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In the 1950's and 60's, after the violence and horror of World
War II, nuclear technology was at risk of public denouncement
and abandonment. Such sentiments were not ill-founded; radiation
is immensely damaging to human bodies and terrestrial
ecosystems, and is notoriously difficult to control at large
capacities. Such a backlash would mean a dead-end to a
considerable amount of energy research, however, and few fields
were willing to turn their backs on new information that showed
promise across so many disciplines. Instead, there came a
concentrated effort to develop methods for using radiation and
atomic science for goals other than war; the so-called Atoms for
Peace project.

One small, ill-remembered branch of this effort was atomic
gardening. The idea was to bombard growing plants with radiation
in an attempt to induce mutations, perhaps some of which would
be useful or interesting as curiosities for the home gardener.

Radiation gardens were arranged in circular patterns, with
wedges of single species extending outwards from a center. In
this center was a lead-lined container, in which radioactive
materials were housed on rods. These rods could be raised and
lowered to expose plants and (hopefully) spare gardeners and
researchers the dose of gamma radiation. Plants closest to the
radioactive source generally died; the next wedge sported
strange tumors and unhealthy growths; those furtherest seemed
generally unchanged. There was, however, a small circle of
plants that generally exhibited interesting behavior, in the
form of odd coloration, differing growth habits, and sometimes
extremely useful pest resistance. In short, despite the apparent
slap-dash nature of such experiments, it proved fairly
successful. This method was rewarded with many viable mutations,
several of which are still economically important today-
notably, most of the world's peppermint (which developed a
fungal resistance), as well as Rio Star grapefruit, known for
its red flesh (pre-mutation grapefruits were yellow or white).




In 1956, one could go to garden fair and buy 'atom-blasted’
starts, or one could order 'atomically strengthened' seeds from
the back of a catalog. The Atomic Gardening Society, started in
England by Muriel Howorth, was a community effort at producing
new varietals. A retired dentist, C.J. Speas, also produced
seeds commercially, in a cinderblock bunker with Cobalt-60.
There is limited evidence to suggest that production efforts
extended beyond these two commercial capacities, in the form of
science fair projects and home-experiments from gardening
enthusiasts in many countries. Such varieties (and their off-
spring) were poorly documented, and it is not unlikely that
there are many plants produced in such capacities still thriving
in gardens and the wild; perhaps labeled as an heirloom varietal
due to odd growing habits.
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Atomic gardening was largely abandoned in the mid 1970s, both
due to concerns about exposure and the rise of genetic
modification as a commercially viable practice. But there are
thousands of known plants produced with this method, and the
list grows every year via small-scale experiments by curiosity



breeders who cannot afford to genetically modify plants.
Contemporary mutagenesis via chemical exposure or irradiation is
also still in practice in areas where GMO foods are rejected by
the preferences of a local populace; mutated foods require no
additional labeling.

Such historical precedent for new technology is, perhaps, most
useful as a lens with which to view our current relationship
with biological science. So often we think we hold a scalpel,
while in retrospect it is clearly only a butterknife.
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Radiation Induced Mutations for Plant
Selection

H. BRUNNER
Plant Breeding Unit, Joint FAO/IAEA Programme, IAEA Laboratories, Seibersdorf, Austria

The successful use of plant breeding for improving crops requires the existence of genetic variation of
useful traits. Unfortunately, the desired variation is often lacking. However, radiation can be used to
induce mutations and thereby generate genetic variation from which desired mutants may be selected.

Mutation induction has become a proven way of creating variation within a crop variety. It offers the
possibility of inducing desired attributes that either cannot be expressed in nature or have been lost during
evolution. More than 1700 mutant cultivars of crop plants with significantly improved attributes such as
increased yield, improved quality, disease and stress resistance, have been released worldwide in the last
30 yr. The Joint FAO/IAEA Division of Nuclear Techniques in Food and Agriculture has contributed
to these achievements through the promotion of research and development in mutation breeding
techniques using nuclear and related biotechnological methods. Nuclear technology in plant breeding is
then transferred to Member States of the International Atomic Energy Agency and the Food and
Agriculture Organization of the United Nations through training in mutation breeding methods and the
provision of technical advice. Moreover, radiation treatment services are provided to foster applications
of nuclear techniques in crop improvement programmes of Member States and more specifically to render
direct support to plant breeders by efficient generation of mutations. Plant materials are standardized prior
to radiation exposure (usually at +5% precision in absorbed dose) to warrant reproducibility of the
induced effects within practical limits and a radiosensitivity test is implemented to affirm useful doses for

applied objectives of a request.

1. Introduction

Genetic diversity among plants in a population is a
basic prerequisite for successful piant breeding. Natu-
ral genetic variation has been used for a long time as
a raw material in plant breeding. Such variation is the
product of spontaneous mutation and hybridization,
followed by recombination and natural selection.
Hybridization has long been used to recombine char-
acters and to provide desired genctic variation for
selection, Mutations, however, are only recognized
since this century as one of the driving forces of
evolution.

Since the discovery of Muller and Stadler that
ionizing radiations can induce hereditary alterations
and thereby enhance the frequency of mutations
many times over the one occurring spontaneously
in nature, the breeder is no longer limited to the
availability of natural mutations. Initial attempts
to induce mutations in plants mostly used x-rays,
later more and more 7y-rays and also fast and
thermal neutrons were used. During this initial
phase of mutation induction there was a disap-
pointment about the high detrimental effects of ion-
izing radiation and the low frequency of valuable
mutations; major efforts were devoted to define op-

timal and reproducible treatment conditions. Re-
search focused on changing “random”™ mutation
induction into directed mutagenesis to obtain more
desirable mutations. However, it did not lead to the
desired alterations in the mutant spectrum but
rather to an improved methodology of mutation
induction.

There is no basic qualitative difference between
spontaneous and induced mutations. We can induce
any mutation that has occurred in nature and may
have been lost during evolution. A particular advan-
tage of mutation induction is the possibility of ob-
taining unselected genetic variation, whereas the
available germplasm has already passed effective se-
lection screens by nature or man. Neither natural nor
man-made germplasm contain all the possible spon-
taneous mutations or recombinants. We can then,
with appropriate techniques induce and select those
mutants suitable for modern agricultural systems
rather than being dependent upon those that have
survived evolutionary stresses. Mutations can be
induced in any gene though at different probabilities.
There is sufficient evidence that induced mutations fit
Vavilov’s law of homologous genetic variation which
predicts whether a particular mutation can be ex-
pected. Another matter is, of course, whether every
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Table 1. Requirements of dosimeter systems for dose assessment in biological objects (e.g. in radiobiology,
radiation breeding)

(i) The assessable dose range should be between 10? and 10° rad or 1-1000 Gy
(ii) The dose measured should be energy independent between 0.3 and 3 MeV
(iif) The precision of measurement should be at least +5%
(iv) The dosimeter system applied should exert a high stability before radiation exposure
(v) After radiation exposure, the measured dose shall maximally change within 24 h by 1%, i.e. the fading

should be less. than 1%

(vi) Temperature independence should be warranted between 10 and 50°C

A simple and desirable utilization depends on the

(1) Availability of materials and supplies for dosimetry

(2) Availability of functioning measuring devices and/or instruments
(3) Simple production of the dosimeter system of concern

(4) Simple measurement, evaluation and interpretation of data

Useful dosimeter systems can be either:

(Glass
inorganic inorganic dosimeters)
()  Liquid @ Solid —
systems systems
T organic BN organic (Polymers)

or (3) Gascous systems

mutation will express itself phenotypically that it can
be selected and eventually used in plant breeding.

2. Efficient Mutation Induction

Appropriate methods for the creation of genetic
variation must aim at a high mutagenic efficiency, i.e.
a maximum number of desired mutations within a
given population size. The mutation effect shall there-
fore surpass damage effects such as gross physiologi-
cal aberrations which reduce vitality and may
indirectly decrease the number of induced mutations.
This has a high impact for mutation breeding and its
comparative economic feasibility with other breeding
methods (Brunner, 1991).

The dose to be applied for obtaining a high muta-
genic efficiency generally depends on the specific
properties of the radiation type and the radiation
facility characteristics as well as on the biological
system to be treated. Hence, dosimetry data have to

be established prior to radiation exposure of biologi-
cal targets to define dose rate and dose distribution
and to monitor the exposure time required to obtain
an accurate estimate for the dose absorbed in biologi-
cal materials. Dosimetry for hard x-rays and y-radi-
ation may be based upon the Fricke dosimeter system
(Fricke and Hart, 1966), on ionization chambers
and/or on commercially available thermolumines-
cence detectors (TLD 100 or 700), neutron dosimetry
on monitoring systems described in Neutron
Irradiation of Seeds (IAEA, 1967, 1968, 1972). Gen-
eral requirements of dosimetry systems for doses ap-
plied in radiobiology and mutation breeding are
compiled in Table 1 and the sequence of steps required
for efficient mutation induction is outlined in Table 2.
Among plant objects to be treated are dry, dormant
seeds, bulbs, corms, tubers, scions, cuttings, gameto-
phytes and zygotes, pollen grains and tissue or cells in
culture (‘in vitro materials’). Dry, dormant sceds
are the most commonly used objects for mutation

Table 2. Steps involved in dose assessment of crop species for mutation breeding

A. Radiation source characteristics

High or low LET radiation
Energy distribution

Degree of contamination with other radiations
Dose gradients, requirements of dose homogeneity, isodose lines
Methods to monitor radiation dose and/or dose rate:

(i) Physical —
(ii) Chemical
(iii) Biological

Ionization chambers, threshold detectors, etc.
— Determination of ionic (chemical) yield, e.g. Fricke
— Determination of an index of primary damage, e.g. seedling height,

epicotyl length in comparison with nonirradiated contro! materials

B. Characteristics of the biological target

Seeds
Pollen grains
Gametophytes
and zygotes
Criteria of radiosensitivity

‘Whole plants

Vegetative organs

Cells and/or tissue in culture
(‘in vitro biotechnology’)

Biological factors, environmental factors, etc.

C. Prediction of dose effects

Early assessable criteria of primary damage in e.g. seedling height of the first leaf, epicotyl
length, etc. and their correlation to mutation frequency in M,, e.g. usually to chlorophyll

indicator mutations.
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Table 3. M, and M, results in Vicia faba cv. Wieselburger

Frequency of M, mutants (%)

M, results (resp. control = 100)

Morphologic Morphologic

Chlorophyll mutants Morphological Morphologic:  mutants: mutants x
Seedling —————— mutants chlorophyll non-damage non-damage
Treatment height Survival Fertility Non-damage' Greenhouse Field field mutants’ x1072 x 1074
y-rays
0Gy 100 100 100 100 0.2 0.9 1.8 —_ — —
20 96.5 89.2 92.9 82.9 20 5.9 14.0 24 1.69 116.1
30 90.3 81.9 74.9 61.3 2.6 7.0 18.0 2.6 2.94 110.3
40 89.9 70.4 62.5 44.0 4.8 8.6 25.6 3.0 5.82 112.6
50 75.2 48.5 59.4 28.8 5.6 13.6 29.3 2.2 10.17 84.4
60 66.8 29.8 50.0 14.9 7.9 13.8 23.8 1.7 15.97 355
70 58.6 14.9 38.7 5.8 — — — — e —_
ne
0Gy 100 100 100 100 0 0.2 2.4 — — —
1.0 89.9 87.6 83.1 74.5 4.1 7.5 8.6 1.2 1.15 64.3
1.5 80.2 74.5 76.1 56,7 5.0 9.0 13.5 1.5 2.38 76.5
2.0 72.3 60.4 60.0 36.2 8.2 9.2 14.9 1.6 4.12 53.9
2.5 63.3 489 59.3 29.0 8.7 11.3 18.7 1.6 6.45 544
30 57.4 354 52.2 18.5 14.1 14.0 29.0 21 15.68 53.6
3.5 47.2 24.7 46.0 11.4 18.0 15.0 325 22 28.51 37.0
4.0 42.5 15.7 41.3 6.5 16.3 11.7 17.8 1.5 27.38 11.6
4.5 352 72 34.4 2.5 15.5 11.0 16.5 L5 66.00 4.1

!Survival x fertility x 1072, *Field data.

induction; they contain, in the genetically relevant
seed embryos, largely synchronized cell initials in the
G,-phase (the DNA presynthetic gap 1 during inter-
phase). Moreover, a seed moisture equilibration over
60% glycerol to 12-14% minimizes the effects of
modifying factors to low LET radiation and warrants
reproducibility of parameters of primary damage
within practical limits. Since cell initials of metaboli-
cally active organs. and tissue are commonly. asyn-
chronous, the induced radiation effects are frequently
not reproducible. Differences in radiosensitivity be-
tween and within species can be relatively great
though intraspecific or varietal differences are usually
smaller than between species (Brunner, 1977). A
mutation breeder shall therefore conduct preliminary
dose response experiments of a particular cultivar
which are to be based on radiosensitivity data valid
for the species. Each genotype shall be tested for the
optimal treatment within its range of conditions.
Dose effects can be predicted by measuring early
assessable criteria of primary injury at defined end-
points of initial growth, e.g: relative seedling height
of the primary leaf of irradiated seeds compared with
nontreated controls in menocots and epicotyl length
in dicotyledonous species. These early assessable
M,-criteria of primary damage correlate well with
viability, survival and/or sterility. Moreover, the cor-
relation between parameters of M -injury with mu-
tation frequency in the M,-generation, e.g. of
chlorophyll indicator mutations, permits an estimate
of useful radiation doses for different breeding objec-
tives (M; and M, refer to the first and second
mutation generation, respectively).

Table 3 summarizes M, and M, data of a mutation
breeding experiment with the field bean cultivar
Wieselburger. 1t is clearly. shown that M, parameters
as seedling height, survival and fertility decrease with
increasing doses of y and fast neutron radiation while
chlorophyll and morphological mutant frequencies in

segregating M,-populations increase up to a maxi-
mum and decrease thereafter due to M, injury. Three
different indices were established to obtain infor-
mation on the usefulness of different types and doses
of radiations for mutation breeding objectives. The
ratio of morphological to chlorophyll mutants
reflects Vavilov’s law of parallel variability implying
that chlorophyll indicator mutations are useful for
predicting morphological mutations. The ratio of
morphological mutants to nondamage refers to muta-
genic effectiveness, the potential of any mutagenic
agent to induce mutations irrespective of damage.
Since mutation frequency increases linearly at low
doses and exponentially at high doses concomitantly
with damage, many drastic mutations are detrimental
due to the occurrence of multiple mutations and are
not useful for plant breeding. The index of morpho-
logical mutants times nondamage is an estimate for
mutagenic efficiency, the production of desirable
changes free from association with nondesirable
effects (Konzak er al., 1965). Mutagenic efficiency is
usually highest at doses above 30% nondamage.
Useful doses for most breeding objectives are esti-
mated by about 25% seedling height reduction at
defined endpoints of growth in the greenhouse and
50-60% survival in the field. Mutation breeders
should therefore apply doses that generate optimal
and not maximal mutation frequencies to achieve a
high frequency of useful mutations and minimize the
occurrence of drastic and nondesired mutations
(Konzak, 1984). ‘

3. Mutation Induction in Vegetatively
Propagated Plants (VPP)

Many VPP are perennial plants with complicated
physiology (e.g. dormancy, seasonal cycles) and com-
plex genetics (e.g. high degree of heterozygosity,
selfincompatible, polyploid, aneuploid, apomictic).
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Spontaneous mutations—“sports’’—played an essen-
tial role in the breeding of new cultivars. Their
low-frequency limits effective breeding since the
breeding process is accidental and more extensive
compared with seed propagated plants (Abbot and
Atkin, 1987). Application of radiation enhances dras-
tically the frequency of somatic mutations from
which useful traits may be selected. A mutation is a
one cell event but multicellular apices generally con-
sist of a number of rather autonomous groups of cell
layers such as L, (epidermis), L, (subepidermis) in the
so-called tunica and L, in the corpus and have a
number of meristematic cells in each layer. Mutagen-
esis applied to multicellular structures like buds gives
rise to mericlinal or sectorial chimeras. However,
homohistont shoots can be obtained after several
propagation cycles of axillary buds. Irradiation of
apical promeristems and high doses increase the
probability of occurrence of large mutated sectors
and irradiation of adventitious buds that are derived
from single, epidermal cells generates homohistont
mutants (Broertjes and Van Harten, 1988). Vegeta-
tive single cell descending propagules offer a possi-
bility for early screening and fast propagation of
mutants for the breeding of commercially improved
cultivars.

Difficulties may be due to the isolation of somatic
mutations from small and phenotypically not identifi-
able mericlinal or sectorial chimeras and when the
mutated sector comprises few cell layers only. Vast
numbers of somatic mutations in layers L, and L; are
lost during crosses since only primordial cells located
in the generative L, histogen participate in the for-
mation of reproductive organs.

4. In Vitro Mutagenesis

Any researcher who wishes to apply in vitro mu-
tation-breeding has to adapt a general procedure to
accommodate particular requirements or character-
istics of the plant material and of the treatment
methodology towards defined objectives.

Principles of mutation induction in vivo apply also
to in vitro. Cells or tissues can be irradiated either
before isolation and explanation or when materials
are already in culture. Treatment with high energetic
radiations can be done in closed containers, while
radiations with low penetration ability must be ap-
plied in open vessels and possibly in monolayers to
achieve a uniform dose. Irradiation in hormone-free
medium followed by a transfer of irradiated in vitro
material to fresh medium is recommended because of
radiation effects on medium components. Other fac-
tors such as dose rate, temperature, the stage of cell
phase, cell division and development of the geneti-
cally relevant cell initials, the influence of modifying
factors and the length of recovery period after ir-
radiation must be considered. Generally speaking,
irradiation of metabolically active tissne or cells
represents a population of asynchronous cells in
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interphase with different radiosensitivities and repro-
ducibility of the induced effects is usually not war-
ranted. In vitro culture in minimal media and/or
heat—cold shocks may improve cell synchrony and
reproducibility.

Various explants for i vitro culture and materials
under in vitro conditions (e.g. meristems, somatic
embryos, calli, cell suspensions, protoplasts) are ex-
posed to different radiation doses of choice and the
optimal dose to be applied for a specified objective
should be determined after 20 and 40 days in vitro
culture for assessing fresh or dry matter weight and
regeneration ability. As a rule, a useful radiation
dose must result in about 30-50% decrease in wet or
dry weight compared with non-treated controls
though optimal doses depend largely upon breeding
objectives.

In case of cell suspension and protoplast culture,
where the population density influences the results
(e.g. plating efficiency), one must compensate for the
lethality induced by the mutagen treatment.

Large populations in in vitro materials should be
irradiated and a high regeneration ability achieved
for the generation of desired genetic variation and
selection of a large number of individuals (organs,
individuals, cells) under controlled conditions in a
small space (Dix, 1990). Mutagenized cell popu-
lations must be allowed to undergo a recovery period
to “fix> the mutation prior to selection. So far,
mutants isolated on a cellular basis from in vitro
cultured plant material involved mostly biochemical
pathways. Their inheritance at the plant level has
been cytoplasmic (maternal), dominant, semidomi-
nant and recessive (Henke, 1981). Though many
advantages could be enumerated of using in vitro over
in vivo techniques, some serious constraints have
limited the success for improvement of agronomically
important characters. Main reasons are: (i) the tech-
nology required to isolate mutants of agricultural
importance at the cell level is usually not yet avail-
able; (ii) the regeneration potential is frequently
rather low; and (iii) mutant traits isolated at the cell
level frequently do not express at the plant level
(Constantin, 1984). Evidently, knowledge is lacking
on gene regulation and gene expression during early
stages of ontogenic development to design effective
in vitro screening procedures for improvement of
agronomic traits.

5. Mutation Induction and Selection
Methodology

Since the probability of generating desired genetic
variation is low, mutation breeding requires induc-
tion and screening of large plant populations, which
is costly. Research should therefore aim at obtaining
many different mutants in a given population size to
make mutation breeding more economic. In the
1960s, one thought that this could be achieved by
maximal mutation rates. But the disadvantages of
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multiple mutations have discouraged the use of high
doses since the comparatively small number of ben-
eficial mutations may not be manifested because of a
drastic phenotypic effect of a larger number of dele-
terious mutations (Micke er al., 1990).

Chimera formation is a common phenomenon
following irradiation of multicellular cell initials,
whether in seeds, buds or tissue culture. Mutation
induction in single cells, however, would be ideal to
avoid chimeras. If chimerism cannot be avoided, it
would be useful to know the chimeric pattern of M,
plants for a systematic sampling from all mutated
sectors of M, plants or for a systematic dissolution of
chimeric structures in vegetative organs. Selection in
seed and vegetatively propagated plant species is
mostly based on phenotypic alterations.

Screening under in vitro conditions would be ad-
vantageous only when the irn vitro response correlates
with the manifestation of the selected characters in
the field. Induction methods for in vitro generation of
enhanced genetic variation with radiation are com-
paratively simple while in vitro selection is still limit-
ing the progress of mutation breeding.

6. Mutagenesis and Biotechnology

In vitro culture provides appreciable advances for
plant breeding and specifically for mutation breeding.
Micropropagation techniques are already well estab-
lished and integrated into mutation breeding to accel-
erate clonal propagation of .interesting mutants.
Shoot tip culture can additionally provide virus-free
propagation. A major problem mostly associated
with tissue dedifferentiation during in vitro culture is
genetic instability often called “somaclonal vari-
ation”. This genetic variation is disturbing a true to
type germplasm preservation and a potential handi-
cap in the use of molecular genetics for plant breed-
ing. Somaclonal variation has gained some
importance in practical breeding when used for dis-
ease resistance and herbicide tolerance screening
(Smith and Chaleff, 1990). Somaclonal changes are
unpredictable and uncontrollable and many pheno-
typic alterations are non-heritable epigenetic changes.
Since spectral differences between somaclonal and
mutated populations are not high, somaclonal vari-
ation will not replace but at best amend the major
sources of genetic variation, recombination and in-
duced mutagenesis (Novak et al, 1988). In vitro
methods yielding large numbers of uniform regener-
ated plants are to be preferred for mutation breeding
programmes. Hence, an unorganized in vitro phase
(callus, cells and protoplasts) shall be avoided by
rapid passage through the meristematic stage (axil-
lary branching and direct formation of somatic em-
bryos or adventitious buds). These stable cultures are
not only useful for uniform in vitro mutation induc-
tion but as well for micropropagation and in vitro
germplasm preservation; further for mutant screening

and genetic confirmation of regenerated plants under
field conditions (Novak, 1991).

Haploid techniques may speed up mutation breed-
ing since haploid regenerants derived from anther or
microspore cultures of M, plants with M, gametes
might allow a direct selection of mutants without
going through the gametophyte phase into the next
generation (Szarejko er al., 1991). After chromosome
doubling, homozygous mutant lines would increase
the efficiency of mutant selection due to a better
distinction between mutated and non-mutated M,
plants.

7. Conclusion

The ultimate aim of mutation induction shall be
directed towards procedures yiclding the highest
possible number of desirable mutations to be used in
plant breeding. A concept of optimum mutation
frequency should thus replace the concept of maxi-
mum mutation rate and a reorientation towards an
objective specific dose concept must go along with
improved methods of selection. There is no longer a
need to prove that radiation can provide useful
genetic variation for crop improvement. With the
rapid augmentation of technical capabilities in bio-
technology and molecular biology, plant breeders will
increasingly pay attention to manipulation of individ-
ual genes, genome reconstruction and gene mutation
in nuclear and extra-nuclear hereditary cell elements.
Induced mutations are therefore expected to play in
future an even greater role for the success of plant
breeding.
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Abstract The experience consists in the repeated irradiation treatment of
two different groundnut variety seeds with X rays, in doses of 5000-10000R.
There were made observations and determinations on various morphological
and quantitative characters for M2 generation. From the sow until rising,
flowering and maturity the periods were not much affected. For the
morphological characters both genotypes showed differential response to the
doses of treatment with mutagens.

Significantly reduced height was observed both in irradiated variants
and control. Lower doses of treatment with X rays (6000R) proved effective in
increasing the number of ramifications to Tamburesti variety. Significant
increase in number of ramifications was observed in all variants of treatments
to Venus variety. Significant reduction in number of pods/plant was observed
in 9000 R dose to Tamburesti variety and 8000R dose to Venus variety.
Number of matured pods/plant was found decreased in 5000, 6000 and
9000R dose to Tamburesti variety and 8000-10000R to Venus variety. Seed
yield was found decreased in all variants of treatments to both varieties, but
one seed mass was found increased in all doses of irradiation.

In the present investigation the treatment with rays in doses of 5000-6000R
and even 8000-9000R were found more effective for inducing wide range of
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mutation in Tamburesti groundnut variety compared to Venus variety.

Mutation induction and some other means of
genetic modification, such as genetic transformation,
are tools that provide variation in some of the plant
characters outlined and hopefully lead to acceleration
of domestication. The last 30 years have shown
mutations to becoming a useful supplementary tool for
the genetic improvement of cultivated plants; the
FAO/IAEA Mutant Varieties Database contains over
1737 accessions. The majority of mutant varieties
belong to the cereals, although successes have been
recorded in the legumes, vegetativelly propagated
crops and ornamentals as well (2).

Important methods to artificially induce
mutations are the use of chemical and physical agents.
Physical mutagens include electromagnetic radiation,
such as gamma rays, X rays and UV light and particle
radiation such as fast and thermal neutrons, 3 and alfa
particles.

Mutagenic treatment of seeds is the most
convenient because seeds can be treated in large
quantities and are easily handled, stored and shipped.

Radiation and chemical mutagenesis were
used widely for producing useful mutants with
improved characteristics in peanut and many crops (3).
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Physical and/or chemical mutagens cause
random changes in the nuclear DNA or cytoplasmic
organelles, resulting in gene, chromosomal or genomic
mutations. Induced mutagenesis is an established
method for plant improvement, whereby plant genes
are altered by treating seeds or other plant parts with
chemical or physical mutagens. Voluminous work has
been done worldwide for the improvement of both seed
and vegetativelly propagated crops through induced
mutation.

