, as when mutagen-treated seeds are post-soaked in a solution
of caffeine, the aumber of unrepaired lesions in cells with more chromos«  es could
most probably equal the number occurring in cells with low chromosome num-
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bers. If each “open™ or unrepaired DNA lesion becomes “fixed” as a point mula-
tion (Kihdman et al, 1974; Ahnstrom, 1974), the increase in gene mutation fre-
quency in the species with more chromosomes will be higher than in plants with
fewer chromosomes.

Chromosome number is probably related to DNA content per cell and both
have been closely correlated with radiosensitivity (Underbrink er al, 1968) and
radiation-induced mutation rates (Abrahamson, 1973). Thus the DNA C values for
the species with 2N=22 and 2N=48 of 0.60 to 2.20 pg and 10.10 to 12.50 pg per
nucleus, respectively, (Bennett e al, 1982) could be a good index of the induced
mutation frequency in the four species. The C value of the two other plants in the
present work were not available. Now in barley seeds, an average of 0.052 break
is reportedly formed per 108 daltons of DNA strand per radiation dose of one
kilorad {Yamaguchi, 1979). The molecular weight of chromosomes in many higher
plants are probably similar to those of human chromosomes of 32 x 107 to
160 x 109, If the quantity of possible DNA breaks is derived for each species and
the percentage of seedling growth reduction is employed to estimate the relative
quantity of unrepaired DNA lesions, a means of quantifying the protective effect
of high chromosome number would have been found.

Summary and Conclusion

The role of chromosome number on the repair-inhibiting action of catfeine
on DNA lesions was investigated using species with low and high chromosome
numbers.

While the species with high chromosome numbers gave a marked increase in
frequency of M; somatic mutations after caffeine post-treatment over the radiation
control, the plants with low chromwosome numbers did not respond similarly.

Likewise, the species with high chromosome numbers gave a marked increase
in frequency of M, gene mutations after caffeine post-irradiation treatment over
the radiation control while the low chromoscme number species failed to exhibit
a similar increase.

e 1 Its indicate the significant influence of chromosome num!  on the
action of caffeine. The protectlive or buffering effect of high chromosome number
against radiation damage mwore or less accounts for the low mutagenic response
of plants with high chromosone numbers. The Iower proporiion of breaks in the
genetic material in species with high chromosome number than  plants with low

imbers of chromosomes probably explains the radio-tolerance observed in species
th farge numbers of chromosomes.
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Adoracion T. Arafiez, Discussant

Changes produced by gamma rays on the DNA may be due to a direct effect
in the form of molecular changes occurring in the molecule where the energy has
been absorbed or indirect effects which are brought about by the chemical reac-
tions of free radicals. Effects of ionizing radiation on the DNA of the cell is usually
secondary, since most of the energy is deposited in the agueous phase as cells
contain much water. Highly reactive free radicals are formed in the radiolysis of
water (Casarett, 1968).

The free radicals may convert the bases to a form with different base-pairing
tendencies as the enol form of thymine and itnino form of cytosine; cytosine may
be converted to wracil (Lim-Sylianco, 1981}, The free radicals may react with
thymine producing a thymine free radical and two of such free radicals adjacent to
each other may produce a dimer. The changes mentioned above may produce point
mutations. Dimerization of thymine on two different strands produce interchain
dimerization which may result in incomplete unwinding of the two strands during
replication. As a result, the DNA strands produced are shorter and with deletions.
Single strand breaks and double chain breaks are also produced by ionizing radia-
tion (Casarctt, 1968 and Lim-Sylianco, 1981) which may produce chromosomal
aberrations,

The extent of charges produced by mutagens depends on the type:  amount
of DNA damage and the amount of repairs done on the affected DNA.

The potentiation of effects of gamma rays by post-irradiation caffeine treat-
ment may be due to the effects of caffeine on the repair of DNA damage. The
repair process affected is probably the post-replicative type rather than the excision
repair, since plants lack or have very inefficient mechanisms for excision repair
{(Kihlman er al,, 1974).

The mechanism by which post-irradiation caffeine treatmenr may increase the
mutation frequency may be similar to the action of caffeine on ultraviolet induced
pyrmidine dimers given below,

Lehmann (1972) mentioned that there are gaps in daughter DNA strands
when dimer-containing DNA is replicated semiconservatively. These gaps are usually
filled up by post-replication repair. He presented evidence that in mouse, post-repli-
cation repair does not involve recombinational exchanges and that parental DNA
does not seem to be involved in the gap-filling process. Recombinational models
have been made to account for a similar gap-filling process observed L. bacteria.
According to Lehmann {1972) the gaps in the daughter strands opposite the pyrimi-
dine dimers are filled in with newly synthesized DNA. It has been observed that
caffeine potentiates cell killing and producing of chromosome aberratio  if present
duering DNA synthesis period (Lehmann and Kirck-bell, 1974).

The process of filling up paps in the daugher DNA strand may be inhibited by
caffeine. Lehmann and Kirck-bell (1974) mentioned that methylated xanthines like
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caffeine specifically inhibit the filling of the gaps in daughter DNA strands opposite
7/-induced pyrimidine dimers in the parental strand.

There is an indication that caffeine binds most effectively to double-stranded
DWNA with short single-stranded regions (Kihlman, 1974). Although the inhibition
produced by caffeine is reversible, the gaps in the daughter DNA strand are sealed
slowly after caffeine treatment, gaps persist in the DNA for many hours and could
act as focal points for production of chromosomal aberrations {Lehmann and
""rek-bell, 1974) and possibly of point mutations.

The frequency of M; somatic mutations and M, seedling mutations produced
by gamma radiation treatment is more in sorghum and mungbean with chromosome
numl  of 20 and 22 respectively as compared with peanut and tobacco with

romosome aumber of 40 and 48 respectively. However, in batches given post-irra-
diation caffeine treatment, the frequency of M, somatic and M, seediing mutations
did not vary very much among the four plants studied. This is an indication that
probably peanut and tobacco have better post-replication repair mechanism than
sorghum and mungbean and that the post-irradiation caffeine treatment inhibited
this repair mechanism. It is interesting to note that peanut and tobacco are poly-
oids.
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