These results and those available elsewhere in
the literature, clearly show that mutation by using both
physical and chemical mutagens has successfully
produced quite a large number of new and promising
varieties in different seeds and ornamental plants, and
is considered to be a most successful tool for breeding
ornamental plants (1).

The mutagenic efficiency of physical mutagen
depends not only on the properties of the physical
agent, but also on the genotype. Published data indicate
that different species and even cultivars may respond
differently.



Matherial and Method

The experimental material comprises the seed
of two different groundnut genotypes obtained in
Tamburesti R.S. in different years and different
methods. Matured and well dried seeds were used for
each dose treatment. The seeds were irradiated with
5000, 6000, 7000, 8000, 9000 and 1000 R dose of X
rays at Electroputere Craiova Company.

These iradiated seeds were immediately sown
along with one control after treatment on sandy soils
from Tamburesti R.S in 2010. From these seeds raised
M1 generation. The M1 plants were observed and
determined, then harvested, well dried and kept in good
conditions. In the spring of 2011 there was made a
irradiation with the same doses of the seeds and so
raised the M2 generation. Sowing was done in
randomized blocks method in four repetitions. The M1
generation was irrigated, not the M2 generation.

The observations and determinations were
recorded for many morphological and quantitative
characters like days to first flowering, days to maturity,
plants height number of branches/plant, number of
immature pods/plant, number of mature pods/plant,
pod yield, 1000 pods mass (g), 1000 seed mass (g).

Obtained Results

In mutation breeding programme the breeders
are more interested in the extent of variability, which is
more reflected by the mean between irradiated variants
and control.

During vegetation period it were analyzed the
variations and other morphological deviations from the
normal type. Because the quantity of rainfall was
reduced and there was not applied irrigation and the
atmospheric temperatures were high from August to
harvest in the first days of October, the majority of
plants dried and so it was lost the different effect of the
mutations spectrum. It could also establish range
variability as concern port plants, their height, leaves
form in the first part of vegetation. Lethality degree of
the plants from the irradiated variants was very low
differentiated from control and the frequency of lethal
plants was low. Plants fertility was close to all
irradiated variants comparative with control.

The length of the vegetation period of the
plants from M2 was much influenced by the high
temperatures from the August to September. These
leaded to the drying of the plants and because of that
also the plants height was reduced and even port plants
and behavior; it was also influenced the number of
ramifications, this being small. To harvest it were
analyzed 600 plants from M2 generation, without
including the whole material.

The plants situated in two groups as concern
the plants height, such as:

- First group included 80-90% plants
with small stems, erect behavior and reduced degree of
ramification;

- Second group included 24.4% from
the total of analyzed plants, plants with middle height,
crawling port and higher degree of ramifications.

From the total analyzed plants, 7.2% were
forms with total lack of pods (sterile plants), most of
them with reduced degree of ramification and low
height.

Many researchers consider that the "mutants"
with lower productivity and vitality are helpful if
presents a new character which compensate the
decrease of productivity. They refer to some issues
which concern the resistance to drought, diseases,
shorter period of vegetation.

To the level of the variants irradiated with the
different doses of X rays it was establish, that there are
earlier variants, with difference of  2-7 days
comparative with initially variant, un-irradiated only to
Tamburesti variety. To Venus variety the treatment
with X rays presented an opposite effect, prolonging
the vegetation period with 3-9 days. It did not been
observed mutations referring to pods color and not
even special forms, the only variations representing in
the number of seed (1-4). Seed color was a little
changed, becoming from the plants from M2
generation brighter, but only in Tamburesti variety.

From the productivity elements point of view,
plants from M2 generation presented a higher
variability, from plants complete sterile until those with
similar productivity as control. If the average number
of total pods/plant from irradiated variants was lower
than control (7.20 in 9000R dose comparative with
14.20 in control), the weight of one thousand seed
mass of the plants from M2 increased comparative with
control. So, in control variants, weight of 1000 seed
mass varied between 470.3g in 5000R dose and 510.0g
in 8000R dose (Ct. = 460.3.) to Tamburesti variety. In
irradiated Venus variety variants, total number of
pods/plant varied between 8.30 in 8000R dose and
12.70 in 5000R dose (Ct. = 11.10) while the weight of
one thousand seed mass varied between 694.8g in
5000R dose and 743.0g in 9000R dose (Ct. = 694.4)
(table 1). The changes referring to color, form and seed
size was accentuated. Because of that it was easily
recognized. Leading from these seeds, in the future we
want to analyze the offspring in the next generations.

Chemical composition of the seeds from M2
generation varied in large limits, to both varieties,
especially as concern protein content. It is notable the
fact that protein percent from the plants from M2
generation increased with 1.4-6.8% and fats content
decreased with values until 2.5%.

Choosing the plants and seeds from M2
generation was made with the aim to fallow the
offspring with breeding interest.
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Table 1
Effect of X rays on groundnut characters in M2 generation of irradiation (2011)

Tamburesti variety
Character Ct. 5000R 6000R 7000R 8000R 9000R 10000R
Days to first flowering 40 41 38 38 37 36 40

Days to maturity 147 147 143 145 142 140 150
Plants height (cm) 39.65 40.10 40.15 33.95 39.25 32.60 33.60
32-49 25.5-48 26.5-50 29-38 27-48 20-40 28-52

No. of ramifications 5.60 5.50 6.20 5.70 5.10 5.30 5.20

5-7 5-8 4-12 5-7 3-6 3-7 2-7

No. of mature pods/plant 6.10 5.30 5.70 6.10 6.20 4.60 6.40
4-8 4-7 3-12 4-12 4-11 3-4 4-11

Total no. of pods/plant 14.20 10.30 9.40 9.20 8.00 7.20 8.50
12-18 5-20 2-20 5-15 6-11 3-11 5-19

Yield (Kg/ha) 1937 1575 1425 1300 1100 1072 1287
1000 seed mass (g) 460.3 470.8 475.7 471.0 510.0 498.0 492.0

Venus variety
Character Ct. 5000R 6000R 7000R 8000R 9000R 10000R

Days to first flowering 40 41 38 38 37 36 40
Days to maturity 147 147 150 154 154 156 156
Plants height (cm) 26.25 26.70 28.75 27.40 25.40 29.20 26.60
20-30 20-36 18-50 17-39 20-39 24-36 20-37

No. of ramifications 4.90 9.10 6.90 9.10 9.80 8.40 9.20
5-12 6-13 5-15 5-12 5-14 5-12 5-14

No. of mature pods/plant 5.50 9.10 10.70 10.70 4.20 7.00 6.00
3-12 4-20 4-20 3-24 2-9 4-18 1-10
Total no. of pods/plant 11.10 12.70 11.00 16.10 8.30 10.80 10.90
3-18 7-24 6-28 5-28 5-13 4-34 5-16
Yield (Kg/ha) 1837 1950 1800 2125 1400 1625 1687
1000 seed mass (g) 694.4 694.8 717.9 725.0 736.0 743.0 706.2

Vg &G &
Fig.2 Plant of Venus variety (small stems) (6000R)

& N\

Fig.1 Plant of Tambur

esti Variet (first stag of vegetation)
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Conclusions

From the results of the mutagen effect study
of X rays upon the groundnut varieties (a small seeded
and a large seeded varieties), first it can conclude that
the indications from the literature referent to DL 50%
for groundnut must be considered as a guide, being
strictly dependent of earth-climatic conditions and
working variety.

In this experience, even using the dose of
10000R it did not establish DL 50%. The behavior of
M2 material was dependent of irradiation dose and
research conditions. So, Tamburesti variety proved to
be more sensible, comparative with Venus variety, at
least in the first period of vegetation.

Risen and number of plants reached to
maturity were low inhibited to all doses of irradiation.
In M2 generation plants risen was positively
stimulated, comparative with M1 generation where was
registered a lower percent of risen plants mentioning
also that rapport of dependence between the dose of
mutagen agent and his effect upon rise as in Ml
generation. The problem of mutation supervision,
respectively the possibility of establishing some

ig.5 M2 plant with middle heiht, crawiing port and Fig. 6 Plant of Venus variety (longer

Fig.4 Dried plant of Venus variety (9000R)

ve getat perid)
(10000R)

correlations between dose of irradiation and the
spectrum of mutations caused are still unsolved.
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it on with a bit of cotton or soft cloth,
and the poison will be oxidized and de-
stroyed. This treatment leaves a brown
stain on the skin, which can easily be re-
moved in any one of a number of ways.
A one per cent. solution of oxalic acid,
Dr. Couch says, is the quickest means.
But oxalie acid is a poison, so that if you
are afraid of children getting hold of it
you may use instead a one per cent. solu-
tion of sodium bisulphite, or even just
plain soap and water, though the latter is
a bit slow in taking off the stain. If the
skin has been very much broken by
seratching or otherwise and is raw, the
oxalic acid will cause a temporary sting-
ing and soap and water is preferable for
removing stains from such sensitive sur-
faces. If the skin is very tender the

THE SCIENTIFIC MONTHLY

solution of potassium permanganate may
be diluted with water before using.

The permanganate treatment is recom-
mended only as a remedy for poisoning
that has already taken place. Persons
who know that they are likely to be
poisoned may prevent the plant from
harming them with a wash devised by
Dr. James B. McNair, of the Field Mu-
seum, Chicago. This consists of a five
per cent. solution of ferric chloride in a
fifty-fifty mixture of water and glyeerin.
This is to be washed on all exposed parts
of the skin and allowed to dry there, be-
fore going where the dangerous weeds
grow. The iron in the chemical combines
with the poisonous principle of the ivy
and changes it into a harmless, non-
poisonous compound.

MUTATIONS CAUSED BY X-RAYS

THE rate at which breeds of animals
and plants can be improved will be
speeded up over a hundred times if the
findings made by Professor H. J. Muller,
of the University of Texas, on tiny fruit
flies, holds true for other living things.
It has been proved in his experiments,
carried on at Austin, Texas, during the
past nine months, and just reported in
Science, that in the flies X-rays affect
the little particles responsible for hered-
ity in much the same way as a shot-gun
fired at a pile of pebbles would affect the
pebbles.  The hereditary particles be-
come permanently transformed in all
sorts of unexpeeted ways—the changes
known as ‘‘mutations’’ are produced in
them. Not all of them mutate at once,
but here one, there another, in quite a
random fashion, and sometimes, too, they
are dislodged into new arrangements.
Since these hereditary particles, which
are known as ‘‘genes,”” are handed down
from parent to offspring, and determine
the characteristies of the next and later
generations, all kinds of new traits are
likely to arise among a group of offspring
or grand-offspring from parent flies that

were treated with X-rays. These new
traits are permanent, as they are in-
herited by succeeding generations.

It has long been known that sueh ‘‘mu-
tations’’ oceasionally happen without X-
ray treatment, and so give a chance for
the breeder to improve his stock, by
breeding from animals that have desirable
mutations. In the same way in nature,
the ‘‘survival of the fittest’” mutations is
thought to have brought about evolution.
But the mutations that happen without
X-ray treatment are exceedingly rare
and it has never previously been found
possible to make them occur oftener.
That is why animal and plant improve-
ment has been so slow, and why it has
been necessary to raise countless thou-
sands of ordinary individuals for each
advantageous mutation that has turned
up. Now, if mutations ean be produced
at will, all this will be ehanged.

It is true that, even if X-rays can do
in cattle and cotton what they do in flies,
the kind of mutation that will be pro-
duced can not be specified in advance,
any more than this eould be done in the
past. Many different kinds of changes
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will be produced, in a hit-or-miss fashion,
and the great majority of these will con-
sist of derangements, deformities, and
even fatal weaknesses. But this is also
true of the mutations that occur natu-
rally. The breeder then has to select
from among all these changes the few
that happen to be to his advantage, and
breed from them only. There is no rea-
son to believe that the number of desir-
able changes, in comparison with a given
number of harmful ones, would be any
less after X-rays than naturally. In
fact, in the flies, many of the X-ray mu-
tations look just like the natural ones.
So the practieal effect of the treatment,
in producing over a hundred times as
many mutations of all kinds in a given
number of individuals, would really be
to make unnecessary over 99 per cent. of
the breeding of ordinary individuals that
now has to be carried on before each mu-
tation of a desired type is found.

While it seems a far ery from flies to
four-footed beasts, it has always been
found in the past that the principles of

SCIENCE 285
heredity found in the flies apply also to
plants and to higher animals, including
man himself. This raises very acutely
another question, one that has at times
in the past few years been debated
among X-ray practitioners—whether, in
treating their patients, they are mnot
sometimes producing mutations that may
crop up in future generations. If so,
some of our medical practices will have
to be modified, for there is no doubt that
in man, as in flies, most of the mutations
produced would be of a detrimental
kind.

To scientists, the most interesting
aspeet of the work will probably be the
insight which it may give us into the
causes of evolution and into the nature
of the little genes themselves. In fact,
certain conclusions regarding the strue-
ture of genes have been drawn from the
work that has already been done. These
will be presented by Dr. Muller in a
technical paper before the International
Genetiecs Congress, to be held in Berlin
this September.

HAFNIUM

THE story of the discovery of helium
has been told so often that it is common-
place.  The story of hafnium is more
recent, and probably less familiar,
although not less romantic. It bhegins
with the relation between atomic num-
ber and frequency of Rontgen rays, dis-
covered in 1913 by Moseley (England),
which definitely fixed the number of pos-
sible chemical elements between barium
and tantalum as 16 (atomic numbers 57
to 72 inclusive). All but two of these
had been identified by the time this law
was announced—the unknown elements
could only be referred to by their atomic
numbers 61 and 72.

In 1878 Marignac (Switzerland) sepa-
rated from erbium a new earth which he
called ytterbium. Auer von Welsbach
(Austria) in 1905 found that ytterbium
was a mixture of two elements; he pro-

posed the names aldebaranium and
cassiopeium.  Urbain (France) inde-
pendently made the same discovery and
proposed the names neo-ytterbium and
lutecium. Later Rontgen-ray investiga-
tions indicated that the atomic numbers
of these new elements were 70 and T1.
It was then conceivable that the hypo-
thetical element 72 might be present in
the final mother liquor from which 70
and 71 were obtained, and both Auer von
Welsbach and Urbain looked for it. The
former did not find it, but the latter
thought he did and announced in 1911
the discovery of a new rare earth which
he called celtium.

EKleven years later the quantum theory
and explanation of the periodic system of
chemical elements was sufficiently de-
veloped by Bohr (Denmark) to define
very sharply the character of element
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DIVERSE RATIOSOF MUTATIONS TO CHROMOSOME ABERRATIONSIN
BARLEY TREATED WITH DIETHYL SULFATE ANDGAMMA RAYS*

By R. E. HeNgg, C. F. Konzak, R. A. N1wan, anp R. R. Legavrr!

DEPARTMENTS OF AGRONOMY AND AGRICULTURAL CHEMISTRY, WASHINGTON STATE UNIVERSITY

Communicaled by R. Alexander Brink, July 8, 1960

The present report demonstrates that a solution prepared by adding diethyl
sulfate to water (referred to as diethyl sulfate) induces a high frequency of muta-
tions associated with relatively few chromosomal aberrations. These properties
are quite unlike those previously shown for other alkylating agents and radiation.?

The mutagenic activity of diethyl sulfate on Drosophila melanogaster larvae
was reported in 1947 by Rapoport,? and was shown recently® ¢ to produce in
barley a slightly higher frequency of mutations than Xrays. By providing different
treatment conditions we have observed that the induced mutation frequency for
diethyl sulfate may be more than double that previously reported.? ¢

Materials and Methods.—Resting barley seeds (Hordeum vulgare 2n = 14, var.
Himalaya C.I. 620) selected for uniformity of size and freedom from injury, were
stored over a saturated solution of NH4Cl 4+ KNO; in a desiceator to stabilize their
moisture content. The seeds contained approximately 15 per cent moisture at the
time of treatment.

Seeds were treated by immersing them in saturated solutions of diethyl sulfate.
The saturated solutions were prepared using 15 ml of diethyl sulfate per liter of
oxygen-saturated distilled water at 30°C. The water was saturated with oxygen
to assure repeatability of conditions. Recent work. however, has indicated that
this factor is not important. After agitating the mixture frequently during a 90-
min hydrolysis period, 100 ml aliquots were pipetted into 250-ml Erlenmeyer flasks
containing approximately 260 seeds. Six replicates of seeds were immersed for 1-,
1'/5-, and 2-hr treatment periods, then rinsed with distilled water and planted
immediately on moist blotting paper. Kach replication included: 50 seeds for an
analysis of seedling injury; 200 seeds that were germinated 24 hr over moist filter
paper, then sown in the field 2-in. apart in 40-ft rows for survival, fertility, and
mutation studies; and 10 seeds for cytological examination.
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Seedling injury, one criterion of the effect of treatment, was measured in terms of
the relative height of treated and control seedlings. Six replicates of 50 seedlings
each were grown 7 days on moist filter paper in petri dishes under 400 ft-¢ of cool
white fluorescent light. The temperature during the growth period varied between
20° and 27°C.

In the survival, fertility, and mutation studies, plant surfvival was determined
from the number of plants harvested in proportion to the number of seeds sown for
both the chemical and radiation experiments. Fertility was determined from
counts of filled and empty florets of spikes from 100 M plants in each of 2 replica-
tions of the chemical experiment. In the mutation study, up to 5 of the most
mature spikes were harvested from each M plant; thus, presumably all of the spike
primordia present at the time of seed treatment were included in the analysis.
The spikes from the M, plants were laid in steamed-washed sand in a lightly-shaded
greenhouse maintained at 18° to 22°C during the early winter of 1959-1960.
Kach greenhouse bench contained spikes from all treatments of a replication.
This design minimized the influence of environment as a variable in the analysis.

The mutation analysis included only chlorophyll-deficient mutations. These
mutants were recorded in the seedling stage according to the system of Stadler®
and Gustafsson,® and matched with actual key-type samples. Mutant and non-
mutant seedlings were recorded for each plant and each spike, thereby providing
mutation data on the plant, spike, and seedling basis. Since precise methods of
mutation analysis are still under development, several methods were compared in
the present study. Inherent in each of the methods is a certain bias to the estimate
of the induced mutation frequency.

The mutations per plant method of analysis tends to underestimate the true
value because multiple events of the same mutation type are not recognized. The
spike method of analysis may underestimate or overestimate the mutation fre-
quency depending on the recognition given to different spikes carrying the same
mutation type. According to Gaul,” the mutant seedling method, also used here,
seems to be less affected by the above factors but does not appear to show the
relative number of mutational events induced. An attempt was made to correct
the bias in the spike method of analysis by the following means: two spikes of a
plant that carried the same type of mutation were recorded as one mutation on the
plant basis; however, for the spike, only one mutation was recognized if either of
the two spikes showed a segregating ratio of 3to 1. 1In this case, it was assumed that
both spikes contained mutations which were the result of the same mutational
event. A 3to 1 ratio would be expected if a tiller originated from a mutated sector.
On the other hand, when neither spike showed a segregating ratio approximating
3 to 1, their mutations were assumed to be independent and were recognized as two
mutations.

To compare mutation spectra, the chlorophyll mutations for the chemical and
radiation treatments were grouped in the following phenotypic categories: (1)
albina, near absence of yellow and green pigments; (2) viridis, green-yellow pig-
ments distributed uniformly or in a gradient; (3) xantha, yellow pigment distributed
uniformly; (4) tigrina, transverse destruction of pigments in yellow or green leaf;
and (5) striata, longitudinal stripes of yellow or white. The very small number of
other types was ignored for this comparison. The mutation spectrum for each
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agent included the percentage of
spikes segregating in each of the
phenotypic classes. Confidence
limits for the comparison of muta-
tion spectra were set according to
tables presented in Steel and Tor-
rie.’

Chromosome aberrations were
analyzed by the aceto-orcein smear
technique in the diethyl sulfate ex-
periment, and by the aceto-carmine
smear technique in the radiation ex-
periment. Previous results have
shown these techniques to be com-
parable. The aberrations were
scored at anaphase in the somatic
cells of the shoots from germinating
seeds and were recorded as dicen-
tric bridges and acentric rod, isodi-
ametric, and dot fragments. Mito-
tic shoot tip analyses were conducted
on seeds from the field experiment.
The studies were expanded later
with additional and more severe
diethyl sulfate treatments for cy-
tological observation of cells in the
first, second, and third mitotic divi-
sion cycles in seeds fixed during
periods from 24 to 72 hr germination
at  25°C. Induced chromosome
translocations were scored in pollen
mother cells from plants of this
separate experiment using the
acetocarmine smear technique.

The field planting of the diethyl
sulfate study was completed May
29, 1959, somewhat late for a nor-
mal barley season, but the growth
and general vigor of the crop was
satisfactory. The gamma radiation
experiment was completed the pre-
vious season. The radiation treat-
ments used for comparison were
those regarded as the most effective
developed in our research program.
In this study, the seeds were frozen
in dry ice (—78°C) prior to and dur-
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ing irradiation, then hydrated in distilled water at 32°C for 2 hr before sowing.
Other conditions were reasonably comparable to those of the diethyl sulfate study.

Results.—The M; seedling injury response to diethyl sulfate treatment was
non-linear in contrast with the linear response for similar material exposed to
gamma radiation (Table 1). The leaves of seedlings treated with diethyl sulfate
were shortened but did not show the flecking reaction typical for irradiated
material.

Plant survival was reduced both by the diethyl sulfate treatments and the irradia-
tion. Differences in the survival for the two agents were not especially notable,
except in relation to the comparable seedling injury data. Here, plant survival
from chemically treated seeds was higher at a given seedling injury value than was
observed with radiation treatments.

The mutation data showed that the frequency of mutations induced by the
diethyl sulfate solution increases with time of treatment. A similar response was
shown for the mutation frequency based on mutations per plant, mutations per
spike, and per cent mutant seedlings in M,. Deviation from linearity was noted in
the mutation frequency-curves for diethyl sulfate treatment after plotting the data
for mutations per plant progeny and per cent mutant seedlings in M,. However,
the deviations were in opposite directions for these two measurements.

The same methods of analysis applied to the data obtained from the gamma radia-
tion experiment showed that a near-linear relationship was obtained for the in-
crease of mutation frequency with dose only for the percentage of mutant seedlings
in M,. Both mutations per spike and per plant showed non-linearity with doses
above 60 Kr. Greatest differences between the mutation rates determined by the
different methods were at the highest radiation dose. Here, sterility due to induced
translocations was greater, and the plant survival was lower than for other doses.
The proportion of mutant seedlings was noticeably higher among the 80 and 100
Kr treatments, and reflected in the values obtained for the per cent of mutant seed-
lings.

Diethyl sulfate treatments appeared to induce a different mutation spectrum
than gamma radiation (Table 2). At the 99 per cent confidence interval, differ-

TABLLL 2
COMPARISON OF MUTATION SrecTRA INDUCED BY DIikTnynL SurnraTi AND Gamma RADIATION
~—Number of mutations— Per cent of total mutations ———— 999, confidence interval————
Phenotypic Gamma Diethyl Gamma Diethyl Gamma Diethyl
categories radiation sulfate radiation sulfate radiation sulfate
Albina 272 262 48.6 30.3 43.2-54.8 24.8-35.5
Viridis 211 387 37.7 44 .8 31.5-42.8 39.2-50.9
Xantha 25 88 4.5 10.2 2.2- 6.7 6.8-14.0
Tigrina 33 52 5.9 6.0 3.4- 9.0 3.6- 9.2
Striata 19 75 3.4 8.7 1.8-6.1 6.1-12.8
Total 560 864

ences were shown for the albina, xantha and striata categories, while similarities
were observed for the viridis and tigrina classes.

Notable also was the fact that the survival value for the 80 Kr radiation treat-
ment was about the same as for the 2-hr diethyl sulfate treatment, and the mutation
frequency, measured as per cent mutant seedlings in M,, was similar. Compared
on the basis of mutations per plant and per spike progeny, the mutagenicity of the
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two treatments appeared to be very different. Sixty-six per cent of the diethyl
sulfate treated plants showed mutations, compared with only 26.6 per cent of those
exposed to 80 Kr of gamma rays.

Cytological analyses of over 300 first mitotic anaphase cells from shoot tips of
seeds treated with diethyl sulfate for the field experiment revealed no visible chromo-
some structural changes. However, the mitotic analysis of 591 anaphase cells
from seeds given a more severe chemical treatment than seeds in the field experi-
ment showed a frequency of 0.11 chromosome fragments and 0.02 bridges per cell.

Similar results have been obtained also in studies on Crepis capillaris, which has
only 3 pairs of large, distinet chromosomes. Among 275 root-tip metaphase cells
from seeds treated with a saturated solution of diethyl sulfate, only 12 chromosome
fragments were observed. Three fragments were observed in a similar number of
cells from nontreated seeds. In contrast, the cytological analysis of shoot tips
from barley seeds exposed at 60 Kr gamma radiation showed 3.4 rod and dot frag-
ments, and 0.52 bridge per cell from 300 anaphase cells.

The meiotic analysis of M; plants from a severe chemical treatment of barley
showed 4 spikes with chromosome interchanges among 175 examined. Similar
studies on spikes from the 60 Kr gamma radiation treatment showed 46 inter-
changes among 175 spikes.

Discussion.—Differences in the biological effects of diethyl sulfate and gamma
radiation were observed in the following: (1) frequency and spectrum of mutations,
(2) chromsome aberrations, (3) leaf-flecking reaction, (4) survival in relation to the
seedling injury test, and (5) causes of semi-sterility.

According to Heslot and Ferrary? and Ehrenberg,*-diethyl sulfate was more
effective than radiation for producing mutations in barley. However, evidence
presented here showed that diethyl sulfate was at least twice as effective as these
workers reported. This difference in magnitude in the activity of diethyl sulfate
might be due to experimental conditions.

In this study, the treatment conditions using diethyl sulfate differed in two
respects from that previously reported. Firstly, the temperature used was 30°C
as compared to 3° and 24°C; and secondly, saturated solutions were used instead
of 0.1 and 0.2 per cent solutions.

The difference in temperature was probably not the most important factor in-
fluencing the mutation rate since Heslot and Ferrary found no appreciable differ-
ence when 3° and 24°C temperatures were used. The possibility exists that high
temperatures increase metabolism and, in combination with an active mutagen,
produce higher mutation rates.

The second difference concerns the concentration of the active mutagen in the
treatment solution. It appears reasonable to suppose that frequency of mutation
would be increased through use of higher concentrations of mutagen. Diethyl
sulfate is rapidly hydrolyzed to ethyl-sulfuric acid and alcohol followed by much
slower hydrolysis to sulfuric acid and alecohol. Thus, the larger amount of diethyl
sulfate and the shorter exposure times used in our experiments should have insured
a greater concentration of active mutagen available to the barley seeds.

Although the differential action of mutations to chromosome aberrations has been
reported for many mutagenic agents,® it has been shown for the first time that
diethyl sulfate induces high rates of mutations accompanied by few chromosome
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structural aberrations. Thus, the ratio of mutations to chromosome aberrations
for diethyl sulfate is extraordinarily high. This demonstrates that diethyl sulfate
possesses properties quite unlike radiation and most other alkylating agents.
With other agents this ratio may vary from practically zero for 8-ethoxycaffein to
infinity for nebularine, with most alkylating agents and ionizing radiation taking an
intermediate position.*

Information obtained from the cytological analysis indicates that the partial
sterilities induced by diethyl sulfate treatment and by radiation exposure are
different. The high frequency of chromosome translocations induced by radiation
would help to account for the semi-sterility. On the other hand, the few chromo-
some translocations and little other structural damage induced by diethyl sulfate
solutions indicates that semi-sterility in this case may not be due to the same
cause. It is possible that some of the sterility induced by the diethyl sulfate
treatments is due to induced gene mutations.

The frequencies of induced chromosome damage may be correlated with the
leaf flecking which appear as patches of injured or necrotic cells. This is supported
by the fact that severely injured seedlings from seeds immersed in a saturated
diethyl sulfate solution showed no leaf flecking, a reaction typical for moderate to
severe radiation treatments. Hence, this evidence seems to substantiate data ob-
tained from the cytological analysis.

Another difference is that the survival of seeds severely injured by diethyl sulfate
was greater than for radiation. In this respect, it is noteworthy that other
workers'®-'* have shown recently that diethyl sulfate treatments produce high
mutation rates with high survival in bacteria.

Moreover, the spectrum of mutation types induced by diethyl sulfate and gamma,
rays also may be different. The chemical treatments appeared to induce fewer
albinas, and more xanthas and striatas than gamma radiation. The proportion of
viridis and tigrina types was similar for the two agents. Heslot and Ferrary® had
reported earlier that the spectra of mutation types was similar for the two agents,
but the larger population of mutations grouped into a broader number of categories
used in the present study may have revealed differences.

Preliminary studies indicate that dimethyl-sulfate and ethyl-methane-sulfonate
also induce few chromosome aberrations in barley.

These results have far-reaching fundamental and practical significance. They
demonstrate for a highly effective mutagen that the mechanisms responsible for
induced mutations are distinet from those responsible for chromosome structural
changes. Breeders can produce, at little cost, large numbers of induced mutations,
with minimum disruption of chromosome complements. This should both simplify
and increase the efficiency of mutation plant breeding.

Summary.—Treatment with a diethyl sulfate solution caused injury to barley
seeds, but the injury differed from that caused by radiation in that the characteristic
leaf flecking of M, seedlings was not observed. The relative absence of leaf flecking
appeared to be correlated with the observed low frequency of chromosome struc-
tural changes at the first mitosis in treated seeds and microsporocytes of M, plants.
In contrast, radiation treatments produced abundant chromosome structural
damage which could be measured at both stages of plant growth. Moreover, the
semi-sterility of M, spikes of diethyl-sulfate-treated barley could not be accounted
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for on the basis of induced chromosome interchanges. In addition, it was found
that diethyl sulfate treatments induced a high frequency of mutations, and further
investigation revealed that the spectrum of mutation types appeared to be different
for the two mutagenic agents being compared. The distinct lack of association of
chromosome structural aberrations with mutations for a highly effective mutagenic
agent has broad fundamental as well as practical implications.

The writers wish to acknowledge that the seleetion of diethyl sulfate as a mutagen
for study was made as a result of a suggestion from Dr. Mogens Westergaard,
Copenhagen, Denmark. Correspondence with Dr. James MacKey was helpful in
developing experimental techniques. Discussions with Drs. R. F. IFoster and
Kermit Groves contributed much to the design of the experiments. We are in-
debted also to Miss Edith Froese-Gertzen, Mrs. Sally Wilbur, and Mrs. Diann
Robbers who assisted in preparation of certain treatments or in cytological analyses.
The helpful suggestions of many others at W. S. U. are also gratefully acknowledged.

* This research was supported in part by funds from the U. S. Atomic Energy Commission
Contract AT-(45-1)-353, in part under U.S. Public Health Service Grant A-2184, by the Wash-
ington State Department of Agriculture, and conducted under Washington Agricultural Experi-
ment Stations, Projects 4068 and 1435.

t Contribution from the Departments of Agronomy and Agricultural Chemistry, Washington
State University. Scientific paper no. 1973, Washington Agricultural Experiment Stations.
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THE THERMODYNAMICS OF SEA WATER

By HarmonN CrAlG
DEPARTMENT OF EARTH SCIENCES AND SCRIPPS INSTITUTION OF OCEANOGRAPHY,

UNIVERSITY OF CALIFORNIA, LA JOLLA

Communicated by Walter H. Munk, July 15, 1960

In a recent volume dealing with the physics and chemistry of sea water,! Fofo-
noff? presents a systematic application of the equations of thermodynamics to an
ocean water system. Few subjects are more fundamental to the study of the sea
and more neglected in application, reflecting the inherent difficulties in treating a
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Attempts were also made to confer active protection upon mice with
doses of oxidized cotton ranging from 0.005 mg. down to 0.00001 mg.,'! but
the material failed to protect against 10 to 100 minimal lethal doses of an
extremely virulent strain of Type VIII pneumococcus. However, the same
amounts of the Type I11 and Type VIII specific polysaccharides also failed
to give protection against this strain.

The precipitation data with the oxidized cotton again emphasize the
strict correlation between chemical constitution and immunological speci-
ficity and show that predictions as to reactivity may be made when the
constitution of the repeating unit responsible for that reactivity is known.

1 Heidelberger, M., and Avery, O. T., Jour. Exp. Med., 38, 73 (1923); 40, 301 (1924).
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THE GENETIC NATURE OF X-RAY INDUCED CHANGES IN
POLLEN¥*
By CaarLES M. RIck
DivisioN oF TrRuck Croprs, UNIVERSITY OF CALIFORNIA

Communicated October 28, 1942

Ample evidence exists in genetic literature to suggest that many more
pollen characters are genetically self-determined in the pollen than have
already been reported. Some of these cases—for example, the genes de-
termining small pollen in Zea—were discovered by virtue of the fact that
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small pollen is less viable and hence causes distorted ratios of more con-
spicuous characters to which the genes for small pollen size are linked.!
Some other respects in which genetic autonomy occurs in pollen include:
chemical composition,? viability in the many instances of semi-sterility
and behavior as in the many examples of oppositional self-sterility
allelomorphs.

With the known mutation inducing agents available, it should be possi-
ble to demonstrate whether or not certain characters are determined in
this manner. Since size is usually governed by a large number of genetic
factors, each of relatively small effect and each integrated with others in
its action, mutation in a single gene of this type in pollen would be very
difficult to detect. Mutation of a large number, however, in pollen where
the haploid condition would permit expression of recessive as well as
dominant changes, should be readily detectable as an increase in variation
of size. Accordingly, experiments were performed to detect whether or not
x-rays would induce any genetic response in size of pollen. Lethal effects,
i.e., changes resulting in abortion of pollen, were also studied.

Genetically self-determined pollen abortion, whether conditioned by
chromosomal deficiencies and duplications or by gene mutation, has been
observed frequently. There are also reports in the literature of a similar
control of microspore and pollen size.® Nevertheless, pollen size may also
be determined by the sporophyte producing the pollen instead of by the
gametophyte itself.*

Typical of pollen measurements in general, the intra-treatment varia-
bility of sample values was much greater than would be expected on the
basis of pure chance variation. In order to cope with this natural fluctua-
tion in comparing different treatments statistically, many samples of small
size were taken and »# was taken as the number of samples, instead of the
total number of grains observed, as the basis for comparisons between
treatments. Pollen abortion, mean length of grain and variance of those
lengths were calculated for each sample. Means and standard errors were
then calculated for the distribution of these sample values. In the follow-
ing report a random sample of 25 was adopted for measurement of lengths,
and 100 for frequency of pollen abortion.

The pollen collections were examined in aceto-carmine in order to esti-
mate pollen abortion in the same collection used for measurement of lengths.
Examination was made immediately after mounting. A pollen grain was
considered aborted if it was devoid of cytoplasmic contents as indicated
by the aceto-carmine stain. Length of grain is the most satisfactory di-
mension for measurement of the elongate grains of 7radescantia and Pisum
lines used here. Lengths were measured by means of an ocular micrometer.

Diploid-Tetraploid Comparisons.—A comparison between diploid and
closely related autotetraploid lines should offer a test of the hypothesis of
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x-ray induced mutations in pollen grains. Stadler® has demonstrated con-
clusively that in the cereals the rate of x-ray induced mutation drops
rapidly with increasing degree of polyploidy. The pollen produced by
autotetraploids is diploid, consisting of two identical sets of chromosomes.
Since every gene exists in duplicate, a mutation from the dominant to re-
cessive condition of any gene will gain no phenotypic expression because of
the presence of the dominant allele except in the very rare event that the
same recessive mutation is induced in both alleles. On the other hand, the
haploid pollen produced by diploids should show phenotypic expression of
recessive mutations. Since the great majority of x-ray induced mutations
are recessive, this comparison should be illuminating.

In the x-ray treatments clones of 7radescantia species were used be-
cause of the data available on the timing of the cycle of development of the
male gametophyte.® Collections were made from the eight to eleventh day
after the material had been irradiated. In terms of the developmental cycle
these collections were taken from buds in which the pollen mother cells
had just completed meiosis and the microspores were experiencing the
first half of the post-meiotic resting stage at the time of treatment. The
conditions of radiation are given in table 1.

TABLE 1

COMPARISON OF X-RAY EFFECTS ON ABORTION OF POLLEN, MEAN AND VARIANCE OF
LENGTH OF GRAIN IN DIPLOID AND AUTOTETRAPLOID Tradescantia SPECIES

200 kv., 15 ma., 81 cm., !/, mm. copper

NUMBER

TREAT- OF POLLEN ABOR- LENGTH OF POLLEN GRAIN
SPECIES MENT SAMPLES TION, % MEAN, & VARIANCE, p?
T. paludosa
Diploid Control 16 4.99 =0.49 49.11 =0.19 0.742 = 0,042
400 r 18 10.98 = 0.83 47.89 = 0.24 2.163 = 0.158
T. canaliculata
Autotetra-
ploid Control 20 13.10 = 0.90 57.24 =0.27 1.322 = 0.062
400 r 18 13.20 = 0.79 56.34 = 0.45 1.308 = 0.138
Clone No. 374*
Diploid Control 10 22.2 =1.2 49.38 =0.26 2.549 = 0.037
200 r 10 28.87 = 1.43 47.99 = 0.14 3.043 = 0.149
T. wvirginiona
Autotetra-
ploid Control 19 26.03 = 0.92 56.38 =0.33 1.879 = 0.115
400 r 19 26.84 =1.25 59.13 = 0.20 1.940 = 0.088

* A segregate from the cross, 7. canaliculata x T. humilis.

Two clones of diploid and two of tetraploid 7radescantia species were
used in this study. Evidence of the autotetraploid nature of the tetraploid
species, 1. virginiana L. and T. canaliculata Raf., has been presented by
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Anderson and Sax.” Of the diploid clones used, one was identified as 7.
paludosa Anderson and Woodson and the other was a segregate from the
cross, 1. canaliculata Raf. x T. humilis Rose. The diploid 7. paludosa and
the tetraploid 7. canaliculata were irradiated simultaneously and grown
under the same conditions. The other clones were treated at different
times. :

The results are summarized in table 1. In the diploid clones the radia-
tion induced a very significant increase in pollen abortion and in vari-
ability of length and a decrease in mean length. These changes showed a
slight gradual increase during the four-day period of collections, but in
comparison with measurements of collections on preceding days, these
values are at a new high level and for purposes of comparison can be
safely considered as a unit. This pattern of x-ray effect is typical of many
that have been investigated here in diploid 77adescantia.

This response to x-ray treatment of the haploid microspores would have
occurred if the radiation induced mutations (chromosomal aberrations as
well as gene mutations in the strict sense) which were immediately ex-
pressed in the size and viability of the microspores. The great preponder-
ance of x-ray induced mutations reported in the literature has been of the
negative type; therefore, it is no surprise that the changes encountered
here have been mostly, if not entirely, in the direction of smaller grains,
and that the percentage of aborted grains showed a significant increase.
The changes involved will be described in more detail in a later publica-
tion.

The effect on the pollen of autotetraploid clones is strikingly different.
The rate of pollen abortion and the variance of pollen grain length remain
very little affected by radiation which caused quite significant changes in
the diploid, thus bearing out the genetic interpretation. Mean length of
grain seemed to be affected, in one instance to a nearly significantly lower
level and in the other to a very significantly higher level. No explanation
would seem to account for these peculiar trends. Of the three values, mean
length in general shows the greatest fluctuations and lengths from the same
plant may be subject to substantial increases and decreases over a period
of time. Since the changes here are both positive and negative, it is doubt-
ful whether they are related to the x-ray treatment.

In a comparison of the x-ray sensitivity of microspore chromosomes,
Sax and Swanson® found the rate of aberration in chromosomes of diploid
Tradescantia microspores to be only half that of the haploid. These results
were expressed on a chromosome basis; if expressed as frequencies per
cell, the sensitivity of haploid and diploid would be about equal. Yet,
even if this might indicate a gene sensitivity reduced to one-half in the di-
ploid microspore, the differences in table 1 would remain relatively un-
affected. For instance, the negative changes in the autotetraploid clones
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must be increased by factors of 3 to 25 before the differences reach the five
per cent level of significance.

TABLE 2

CoMpPARATIVE EFFECTS OF X-RaAvs APPLIED AT 3 °C. AND 33 °C. oN M EASUREMENTS OF
PoLLEN GRAINS

134 kv., 10 ma., 50 cm., no filters

Ten samples per treatment

TEMPERA-~ LENGTH OF POLLEN
TREATMENT RADIA- TURE, POLLEN STANDARD DE-
NUMBER TION °C. ABORTION, %, MEAN, ) VIATION, pu
20* 150 r 3 11.5=0.9 47.11 = 0.63 2.758 = 0.096
21%* 150 r 33 10.2 =0.9 47.67 = 0.54 2.492 = (0.082
24 None 3 9.5 =0.6 46.57 = 0.59 1.836 = 0.099
19 None 3 ... 46.75 = 0.48 2.027 = 0.082

* Lots 20 and 21 were irradiated simultaneously.

Effect of Temperature on X-ray Induced Changes.—Only one trial has been
made of the effect of temperature. The pollen test of mutation rate offers
advantages of rapidity and ease of manipulation for tests of this sort and
might prove useful in future experiments where the contributory effects of
dosage, intensity, temperature and other factors are studied. Inflores-
cences of a diploid clone of Tradescantia paludosa were irradiated simul-
taneously in cardboard containers of warm and cold water. The tempera-
ture differences were maintained during the period of treatment and for
several hours afterward. The results and other conditions of the experi-
ment are given in table 2. Temperature influenced the values significantly
only in the case of variation of length and here the P value of the difference
is 0.036, but the effect of radiation at low temperature is consistently more
intense in each of the three measures. From the standpoint of direction
and consistency alone these results are well within the realm of chance oc-
currences and larger samples will be needed from material treated with
heavier doses before it can be said with certainty that low temperature en-
hances the x-ray effect in all respects.

The increased variability induced at 3° over 33°C. would be rather dif-
ficult to account for in terms of a physiological response other than a ge-
netic one. The genetic interpretation is admittedly far from satisfactory, yet
the point of interest here is that this response in variability of pollen size
agrees with the response found in most other experiments, the genetic
nature of which is undisputed. For instance, the frequency of x-ray in-
duced chromosomal aberrations in Tradescantia® and in Drosophila®® is
greater when treatments were applied at lower temperatures. A similar
response has been found in lethal mutations in Drosophila™ and in chloro-
phyll deficient mutants in Hordeum'? but these reports are contradicted
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by the finding of no temperature effect by others.* The picture conveyed
by the literature then is confused but there is agreement to the effect that
there is no positive temperature coefficient of x-ray induced mutation and
in this respect the response in pollen resembles mutation.

Inheritance of Pollen Size in Pisum sativum L.—As mentioned above
there is ample evidence in the literature of genes governing size, viability
and physiological activity of pollen, which segregate at meiosis and gain
expression immediately in the grains to which they are contributed. In
these cases the segregating types have been sharply distinguished and only
one or a few gene pairs have been concerned in their determination. Al-
though it did not seem unreasonable to suppose that pollen size could be
regulated by multiple factors, it seemed highly desirable to have some such
example in untreated material to compare with the x-ray treatments.

The naturally self-pollinated legumes offer a source of lines which are
homozygous yet do not suffer the usual effects of inbreeding. In the
garden pea, Pisum sativum L., varieties were found which differed in length
of pollen grain. Crosses were made between large and small types and the
F, hybrids were grown simultaneously with selfed progeny from the plants
used as parents. For comparative data, samples were taken from the
selfed progenies of the parents rather than from the parent plants them-
selves in order that the parent lines be grown under the same conditions as
the hybrids. The homozygous condition of the parent plants attested by
the uniformity of their progeny justified this measure.

TABLE 3

MEASUREMENTS OF POLLEN IN F; AND PARENTAL LINES OF GARDEN PEA

NUMBER
NUMBER DESCRIP- OF POLLEN LENGTH OF POLLEN GRAIN

OF LINE TION SAMPLES  ABORTION, % MEAN, J VARIANCE, u?
42 Ps 8 F, 3 X 13 18 2.68 =0.55 50.68 =0.32 1.267 =0.105
42 Ps 18 Fi, 25 X 26 9 2.49 =0.72 52.13 = 0.58 1.860 = 0.271
42 Ps 22 Fy, 11 X 25 19 3.71 =0.44 51.25 =0.46 1.511 = 0.075
42 Ps 28 Fy, 31 X 25 11 1.94 =0.46 51.05 =0.34 1.270 =0.070
42 Ps 3 P 19 2.42 = 0.35 55.58 =0.21 0.602 = 0.038
42 Ps 11 P, 18 2.89 =0.30 54.39 = 0.29 0.590 = 0.040
42 Ps 13 P, 18 5.91 =0.72 49.67 =0.37 0.545 = 0.043
42 Ps 25 P, 25 5.27 =0.44 49.57 =0.32 0.685 = 0.045
42 Ps 26 P, 20 3.17 =£0.39 54.01 =0.14 0.535 = 0.023
42 Ps 31 P, 3 10 = 53.76 = 0.42 0.552 = 0.050

Ample data for statistical comparisons are available from four different
Fy’s and their parents. The observations are presented in table 3 and figure
1. In every case pollen of the hybrid was intermediate in size between its
two parents; furthermore, the variation of the hybrid pollen grain length
significantly exceeded that of each parent in every case. In the case of
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least difference, i.e., the Fy, 42 Ps 18 and its parent, 42 Ps 25, the ¢ value of
the difference is 2.63 with a corresponding P value of less than 0.01. This
is precisely the effect expected if size of pollen were to some extent gov-
erned by the genotype of the pollen itself and if a large number of genes,
each having a small effect, were involved. A possible source of internal in-
stability might be hybridity for chromosome rearrangement, say inversions
or translocations. Sufficient buds of the hybrids were not available to per-
mit a cytological study to detect such hybridity but the four pea hybrids
show no increased percentage of pollen abortion which is characteristic of
inversion and translocation heterozygotes.
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FIGURE 1
Frequency distributions of length of pollen in F; and parental lines of garden pea.

Unless a very great number of factors interact to determine size dif-
ferences in these hybrids, the distribution of lengths in the hybrids might
be expected to completely cover the range of either parent. Also, the pres-
ence of only a few determiners of small size in the larger parent or vice
versa might lead to considerable transgressive variation. Since these Fy
distributions are all contained within the range of either parent and one
in particular, 42 Ps §, fails to cover the entire range of its parents, it is
possible that even in these hybrids size is determined maternally to a
limited extent. Nevertheless, the consistent tendency of all hybrids to be
more variable than either parent certainly points to a multifactorial genetic
determination of size within each grain.
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Summary.—X-rays applied to microspores of diploid species of 77a-
descantia shortly after meiosis cause a significant increase in variability of
length of the subsequently developed pollen grains and in the percentage
of aborted pollen. There is also a significant decrease in the mean lengths
of grains. Similarly treated autotetraploid species of 7radescantia show
no significant changes. This difference is interpreted to indicate that in the
diploid pollen of autotetraploids any recessive mutation is masked by its
dominant allele.

X-rays induced significantly greater variability of pollen length when
applied to diploid 7radescantia at 3° than when applied at 33°C.

In consideration of these results it is concluded that size and viability of
pollen are, at least in part, genetically self-determined and that the changes
observed are the consequence of mutations induced by the x-ray treatment.

These conclusions are supported by an analysis of genetic variation in
pollen length in Pisum sativum.

* The writer takes great pleasure in acknowledging the many constructive suggestions
offered by Dr. Karl Sax of Harvard University. Martha O. Rick, the writer’s wife,
aided to a great extent in many phases of the work, and to her the writer wishes to ex-
press his sincerest obligations. The writer is indebted to Dr. P. C. Aebersold of the
Crocker Radiation Laboratory for his kind help in applying the x-rays.
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SOMATIC MUTATIONS IN THE CARNATION, DIANTHUS
CARYOPHYLLUS L.

By Gustav A. L. MEnLQUIsT, DOROTHY OBER, AND YONEO SAGAWA

PLANT SCIENCE DEPARTMENT, UNIVERSITY OF CONNECTICUT

Communicated by D. F. Jones, March 15, 195/

Introduction.—So-called “bud sports’” have long been known in horticulture.
In fact, in plants where vegetative reproduction is readily practiced, such sports
have been widely utilized to extend the range of variation, especially with respect

PLATE 1

Fig. 1a.

Tig. 2. ‘Fig. 3.

Petal diagrams showing types of streaking
and blotching on white and flesh-pink flowers.
Black areas represent red color.

F1a. la.—Two overlapping petals fused at

point indicated by arrow. X?3/;.

Fra. 1b.—Separated petals from Fig. lao;
point of former attachment indicated by
arrows. X5/;.

Fia. 2.—Petal with large and small streaks
and irregular marginal marking. X3/,

Fig. 3.—Petal with ‘“dot series’’ and mar-
ginal blotch. X2.

country but in some European ones as well.

to fruit, flower, and foliage colors.? 1t is
generally held in horticulture that such
sports are not transmitted through seeds.?
The results obtained by Clausen and
Goodspeed? in their thorough study of
two bud sports in Nicotiana hybrids sup-
port this view. However, considering the
frequency of bud sports in horticultural
plants, too little experimental work has
been done to verify this point, probably
because most sports have been observed
in woody plants which generally require
a rather long time from seed to maturity
or in plants which from their origin might
be expected to be highly heterozygous and
consequently might be expected to give
complex segregations.

In commercial carnation culture, bud
sports occur rather frequently, and many
have been widely propagated. Most of
these have been sports differing from the
parent-plant in color only, but others
have been an improvement in shape or
degree of doubleness. Occasionally, sports
have been found differing from the parent
in more than one characteristic.

In 1946 a red-flowered carnation va-
riety, William Sim, was introduced. It
soon became the leading red-flowered
variety, and when both white and flesh-
colored mutants appeared in 1949 and
1950, respectively, the Sim varieties soon
became the leading ones, not only in this
During the last three or four years,

at least a dozen additional color sports have been registered with the American
Carnation Society. The most unusual of these is of a clear buff-orange color, rarely

seen in carnations.

432
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Methods and Material.—Because most carnations are diploid (2n = 30)* and
earlier experiments had established the main genes concerned with flower color’ ¢
it was decided to ascertain whether or not these mutations are inherited in sexual
reproduction. For this purpose, cuttings were obtained of the red-flowered
parent-form and four of its mutants, all of which are described in Table 1. Plate 1
shows the streaks and blotches which are characteristic of the white and pink
forms. The buff-colored form was not available at the time these experiments
were begun but has now been added.

TABLLE 1
PosTULATED
CLONE GeNETIC COMPOSITION CoLor
William Sim AIY Srm Bright red, with occasional white streaks
Pink Sim AlIYsrm Light salmon (flesh pink), with occasional red streaks
P and blotches
White Sim alY Srmor White, with occasional red strcaks and blotches (see
AlTySrm PLT) '
Peppermint Sim a’lY Srm Red stripes on white ground
Skyline Frosted Sim ? Red stripes on white or lightly flushed ground

The postulated genetic composition (Table 1) is based on previous data® ¢ which
might be summarized as follows:

A is the basic gene for anthocyanin; a-plants develop no anthocyanin pigment
in any part. One or more intermediate alleles @’ produce pencil striping on white
ground.

I determines the color of the anthoxanthin; / = white, 7+ = yellow. One or more
intermediate alleles, ¢°, produce broad indefinite stripes of anthoxanthin and antho-
cyanin. '

Y determines the extent of coloration; Y = full color, y = very little color, mainly
in anthers and style tips, and, at times, a light flush in petals. A series of interme-
diate alleles, 3", produce intermediate patterns.

S controls concentration of anthocyanin; S = deep colors, such as red, deep pink,
crimson, and magenta; s = dilute colors such as salmon, light pink, and lavender.

R determines the kind of anthocyanin; R = cyanin, » = pelargonin.

M determines the number of sugar molecules attached to the anthocyanin. M =
diglycoside: srM = light pink, SrM = deep pink, sRM = lavender, SRM = ma-
genta; m = monoglycoside: srm = salmon, Srm = red, skm = lavender, SBRm =

crimson.
TABLE 2
PEpIGREE FrLower CoLoOR GENOTYPE
51169-1,-7, and -12 Salmon AA Il YY ss rrmm
51622-3 and -7 a-White ae II YY SSrrmm
51632-3 y-White AA I yy SSrr MM
51640-5 y-a-White aa I yy SSrr MM
51640-13 Pale yellow aa v yy SSrrMM

William Sim and its four mutants were crossed to test lines of known genotypes,
described in Table 2. The results of these crosses are summarized in Tables 3-7.
It would have been desirable to self-pollinate all the Sim forms, but this could not
be done readily, since all were male sterile, producing anthers but very rarely. From
such occasional anthers one self-population of twenty plants was obtained from Pink

Sim.
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S—

T'otal
37
28
38
32
29

164
164

Total

29
36

72
72

Total
13
33
29
39

114

TABLE 3
PARENTAGE RESULTS
William (Red) Sim X Salmon AA IT YY ss rr mm 74 Red
Pink Sim X Salmon AA IT YY ssrr mm 80 Red
White Sim X Salmon AA IT YY ssrr mm 96 Red
Peppermint Sim X Salmon AA II YY ss rr mm 79 Red
Skyline Frosted Sim X Salmon AA II YY ss rr mm 86 Red
Total 415 Red
PARENTAGE ResvLrs
Pink Sim X a~-White aa IT YY S8 rr mm 45 Red
White Sim X a-White aa II YY SS rr mm 45 Red
Peppermint Sim X a-White aa II YY S8 rr mm 25 Red
Skyline Frosted Sim X a-White aa I/ YY SS rr mm 5 Red
Total 120 Red
TABLLE 5
e — RESULTS —
Deep Orange Pale
Pink  White Var. Yellow
PARENTAGE SrM yy 17 Yyt
William (Red) Sim X y-White AA I° yy SS»rr MM 13 15 5 4
Pink Sim X y-White AA I* yy SSrr MM 11 12 2 3
White Sim X y-White AA I* yy SSrr MM 17 11 7 3
Peppermint Sim X y-White AA It* yy SSrr MM 15 11 5 1
Skyline Frosted Sim X y-White AA 17* yy SSrr MM 14 12 3 0
Observed totals 70 61 22 11
Theoretical ratio 3 3 1 1
Calculated totals 61.5 61.5 20.5 20.5
x? = 5.68; P = 0.13
TABLIE 6
— ——— RESULTS
Deep Orange Pale
Pink White Var. Yellow
PARENTAGE SrM >y i? Yy
White Sim X 51640-56 aa [* yy SS rr MM 4 2 0 1
Peppermint Sim X 51640-5 aa [i® yy SS rr MM 11 11 3 4
Skyline Frosted Sim X 51640-5 aa [ yy SS rr MM 11 13 6 6
Observed totals 26 26 9 11
Theoretical ratio 3 3 1 1
Calculated totals 27 27 9 9
x? = 0.52; P = 4+0.8
TABLE 7
— — RESULTS —
Deep Orange Pale
Pink  White Var. Yellow
PARENTAGE SrM vy Y Yy
William (Red) Sim X 51640-13 aa ¢ yy SSrr MM 1 3 4 5
Pink Sim X 51640-13 aa 277 yy SS rr MM 8 10 7 8
White Sim X 51640-13 aa 7*1* yy SSrr MM 9 9 4 7
Skyline Frosted Sim X 51640-13 aa ©*® yy SS rr MM 10 11 9 9
Observed totals 28 33 24 29
Theoretical ratio 1 1 1 1
Calculated totals 28.5 285 28.5 28.5

x2 = 1.44; P = 0.69
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Results and Discussion.—In explanation of Tables 5-7, it should be stated that all
the whites were pure white, except for an occasional colored streak and the small
amount of pigment sometimes seen in y-plants, such as slightly colored anthers,
style tips, and petals. There were no sinus blotches or large streaks such as those
shown in Plate I. White streaks in the colored segregates were small and usually
limited to one to five per flower, while in William Sim the number at times was as
high as ten or more per flower. The variegation in the orange groups was such as
might be expected from the gene ¢’ introduced through the test plants.

The results show two interesting things. First, they are the same regardless
of which form of the Sim carnation was used. Second, there was no segregation
for Salmon (Table 3). Within the limits of random segregation, all five forms
bred as if the genotype was A4 I¢ Yy SS rr mm. The only exception is Skyline
Frosted in Table 5, but, when these results are added to those from the same form
in Table 6, the observed ratio of 25:25:9:6 does not differ significantly from the
expected 3:3:1:1. In other words, the four mutant forms apparently represent
somatic changes only, not involving any germinal tissue.

Were it possible to propagate carnations from root cuttings, it could probably be
shown that the four mutant forms used in this study are periclinal chimaeras in
which the mutant condition does not extend deeply enough to affect the formation
of gametes, as Clausen and Goodspeed found in Nicotiana.?

This conclusion raises the question as to how the “Pink Sim’’ originated from a
plant not heterozygous for S. The simplest explanation would be to assume that
the light salmon or flesh-pink color in Pink Sim is due to a gene different from that
represented by the test plants 51169-1, -7 and -12. However, evidence from two
sources indicates that this is not so. First, in the large numbers of progenies grown
earlier in order to determine the genetics of flower color in carnations, not more than
one main gene concerned with the production of salmon or flesh color from red was
ever identified.® Second, the segregation in the self-population of 20 plants from
Pink Sim was 13 red, 5 white, 1 orange, and 1 pale yellow, but no flesh-colored.

Unless F, data, when it becomes available at the end of this summer, indicates
that the pink flower color in Pink Sim is determined by a gene distinet from s, we
must assume either that Pink Sim arose from Red Sim (William Sim) in somatic
tissues by a series of two successive mutations involving the S locus in both homo-
logous chromosomes or that, following one mutation S to s in one chromosome,
somatic segregation took place, producing tissues which are SS and ss, respec-
tively.

It is generally agreed in the trade that Pink Sim differs from the red and white
forms in that it has a greater tendency to split its calyx. Since splitting of the
calyx in many varieties is due to abnormally high petal numbers, a comparison of
Pink Sim with the other forms is now being made. Segregation of single to semi-
double in the crosses between the salmon-colored single-flowered plants and Pink
Sim (Table 3) disclosed no significant discrepancy in this respect, as the ratio was
200 single to 215 semidouble.

Variations in chromosome numbers have been claimed by Dowrick? to be the rea-
son for, or associated with, color mutations in Chrysanthemum. Chromosome de-
terminations made on the five forms involved in this experiment failed to disclose
any variation from the normal diploid number of 2n = 30. However, Dianthus
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chromosomes are rather small, so it is quite likely that minor chromosome defi-
ciencies or deletions would not be detected.

Recently, we have obtained from commercial sources two spontancous chromo-
some aberrants, one of which appears to be wholly tetraploid, while the other is chi-
maeric, containing diploid as well as tetraploid tissues. The first named is known
to be, and the other probably is, a bud sport from William Sim. Both are red-
flowered. Both seem to be identical in appearance with colchicine-induced tetra-
ploids produced by Stewart® and kindly shared with us. These aberrants will be
subjected to genetic analysis as soon as suitable tetraploid test plants are available.
Diploid test plants cannot be used so readily for this purpose because of very low
seed production in crosses between tetraploids and diploids.

Summary.—These results indicate that the carnation Willlam Sim and four
mutant clones, Pink Sim, White Sim, Peppermint Sim, and Skyline Frosted Sim,
all have the same genotype: AA [7 Yy SS rr mm. The mutant clones thus are
somatic variants, probably in the nature of periclinal chimaeras, with the mutant
condition on the outside, but not deep enough to affect the formation of gametes.

1 M. B. Cranc and W. J. C. Lawrence, T'he Genetics of Garden Plants (New York: Maemillan
Co., 1947); D. F. Jones, Bot. Rev., 7 (No. 6), 291 (1941); A. D. Shamel and C. S. Pomeroy, J.
Heredity, 27,487 (1936).

2 M. G. Kains and L. M. McQuesten, Propagation of Plants (New York: Orange Judd Co., 1949),
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A PARTIAL MAP OF LINKAGE GROUP D IN NEUROSPORA CRASSA*
By M. B. MircuerL axp H. IX. MiTcHELL

KERCKHOFF LABORATORIES OF BIOLOGY, CALIFORNIA INSTITUTE OF TECHNOLOGY

Communicated by G. W. Beadle, March 17, 1954

In connection with investigations of the genetic behavior of pyrimidine mutants
in linkage group D (group IV of Barratt and Garnjobst!), data were obtained on
linkage of other mutants in this group. This paper reports these data, together
with results from additional crosses. Although these results are not entirely un-
ambiguous, they appear to indicate the order of eleven genes located on one arm of
the chromosome. o

Description of Mutants.—The biochemical mutants used are, as follows: arg
(33442), arginine;? pdr (37803), pyridoxine, not pH-sensitive;* pyr I (263) and
pyr 2 (38502), pyrimidine, and pyr 3 (37815), pyrimidine, temperature-sensitive;?*
ad (28610), adenine; hest (C141), histidine;* pan (34556), pantothenic acid.?

Of the three visible mutants, one, co (70007), “colonial,” has been described.” 3
A second, cot (C102), “colonial,”’ temperature-sensitive, has been described only
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Effects of electron beam radiation on trait mutation in

azuki bean (Vigna angularisi)
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Dry seeds of azuki bean (Vigna angularisi), Jingnong 6 and Hebei 801 varieties were irradiated by
electron beam of 100, 300, 600, 700 and 900 Gy, respectively. Mutations of leaf shape and color, seed
size and shape, trailing, more branching, dwarfing, early or late flowering time and high yield were
created in M, and M; generations. There were richest variations in Jinnong 6 treated with 600 Gy. Heibei
801 was more sensitive to electron beam radiation than Jingnong 6; more mutation types were
produced at 100, 300 and 600 Gy. The pod number per plant, seed humber and yield per plant of
Jinnong 6 displayed a strikingly negative correlation to radiation dose, while the pod length, pod width,
and 100-seeds weight of progenies from Hebei 801 had a significantly negative correlation with the
radiation dose, but pod number per plants showed significantly positive correlation. Few of the normal
phenotype plant in M, generation derived mutants of new leaf yellowing, narrow leaf, clustering flower
and leaf, kidney or sword leaf in M; generation. Mutants of kidney and sword leaf, early flowering time

from M, generation could be stably inherited in M; generation.

Key words: Azuki bean (Vigna angularisi), electron beam radiation, trait mutation.

INTRODUCTION

Azuki bean (Vigna vulgaris Ohwi and Ohashi) originated
in China (Vavilov, 1935). It had been cultivated more than
two thousand years. Azuki bean is one of the important
food legumes in China. Its area is 2.5 to 3.0 million hm?
and total yield is 3 to 4 million ton per year, ranking first in
the world. Radiation breeding induce plant mutation; by
X-ray, y-ray, ion beam, laser beam, neutron and electron
beam, which result in gene mutation and chromosome
aberration, and then gain new variety (Chen, 2002).
Calaldecatt (1955) firstly treated barleys using 2 MeV
electrons beam and showed that electron radiation
induced high mutation rate and wide mutation spectrum.
Most of research reports of electron beam radiation
breeding were published in China; the earliest is in the
1980s. Some researches revealed that electron beam

*Corresponding author. E-mail: pingwan3@163.com. Tel: 86-
10-80799134. Fax: 86-10- 80796917.

#Both authors contributed equally to the work.

radiation holds small physiological damage in M;
generation and wide mutation frequency in M,
generation.

5 MeV electrons and 60Co—gamma—radiation were used
to irradiate dry seeds of rice. The results showed that
electron beam possess lower damage, higher mutagen
frequency, and wider mutagen spectrum than °°Co-
gamma-radiation (Guo et al., 1982). The optimum doses
for germinating seeds and dry seeds of rice were 50 and
150 Gy, respectively. Indica was more sensitive to
electron beam than Japonica (Shu et al., 1996). In barley,
the half lethal dose (LDsg) of electron beam radiation was
2.5 x 10*to 3.5 x 10” rad, lethal dose (LD+q) of 6.3 x 10*
rad, and 1.0 x 10* to 2.5x10* rad was the appropriate
inducing dose (Xu et al., 1983).

The dry seeds of 4 barley cultivars were irradiated by
electron beam with doses from 100 to 300 Gy. The
variation lines of high yield, dwarf and large 1000-grain
weight were gained (Rui et al., 1995). The mutants of
chlorophyll and growth period were created in M,
generation of soybean treated by electron beam, and the
appropriate radiation dose was 2.7 x 10*to 4.4 x 10* rad.
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(Li et al., 1988). LDs; was 40 Gy in M, generation of
sorghum radiated by electron beam, different color
sorghum seeds had different sensitivity on electron beam
radiation, and the appropriate dose of white seed was
from 30 to 50 Gy, while it was from 100 to150 Gy in red
seed (Lu et al., 1995). 22 seedless mutants were
selected from electron beam-induced orange bud. The
suitable dose of treating sweet orange bud was around
5.0 x 10° rad and mandarin oranges was about 3.0 x10°
rad (Zhou et al., 1995). Electron beam radiation was also
used in ornamental plants breeding. The mutants of
flower color, flower petal, and flowering time were
produced in tissue culture seedlings of chrysanthemum
treated with 30 to 50 Gy electron beam (Lin et al., 2000).
The percentages of bud formation of 100 Gy electron
beam-irradiating Mauve and Indikon lines were 3.7 and
11.3%, respectively in African violet (Sainipaulia ionahta),
and doses from 40 to 60 Gy were suitable for leaf tissue
(Zhou et al., 2006). Electron beam inhibited growth and
development of plants and resulted in flower mutation in
cockscomb (Celosia cristata L). The mutation rate was
between 0.5 to 2%. 150 Gy was appropriate dose of
treating dry seed of cockscomb (Wang et al., 2006). LDsq
and LDqgg of electron beam-radiating scarlet sage were
55 and 85 Gy, respectively (Huang et al., 2007).

Electron beam radiation could significantly inhibit the
growth and development of M; generation plants of
Gladiolus in the seedling and initially flowering period;
LDsg of treating corm of Super rose cultivar was 240 Gy,
but LDs, of Beauty queen was greater than 240 Gy
(Zhang and Wang 2008). Until now, the report of electron
beam mutagenesis in azuki bean is still not published. In
this research, azuki bean varieties Jinnong 6 and Hebei
801 were treated with different dose electron beam. The
effects of mutation were analyzed for exploring an
optimum inducing dose in azuki bean and creating more
mutants. It is very useful in acquiring mutants for gene
mapping, cloning and breeding of azuki bean.

MATERIALS AND METHODS

Azuki bean Jinnong 6 and Hebei 801 varieties were supplied by
College of Plant Science and Technology in Beijing University
of Agriculture. Jinnong 6 was bred by Beijing University
of Agriculture. Whole growth period of Jingnong 6 was from 90 to
95 days. Its average plant height is 50 cm (Jin et al., 2000). Hebei
801 with big seed was bred by Hebei Province, and its average
100-seed weight is more than 20 g.

Electron beam radiation treatment

In 2007, dry seeds of Jingnong 6 and Hebei 801 were irradiated
with electron beam of 100, 300, 600, 700 and 900 Gy dose,
respectively (5 MeV, BF-5 electron linear acceleratorelectric current
intensity 0.2 mA, 4 Gy/min) in Institute of Low-Energy Nuclear
Physics of Beijing Normal University. 1800 seeds of Jinnong 6 were
treated with 600 Gy dosage, and the rest doses treated 220 dry
seeds of Jinnong 6, respectively. Each of HB801 220 dry seeds

was radiated by 100, 300, 600, 700 and 900 Gy, respectively. The
controls were non treated Jinnong 6 or HB801 dry seeds.

Planting

The electron beam-treated Jingnong 6 and Hebei 801 seeds were
planted in the experimental field of Beijing University of Agriculture
on June 13th 2007. Germinating rate of M; generation was
investigated and calculated. Every plant was separately harvested
in the autumn of 2007. On June 16th 2008, all seeds from M,
generation were planted according to the individual plant. The row
length was 3 m, and 35 seeds were sown in each row, and a row of
control was planted per 10 rows. During the whole growing stage,
the traits of plant architecture, leaf shape, leaf color, flowering time,
pod color resistant and susceptible disease, and growth period in
M, generation were investigated. Every single plant of trait mutation
was recorded and tagged, respectively. All tagged morphological
mutation plants were harvested individually in mature period, and
then their branch number on main stem, plant height, pod length
and width, seed color and shape, 100-seeds weight, seed number
and yield per plant were tested. The data was analyzed statistically.
On June 13, 2009, the seeds of tagged each mutant and a part of
seeds from the non variational trait plants in M, generation were
planted. One row contrast was grown at every 20 rows. The
phenotype traits and growth period were extensively surveyed and
tracked during the whole growing period in M3 generation. Mutants
were further identified. The data was statistically analyzed.

Statistical analysis

Average is x* = >x / N, in which, x* delegates mean value, x the
observed value, and N is the number of observed value. Coefficient
variation (CV) = o / x*, in which o stands for standard difference,
and CV is the statistics for elevating variation degree of all
observed values. Correlation analysis is conducted using DPS
analysis soft.

RESULTS

Impacts of radiation doses on germination rate of M,
generation

Germination rate of Jingnong 6 and Hebei 801 radiated
by electron beam decreased with the increase of
radiation dosage (Table 1). No one seed of Jingnong 6
germinated at doses of 700 and 900 Gy. Hebei 801 had
relatively higher germination rate than Jingnong 6,
indicating that Hebei801 is more tolerant to electron
beam radiation. It is evident that sensitivity of different
azuki bean variety is different under the electron beam
radiation. LDs, of electron beam radiating azuki bean is
approximately 132 Gy.

Mutation types and frequency of M, generation
Jingnong 6 has phenotype of ovate leaf of deep green

color and determined growth. The mutants of kidney leaf,
sword leaf, lanceolate leaf, small heart-shaped leaf, light
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Table 1. Germination rate of M generation induced by electron beam in azuki bean.

Treatment Dosage Number of  Number of seedlings Germination rate Relative ggrmination

(Gy) seed (%) (%) rate” (%)
Jingnong 6 control 0 360 242 67.20 100.00

100 220 43 19.55 29.09

300 220 19 8.63 12.84
Jingnong 6 600 1800 81 4.50 6.70

700 220 0 0.00 0.00

900 220 0 0.00 0.00
Hebei 801 control 0 70 48 68.60 100.00

100 220 108 49.09 71.56

300 220 66 30.00 43.73
Hebei 801 600 220 11 5.00 7.29

700 220 7 3.18 4.64

900 220 8 3.64 5.31
Relative seedling rate = seedling rate of induced plants/ seedling rate of control plants x 100%.

Table 2. Mutation frequency of M, generation induced by electron beam in azuki bean.
Mutant trait Jingnong 6 (%) Hebei 801 (%)
100 Gy 300 Gy 600 Gy 100 Gy 300 Gy 600 Gy 700 Gy 900 Gy
Dwarf - 3.23 0.58 0.27 0.75 1.67 - -
Kidney leaf - - 0.58 1.64 3.01 1.67 - -
Sword leaf - - 0.49 - - - - -
Small leaf 2.94 - 7.51 - 15 1.67 6.25 4.17
Small heart-shaped leaf - - 0.58 - - - - -
Early flowering - - - 0.27 0.38 - - -
Late flowering - - - 1.09 0.38 1.67 - -
Light green leaf - - 9.83 273 3.38 6.67 - -
Dark green leaf - - - - - - 6.25 -
Yellowing leaf - - 0.58 0.27 0.75 - - -
More branches - - 1.16 0.82 1.13 6.67 - -
Trailing - - - 0.82 1.13 6.67 - -
susceptible mosaic virus 5.88 - - 0.82 0.75 - - -
High yield - - 1.73 - - - - -
green and vyellowing leaf, trailing, multi-branch, at 100, 300 and 600 Gy.

susceptible mosaic virus, dwarf and high yield were
produced in M, generation (Table 2, Figures 1 and 2).
Hebei 801 showed the phenotype of heart-shaped leaf
and determined growth. Variations of dwarf, kidney leaf,
small leaf, early or late maturing, light and dark green leaf
and trailing in M, generation were created (Table 2,
Figures 1 and 3). Electron beam radiation had better
efficiency to Hebei 801 than to Jingnong 6. The most
mutation types of Jingnong 6 were obtained at 600 Gy
doses, while more variation types of HB801 were gained

Impacts of electron beam radiation on agronomic
traits of M, generation

Plant height, 100-seed weight and average node number
of main stem increased in M, generation compared to
Jingnong 6 control. Pod number per plant, seed number
per plant and yield of single plant at low radiation dose
increased and decreased at high radiation dose; both the
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Figure 1. Mutants of leaf shape induced by electron beam. (a) Jingnong 6 control. (b) Sword leaf (600 Gy from
Jingnong 6). (c) Lanceolate leaf (600 Gy from Jingnong 6). (d) Hebei 801 control. (e) Kidney leaf (100 Gy from
Hebei 801). (f) Oval leaf (600 Gy from Hebei 801).

Figure 2. Mutant of yellowing leaf in Jingnong 6 treated by electron beam. (a) Jingnong 6 control. (b) Mutant of
yellowing leaf (600 Gy).

Figure 3. Mutant of plant shape in Hebei 801 treated by electron beam. (a) Hebei 801 control. (b) Mutant of plant
architecture and compound leaf (100Gy).
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Table 3. The difference comparison of main agronomic traits in M2 generation treated by electron beam with controls.
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Jinghong 6 Hebei 801
Trait 100 Gy 300 Gy 600 Gy 100 Gy 300 Gy 600 Gy 700 Gy 900 Gy
M-CK M-CK M-CK M-CK M-CK M-CK M-CK M-CK
Plant height (cm) 6.14 1 1.6 2.31 -0.86 21.54 -3.54 -7.28
Length of pod (cm) -0.23 -0.27 -0.11 0.16 -0.43 -3.07 -1.19 0.44
Width of pod (cm) 0.05 0.05 0.03 -0.04 -0.06 -0.16 -0.09 -0.05
Pod number per plant 4.46 0.75 -5.91 2.88 1.79 6.24 5.55 7.02
Seed number per plant 12.8 -9.6 -37.1 16.07 8.27 2.23 3.88 30.92
Yield per plant (g) 4.39 0.82 -4.95 0.77 -2.18 -5.72 -3.64 3.89
100 seed weight 2.35 2.85 3.59 -2.57 -4.21 -8.33 -6.16 -2.58
Mode number of main stem 2.01 2.36 0.76 1.28 0.45 2.78 0.22 0.82
M-CK, the average of mutants subtract the average of control.
Table 4. Coefficient of variation of main agronomic traits in M, generation induced by electron beam.
Trait Jingnong 6 Hebei 801
Control 100Gy 300Gy 600 Gy Control 100Gy 300Gy 600Gy 700Gy 900 Gy
Plant height (cm) 27.51 20.07 23.18 22.61 23.58 28.25 36.06 22.71 37.16 15
Node number of main stem  22.91 16.07 16.75 21.21 13.52 47.72 17.75 18.07 19.4 12.63
Pod length (cm) 10.87 23.13 15.68 18.01 12.35 58.36 17.13 28.69 28.53 12.28
Pod width (cm) 7.69 9.43 7.514 9.87 8.033 10.95 11.78 9.8 11.06 10.35
Pod number per plant 54.37 71.57 58.08 85.24 49.24 75.8 82.02 91.51 96.9 52.51
Seed number per plant 49.76 80.83 57.66 87.26 54.11 79.53 86.94 98.1 89.09 48.29
Yield per plant (g) 55.15 81.99 60.44 87.21 54.88 76.21 79.44 94.92 81.84 51.68
100-seed weight (g) 8.29 14.41 15.37 94.11 4.65 31.12 29.4 21.96 27.84 25.51

pod length and pod width were proximate to the contrast
(Table 3). Plant height, 100-seed weight, nhode number of
main stem, pod width were close to the contrast Hebei
801’s in M, generation induced with different dose
electron beam, while pod length and vyield per plant
increased. It is clear that same character of different
azuki bean variety had differential sensitivity at same
radiation dose.

Analysis on the coefficient of variation of agronomic
characters in M, generation

On the whole, Jingnong 6 treated with 600 Gy dose had
the max coefficient of variation (CV) in, pod number per
plant, seed number per plant, yield per plant and 100-
seed weight. Hebei 801 treated with 700 Gy recorded the
max CV in plant height and pod number per plant, the
most CV of node number of main stem, pod length and
100-seed weight at 100 Gy, as well as the most CV of
seed number per plant and yield per plant at 600 Gy
(Tables 4 and 5). The correlation between main
agronomic characters of Jingnong 6, Hebei 801 and
electron beam radiation dose was analyzed (Table 6).

Pod number per plant, seed number per plant and 100-
seed weight of Jingnong 6 had significantly negative
correlation to the radiation dose; the higher the dose was,
the higher the negative impact on these characters was.
The pod length, pod width and yield per plant of Hebei
801 showed significantly negative correlation to radiation
dose, indicating that pod length, pod width and per 100-
seed weight decreased significantly under high radiation
dose, while the pod number per plant increased
obviously. It is evident that same character of different
cultivars had different correlation to the radiation dosage,
while the different character of same variety had different
correlation to the radiation dosage.

Mutation and heredity in M; generation mutagenized
by electron beam

The phenotypes of kidney leaf, sword leaf and early or
late flowering mutants from M, generation can be stably
inherited in M3 generation (Figures 4 and 5). However,
some variation traits of the leaf color and susceptible
mosaic virus could not stably be inherited or segregated
in M3 generation, presumably these characters are
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Table 5. The difference of variation coefficient of the main agronomic traits between progenies of M, and controls.

Trait Jingnong 6 Hebei 801
100 Gy 300 Gy 600 Gy 100Gy 300Gy 600Gy 700Gy 900 Gy

Plant height (cm) -7.44 -4.33 -4.9 4.67 12.48 -0.87 13.58 -8.58
Node number of main stem -6.84 -6.16 -1.7 34.2 4.23 4.55 5.88 -0.89
Pod length (cm) 12.26 4.81 7.14 46.01 4.78 16.34 16.18 -0.07
Pod width (cm) 1.74 -0.18 2.18 2.92 3.75 1.77 3.03 2.32
Pod number per plant 17.2 3.71 30.87 26.56 32.78 42.27 47.66 3.27
Seed number per plant 31.07 7.9 37.5 25.42 32.83 43.99 34.98 -5.82
Yield per plant (g) 26.84 5.29 32.06 21.33 24.56 40.04 26.96 -3.2
100-seed weight (g) 6.12 7.08 85.82 26.47 24.75 17.31 23.19 20.86

Table 6. Correlation analysis between main agronomic traits of electron beam radiating M, generation and
radiation doses.

Agronomic trait Rediation dosage (Jinghong 6)  Rediation dosage (Hebei 801)
Plant height (cm) -0.06 0.07

Node number of main stem -0.09 0.01

Pod length (cm) 0.03 -0.15**

Pod width (cm) -0.01 -0.27*

Pod number per plant -0.23** 0.08*

Seed number per plant -0.28** 0.01

Yield per plant (g) 0.04 -0.21*

100-seed weight (g) -0.25** -0.06

*p < 0.05, **p < 0.01.

Figure 4. The heredity of kidney leaf mutant. (a) Phenotyepe of kidney leaf mutant BM2015 in M. (b) Phenotype
of kidney leaf mutant BM2015 in Ms.

sensitive to environmental effects. Several mutants of Variational types of crimping leaf, clustering leaf or
kidney leaf, sword leaf, new leaf yellowing, plant flower, poor fertility and less pod number from normal
yellowing in M3 generation were separated from normal plant of M, generation were derived in M; generation
morphologic plants of M, generation (Figures 6, 7 and 8). (Figure 9). More mutants were segregated from normal
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Figure 5. The heredity of sword leaf mutant. (a) Phenotyepe of sword leaf mutant BM2148 in M.. (b) Phenotype of sword leaf mutant
BM2148. in Ms.

Figure 6. Segregative mutants of M3 generation from M, wild phenotyepe plant of Hebei 801 induced by electron beam. (a) Control Hebei
801. (b) Kidney leaf (100 Gy), (c) Sword leaf (100 Gy); (d) New leaf yellowing (100 Gy), (e) Narrow leaf (100 Gy). (f) Heart-shape leaf (600
Gy).
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Figure 7. Segregative mutants of M3 generation from M, wild phenotyepe plant of Jingnong 6 induced by electron beam. (a) Control
Jingnong 6. (b) Sword leaf mutant (600 Gy). (c) New leaf yellowing mutant (100 Gy).

Figure 8. Segregated yellowing and leaf mutant of M3 from M, wild
phenotyepe progeny of HB801 induced by electron beam. (a)
Yellowing and compound leaf-free mutant (300 Gy). (b) Normal

phenotype plant.

phenotype plants of Hebei 801 than Jingnong 6.
Continuous investigation will be done whether this mutant
phenotype could stably be inherited.

Seed size and shape mutants in M; generation

Seed size and shape mutants were gained in M;j
generation. The average 100-seed weight of Jingnong
was around 16 g; big and small seeds with average 100-
seed weight of 24.0, 15.0, 9.2 and 5.6 g, respectively in
M; generation (Figure 10). Jingnong 6 seed is big and
elliptical; the round and short cylinder seeds were
obtained in M3 generation (Figures 11 and 12). Hebei
801’s 100-seed weight was above 20 g. The mutants of
medium and small seed size were got in M3 generation.
100-seed weight of medium or small seed mutants was

15.0 and 9.5 g, respectively (Figure 13). Hebei 801 seed
was long and cylindrical, and round and short-cylinder
seeds were produced in M3 generation (Figures 14 and
15).

DISCUSSION

Creating variation is the prerequisite of breeding new
cultivars, mapping gene, and map-based cloning. Azuki
bean is a cleistogamous plant with extremely low
crossing and variation rate in natural environment.
Electron beam radiation has little influence on the
function of plasma membrane and protein, while it results
in gene mutation through inducing much DNA damage of
single strand breaks (SSB) and double strand breaks
(DSB). The G-value for DSB formation of electron beam
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Figure 9. New mutant from M3 progeney of Hebei 801. (a) Clustering plant mutant (300 Gy); (b) Clustering flower mutant (300
Gy); (c) Control Hebei 801; (d) Flower of control Hebei 801.

o B o & e

c d e

Figure 10. Mutants of seed size from Jingnong 6; (a) big seed (300 Gy); (b) control Jingnong 6; (c) middle seed (100 Gy); (d) small and
short cylinder seed (100 Gy); (e) smallest seed (600 Gy).

radiation in aqueous solution was 5.7 times higher than al. (1974) thought that more mutants were segregated in

that caused by 60 Co-gamma rays (Zhu et al., 2008). electron beam-irradiated M, generation of soybean. This
Electron beam radiation has higher efficiency variation, research indicates that electron beam irradiation result in
low cost, safety and smaller radiation damage. Weng et many types of mutations in M, and Mj generations of
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a b
Figure 11. Round seed mutant of Jingnong 6. (a) Control Jingnong
6. (b) Round seed mutant (600 Gy).

% 4

Figure 12. Cylinder seed mutant from Jingnong 6. (a) Control
Jingnong 6. (b) Columnar seed mutant (100 Gy).

o W =

Figure 13. Mutant of seed size from Hebei 801. (a) Control Hebei 801; (b) Middle seed mutant (100 Gy);
(c) Small seed mutant (100 Gy).

C
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a b

Figure 14. Round seed mutant from Hebei801. (a) Control
Hebei 801; (b) Round seed mutant (300 Gy).
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Figure 15. Short cylinder seed mutant of Hebei 801. (a)
Control Hebei801; (b) Short cylinder seed mutant (100 Gy).

azuki bean.

Variation in M, generation originates from radiation
and environmental effect. The CV of contrast is the
reaction of environmental effect, while the difference
between CV of M, generation and contrast reflects to
radiation effect (Jin et al., 2000); because different
varieties has significant difference in electron beam
irradiation, therefore different azuki bean variety should
be treated with its appropriate radiation dose for gaining
the best mutation. Phenotype of sword leaf, kidney leaf,
early and late flowering mutants can be stably inherited.
Some variational characters of leaf color, susceptible
mosaic virus in M, generation segregate failed to be
inherited in M3 generation; maybe these characters are
controlled by recessive genes or are susceptible to
environment. A few of normal phenotype plants in M,
generation segregate out variations of narrow leaf, new
leaf yellowing, clustering flower and leaf, kidney leaf,
sword leaf in M3 generation. These segregated mutants
will be further identified in later generations. Mutation
frequency and variational types induced by electron
beam are overall lower than ethyl methane sulfonate
(EMS) mutagenesis in azuki bean (Tong et al., 2010),
but more mutants of seed size and shape are obtained.
Electron beam mutagenesis is very useful for breeding,
gene mapping, gene cloning and functional analysis in
azuki bean.

Conclusion

Electron beam mutagenesis are effective in azuki bean
and can create mutations of leaf shape and color, seed
size and shape, plant architecture, plant height, early
and late flowering time, trailing and high yield etc.,
especially to induce more mutants of seed size and
shape. LDs is about 132 Gy in azuki bean. Different
azuki bean variety has different sensibility to electron
beam radiation. There are most variation types in 600
Gy irradiating Jingnong 6, and 300 Gy treating Hebei

Luo et al. 12949

801. The mutants of kidney leaf and sword leaf, early or
late flowering time from M, generation, can be stably
inherited in M3 generation.
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SPECIAL ARTICLES

MUTATIONS IN BARLEY INDUCED BY
X-RAYS AND RADIUM

A7 the Nashville meeting of the American Associa-
tion last December I reported the occurrence of muta-
tions in barley following X-ray treatment.r The
experiments, which were independent of and coinei-
dent with those of Muller,? though by no means so
comprehensive and thorough, confirm Muller’s diseov-
ery of the power of X-rays to induce mufation and
show its application to plants. They show also that
mutations may be induced similarly by radium treat-
ment.

The treatments were applied to germinating seeds,
and the induced mutations recorded were in all cases
somatic mutations affecting the progeny of only part
of the plant. The experiments were set up in this
way in order to exclude the possibility that new char-
acters appearing after treatment might be ascribable
to some irregular segregation from hybrid ancestry.
The barley plant produces several tillers from axillary
buds, each tiller terminating in an inflorescence of
about thirty self-fertilizing flowers. In the dormant
embryo the first three or four leaves are already dif-
ferentiated, and the cells from which the tillers will
be developed are separated. A mutation occurring
in one of these cells, therefore, will affect only one
tiller, and, whether dominant or recessive, will segre-
gate in the progeny of only one head.3 Its absence
in the progeny of other heads of the same plant shows
that the genetic change oceurred during the develop-
ment of the plant treated, for any ancestral character,
howeveér inherited, would affect all head progenies of
the individual similarly. \ )

The X-ray treatments were applied intermittently

in twelve equal exposures at one-hour intervals, while
the seeds were germinating under optimum conditions.
A 30 m.a. “radiator-type” self-rectifying Coolidge tube
was used, operated at a tube current of 5 m. a. Treat-
ments were made at seventy-eight kilovolts (peak),
two and three quarter minutes per exposure, and-at
fifty-four kilovolts, five and one half minutes per
exposure, in an attempt to apply approximately equal
quantities of radiation differing somewhat in quality.
At each voltage a “heavy” and a “light” treatment

1 Experiments on the effects of X-rays on erossing over
and chromosome distribution, reported in the same com-
munieation, have been published separately. (Proc. Nat.
Acad. Sei., 14: 69-75, 1928.)

2 §CIENCE, 66: 84-87, 1927.

3Under favorable conditions tillers are sometimes de-
veloped from the axillary buds of earlier tillers. In such
cases more than one head may be affected by the same
mutation.

SCIENCE
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were applied simultaneously, at target distaneces of
922.7 and 45.4 e, respectively. The radiation passed
through two samples of seed at shorter distances, and
the filtering effect of the wet blotters and seeds must
be considered in computing dosage. Ionization mea-
surements made later showed that this reduced the in-
tensity of the radiation at the higher voltage by about
52 per cent., and of that at the lower voltage by about
65 per cent. The relative ionizing intensity of the
heavy and light treatments at the higher voltage and
the heavy and light treatments at the lower voltage
was in the ratio 100: 21: 50: 9. The so-called heavy
doses were not heavy enough to reduce viability appre-
ciably, but a dose of approximately three times this
intensity, with the higher voltage, was found to be
partially lethal. I am indebted to the department of
physies of this university for the use of the X-ray
equipment, and partieularly to Mr. R. T. Dufford,
of that department, for much advice and assistance
and for the construction of an ionization chamber of
the Duane type,* with which the dosage measurements
above were made. .

The radium treatments were applied under similar
conditions, using as a source 50 mg of radium in the
form of radium sulfate, sealed in a thin glass tube
within a tube of silver 1 mm thick. Dr. Dudley A.
Robnett, of Columbia University, generously lent his
personal supply of radium for the treatments. The
seeds, germinating in stacked watch glasses, were ex-
posed continuously for twelve or twenty-four hours
at distances ranging from one and a half to eleven
em. The maximum dose (applied to seeds in the
dishes immediately above and below that containing
the radium tube) was well below the limit of tolerance.

The mutations previously reported were three seed-
ling chlorophyll defects, “white,” ‘“virescent,” and
“yellowing.” White seedlings are colorless from
emergence, and die in two to three weeks. ~“Virescent
seedlings are colorless at emergence, but gradually de-
velop a pale green color. With care they may be kept
alive for a long period, but they grow very slowly.
Both white and virescent seedling types have pre-
viously been reported as Mendelian characters in
barley. Yellowing seedlings are green and apparently
normal at emergence, but about a week later they
pass through intermediate shades to full yellow and
die soon after.

These three mutations were found among seventy-
seven head progenies, representing twenty-six X-rayed
plants. Each mutant type made up one fourth to
one eighth of a single head progeny from a plant of
which other head progenies were entirely normal. If
the segregation is due to a mutation affecting one head

# 4dm. Jour. Roent. and Rad. Therapy, 10: 935-943,
1923. ’
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or part of a head, some of the normal plants from
this head should segregate the same mutant character
in the following generation, while none of the plants
from the unaffected heads should do so. This expee-
tation was realized in the next generation, in which
eight of the sixteen normal plants tested froin the
head which segregated white seedlings were found to
be heterozygous for white, seven of the twelve plants
tested from the head which segregated virescent were
heterozygous for virescent, and three of the seven
plants tested from the head which segregated yellow-
ing were heterozygous for yellowing. In each case
about fifteen plants from unaffected heads of the
mutating plant were tested, and all gave entirely
normal progeny.

The remaining progenies have since been planted
and seedling segregations noted. The total frequency
of mutations resulting in definite and conspicuous
seedling characters is shown below:

Total Number
number segregating
of head mutant
progenies seedling
examined characters

X-ray treated:
Higher voltage
Heavy d0SE s 210 6
Light dose . 259 1
Lower voltage: ’
Heavy dose ... 494 6
Light 308 oo 280 1
' Total X-rayed oo 1,243 14
Radium treated:
Total for all doses ... 1,039 3
Untreated 1,341 0

The majority of the mutations listed were white
seedlings. Tests of genetic identity have not yet
been made, but it is probable that many of these rep-
resent mutations at different loci. At least three
genetically distinet white seedlings have previously
been reported in barley, and in maize, in which
genetic analysis has been more intensive, dozens of
genes for white seedling are known.

The mutations following radium treatment included
two whites and one virescent. Since the radiation
passed through 1 mm of silver and at least 5§ mm of
glass before reaching the seeds, it consisted largely of
gamma rays. The fact that mutation frequency was
lower in the radium series than in the X-ray series
does not imply that radium, is less effective than
X-rays in inducing mutation, since the intensity of
the radium treatment was probably much lower. All

SCIENCE
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three mutations occurred in the plants receiving the
heavier doses.

A preliminary trial was made also of the possibil-
ity of increasing the effectiveness of X-ray treatment
by impregnating the seeds with salts of heavy ele-
ments. Sinece in general X-ray absorption increases
approximately in proportion to the fourth power of
the atomic number of the absorbing element, it may
be increased materially by the presence of even a
small amount of some heavy element within the cell.
The seeds were soaked for seven hours in M/5 solu-
tions of the salts listed below. The X-ray treatment,
which began fifteen hours later, was similar to that
described above as heavy dosage at the higher voltage,
but the intensity was about 40 per cent. higher. The
frequency of mutation for distinet seedling charac-
ters is shown below:

Treatment Number Number
of head of
Radiation Chemical progenies mutations
X-rayed Ba(NO;), 136 9
X-rayed Pb(NO;), 133 9
X-rayed TUO0,(NOy), 194 11
X-rayed none 72 2
Not X-rayed UO,(NO,), 53 _ 0
Not X-rayed none 76 0

Although the numbers are too small to justify a
final conclusion, the results suggest that the ehemical
treatments inereased the effectiveness of irradiation.
The mutations included, in addition to types already
noted, the following seedling characters: “yellow,”
“pale yellow,” “yellow-green,” “banded” (transverse
white bands), “striped” (two distinet patterns) and
“tapering” (a morphological peculiarity). Several
possible mutations for less conspicuous seedling
characters are omitted from the summary pending
further investigation. '

In all, forty-eight mutations eausing distinet seed-
ling characters have been found following irradia-
tion. These include almost all the seedling charac-.
ters of barley previously reported and several not
previously deseribed. No. mutations have yet been
found in untreated plants, of which about fifteen
hundred head progenies have been examined.

L. J. STApLER
DepARTMENT oF Fierp CrOPS,
UNIVERSITY OF MISSOURI

THE NUCLEAR CONDITIONS IN THE
SPERMATOCYTES OF DROSOPHILA
MELAMOGASTER

It is a surprising fact that very little has been
known uniil recently concerning the nueclear condi-
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Each year as funds permitted the division has
undertaken conferences for the initiation and coordina-
tion of chemical research. Such conferences have been
held on the subjects of permanence of printed records,
on the coordination of chemical literature, on biologi-
cal nomenclature, and on farm waste and chemistry
of soils. The results of these meetings have been
intangible in part, but the mere bringing together of
eminent men interested in a certain phase of chemistry
is important.

The division has from time to time collected per-
tinent data relating to chemistry. Since 1922, the

division has each year made a census of graduate -

students in chemistry throughout the country, and
this census has been published in the journals. The
division also conducted a study of econditions of chemi-
cal research in the Southern States. The report of
this study was published by the Chemical Foundation.
Other activities inelude cooperation between academic
and industrial research, and a list of research prob-
lems in various fields of chemistry.

One of the important activities of the division has
been the administration of the grants in aid of re-

SCIENCE
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search. During the past four years 42 grants have
been made to 37 individuals. Many papers have been
published as a result of these grants and many capable
research workers have been encouraged in their work.
Particularly during the last few years, the grants-in-
aid have proved invaluable to research workers who
have found themselves handicapped through lack of
funds.

Another important activity of the Researeh Couneil
and of the Division has been in connection with the
National Research Fellowships. Since their founda-
tion, 257 fellowships in chemistry have been awarded
to 150 individuals. While it is true that some will
profit more than others from the opportunities
afforded by these research fellowships, there can be
no question that the National Research Fellowships
have produced tangible results.

Through meetings of the division and of committees,
and through other contacts afforded by the division,
those interested in various flelds of chemistry are
brought together and contacts are established. It is
from these contacts that we may expect some of the
major benefits in the course of time.

SCIENTIFIC EVENTS

CHICAGO PROGRAM ON RADIATION AND
PLANT LIFE

THE American Society of Plant Physiologists has
joined with Sections G and O and their affiliated
organizations in the programs of June 20 and 21.
On the morning of June 22, however, a special sym-
posium has been arranged for plant physiologists
who are attending the meetings. The meeting will be
held in the Civie Opera Building, Chicago, in the
rooms of the Lighting Institute at 10:00 A. m. The
meeting will be open to all visiting botanists and to
professional growers of plants. The titles of the
papers are as follows:

¢¢Influence of Radiation on €O, Absorption by
Plants’’: W. H. Hoover, Smithsonian Institution.

¢‘The Interrelated Effects of Light and Temperature -

on Plant Growth’’: A. D. Davis, University of Cali-
fornia.

““Growth as a Criterion for Physiologic Response to
Radiations’’: E. 8. Reynolds, Missouri Botanic Garden.

‘‘Photoperiodism and its Practical Application to
Greenhouse Crops’’: Alex Laurie, Ohio State University.

‘‘Responses of Certain Plants to Artificial Radiation
Faetors Applied as Supplements to Daylight’’: R. B.
Withrow, Purdue University. . .

‘‘The Response of Greenhouse Plants to Electrie Light
Supplementing Daylight’’: Laurenz Greene, Purdue Uni-
versity. '

¢¢‘Experimental Work at Pennsylvania State College

on Radiation as Applied to Plants’’: H. W. Popp, Penn-
sylvania State College.

¢“Chemical Responses of Certain Plants to Solar
Ultra-violet Radiation’’: W. E. Tottingham, University
of Wiseonsin.

‘‘Some Growth Responses of Plants to X-ray Treat-
ments’’: C. A. Shull, University of Chicago.

The program will be continued in the afternoon,
if necessary, followed by a round table diseussion.

CrArLES A. SHULL

MATHEMATICS AT THE CHICAGO
MEETING

THE preliminary program of the Chicago meeting
of the American Association for the Advancement
of Secience and Associated Societies, printed in the
issue of Science for May 19, contains information
concerning the programs of the different sections,
but it may be well to repeat here a summary of the
plans of the mathematicians given in the announce-
ment of the American Mathematical Association.

It reports that the American Association and
associated societies will present unusually attractive
programs in connection with the Century of Progress,
the week of June 19 being devoted chiefly to pure
science and the next week to applied science. There
will be numerous addresses by prominent foreign
scientific men who have been specially invited for
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The Cytological Effects of Low-Intensity
Radiation®

Karl Sax

The Arnold Arboretum, Jamaica Plain, Massachusetts

The effects of low intensities of ionizing radiation are
of interest in relation to the incidence and nature of
induced mutations. The effects of long-continued radia-
tion at low intensities are also of interest from the stand-
point of atomie energy programs in times of peace or
war. Little is known about the cumulative effects of
exposure over long periods of time.

The early work by Muller and by Timofeeff-Ressovsky
showed a linear relationship between x-ray dosage and
mutation frequency in Drosophila. It was also found
that the induced mutation rate was independent of radia-
tion intensity. I'rom these observations it was concluded
that the x-ray-induced mutations are produced by single
‘‘hits,”’ and that there is no threshold effect. Spencer
and Stern (2) found no increase over the spontaneous
mutation rate by irradiating Drosophila for 21 days at
2.5 r/day, but later experiments by Uphoff and Stern (3)
indicated that low intensities are effective.

Further studies on x-ray-induced mutations by Stadler
showed that such ‘‘mutations’’ are usually, if not always,
caused by aberrations of the chromosomes. The aberra-
tions usually involve deficiencies, but inversions and trans-
locations may also produce ¢ ‘mutations.’’ The frequency
of simple deletions is directly related to x-ray dosage, but
the aberrations involving two breaks—rings, dicentrics,
translocations, and presumably inversions—increase in
frequency in proportion to the square of the dosage when
the time of exposure is constant.

At very low intensities of irradiation, the simple dele-

tions constitute the great majority of all echromosome
aberrations in Tradescantia. A total dose of 150 r of
v rays at an intensity of 0.05 r/min produced 5% of
deletions, but only 0.6% of translocations and dicentries
in Tradescantia chromosomes. The same dose of x-rays
at an intensity of 40 r/min produced essentially the same
percentage of simple deletions, but 109% of rings and
dicentries. ‘ '
. Although low intensities of ionizing radiation are less
effective, the accumulation of aberrations and lethal
‘‘point mutations’’ over a long period of time could be
just as deleterious as smaller doses given at high intensi-
ties. The effects of long-continued exposure of low-in-
tensity radiation have been studied by exposing potted
plants of Tradescantia paludosa (Clone 3) to low inten-
sities of vy radiation for several months. The results
are shown in Table 1.

The control plants show considerable variability in
spontaneous chromosome aberrations. The average per-
centage of chromosome breaks for the total of all con-
trols was .08%. If, however, plants removed from the

1 This work was supported by the Office of Naval Research,
Contract number N.R. 164,823. Henry Luippold, technician.
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TABLE 1

CHROMOSOME ABERRATIONS AND POLLEN STERILITY INDUCED
BY 1.7 R/DAY OF 7y RADIATION

Controls Irradiated
Weeks of
exposure No. % No. %
chromosomes breaks chromosomes  breaks
1 2,052 10 7,380 .08
2 1,480 07 5,010 .18
3 2,190 14 5,460 .57
4 2,280 .09 . 5,820 .53
6 2,166 .09 4,830 .33
11 4,350 .07 2,322 .52
22 6,180 .05 3,300 .52
Total 20,698 .08 (av.) 21,732* 49 (av.)

* Total for 3-22 weeks.

radium beam for 4 weeks or longer are included among
the controls, the spontaneous aberration frequency is
reduced to .06% of breaks.

Continued exposure to 1.7 r of y rays/day increased
the aberration frequency at the end of the second week,
and a eontinued increase at the end of 3 weeks’ exposure.
There was, however, no further inerease in aberration
frequency following continued exposure. At the end of
22 weeks the plants had received 262 r of y radiation,
but showed only 0.5% of breaks in the mierospore chro-
mosomes. This dose of x-rays, given in a few minutes
at the prophase stage, would have produced more than
30% of breaks.

The increase in aberration frequency during the first
few weeks of exposure is due to the accumulation of
aberrations produced during mierospore development.
During the fall and winter months, when this study was
made, the duration of the microspore cycle from meiosis
to the division of the microspore nucleus is about 12 days.
Aberrations produced at late meiosis may be passed on
to a viable microspore, but most detectable aberrations
produced at the first meiotic division or earlier are not
recovered at the microspore nucleus division, because of
lethal deficiencies that prevent microspore development.

The failure of a cumulative effect of the vy radiation
could be attributed to the sereening-out of chromosome
aberrations at meiosis and/or to differential development
of normal and aberrant cells in premeiotic development.
These alternatives were tested by a study of pollen
sterility and by a chromosome analysis of plants re- -
moved from the field of radiation. Plants that had re-
ceived 1.7 r/day for 2 months were removed from the
beam, and microspore chromosomes were examined during
subsequent weeks. The data are shown in Table 2.
There was some decrease in chromosome aberrations after
a week, and after the third week the chromosome aberra-
tion frequency was reduced to the spontaneous level. If
the lack of this cumulative effect is due only to the
sereening of chromosome aberrations at meiosis, the
pollen sterility should inerease with continued exposure,
and eventually the plants should be completely sterile.
Pollen sterility counts were made at weekly intervals
from plants exposed to 1.7 and 8.0 r/day for 12 weeks.

SCIENCE, Vol. 112
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TABLE 2

FREQUENCY OF CHROMOSOMAL ABERRATIONS AFTER REMOVING
PLANTS FROM 2 MONTHS’ EXPOSURE TO 1.7 1 OF 7
RADIATION. RECOVERY PERIODS, 1 WEEK
T0 4 MONTHS

Chromo-

Recovery No. chro- Chromatid Total %
some

time mosomes breaks breaks breaks
1 week 3,150 7 3 .82
2 weeks 4,320 4 0 .09
3 o« 5,760 4 4 14
4 o« 2,910 1 0 .03
6 1,800 0 0 .00
4 months 6,180 3 0 .05

Counts from control plants were made at the same time.
The normal sterility varies considerably, presumably in
response to environmental conditions of temperature and
light, and ranged from 5 to 14%. The percentage of
sterility in the controls was deducted from the sterility
of the exposed plants to give the net sterility due to
radiation effects. The data are shown in Table 3.

TABLE 3

POLLEN STERILITY INDUCED BY CONTINUOUS RADIATION AND
THE RECOVERY OF POLLEN FERTILITY SUBSEQUENT
TO 5 WEEKS OF EXPOSURE

Net pollen sterility

No. weeks During exposure After exposure

exposure
1.7 r/day 8r/day 1.7 r/day 8 r/day

1 6 -1 28 42

2 11 4 28 42

3 29 3 18 48

4 37 14 18 56

5 24 35 4 37

6 35 37 3 33

7 31 50 50

8 42 53 58

9 25 48 18

10 27 43 9

11 21 55 9

12 2

13 0

At an intensity of 1.7 r/day the pollen sterility in-
creased during the first 3 weeks and then leveled off
at about 30%, although there was considerable variability
from week to week. At 8 r/day the maximum sterility
was not reached until about the sixth or seventh week,
presumably in consequence of the retarding effect of the
greater amount of radiation; but after 6 weeks’ expo-
sure, the pollen sterility remained at about 50% during
the subsequent weeks. At this intensity there was con-
siderable inhibition of floral development, and very few
flowers were produced after 2 months of exposure.

After 5 weeks of exposure some of the plants were
removed from the field of radiation in order to see how
long the pollen sterility would continue. At 1.7 r/day
the pollen fertility at 5 weeks after exposure was prac-
t’i(’;allynormal. " At.8«1/dgy: the. plants 'did an ‘recover
normal fertility until about 12 weeks after removing

September 22, 1950

them from the beam of 4 rays. This greater delay in re-
covery is attributed to the greater retardation of growth
of the plants at the higher intensity. '

The lack of a cumulative effect in the produetion of'
microspore chromosome aberrations and pollen fertility
after several weeks’ exposure to low intensities of y rays,
and the recovery of normal microspore chromosomes -and
pollen fertlity after the plants are removed from the.
radiation field, indicate that cells containing chromosome
aberrations do not continue to divide or are outgrown
by the normal cells. Earlier work (Z) has shown that,
if sufficient radiation is given to produce chromosomal
aberrations in nearly all cells, the plant dies. At low
intensities of radiation many eells are not permanently
affected, and presumably these cells are the ones that
produce the normal microspore echromosome complements
and the fertile pollen grains. Corntinuous exposure to
several roentgens per day does not seriously reduce pollen
fertility or seed set, although it is possible that some
deleterious mutations may appear in later generations.
The fact that both chromosome aberrations and pollen
sterility level off after a few weeks of exposure indicates
that the plants can survive and reproduce after months,
or perhaps even years, of exposure.

These results indicate that Tradescantia plants, and
probably most plants, can survive continuous radiation
at the rate of several roentgens per day. Unfortunately,
they cannot be expected to apply to the higher animals,
including man. The factors of determinate growth, high -
sensitivity of eritical tissues, the absence of haploid
mitosis in gametophytic development, and the lack of’
rapid somatic divisions preceding egg formation, should
render animals much more vulnerable to low intensities-
of ionizing radiation. - i

References

1. SAx, K. Genetics, 1941, 26, 418.
2. SPENCER, W. P., and STERN, C. Genetics, 1948, 33, 43.
3. UpHOFF, D. E., and STERN, C. Science, 1949, 109, 609.

A Comparison of the Response of Normal
and Hypothyroid Mice to Acute Whole '
Body Roentgen Radiation®

Thomas J. Haley, Samuel Mann, and Andrew H. Dowdy

School of Medicine, Umverszty of Cahforma,
Los Angeles

In 1949 Blount and Smlth (1) showed that premedica:,
tion with thiouracil slightly decreased .the mortality of:
mice subjected to acute whole body roentgen ray irradia-.
tion. This would indicate that the hypothyroid state,
was conducive. to surv1val after roentgen ray irradiation.
Shortly thereaftel Patt ef al. (6) reported significant.
decreases in radiation mortahty in animals premedicated
with eysteine. It was postulated that the beneficial effect

‘A1 Phis»paper- is based -on- -work "’bei-forimed under Contract
A'L-04-1GEN-12. between ,the: Atomic: ‘Energy Commission:and:

--tle ‘University-of :California -at Los- Angeles. :
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Effects of Iomzing Radiation

on Terrestrial Ecosystems

Experiments show how ionizing radiation may alter
normally stable patterns of ecosystem behavior.

During the past two decades man
has had the capacity to increase levels
of ionizing radiation in the environ-
ment by almost any magnitude and on
a global scale. No other environmental
factor is yet subject to such manipula-
tion, and no other factor appears to
have quite the same potential for pro-
ducing both genetic and somatic effects
in living systems. Preoccupation with
the potential effects on man has led to
concentration of research in environ-
mental biology on the possibility of
contamination of man’s food chain
with radioactive isotopes and to neglect
of the potential effects of radioactivity
on ecological systems. The recent dis-
covery that certain plants are damaged
by total exposures in the same range
as those which cause damage in mam-
mals emphasizes the possibility that
substantially higher levels of ionizing
radiation in the environment would
be not only a direct hazard to man
but also would cause changes in the
ecological systems of which man is but
a part, The nature of the potential
changes in terrestrial ecosystems and
the exposure levels at which they occur
is a topic of vital current interest, bear-
ing not only on the possible aftermath
of war but also on the feasibility of
large-scale peaceful use of ionizing
radiation.

Sensitivity of Primary Producers

Plants, the primary producers of all
ecosystems, are subject to damage from
ionizing radiation at lower levels than
was previously thought to be the
case (I). The gymnosperms include
some of the most sensitive of plants; the
algae and bacteria, some of the most
resistant. Sensitivities within this range
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vary by a factor of the order of several
thousand (2). For example, exposure of
pitch pine (Pinus rigida Mill.) to av-

~erage levels of less than 5 roentgens

per day for several years has Kkilled
more than 90 percent of these trees,
while exposures in the range of 1 to
3 roentgens per day inhibit growth in
diameter (3) and needle growth (4).
Recently Miksche et al. (5) demon-
strated that a total exposure of 82.5
roentgens at a rate of 3.75 roentgens
per day damages Taxus buds. Near
the other extreme of sensitivity among
the higher plants, Arabidopsis survives
long-term eéxposures of several thou-
sand roentgens per day. Bacteria, al-
gae, and fungi are in many instances
still more resistant. In general, the
trend of research on both the somatic
and the genetic effects in higher plants
is toward recognition of effects at
lower and lower exposures.

Differences in sensitivity are not re-
stricted to differences between species;
sensitivity varies during the life cycle of
an organism. Sparrow and I have sug-
gested (6) that reproductive stages in
plants are generally more sensitive
than vegetative stages and that lethal
effects occur during flowering and seed
set at approximately one-fourth the ex-
posure necessary to cause 100-percent
mortality in mature plants. In animals,
especially in insects, variations in sensi-
tivity at different stages have been
recognized for many years (7).

The mechanisms which appear to
account for the -effects of ionizing
radiation on the growth of plants, as
well as the effects themselves, have
been reviewed recently by Read (8),
by Sparrow and Evans (2, 9), by
Gunckel and Sparrow (10), and by
Sparrow and me (6). The primary
site of damage appears to be the

chromosome, and the great differences
in sensitivity among organisms are at-
tributable to differences in chromosome
number and size. Organisms with few,
large chromosomes may lose a sig-
nificant portion of their genome from
one chromosome break, while organ-
isms with many, small chromosomes
may suffer only minor genetic damage
from ‘a single break. Sparrow and
Miksche (71) have shown that this
relationship between sensitivity and
chromosome size and number holds
for several plant species.

Effects on Organisms and Ecosystems

The effects of exposure of plants to
ionizing radiation range from death,
through varying degrees of growth in-
hibition, to effects on reproductive ca-
pacity and to even more subtle genetic
effects recognizable only in subsequent
generations. Numerous instances of
stimulation of growth have been re-
ported, especially in the Russian litera-
ture (/2). Additional effects are rec-
ognizable in animals, including short-
ening of the life span (13).

In general, the research which has
elaborated these effects in plants and
which has yielded estimates of sensi-
tivities has been carried out on small
populations under conditions of culti-
vation in greenhouses or gamma-radia-
tion fields—under conditions specifi-
cally designed to reduce the variability
attributable to environmental stress.
Introduction of the various forms of
environmental stress characteristic of
natural ecological systems can be ex-
pected to intensify the damage from
exposure to ionizing radiation and to
produce measurable effects at lower
exposure levels (6, 14), possibly to
produce additional effects not recog-
nized previously.

Virtually all of the effects recognized
at the organismal and cellular levels
have implications at the population
and ecosystem levels; combined, they
present a bewildering array of possi-
bilities at these higher levels. For sim-
plicity I divide possible effects into
short-term and long-term effects, as-
suming short-term to mean less than
2 years. In most terrestrial ecosystems
the short-term effects are dominated
by the consequences of differential
sensitivities; the long-term effects, by
these consequences plus effects on re-

The author is assistant ecologist at Brook-
haven National Laboratory, Upton, N.Y.
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productive capacity and genetic effects.
I dwell here principally on the short-
term effects.

Two types of short-term effects
would be expected from long-term
irradiation of an ecosystem: (i) selective
mortality of sensitive species, due to
direct and immediate effects of ex-
posure, and (ii) shifts in the relative
importance of species populations
through alteration of the biological
interactions which normally contribute
to a stable pattern of ecosystem be-
havior. These interactions include not
only the many vaguely defined inter-
organism  relationships = commonly
lumped as “competition” but also para-
site-host and predator-prey relation-
ships. There are numerous models sug-
gesting the potential consequences of
such shifts in biological interactions.
Some of these have been summarized
by Elton (/5) and Andrewartha (Z6).

Exposures Necessary To Produce
Effects on Ecosystems

Research on the effects of ionizing
radiation on organisms living in natural
arrays is complicated by the variability
of these arrays and the necessity for
recognizing slight effects caused by
exposure to the low-level radiation
present. In addition, the effects of ex-
posure are usually confounded with
the factor of location, making clear
separation of radiation effects from
other environmental influences difficult.
The lowest levels of long-term ionizing
radiation at which nongenetic effects
on higher plants had been observed,
approximately 2 roentgens per day,
were estimated by Sparrow and me
(6) to be 8000 times greater than the
highest exposure levels from fallout in
New York City in 1958 (17). It is
probable that effects on stem diameter
and needle growth in pine could be
observed at levels perhaps half those
used in our calculations, and it is true
that in some areas levels of fallout
radioactivity are higher than they are
in New York City; nevertheless, a
large gap exists between present general
radiation levels and the lowest level
necessary to produce a measurable
effect in a sensitive plant. There is,
therefore, little reason to believe that
radiation effects can be seen now in
natural ecosystems other than ecosys-
tems exposed to local fallout from ex-
perimental bomb bursts, as suggested by
reports such as those of Fosberg (18),
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Table 1. Vegetation zones around the gamma-radiation source and the approximate exposures
each zone received during the first 6 months of the experiment. The zones remained stable
in general throughout the summer, but they are expected to recede during the second year

of the experiment.

Approximate total

Vegz«:)t::on Daily exlz:?;ure rates accumulated exposure
(r)
Qak-pine forest Background*
Qak forest 20~ 60 3,600-11,000
Gaylussacia-Vaccinium heath 60-150 11,000-27,000
Carex zone 150-350 27,000-63,000
Zone in which all higher plants died >350 >63,000

* Tree growth was inhibited in this zone at exposures as low as 2 r/day (Fig. 3).

Palumbo (19), and Shields and Wells
(20) and ecosystems such as that ad-
jacent to the Lockheed reactor in
Georgia (21). To produce observable ef-
fects even in ecosystems containing
pines, which are among the most sensi-
tive plants known, long-term exposures
in the range of 1 to 5 roentgens per day
would be necessary, while to produce
parallel effects in oak, minimum ex-
posures of 10 roentgens per day would
be required. Much higher levels would
be necessary to kill these plants within
a short period and to produce presently
recognizable morphological effects in
other, more resistant species. Miller
and I (3) and McCormick and Platt
(I4) have presented data indicating
that environmental stress increases the
damage in plants caused by exposure
to ionizing radiation at any level, and
Sparrow and I (6) have suggested one
mechanism in explanation of this ef-

fect. We suggest that damage on a
unit-cell basis is the principal factor
governing response, and that any in-
crease in the exposure of a cell prior
to division increases damage. Cells
which divide slowly are exposed to
more radiation prior to division, and
sustain greater damage, than those
which divide rapidly. Any environ-
mental factor which reduces the rate
of cell division increases the exposure
on a unit-cell basis and thereby in-
creases the effects. In any case it seems
possible that exposure to ionizing radia-
tion reduces tolerance to environmental
stress, and that ionizing radiation Kkills
or damages plants at lower levels in
irradiated ecosystems than under con-
ditions of cultivation. We would, there-
fore, expect to find nongenetic effects
in the most sensitive plants in natural
arrays at long-term exposure rates of
the order of 1 roentgen per day.

Fig 1. Mechanism for controlling the gamma-radiation source used in irradiating a
forest ecosystem at Brookhaven National Laboratory. The source can be raised or
lowered into a lead-shielded container through operation of a winch in the building

a safe distance away.
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Experimental Approach

These difficulties dictate an experi-
mental approach to the quantitative
study of effects at community and
ecosystem levels. For such an experi-
ment the radiation levels used must
vary from levels lethal to most organ-
isms through low levels approximating
background. Gamma radiation from a
central point seems most appropriate
for experimental purposes because, with
a relatively small quantity of radio-
active material, an intense radiation
source can be conveniently provided.
In addition, there is no activation prob-
lem as there is with neutrons.

Such a radiation facility has been
established at Brookhaven National
Laboratory, specifically to provide op-
portunity for systematic study of the
effects of ionizing radiation on a ter-
restrial ecosystem and its components.
The ecosystem chosen for this experi-
ment supports a stand of the Long
Island oak-pine forest, with Quercus
alba, Q. coccinea, and Pinus rigida the
principal tree species.

The source of radiation is cesium-
137 (9500 curies), a gamma emitter,
centrally located; it can be shielded,
when shielding is desired, through
operation of a winch (Fig. 1). Rates
of exposure around this source vary
from several thousand roentgens per
day within a few meters to about 2
roentgens per day at 130 meters. The
source is exposed 20 hours per day,
and has been exposed on this schedule
since 22 November 1961.

Two broad research programs de-
signed to elucidate effects at the eco-
system level are being carried out with
this radiation facility. One involves
measurement of changes in the popu-
lations of species which form the eco-
system; the other, measurement of the
rates of energy fixation and the paths
of energy movement through the sys-
tem. The first of these programs in-
cludes study of short-term changes
induced by direct and indirect effects
on present populations and long-term
effects of genetic changes and of
changes in reproductive capacity. The
second program is designed to provide
a more nearly precise measure of effects
on the system through measurement of
the energy-fixing capacity of the sys-
tem and of its components. Although
use of this facility is by no means re-
stricted to studies involved in these two
programs, the programs form the core
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around which research on the behavior
of the overall system is organized.

Prior to installation of the source,
detailed information on the species
composition of the vegetation and on
the size and vigor of individual plants
within the vegetation were obtained
through the technique of Woodwell
and Hammond (22). Less detailed
data on insect, bird, and mammal
populations were also obtained. These,
plus data from other, similar stands
remote from the source, are the control
data for the experiment.

The required size of the gamma
source was estimated from the correla-
tion between radiosensitivity and
chromosome number and size shown
by Sparrow and his associates (7, 6,
9). A source size was selected which
was estimated to be large enough to
produce effects in the first year,
through an area of approximately 2
hectare, ranging from mortality through
inhibition of growth of most species
in the vegetation.

Early Effects of Exposure

At the time of budbreak in the
spring, approximately 6 months after
irradiation was started, effects were ob-
vious as far as 40 meters from the
source (Fig. 2), where exposure rates
were approximately 40 roentgens per
day. Differences in sensitivity among
plant species produced a zonation of
vegetation, five zones being clearly de-
fined (Table 1): a zone of total kill of
all higher plants; a sedge zone; a heath-
shrub zone; an oak zone: and, at lower
levels of radiation, the oak-pine forest.

The striking differences in sensitivity
of primary producers is indicated by
the growth curves of Fig. 3 for white
oak and pitch pine, which show severe
inhibition of shoot elongation in oak
at exposures above 35 roentgens per
day and in pine at 15 roentgens per
day. These curves approximate closely
the responses predicted for these
species by Sparrow and me on the
basis of chromosome size and number
(6).

A further effect of differential sensi-
tivity among species is shown by the
curves of Fig. 4, which show insect
defoliation, expressed as a percentage
of the leaves present on white oak,
plotted against exposure rate. Defolia-
tion by insects was approximately 10
times more severe on trees damaged

by radiation than in the nonirradiated
forest. This increase in damage was
probably due not to an increase in the
abundance of insects but, rather, to a
decrease in the number of leaves avail-
able to the endemic populations. The
populations of leaftiers (Psilocorsis
spp.) leaf rollers (primarily Argyrotoxa
semipurpurana), leaf beetles (Chryso-
melidae), and loopers (Geometridae)
which caused most of the damage
shown (Fig. 5) were aparently more
resistant to damage than their host
trees.

These early observations illustrate
the types of short-term changes which
exposure to high levels of radiation in
the general environment can be ex-
pected to produce in a forest ecosys-
tem. While such high levels are above
present levels of radiation from world-
wide contaminants by many orders of
magnitude, they are well within the
range of exposures associated with local
fallout from bombs (23). From Table
1 and Fig. 3 it is clear that contamina-
tion-producing exposures in excess of
1000 roentgens delivered over any pe-
riod of less than 6 months would cause
severe damage to pitch-pine forests and
probably to other gymnosperm forests
as well, while parallel damage would
occur in oak forests at exposures in ex-
cess of 10,000 roentgens.

Furthermore, it is clear that ionizing
radiation may alter such host-parasite
relationships as those existing between
a plant and its insect defoliators, and
that radiation-damaged plants will suf-
fer greater insect damage than plants
not damaged by radiation. While the
assumption that all host-parasite rela-
tionships will be affected in this direc-
tion is not justified, the hypothesis
seems tenable that small organisms with
wide ecological amplitudes and high
rates of reproduction—in short, weeds
and other organisms frequently con-
sidered pestiferous because of their
persistence under persecution—have
survival advantage under -conditions
of long-term exposure to ionizing radia-
tion over large organisms with longer
life cycles.

Discussion

If we consider from a very funda-
mental and practical standpoint the
general problem of contamination of
the environment with radioactive de-
bris, it is clear that two types of con-
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Fig. 2. The forest within 40 meters of the source after 6 months’ exposure to ionizing radiation. The source is cesium-137 ‘(9500
curies), suspended in the tower at right. The numbers indicate approximate daily exposure in roentgens, at the point indicated.
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Fig. 5. Insect defoliation and damage from ionizing radiation in white oak. 30 July 1962.

tamination are possible; first, the se-
vere contamination from heavy local
fallout associated with bomb bursts;
second, the much less intense long-
term and world-wide contamination
from sporadic bomb testing, from acci-
dents, and from wastes originating
from peaceful uses of atomic energy.
These two situations are fundamen-
tally different, the one involving large,
short-term effects principally from ex-
ternal emitters, the other, long-term
effects from both internal and external
emitters. Both situations present prob-
lems which are difficult, and many of
their finer points may be susceptible
of only limited, empirical solution.
Nonetheless, certain principles seem to
bear on the general problem, and cer-
tain questions seem answerable within
broad limits.

Numerous radiobiological studies
emphasize that the principal damage
incurred by an organism exposed to
ionizing radiation occurs in the nucleus
(8), and more recent work shows that
the sensitivity of an organism is related
to the size and number of chromosomes
present (2). This relationship is now
well enough established to be used as
a basis for predicting the sensitivity
of organisms to radiation of any level
(6, 24). Although the technique lacks
precision, it is useful; for instance,
through this technique accuracy in
predicting the range of sensitivity for a
higher plant is increased to a point
where predicted values deviate from
experimental values by a factor of 4
or less instead of a factor of about
500. Further refinement of this tech-
nique should increase its precision
greatly. At present it is obviously use-
ful in predicting not only effects on
individual plants but also the gross,
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short-term effects of heavy fallout on
the plants of any ecosystem.

Long term effects of chronic ex-
posures on organisms living in natural
arrays are dependent to a higher degree
on the nature of the contamination and
on an additional set of biological fac-
tors. Such long-term effects are neces-
sarily the result of exposure from both
internal and external emitters, and it is
clear that to predict effects of exposure
for any type of intensity of contamina-
tion, the mineral cycles and periods
of residence of isotopes in various or-
ganisms must be known. Great prog-
ress is being made in defining these
cycles and their biological implications
(25).

Less progress has been made in de-
fining the biological considerations
which are important in determining
potential long-term effects. These con-
siderations seem to be three.

1) Ionizing radiation is generally
deleterious to living systems, and ex-
posure can be expected to reduce
physiological tolerances to environ-
mental stress. Although there are nota-
ble exceptions to this generality (12),
especially as a result of clever genetic
manipulations by man (26), evidence
from animals (27) and an increasing
body of evidence from plants indicate
strong interactions between stress and
radiation exposure (3, 14). Sparrow
and I have suggested (6) that relative
sensitivity among species to this type
of radiation damage probably paral-
lels radiosensitivity shown by morpho-
logical characteristics. The extent to
which this is true remains to be seen.

2) Variation in sensitivity to dam-
age during the life cycle of an organism
may be extreme, the population as a
whole thus being much more sensitive

than the mature stages of single or-
ganisms. In general, reproductive proc-
esses are most sensitive to damage,
vegetative or mature stages least sensi-
tive. On the other hand, there is no
threshold exposure for the production
of mutations.

3) Selective removal or differential
inhibition of species will alter biolog-
ical interactions, potentially upsetting
the usual patterns of species abun-
dance and ecosystem stability. This
type of distrubance can have several
forms including alteration of intra- and
interspecific interactions among plants,
shifts in the host-parasite balance, and
shifts in predator-prey relationships.
There are abundant models for disturb-
ances of these types, ranging from the
removal of chestnut from the extensive
oak-chestnut forests of eastern North
America by the fungus Endothia para-
sitica (28) to disturbances shown in nu-
merous animal-population studies (16).

All of these changes produce poten-
tial instabilities in ecosystems, ranging
from the initiation of a new succes-
sional sequence only slightly different
from the old one to violent oscilla-
tions in population density which can
result in extinction or in population ex-
plosions.

The research needed for elaboration
of these large and complex problems
is itself large and complex, involving
the ‘delineation of model systems and
the analyses of these systems from
numerous standpoints. Perhaps the
most successful ecological study of this
type is the series of studies of the
spruce budworm in eastern Canada,
carried out over more than two decades
and involving many scientists (29).
Although ionizing radiation presents
a set of problems different from those
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posed by the budworm, the work in
Canada emphasizes the need for long-
term, integrated approaches to such
large-scale and fundamental biological
problems. One technique for analyzing
certain aspects of the potential effects
of ionizing radiation is outlined here.
Installations such as that at Brook-
haven, established within major vege-
tation types, with their control eco-
systems, provide one type of model.
A second type of model has been pro-
vided by chance at Rongelap Atoll and
on neighboring atolls in the Pacific,
and at the White Oak Lake Bed at
Oak Ridge, Tennessee. Similar models
must now exist in the Russian Arctic.
The partially shielded Lockheed reactor
in Georgia has provided a most useful
model of an irradiated ecosystem.
Use of these models as they become
available, in conjunction with experi-
ments involving mineral cycling and
the effects of internal emitters not only
on organisms but on populations and
ecological systems as well, will provide
at least an understanding of what is
happening to the environment, if not
the wisdom to control it (30).
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News and Comment

Administration Sees No Ground
for Jubilation as Missile Episode
Is Brought to a Calm Conclusion

The administration is not encour-
aging any cheering over its success
in thwarting the Soviet missile gambit
in Cuba.

For one thing, the strong medicine
that the United States employed in
Cuba could have distant and unfore-
seen side effects, and jubilation is there-
fore considered to be premature. No
matter how Khrushchev may euphemize
the incredible events of the past two
weeks, he, in effect, dismantled some
of his own political and military pres-
tige when he agreed to dismantle his
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Cuban missile launchers; it is not un-
reasonable to assume that he is look-
ing to recoup his losses, and the ad-
ministration is eager to refrain from
any words that may irritate him toward
accomplishing that quest.
Furthermore, the administration de-
sires to make it clear, especially to
American audiences, that it success-
fully responded to the Soviet threat,
not with a bludgeon, but with carefully
measured words and a minimum appli-
cation of force. Thus it was no acci-
dent that the Navy employed binocu-
lars, rather than a boarding party, to
inspect the first Soviet-owned vessel—
a tanker—that crossed the quarantine
line. A Defense Department spokes-
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man explained that an external exami-
nation had satisfied the Navy that the
vessel was not carrying prohibited ma-
terial. It would seem that this was
more of an educated guess than a sub-
stantiated conclusion, but it had the
merit of keeping armed American
naval personnel from forcing their
way onto to what is legally the equiva-
lent of Soviet soil. When an actual
boarding did take place, it was on a
Lebanese vessel under charter to the
Soviets. In this fashion, the highly pro-
vocative fact of the quarantine was
tempered through judicious execution,
and the Soviets cooperated by reversing
the course of those vessels whose car-
goes fell under the ban.

Although “hard-liners” are now
praising the administration for taking
the advice they were giving all along,
the response employed in Cuba was
quite different from what the jingoists
were recommending. From the onset of
the crisis, the administration set a
course aimed at convincing the Soviets
that the U.S. would use force to achieve
the removal of the missile launchers
if the Soviets did not remove them
first. To get this idea across, it had
to come perilously close to employing
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J. Inorg.

Corn Seeds Affected by
Heavy Cosmic Ray Particles

Abstract. Corn seeds of a special
genetic stock were recovered from two
satellite flights and the plants grown
from them were examined for abnor-
malities. Some evidence for a slight in-
crease in chromosomal deletions was
observed, which was predicted from the
fiux of heavy cosmic ray primary par-
ticles. Nothing unexpected was o0b-
served.

The ionizing radiations which exist at
altitudes greater than 120 km, where
the earth’s atmosphere is very sparse or
nonexistent, have been extensively stud-
ied in recent years with the aid of bal-
loons and satellites. The biological effect
of these radiations has been predicted
from the physical measurements alone,
but it seems desirable to test these pre-
dictions with appropriate live material.

The present experiments employed
corn seeds as the test material. The
seeds were flown in satellites and re-
turned to the laboratory, where they
were germinated and grown. Certain of
the early leaves were examined for ab-
normalities which would indicate radia-
tion damage to the embryo. If radiation
causes genetic damage in one or more
individual cells of a leaf primordium of
the seed embryo, then for each mutated
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cell a change can be observed at a cor-
responding point in the leaf of the plant.

The radiations can be divided into
three categories, as follows. (i) Electro-
magnetic radiations such as x- or gam-
ma rays which would be expected to
have a negligible effect on the seeds at
the radiation levels encountered. (ii)
Electron and proton radiations which
comprise by far the most abundant type
of radiation and would be expected to
cause genetic damage in individual scat-
tered cells of the seed embryos. Read-
ings from ionization chambers in the
satellites, together with experience
gained from previous exposures to
known radiation sources, permit an ac-
curate estimate to be made of the fre-
quency of leaf sectors to be expected
from this source. (iii) Heavy cosmic
ray particles, consisting of stripped
atomic nuclei having masses as high as
iron and traveling at very high speeds,
may produce a very broad path of dense
ionization as they enter matter. As the
particle slows down the track increases
in ionization density, and just before
its end it becomes very broad and
dense. This section, known as a thin-
down, may be as much as 25 pu in
diameter in tissue and several milli-
meters long. Since the particles are
traveling very fast in outer space, al-
most none of them would be expected
to be slowed down in a small object,
like a package of seeds, sufficiently to
form a thindown. However, behind
rather thick shielding or when the par-
ticles have penetrated the atmosphere
some distance, thindowns should be en-
countered rather frequently. Schaefer
(1) has shown the maximum number to
occur at an altitude of about 40 km and
to decrease sharply at higher altitudes,
reaching zero in an unshielded situation
in outer space beyond about 80 km.

These high-energy heavy particles
cannot be produced in the laboratory,
so there has been no direct biological
experience with them. Thus the chief
interest in this experiment was with this
type of radiation, and corn seeds were
chosen as the test object because they
would be expected to respond to it in
an observable way.

In general, the biological damage
produced is proportional to the ioniza-
tion produced, and for the heavy par-
ticles this ionization is concentrated in
very small volumes, except for the thin-
down portion of the track. The diam-
eter of this part of the track may be
wide enough to hit several cells of the
corn embryo, and within its core the

ionization would be very dense. If such
a track went through an embryo, one
would expect damage to the primordia
of all leaves through which it passed.
The plant grown from such a seed might
show damaged areas in several leaves,
and from the positions of these one
should be able to estimate the course
and extent of original damage to the
embryo as it was traversed by the par-
ticle. The very-high-speed heavy par-
ticles encountered would be expected to
cause occasional damaged cells in the
seeds which would show as mutant
streaks in mature leaves. It was this
speculation that the experiment was
designed to verify.

The corn seeds used in these experi-
ments have embryos in which six leaves
or leaf primordia are present in various
stages of development. Observations on
leaves 3 and 4 were used in these ex-
periments to obtain quantitative data
on genetic damage. These leaves are
most easily scored because of the size
and frequency of mutant sectors pro-
duced, which, in turn, are due to the
particular combination of numbers of
target cells in the embryonic initials
and the amount of cell division and ex-
pansion that occurs in subsequent
growth. The seeds employed were of a
genotype that is heterozygous for alleles
controlling green (Y g:-dominant) versus
yellow-green (ygs-recessive) color of the
leaf. The larger the dose of radiation
delivered to one of the cells of an em-
bryonic leaf, the greater is the probabil-
ity that the cell will undergo chromo-
some breakage, and the higher is the
frequency of loss of the allele (Yg-) re-
sponsible for green color. As a conse-
quence of such a loss, this altered cell
and all its progeny will fail to form the
fully green chlorophyll of normal leaf
cells. Thus, a single “mutation” in an
embryonic leaf cell in this stock will
show up in the growing plant as a
yellow-green streak or sector in the ma-
ture leaf (2). A microbeam of deuterons
from the Brookhaven -cyclotron has
been developed as a tool for simulating
the biological effects of the thindown
particles (3) and the effects of these
beams on this genetic stock of corn
have been described (4) and these re-
sults have been used to predict the ap-
pearance of a thindown hit in this
material.

Seeds were flown and successfully re-
trieved from two satellites: Discoverer
32 launched on 13 September 1961,
and a satellite launched in midsummer
1962 (5). These satellites were in polar
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orbit with an average altitude of about
280 km for 27.3 and 49.6 hours, re-
spectively. In addition to the seeds, the
second flight had some nuclear track
plates packed in the corn.

After recovery, the corn was grown
in a controlled environment room,
along with control samples which had
been sent to Vandenberg Air Force
Base with the flight samples but not
flown. The results from coded scoring
of the frequency of yg: streaks on leaves
3 and 4 are presented in Table 1. An
analysis of variance of the data from
the first flight, utilizing the approximate
proportionality of the number of leaves
scored, gave no evidence for a signifi-
cant increase in the frequency of streaks
in the corn recovered from the flight as
compared to the controls. An analysis
of variance of the data from the second
flight, based on the method of weighted
squares of means, revealed a significant
increase in sector frequency for flight
seed scored for leaf 4 but not for leaf 3.
On the other hand, it can be seen from
the data that, in the ten comparisons
made (five seed lots, two leaves each)
for the two flights combined, in eight
of these the sector frequency for the
flight seed was greater than for the
controls, and in one it was the same.
Friedman’s (6) rank sum test applied
to the pooled data gives evidence that
there is significantly more sectoring, but
only at the 5-percent level (x = 4.9), in
plants grown from the flight seed. The
conclusion reached from this analysis
is that there was little, if any, increase
in sector frequency due to the flights.

An exceptional yg: sector frequency
observed in one plant may have been
due to a thindown particle hit on Dis-
coverer 32. In one-half of leaf 3 there
were six separate yg: streaks, in leaf 4
there were two such streaks, and one
also appeared in leaf 5. These leaves
overlap in the embryo so that this pat-
tern of hits may indicate a single major
thindown traversal. With this possible
exception there was no conclusive evid-
ence of more radiation damage in the
flight samples than in the controls.

In addition to the data taken on the
frequency of yg: streaks, observations
were also made on the occurrence of
cut or notched leaves, .aborted shoot
apexes, and files of dead leaf cells in
both the genetic stock and a commer-
cial hybrid corn that was used as pack-
ing in the first flight. These abnormali-
ties were found to be no more abundant
in the flight samples than in the controls.

The numbers of yg: sectors to be ex-

12 JULY 1963

Table 1. Frequency of yg, sectors.

Leaf 3 Leaf 4
Seed Control Flight Control Flight
lot
© No. of Y8, per No. of ¥y8s per No. of yg, per No. of g, per
leaves leaf leaves leaf leaves leaf leaves leaf
First flight
A 89 0.034 90 0.056 89 0.022 91 0.022
B 94 .085 92 120 94 .043 90 .067
m .060 .088 .033 044
Second flight

A 93 .086 206 116 93 .032 206 .048
B 86 081 187 .070 86 .035 187 .054
C 121 .050 162 .056 121 .016 162 .037
m 070 .083 027 047

pected were estimated in several ways.
The U.S. Air Force included ionization
chambers on these two flights, and they
recorded about 15 mrad and 3 rad, re-
spectively. This ionization would be due
almost entirely to electrons, protons, and
x-rays. This amount of radiation would
cause a negligible amount of radiation
damage in these seeds. Thus any dam-
age observed must have been due to
heavier particles.

The flight film and control plates,
were developed along with an identical
plate which had been exposed to 44-
mev alpha particles as a reference for
relatively heavy particle tracks. The
plates were carefully scanned for heavy
particle tracks, and any tracks heavier
than the alpha tracks were scored. In
all, 64 cm® of emulsion were scanned
on both flight and control plates and
the flight plates showed a track fre-
quency of two tracks per square centi-
meter for the 49.6-hour flight. None
was found on the controls. This agrees
well with results obtained by Hewitt
and Campbell (7). However, none of
these tracks was more than about twice
the ionization density of an alpha track,
so that all were from particles traveling
at such velocities that they did not pro-
duce tracks heavy enough to be classed
as thindowns. The one apparent thin-
down hit observed in one seed from the
first flight was probably a real effect,
since there was certainly a finite prob-
ability of receiving such a hit.

These emulsions gave information
only on the very heavy ionization tracks,
that is, those above alpha track ion
densities. It is possible to compute from
the work of Schaefer (7) the total num-
ber of heavy particles passing through
the samples; this amounts to about 380
and 670 per square centimeter, respec-
tively for the two flights. There would
also be some slow protons which would
cause dense ionization tracks, but it is

very difficult to estimate their numbers.
Calibration measurements have indi-
cated that a low-energy proton flux hav-
ing about the same ionization density as
the very energetic heavy particles will
produce about one streak on leaf 3 per
seed for a flux of 10° protons per square
centimeter. For the first flight, on this
basis, one might expect for the 182 seeds
no significant increase in mutant streaks,
but for the second flight, with 555
seeds, there might be an increase be-
tween 0.001 and 0.01 streak per leaf.
This is at best a rough approximation,
but is accurate enough to explain the
apparent slight increase in streaks found
in this experiment. It clearly indicates
that if the very heavy particles are trav-
eling at very high velocities, they can
pass through living cells and produce
little damage. This is in accord with
radiobiological expectations.

Particles producing ionization tracks
such as these are known to be very
effective relative to sparsely ionizing
tracks in producing chromosome breaks
in corn seeds, and this is the reason one
would expect a slight increase in streak-
ing even though the ionization chamber
readings were very low.

The real purpose of this experiment
was to verify the predicted radiobiolog-
ical effect of the heavy cosmic ray pri-
mary particles, and to test whether any
unexpected biological phenomena ex-
isted in a satellite environment. Within
the limits of this biological system,
nothing unexpected was found (8).

Howarp J. CURTIS

HaroLp H. SMITH
Biology Department, Brookhaven
National Laboratory, Upton, New York
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Assoc. 32, 675

Radioprotection by Pressor

Amidines

Abstract. In the mouse, radioprotec-
tion is not always associated with the
effect of hypertensive amidines and re-
lated amines. The protection resulting
from this group of agents follows the
pharmacological reduction of intercel-
lular oxygen tension.

After the observation that simple
S-alkyl isothiuronium salts decrease ra-
diosensitivity, Ashwood-Smith () tested
some of its homologs in an attempt to
relate structure to radioprotective ac-
tion and to discover more promising
agents. He found that activity dimin-

Table 1. Thirty-day survival data of mice receiv-
ing single doses of related pressor amines and
amidines before irradiation to lethal doses of
Co99 (1000 r).

Intraperitoneal
administration

Animals  Survival
Dose Time (No.) (%)
(mg/kg) (min)
Controls
290 0
2-Methylpseudo urea

500 15 20 50
Methyl guanidine

150 5 20 5
2-Amino pyridine

25 15 30 0
4-Amino pyridine

3 15 15 0

n-Pentylamine
50 15 10 0
n-Hexylamine
40 15 10 0
S-ethyl isothiuronium

150 30 40 98

150 15 80 90

75 15 30 90

20 15 20 60

Papaverine - HCI*
325 30 10 10

Papaverine « HCIL* plus S-ethyl isothiuronium
325 30
150 15 26 40
Hypoxiat
42 5
Hypoxia, plus S-ethyl isothiuroniumt

150 15 20 5

* Subcutaneous administration. + Irradiated

with 2200 r Co%,
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ishes rapidly as the S-alkyl substituent
is lengthened beyond three carbon
atoms. It is interesting that Fastier (2),
in his excellent review of the structure-
activity relationships of amidines, de-
scribes a loss of pressor action for
S-alkyl isothiuroniums with alkyl sub-
stituent longer than three carbon atoms.
The possible correlation of chemical
structure, pressor activity, and radio-
protection by these amidine derivatives
led to a study of the effects of pressor
amidines and pharmacologically related
amines on the radiosensitivity of mice.

Young female mice (Bagg Swiss),
weighing 20 to 25 g, were used. Ten
control mice were irradiated simultane-
ously with each treated group and
thereafter both groups were housed
jointly. The radiation was done in a
specially designed cobalt-60 irradiator
which contained about 1200 curies of
cobalt-60, half above and half below
the radiation chamber., The mice were
exposed in a plexiglass box which ro-
tated through a flat radiation field of
about 100 r/min. In the experiment
with hypoxia, two treated and two con-
trol mice were irradiated simultane-
ously in a cobalt-60 Gammacell-220
(3) at about 1800 r/min. The irradi-
ation chamber was gassed before and
during exposure with a mixture of 5
percent oxygen and 95 percent nitrogen.

Each of the chemicals tested is
known to increase blood pressure (2),
but only two of these offered signifi-
cant protection against lethal radiation.
The survival data in Table 1 indicate
that radioprotection by amidines is not
directly associated with their pressor
activity. In an attempt to explain this
disparity, additional investigations were
conducted with S-ethyl isothiuronium
as a test compound.

The results in Table 1 show that S-
ethyl isothiuronium is radioprotective
when used over a wide dose range and
for a considerable period of time. Also,
papaverine, a known pharmacological
antagonist (2) significantly reduced the
protective effect of a massive dose of
S-ethyl isothiuronium. Other agents—
reserpine, atropine, phenergan, and di-
benzyline—had no influence on S-ethyl
isothiuronium action. The favorable
therapeutic ratio and the response to a
specific antagonist are parallel to ac-
tions established for serotonin (4),
which is thought to decrease radio-
sensitivity through oxygen-dependent
pathways. A similar mechanism may
explain the action of S-ethyl isothiu-
ronium since our data show that it
fails to increase the radioprotection

afforded mice by the optimal reduction
of intercellular oxygen.

The experimental results suggest that
pressor amidines offer radioprotective
activity through a pharmacological
mechanism which leads to a lowered
oxygen tension of radiosensitive tissues.

WiLLiaM E, ROTHE
MARIE M. GRENAN
SHIRLEY M. WiLsoN
Walter Reed Army Institute
of Research, Washington 12, D.C.
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Glycogen Deposition in the Liver
Induced by Cortisone: Dependence
on Enzyme Synthesis

Abstract. The deposition of liver gly-
cogen in starved rats given a single
dose of cortisone is inhibited by puro-
mycin and actinomycin. The former
agent interferes with induced enzyme
formation in general, and the latter
with the cortisone-induced rise in liver
enzyme levels. The results suggest that
the regulatory effect of cortisone on
carbohydrate  metabolism may be
brought about by its action on the cel-
lular concentration of certain enzyme
proteins.

Adrenocortical hormones, which in-
fluence the rate of certain metabolic
processes in vivo, do not appear to act
as simple inhibitors or activators of en-
zymic reactions in - vitro. Therefore,
Knox, Auerbach, and Lin (/) suggested
that hormone action may be brought
about by changes in the actual concen-
tration of the protein moiety of specific
enzyme systems. The dependence on
enzyme synthesis of the acute stimula-
tion of glycogen deposition by cortisone
in the liver of starved rats has now
been tested.

Recent data suggest that the rise of
enzyme activity induced by cortisone
reflects an increase in the rate of de
novo enzyme synthesis. The accumula-
tion of liver tyrosine transaminase (2),
glutamic-alanine transaminase (3), and
tryptophan pyrrolase (4) has been mea-
sured immunochemically. Correspond-
ingly, the administration of an inhibitor
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Seed Radiosensitivity:
A New Constant?

Abstract. Dormant seeds of different
species tolerate varying amounts of
ionizing radiation, species having smaller
nuclei in the apical meristem generally
withstanding greater exposure. Nuclear
volume (in p’) multiplied by radiation
exposure (in roentgens) equals a con-
stant, estimated from 12 species to be
(10.14 %= 1.17) X 10°. From nuclear
volumes alone, predictions of radiation
response for two unknown species were
made; experimental values in both cases
fell below the 95 percent but within the
99 percent confidence intervals of the
predictions.

Sparrow et al. (1) observed that
sensitivities of 16 actively growing plant
species to acute x- or y-irradiation may
vary up to 125-fold as measured by
total exposure, but only 4-fold when the
criterion is energy absorbed per chromo-
some at the lethal exposure. The im-
plication is that a similar quantity of
energy is absorbed for a similar amount
of nuclear damage regardless of total
radiation exposure. This striking con-
cept was hinted at in earlier papers (2)

describing high positive correlations of
nuclear volume (or DNA content) with
sensitivity of growing plants to chronic
irradiation and with frequencies of
somatic mutation and chromosome
aberration. Similar correlations exist for
the sensitivity of dormant (seed) em-
bryos to acute irradiation (3). We here
derive a constant with which seed radio-
sensitivity can be predicted from nuclear
volume of certain embryonic cells.
Controlling important modifiers such
as seed moisture (4), we have found
that most interspecies differences in
radiosensitivity are attributable to nu-
clear volumes in the apical initial -cells
of shoot meristems (5), although eight
additional measurements are required to
account for all genetic variability (6).
For comparisons between species, we
calculated the maximum radiation ex-
posure tolerated by seeds before the dry
weight of seedlings grown in controlled-
environment rooms was reduced by 50
percent (“50 percent exposure”). When
growth values were transformed to
probits, an almost linear response was
obtained with the logarithm of the
radiation exposure. Nuclear volumes
were determined for dormant seeds
stored at 35 to 60 percent relative
humidity; volume has been found to
remain unchanged within this range (4).
Embryos were excised from dormant
seeds, fixed in chrom-acetic-formalin,
infiltrated with tertiary butyl alcohol,
and embedded in paraffin. They were
then sectioned at 10 p, stained with
warm safranin, and counterstained with
fast green in clove oil. Cells in the apical
meristem region were examined at X 930
with an ocular micrometer, and two
measurements at right angles were made
for each nucleus: the longer axis was
designated “a” and the other “b.” After

all nuclei of the meristems of several
embryos were measured, “g” and “b”
values were averaged and average nu-
clear volume, V, was computed from
the ellipsoid formula:

=57 (HE(

Chromosome numbers were obtained
from Darlington and Wylie (7) except
for Festuca elatior, which was deter-
mined in our laboratory from root tips.

The nuclear measurements, 50 per-
cent exposures, and calculated values
for energy absorption for 12 species
from 10 botanical families are listed in
Table 1. The second column from the
right is comparable to the pertinent
numbers of Sparrow et al. (1), except
for our using the 50 percent rather than
the lethal exposure. In our computa-
tions, however, a spread of more than
11-fold was obtained despite a range of
only 10-fold in tolerance as measured in
radiation units (kr, third column from
the right). When comparisons were
made on a per-nucleus rather than a
per-chromosome basis (right-hand col-
umn), a spread of about 3.3-fold was
found.

The data from reference (I) were
used to determine energy absorbed per
nucleus at the lethal exposure, and a
28-fold range was found; however, the
range of the nine polyploid species was
only 8-fold and that of the seven diploid
species was less than S5-fold. The ap-
parent lack of concordance between the
two series of experiments may be as-
cribed to the facts that, in the experi-
ments of Sparrow et al., actively grow-
ing meristems were irradiated to the
lethal point and most species—9 out of
16—were polyploid while, in our exper-
iments, dormant meristems were irradi-

Table 1. Test of the hypothesis that in dormant seeds of quite different sensitivity, as measured by total radiation exposure, similar or identical sensi-
tivity exists as measured by energy absorbed per chromosome or per nucleus. (SE, standard error.)

Energy per Energy per Energy per Energy per
A aume " chromosome mucleus 0l PENGIME Qe
chromosome number (u® £ SE) per roen;gen per roentgen (kr &= SE)} exposure exposure
(ev) (ev) (Mev) (Mev)
1. Cucumis sativus (14) 117 £ 2.2 502.9 7,041 3 4 0.21 23.28 326.0
2. Trifolium incarnatum (14) 126 += 1.4 541.6 7,583 135.0 &= 3.74 73.12 1023.7
3. Brassica napus (38)} 125 & 0.2 198.0 7,522 142.2 + 8.11 28.16 1069.6
4, Linum usitatissimum (30) 164 -+ 3.8 329.2 9,870 34591 23.47 703.7
5. Lycopersicon esculentum (24) 193 £ 5.5 483.8 11,615 7.5 £ 2.01 22.98 551.7
6. Lactuca sativa (18) 193 £+ 0.3 645.1 11,615 3 4+ 3.66 30.51 549.4
1. Arachis hypogaea (40)f 249 +-2.9 224.5 14,985 3 40.82 6.58 439.1
8. Festuca elatior (42)} 435+ 7.1 623.5 26,178 .0 == 0.69 8.73 366.5
9. Hordeum vulgare (14) 467 + 2.1 2,007.6 28,104 59 4 1.99 52.00 727.9
10. Allium cepa (16) 901 =+ 21.0 3,388.7 54,222 .0+ 0.38 44.05 704.9
11. Gossypium arboreum (26) 435 4+ 3.6 1,006.8 26,178 .8 4 0.27 16.91 439.8
12. Daucus carota (18) 114 £ 1.8 379.7 6,830 8 4 2.32 23.47 422.1
(Averages) (29.44) (610.4)

* Based on 1.77 ionizations per cubic micron of tissue per roentgen and 34 ev per ion pair; for the computations it is assumed that nuclei are composed

entirely of chromosomes.
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T Maximum exposure to seeds causing 50 percent reduction in seedling dry weight.

I Polyploids.
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ated to a sublethal endpoint and most
species—9 out of 12—were diploid.

The search for a unifying concept of
seed radiosensitivity can be carried one
step further. The values in the last
column of Table 1 may be estimates of
a single number, representing the maxi-
mum energy (in Mev) which can be
absorbed by a dormant nucleus in the
apical meristem before growth of the
ensuing seedling will be reduced by 50
percent; the average value is 610.4 ==
70.4 Mev. The only variables making
up this “constant” value (k) are the
nuclear volume and the 50 percent ex-
posure; thus either could be used to
estimate the other. Since the experi-
menter is usually interested in predicting
radiation tolerance, it would be rela-
tively simple to section a few embryos
and measure apical nuclei. It follows
that

k -
nuclear volume -
the 50 percent exposure
in roentgens (1)
for dormant embryos in their most
resistant state, and

610.4 = 70.4 Mev/nucleus

k= (1.77) (34) ev/y’/roentgen
(10.14 =*= 1.17) X 10° 2)
therefore
(10.14 £ 1.17) X 10° -
average nuclear volume (4°)
the 50 percent exposure
in roentgens 3)

for dormant embryos in their most
resistant state.

This method was tested on the last
two species of Table 1 prior to the per-
forming of dose-response experiments.
For the first 10 species, average energy
per nucleus at the 50 percent exposure
was 646.3 =+ 80.1 Mev, hence k was
calculated to be (10.74 =+ 1.33) X 10°
The 50 percent exposure for Gossy-
pium arboreum, with an average nuclear
volume of 435 p’, was thus predicted to
be 24.7 kr with a 95 percent confidence
interval of 17.5 to 32.1 kr and a 99
percent confidence interval of 14.8 to
34.6 kr. The experimental value (Table
1) was 16.8 == 0.27 kr.

The data from G. arboreum were
then added to the preceding 10 species
and the average energy per nucleus at
the 50 percent exposure became
627.5 =+ 74.8 Mev, and k was thus
(10.43 = 1.24) X 10°. Daucus carota
(average nuclear volume 114 ,°) was
predicted to have a 50 percent exposure
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of 94.2 kr, with a 95 percent confidence
interval of 65.2 to 119.4 kr and a 99
percent confidence interval of 57.0 to
1259 kr. The experimental value
(Table 1) was 61.8 == 2.32 kr. Thus in
both tests the observed values fell below
the 95 percent but within the 99 percent
confidence interval (8).

Since this report was first submitted,
we have been permitted access to rele-
vant unpublished data from two Spanish
authors (9). Their study provides nu-
clear volume and LD (lethal dose to
50 percent of the population) values for
20 species. Pertinent technical features
are: all species were from the family
Cruciferae and 16 of the 20 species
were diploid; dormant seeds were equili-
brated at 70 percent relative humidity
then x-irradiated at 1200 r/min; ex-
posures reducing survival by 50 percent
were determined after 2 months of
growth; and nuclear volumes of apical
meristems were measured in sprouted
seedlings. Average nuclear volumes
ranged from 25 to 270 p’; chromosome
numbers, from 10 to 64; and LDxu’s,
from 15 to 240 kr. Ranges of energy per
chromosome and per nucleus at the
LD: were inconclusive, being 6.6-fold
in the former case and 5.4-fold in the
latter. Means and standard errors were
(24.97 =2.99) X 10° ev per chromo-
some and (553.4 = 65.5) X 10° ev per
nucleus, values quite in agreement with
ours of Table 1. From their data one
obtains a k value of (9.20 == 1.09) X
10°, which compares favorably with our
value of (10.14 =+ 1.17) X 10°

The theoretical significance of such a

constant is obscure, but the practical
importance is clear. Heretofore a person
embarking on a radiation study with
dormant seeds of an untested species
could not predict whether his material
would be devastated by 1 kr or be
unaffected by 100 kr. Now a few micro-
scopic measurements and some easy
arithmetic will reveal the approximate
amount of radiation he can expect the
seeds to tolerate before a significant
reduction in growth will occur.

THOMAS S. OSBORNE

ALLYN O. LUNDEN

Agricultural Research Laboratory,*
Oak Ridge, Tennessee
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Protein Synthesis During Development: Control

through Messenger RNA

Abstract. Utilization of long-lived messenger RNA appears to be the exception
rather than the rule in cells which are differentiating and synthesizing large
amounts of specialized product at the same time. The fact that polyribosomes
synthesize protein after RNA synthesis is turned off by actinomycin D is used to
demonstrate messenger RNA of long half-life. The data suggest that most tissues
examined have short-lived messenger RNA'’s, but the ocular lens can synthesize
protein after an incubation of 24 hours in 40 pg of actinomycin D per milliliter.
A common basis for the presence of long-lived messenger RNA in the cells of the
lens, the feather, and in reticulocytes is discussed.

A mark of the differentiated cell is its
capacity to synthesize structural or en-
zymatic cell specific proteins. Some
cells, such as skin, liver, muscle, con-
nective tissue, reticulocyte, pancreas,
and thyroid, produce large amounts of

one or a few kinds of protein. We have
asked whether all or only some differ-
entiating cells synthesize their special-
ized product on messenger RNA which
has a long half-life. It has already been
shown that hemoglobin ¢/) and feather
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close to the range of values for natural
radiation background. Visible changes
in the skeleton have been reported only
after hundreds of rep were accumulated
and tumors only after 1500 or more
[were accumulated].

In relation to world-wide contamina-
tion, food chains are important. Fallout
contaminates plants through ground and
leaf deposition; animals eat these plants.
Therefore, milk and cheese are human

sources of radiostrontium, being high in
calcium. Throughout this chain, stron-
tium is discriminated against relative to
calcium, which reduces the hazard some-
what. It must be remembered that in
regions where soil and water are low in
calcium, calcium and strontium will be
more readily taken up.

Therapy of radiation injury: while
treatment is difficult, some success has
been achieved with antibiotics and prop-

Agriculture, Food Supplies,

and Atomic Radiation

The committee interpreted its task as
requiring its members to survey the sci-
entific aspects of that great sequence of
events which precedes the delivery of
food items to the ultimate consumer, and
to do so from two separate viewpoints.
These were (i) the beneficial effects that
may result from the deliberate involve-
ment of radiation of any sort with con-
structive intention, or what has been
spoken of so frequently as the “peaceful
uses of atomic energy,” and (ii) the
harmful or disadvantageous effects of
radiation of any sort due to nuclear war-
fare, to accidents involving atomic power
plants, or even to a slowly rising back-
ground of radiation that conceivably may
follow as a result of atomic technologi-
cal developments in industry.

Public and private funds are currently
being expended in the United States for

This article is, with some shortening of the sub-
heads, the text of the summary report of the Com-
mittee on the Effects of Atomic Radiation on Agri-
culture and Food Supplies. The report is one part
of a study of the Biological Effects of Atomic Radi-
ations conducted by the National Academy of Sci-
ences with the support of the Rockefeller Founda-
tion. The full report will be published in mono-
graph form by the NAS. The committee members
are A. G. Norman, University of Michigan, chair-
man; C. L. Comar, Oak Ridge National Labora-
tory; George W. Irving, Jr., U.S. Department of
Agriculture; James H. Jensen, Iowa State College;
J. K. Loosli, Cornell University; Roy L. Lovvorn,
North Carolina State College; Ralph B. March,
University of California, Riverside; George L. Mc-
New, Boyce Thompson Institute for Plant Re-
search; Roy Overstreet, University of California,
Berkeley; Kenneth B. Raper, University of Wis-
consin; H. A. Rodenhiser, U.S. Department of
Agriculture; W. Ralph Singleton, University of Vir-
ginia; Ralph G. H. Siu, Office of the Quartermaster
General; G. Fred Somers, University of Delaware;
and George F. Stewart, University of California,
Davis.
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research in agriculture and food proces-
sing at a rate in the vicinity of $300 mil-
lion annually. An undeterminable but
not insignificant fraction of this consid-
erable body of research involves radia-
tion or radioistotopes. Members of the
committee did not believe it to be in-
cumbent upon them to defend or justify,
to criticize, or to challenge applications
of atomic radiation to agriculture that
have been developed or are under dis-
cussion. They did not wish to evaluate
the programs of particular agencies or
groups, but instead with judicial mind to
examine the accomplishments and the
potentialities, the implications and the
limitations of radiation as related to the
production and processing of agricultural
products.

One broad conclusion is that there is
not imminent any drastic change in agri-
cultural production as a result of the ap-
plication of radiation. However, radia-
tion techniques provide new tools for re-
search and may aid agricultural produc-
tion by improving and enhancing the
efficiency of production methods.

The committee is strongly of the view
that the applications of radiation will be
of far greater immediate consequence
to agricultural research than directly to
agriculture, and that most of the benefits
that may arise to agriculture, as mani-
fest in the availability of an adequate
and varied supply of wholesome food for
man, wherever he may be, will come ‘as
a summation of many improvements,
small and large, in materijals, in plants
and animals, and in the technology of
husbandry and processing developed

erly timed blood transfusions. Shielding
of a portion of the body appears to give
a degree of protection disproportionately
large for the mass shielded. Experiments
set up to explain this fact may help in de-
veloping a rational treatment. Also, vari-
ous forms of treatment given immedi-
ately before radiation have been devised,
but do not appear in any sense practical.
Studies of this sort may, however, pro-
vide a basis for future discoveries. . . .

through programs in agriculture and food
processing research.

Changes therefore may be expected to
come in a series of little steps, none of
which in themselves may be of great im-
pact, but which, through the years, are
likely to be impressive in their total.

Another broad conclusion is that the
slowly rising background of radiation
caused by weapons testing in peacetime
at the present rate is not likely to impair
or interfere with food production. Levels
of radiation considered tolerable by man
are below those believed to have effects
in plants or animals that would place
food production in jeopardy. However,
the high levels of radiation which might
develop in small or large areas as a re-
sult of [the use of] atomic or thermonuc-
lear weapons in wartime, or from mis-
haps with nuclear power plants in peace-
time, could have catastrophic effects on
agricultural production that might be of
long duration, because of injury to per-
sonnel and animals, disruption of serv-
ices, and contamination of soil, vegeta-
tion, and water supplies.

Tracer Studies in Agriculture

In the consideration of the beneficial
effects of radiation, the committee en-
deavored, not wholly successfully, to sep-
arate in its thinking those benefits that
may arise from additions to the pool of
basic knowledge about plants and ani-
mals and their welfare from those more
direct effects that may specifically result
from the exposure of plants, animals, or
agricultural products to radiation. Tracer
studies in the biological sciences have al-
ready been enormously fruitful in aiding
the elucidation of essential metabolic
processes in plants and animals and may
be expected to be increasingly so as the
number and diversity of such experi-
ments increases. When there is knowl-
edge and understanding of a process,
then comes the opportunity to control it
for a desired end; in this way the art of
agriculture is transformed to the science
of agriculture.

The committee endeavored to make
the separation mentioned above because
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of the conviction that there is nothing
unique about radioistotopic studies as ap-
plied to agricultural research. Tracer
techniques, however, frequently permit
answers to be obtained to questions which
seemed previously unanswerable by con-
ventional experimentation. The involve-
ment of isotopes puts a new dimension
into metabolic studies, and areas, for-
merly dark, may now stand out in relief.
It is worthy of comment that many of
the applied problems involved in the arts
or technology of agriculture are as sus-
ceptible to study by procedures involv-
ing radioisotopes as are those more basic
questions of plant and animal physiology
or nutrition. Excellent examples of this
type of employment of isotopes are to be
found in work on the placement and re-
covery of phosphorus fertilizers in soils,
the efficiency of various methods of ap-
plication of insecticides, fungicides, and
herbicides, the determination of post-
harvest residues of such chemicals, the
extent of utilization of feed components
by animals, and so forth. It is to be an-
ticipated that there will be greatly in-
creased use of tracer radioisotopes in the
solution of such applied problems and
that the immediate dividends from such
research may be considerable. Further,
it is likely that new methods of employ-
ing isotopes advantageously will be de-
veloped; the ingenuity of investigators
in this field should not be underestimated.
Because of the unanimity of their views
as to the enormous potentialities of iso-
tope tracers as a research tool in agricul-
tural science and biology generally, the
committee gave some consideration to
whether there are limitations in facilities
for training or funds for specialized equip-
ment for such studies. The consensus
seemed to be that motivation for the use
of such techniques must come from indi-
vidual investigators themselves, that the
necessary know-how is to be found in al-
most all research institutions, and that
progress in agricultural research is not at
the moment limited by inadequacies in
dissemination of knowledge and tech-
niques. There was, however, a feeling
that much of the graduate training in
this field is rather informal, that more
universities might consider establishing
courses in which the methodology, tech-
niques, and principles of this new and
powerful science are expounded, and that
there is an additional need for an ad-
vanced training program for specialists
in radiochemistry and radiobiology who
may be developers of new techniques or
interpreters of new applications of po-
tential value in agricultural research.

Crop Production

It is abundantly established that muta-
tions can be induced in many plant spe-

64

cies by exposure to x-radiation, gamma
radiation, and other forms of radiation.
The changes which result are possibly
due to chromosome deletions or aberra-
tions. There is some difference of opin-
ion whether radiation-induced mutants
intentionally obtained are qualitatively
identical with those which occur spon-
taneously from naturally occurring mu-
tagenic agents, but there is no doubt that
their frequency is increased. Even so, the
mutation rate in most species is still very
small, and furthermore most mutations
are disadvantageous. The investigator
seeking to exploit this phenomenon must
expect to have to handle very large pop-
ulations, and so far he has been able to
look only for desirable changes that are
reflected in morphology or appearance
and therefore can readily be seen, or for
changes which can be recognized by some
blanket method such as inoculating all
irradiated plants with disease organisms
in the hope of finding one or more ex-
hibiting resistance to infection.

It is likely that characters at present
unrecognized also undergo change and
that there are unexplored potentialities
for effecting improvement in quality that
may alter the demand for the plant, or
in physiological properties that may alter
the relationships of the plant with its en-
vironment.

It would be a mistake to imply that
this new development has greatly simpli-
fied the tasks of those involved in crop
improvement. On the contrary, it has
made them more complex, but, by ex-
tending the boundaries, offers many new
possibilities. It is not to be expected that
acceptable new agronomic varieties can
be obtained by simple irradiation of pres-
ent varieties, though this is possible if
large enough populations are examined.
In general, however, back-crossing and
recombination are needed to add the new
characteristic to a crop plant acceptable
in other repects.

As yet relatively few new varieties of
economic plants, developed from radia-
tion-induced mutants, have actually been
introduced and widely planted. These,
however, do attest to the potentialities
of this procedure. Much of the research
effort in this field has properly been de-
voted to the investigation of techniques,
to such vital questions as the determina-
tion of the particular stage of develop-
ment at which radiation exposure may
be most effective, and to the comparative
mutability of crop species. It appears that
different species cannot be expected to
respond in an identical manner. More
perhaps is known about this aspect of
corn genetics than of any other major
crop plant.

Mutations in microorganisms may sim-
ilarly be induced by exposure to various
types of radiation, though at considerably
higher radiation levels than with crop

plants. The changes induced have been
shown to include the degree of virulence
and host range of certain pathogenic
fungi. The suggestion has repeatedly
been made that the plant pathologist
should examine this phenomenon so as
to anticipate disease-resistance require-
ments in a breeding program. As yet,
however, there have been no significant
results along these lines. Considerable
success has been achieved in the develop-
ment of greatly enhanced antibiotic pro-
duction by some molds through radia-
tion-induced mutation and selection.
Similar genetic changes in the case of
other microorganisms have produced in-
formation about the likelihood of genetic
control of metabolic processes.

There is considerable evidence that
bud mutations or somatic mutations can
be induced by radiation and that this
phenomenon can be exploited in the de-
velopment of new strains of crop plants
that are normally propagated by cuttings
and grafting. This may be of special
value in the improvement of some such
crops, but as yet there have been no
striking accomplishments in this direc-
tion. Progress in such studies is, however,
inevitably slow because of the nature of
the materials and the length of time
necessary to recognize a desirable change
and to produce the stocks necessary for
field evaluation.

Since the mutation rate of plants may
be enhanced by radiation, presumably
there is some possibility of the appear-
ance of undesirable mutants in areas
where the background radiation becomes
higher than normal for any reason. This
may be of some significance in connec-
tion with waste-disposal practices or
atomic accidents. There is, however, no
evidence of such changes in areas con-
taining radioactive springs or ores. This
may be due to lack of intensive examina-
tion of the vegetation of such areas, and
such surveys are to be encouraged. How-
ever, the likelihood of appearance of un-
desirable lines under radiation levels
that would be tolerated on other grounds
seems small.

There is no evidence that plant growth
is stimulated or crop yields increased by
exposure to low levels of radiation, de-
spite earlier well-publicized claims to
this effect. Radioactive fertilizers, used
in a conventional manner, produce yield
increments no greater than expected
from ordinary fertilizers.

Plants accumulate nutrient elements
present in the root zone in solution or
absorbed onto soil colloids, but nonnutri-
ent elements are not excluded and may
similarly be taken up. The availability of
radioisotopes has greatly improved the
understanding of plant nutrition and soil-
plant relationships and may be expected
to aid substantially in the improvement
of cultural practices, as indicated earlier.
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Through the use of isotopes it has been
demonstrated unequivocally that certain
elements can enter the plant through the
leaves. This is of some consequence in
relation to fallout. Radioisotopes of long
life or high activity if deposited in fall-
out from an atomic or thermonuclear in-
cident are likely to be accumulated in
crop plants by root uptake from the soil
and entry through the foliage. Some of
the products deposited may be initially
quite insoluble, but may become soluble
through weathering. Others, initially sol-
uble, may be irreversibly fixed by many
soils in a form not readily available to
crops. It appears at present that stron-
tium-90 and iodine-131 are the chief
radioactive elements which are of con-
cern in such circumstances. The subse-
quent use of such crops presents a great
diversity of problems depending on the
level of radioactivity, its nature, and the
specific use of the crop. The committee
was interested to learn that the Depart-
ment of Agriculture is preparing for far-
mers some informational material relat-
ing to these problems.

The committee desires to examine fur-
ther the available information on the
interactions of fallout components with
soil, their entry and accumulation in crop
plants in order to determine whether
there is available the necessary basic in-
formation from which appropriate agro-
nomic recommendations could be formu-
lated for agricultural operations in areas
that may have undergone any likely level
of contamination.

Animal Production

‘Whereas it appears that crop improve-
ment programs may be considerably
aided by the availability of radiation-
induced mutants that may have certain
desirable characteristics capable of in-
corporation into an agronomically ac-
ceptable variety, currently available evi-
dence does not suggest that a similar ap-
proach with animals would be so reward-
ing. This statement is made not from a
belief that farm animals are inherently
less responsive to radiation than plants,
but because physical differences of size,
cost, generation time, and so forth mili-
tate against extensive studies with ani-
mals and act as obstacles that cannot
readily be overcome. Probably only with
poultry and to a lesser degree with swine
would it be possible to handle large
enough populations, and even here, if
one extrapolates from the smaller lab-
oratory animals, the chances of improve-
ment seem slim. At present, one such
study, with chickens, is known to be
underway.

Limited whole-body exposure studies
with farm animals have primarily been
carried out to investigate physiological
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and pathological changes, often with the
intention of transferring the information
by analogy to problems of responses in
man., The sequence of changes induced
in most farm animals by heavy radiation
exposures has been well defined. There
are one or two examples, however, of the
use of radiation exposure as a research
tool for inhibiting certain functions in
animals. For example, various functions
in the oviduct of poultry can be blocked
by proper radiation techniques, thereby
permitting a study of the contribution
made by the parts of this organ.

Much of the work with radioisotopes
in the animal field centers around prob-
lems of animal nutrition and metabolism,
and substantial progress has been made
both in the elucidation of fundamental
problems of animal physiology as well as
in those of a more applied character,
such as the utilization of feed constitu-
ents and the incorporation in animal
tissues of inorganic constituents of for-
ages. The experimenters in this field at

present encounter one serious difficulty,

which in the case of the larger farm ani-
mals greatly limits the scale of activity.
This is the problem of the salvage or dis-
posal of animals after use in experiments

involving radioisotopes or radiation ex- -

posure. Even in the case of short half-
life isotopes and at tracer levels only,
the animals cannot be marketed through
the usual outlets. This problem is of
course much more serious with dairy or
beef cattle than with hogs or poultry be-
cause the cost to the program is so much
greater. Moreover, this limitation tends
to restrict undesirably the scale and
scope of such experiments, with the re-
sult that the conclusions may be less
surely established than if the numbers
of animals used were larger.

It appeared to the committee, there-
fore, that essential research on farm ani-
mals using radioisotopes or radiation is
being discouraged by the high costs in-
volved because animals must be de-
stroyed at the termination of experi-
ments. It recommends that a special com-
mittee be appointed to study this prob-
lem and to develop procedures and
standards that, if followed and enforced,
would adequately protect the consumer
but permit the marketing of animals that
in experimentation have been brought
into contact with radioactive substances
or exposed to radiation.

The welfare of the livestock popula-
tion is enhanced if troublesome insect
pests can be controlled or eradicated.
As mentioned earlier, insecticide studies
have been greatly aided by the avail-
ability of radioisotopes as tracers, but
in addition there may be certain oppor-
tunities for control of insect pests by
taking advantage of radiation-vulnerable
stages in their life cycles. Eradication of
the screw-worm fly from the southeastern

United States is to be attempted, based
on the virtual elimination of this fly from
the island of Curagao by the release of
males rendered sterile by radiation ex-
posure. This technique may not be gen-
erally applicable to all insect pests.

Radioisotopes in Agricultural
Products and Foods

The committee discussed in detail
some of the difficult problems that may
arise because of the presence of a radio-
isotope burden in agricultural products
and foods higher than that “naturally
occurring.” The applicable legislation in
this area is clouded with uncertainties
because the very possibility was not en-
visaged by those who enacted the laws
and defined the responsibilities of the
agencies that protect the public food sup-
ply. There are no permissible limits for
radioisotopes in foods; any burden above
the “natural” is regarded as undesirable.
The current interpretation of the law
places isotopes in the same category as
poisonous additives. It is difficult, how-
ever, to be wholly consistent in this, in-
asmuch as the normal radioisotope bur-
den varies considerably in different agri-
cultural products, and in the same prod-
uct from different locations. Moreover,
the testing of atomic and nuclear wea-
pons is placing in soil, water, and air, the
world over, radioisotopes not formerly
present, though at extremely low levels.
The “natural content” of foods now con-
sumed by animals and man is not the
same as in the preatomic age. Though
extremely small, the increment is meas-
urable and inescapable.

It is to be anticipated that there will
be in the years ahead a slowly rising
background of radiation manifest in ag-
ricultural and food products by the pres-
ence of the isotopes of elements not pre-
viously found therein or of “unnatural”
levels of radioactivity. Atomic warfare
might greatly increase the rate of this
development. As pointed out earlier in
this report, radiostrontium is particularly
the element which would cause concern
in the latter event. Forage directly con-
taminated with fallout, if consumed by
farm animals soon after deposition, might
cause radiation injury from the presence
of insoluble radioactive products. Stron-
tium is metabolically similar to calcium
and moves into bone and other calcium-
accumulating tissues or fluids. Much is
known of the relative behaviors of cal-
cium and strontium, but there appears
to be no way of wholly preventing stron-
tium retention. There is some evidence
that poultry may “decontaminate” or
“detoxify” themselves by reason of a con-
tinued dilution through transfer to egg-
shell. In meat animals, certain tissues
might be consumable if boned out, but
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such an expedient would be beyond the
ordinary scope of meat inspection. Dairy
products would contain radiostrontium
for some considerable time after cows
had ingested strontium-containing forage.
Moreover, all available feeds, in heavily
contaminated areas, might contain sig-
nificant levels of radiostrontium, perhaps
for years.

At present it is not possible to say at
what level a food, otherwise wholesome,
becomes unwholesome or deleterious by
reason of the presence of an unnatural
burden of radioactivity. There is a great
deficiency of requisite data on the long-
term biological effects that may follow
the ingestion of such-foods by animals
and man. Situations in which such infor-
mation might be of great public impor-
tance are not inconceivable and possibly
inevitable.

The committee therefore urgently rec-
ommends that appropriate experimenta-
tion be immediately activated to pro-
vide specific information about possible
total or cumulative biological effects that
might follow the ingestion of such foods.
It further urges that the planning of such
experiments be broadly based and that
the development of the experimental de-
signs and details of their subsequent ex-
ecution be most carefully considered in
order that the emerging data will be ac-
ceptable as a basis for the crucial deci-
sions that ultimately will have to be
taken, and directly of value to the regu-
latory agencies charged with the protec-
tion of the public interest.

Environmental Changes

and Ecological Studies

In the decades ahead there is a strong
possibility that the general background
of radioactivity in agricultural areas will
rise. Contributing to this would be fall-
out, if weapons testing continues, and
wastes from nuclear power plants or iso-
tope processing plants. As indicated in
the report of another committee, every
effort will have to be made to contain
radioactive wastes. Atomic warfare or ac-
cidents involving nuclear power sources
could of course greatly augment. the

background and pose difficult problems
of land use .for agricultural purposes.
Limited ecological studies are in prog-
ress in the vicinity of certain AEC instal-
lations, but it may be wise to consider
this general problem somewhat more
widely and to attempt to establish,
through careful sampling, the present
background in representative agricul-
tural areas and in their chief crop and
livestock products.

Research activities might appropriately
be carried out on areas near weapons
test sites where substantially greater
changes in background would be antici-
pated. The distribution in the environ-
ment, in the soil at various depths, in
the vegetation, in the wildlife, in the
streams, and so forth would all be perti-
nent. The rate of accumulation in soil
as affected by land use ought to be
studied. Forested land, range land, rota-
tion grassland, and plowland, irrigated
and nonirrigated, may each present a
different situation. It is possible that cer-
tain of the state agricultural experiment
stations might be in a position to under-
take limited surveys of this type on areas
likely to be under their control for some
considerable time in the future.

The committee recognized clearly that
sustained monitoring and ecological re-
search activities of this type are expensive
and are not apt to be professionally re-
warding to the individuals participating
therein because trends and conclusions
would emerge only slowly. However, to
be able to recognize changes in the levels
of radioactivity in the environment and
in products removed therefrom, and to
follow movements in the system, may
well be in the public interest from a long-
range viewpoint.

Food Processing

A recent development in food tech-
nology, potentially of considerable and
possibly of dramatic significance, is the
recognition of the fact that radiation can
be used as a means of preserving certain
foodstuffs or of lengthening shelf life,
either unrefrigerated or refrigerated. The
radiation source may be gamma rays or

high-energy electron beams. No radio-
activity is induced in the irradiated ma-
terial. Feeding experiments to date indi-
cate that foods so irradiated will prove
to be suitable and safe for consumption
by man. Parasites in meat and meat
products can be killed by exposure to
penetrating radiation, and undesirable
postharvest changes in plant products,
such as the sprouting of potatoes, can
be delayed.

The prime objective in radiation proc-
essing is to destroy microorganisms, or so
greatly to reduce the microbial popula-
tion (radiation pasteurization) that spoil-
age is long delayed. To accomplish this,
very heavy radiation exposures are neces-
sary because microorganisms are much
less sensitive to radiation than are ani-
mals and higher plants. The food proc-
essor is particularly attracted by the fact
that the radiation exposure can and
should be carried out after packaging.

The acceptability of some radiation-
sterilized foods is open to doubt because
of the development of off-flavors and
changes in odor or in the texture of the
tissues. Much of the developmental work
in this field, however, has been of a rather
empirical nature, and it is possible that
through research means may be found
to repress some of these undesirable
changes.

Although the feasibility of radiation
sterilization has been amply demon-
strated, the economics of the various
processes have not yet been established.
This development has largely been fi-
nanced by the military with the Army
Quartermaster Corps as the primary
agency involved, but there has been a
broad basis of cooperation in industry
and elsewhere, with some technical guid-
ance and evaluation by advisory commit-
tees of the National Academy of Sciences.
Having in mind the magnitude and co-
herence of the current broad programs
in this area, the committee was of the
opinion that the potentialities of this use
of radiation are being thoroughly ex-
plored and that the interests of the food
consumer will be adequately protected.
At a later date, the committee expects
to review particularly the evidence of
wholesomeness and acceptability of ir-
radiated foods.

It is commonly said that P. G. Tait laid down the length of a drive on mathematical
principles which could not be exceeded, and that his son drove the ball farther. But at that
time Tait had not realized the full effect of spin on the ball—Ovriver LobpGE, in Past
Years, an Autobiography. (Young Tait was a golf champion.)
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