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INTRODUCTION

This is a preliminary work on Citrus to lay the
foundation for future long term irradiation work which
would consist mainly of the improvement of the technigues,
methods and types of pre-treatment to be required for
future radiation-induced mutation work in Citrus breeding,
To effect rare but desirable types of genetic as well as
somatic change are the ultimate aims of this present
research,

The investigations reported here deal with
(i) Dose range effects.

(1i) Cytological effects.

(1ii) Phenotypical or morphological effects.
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LITERATURE REVIEW
I. IToniging radiations as the possible gources of producing

useful mutaticns at very high freguency for crop improvement.

rom the cytogenetical aspects of mutations, the
analysis indicates that spontaneous and induced mutations
are not fundamentally different, although their end results
may turn out differently from case to case, In both,
three main types of mutations are encountered:
(a)} chromosone breakages
(b) intragenic changes (point or true mutation)
(e) direct rearrvangement of chromosomes (crossing over)
The only difference between the two cases is their frequency
of appearance. In the latter case, the mutants produced
are not only higher in their frequency of appearance byt also
easily achieved as desired.
Goodspeed (58) in 1928 showed in his experiments on Nicotiana,
that ionizing-radiation could greatly increase the mutation
frequency of genes under certain conditions up to 10,000
times that of control. Gustafsson (28) in a series of
experiments maintained that mutation processes can be
experimentally controlled; that if cell environment were
altered in different ways, or that irradiation effects were
varied, quite different nmutation and mutant types would arise.
Thus "drastic" mutants which require a very strong irrad-
iation effect upon the treated seeds would certainly arise
without fail, Delaunay (7) in Russia working on ionizing
radiation in wheat independently, supported the general
idea that radiation-induced mutations were becoming valuable
methods of plant breeding.

II. The types of radiations that gre being utilized by
radiation b £ thi uc ) n-induc
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fast neutrons and slow neutrons and ultra-violet light. .

The U/V light is the only effective non-ionizing type of
radiation while others mentioned are known as ionizing types.
2. Iypes of effects caused by ioniging-radiations, Lea (40)
puts forward two theories for the effects of radiation on

a biological systemii.The "Target Theory" and ii. The
"Indireet Theory".

(i) Tue "Target" op the Direct impact theory presupposes that
if a swifltly moving charged particle struck a complex of
biological material, the biological function of the complex
was altered or destroyed., This "direct-hit" is responsible
for some specific biological effect. It is obvious to
connect this theory with the chromatid or chromosome

breakages caused by the ionizing particles traversing and
breaking the chromosome or the chromatids.

(ii)The second theory i.e. the "ndirect effect"or radiation,
It presupposes that the irradiation by ionizing radiation

of water containing material causes ionizing and excitation of
a portion of the Hy0 molecules, thus highly reactive (H)

and (OH) radicals are formed and they contribute considerably
to the biological effects of ionizing radiation. Hence
there is an indirect effect of radiation on moist tissue
caused by these free radicg}g due to activated water.

These radicals are chemically very reactive and can act as
reducing and cxidizing agentse.

It is believed that the "Indireet" effect of radiation

causes the depolymerization of Deoxyribonucleic acid of the
chromosomes resulting'in "Stickiness” of chromosomes
(noticeable at metaphase and anaphase). It shall suffice

to mention that the destruction of DNA is caused by the
removal of a critical NH# or OH group of bases, resulting

in the cessation of DIIA synthesis also caused by the
destruction of an enzyme which brings about DNA synthesis.

3. Comparative difference of the different ionizing radiations.
Brock (3) considers that different ionizing radiations differ

in the pattern of ionization they produce in the cell.
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This difference is mssociated with their bidbgical effect.
lisutrons (elso G~particles) of high ion density radiations
produce ionization in dense clusters, wheress X-rays, Y-rays
and B-rays of low ion density radiations, produce scattersd
ionizations. Vihen compared on the basis of total dose
(ionization per unit wolume) the high ion density radiations
cause more genetic changes than the low ion density
radiations. In addition to this guantitative difference
there gre also differences in the type of changses to both
the genstic and physiological systems produced by the different
raediations.

caused by non-iondzin tion As for ths
non-ionizing radietion by U/V rays, it causes only excit-
gtion and photochemical reacticn through selective absorp-
tion by cellular constituents, mosily nucleiec acids, in
producing genetic elfscis. The U/V rays do not peaetrate
tissues appreciably thus it is quite limited o its use
only for irradistion of pollen grains.
5 Ih ctical aspects of the lonigin non~ionizin
radigtion in the vproduction of mutgtions. Enrenberg and
co-workers (57) hold the opinion that X~rays gnd nsutrons
exert their effects in different manners - the laiter
chiefly by a direct action on the chromosome uaterial and
the former by neans of combined direct and indirect effects,
The end results of the irradiation will differ widely,
depending upon the actual metabolic state of the irradiated
uaterial (seeds), temperature snd O, pressure during irrad-
iation, as well as the ionizing density of the agent used.
Elliott (11) noted from others work that U/V rays spparently
induce 8 nigher freguency of so-called “noint-mutation” per
chromosoxal aberration than do X-rays. Smith (59) in his

experinent on maize pollen with U/V rays and X-rays shows that
the former produce HWOre frequently, though not exclusively,

chromatid breaks and so-called point-mutations without assoc-

iating with pollen defects. X-rays, on the other hand,
jnduce in this material, in many cases, it not always,
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extragenic alteration incidental to chromosome breakages

6e I C b t nd_ th ctibilit £ X Y
om Coba1t%® source in the proa of induced-
mutatione. Of all the radiations mentioned, X-rays are

readily available in a range of energies from commercial

machines. Radiogctive Cobalteo

source provides the most
widely used source of Y-rays which differ in energy from
and are consequently more penetrating than X-rays, Though
both have high penetration compared with B- and a-rays,
X=-rays and Y-rays are used to irradiate seeds or vegetative
parts of the plant and the dosage can be delivered either
over a short period (acute irradiation of 100r to 1000r/
minute) or by growing plants close to a continuous source
of radiation, €e¢ge 0060 source, spread over the growing
period of the plant (chronic irradiation, dose rate of
0.08r to 2000r / day)e. Such differences in technique can
be important for the genetic effect depends on the total
dose received whereas the physiological effect, as maintained
by Brock (3), is influenced by the rate at which the dose

is received.

I 1 1 e Types of Chromosomal aberrations caused by radistions.
1, Lea (40) and Bacq (1) in their work on ionizing

radiations conclude that ionizing radiations cause three
general classes of chromosomal aberration depending

upon the stage of nuclear development at the time of
irradiation viz:

(1) Ipradiation at resting stage results in chromosomes
responding as though they were single strands - but at
lieta- and Ana-phase, the induced aberrations involve both
of the two chromatids, In general, the chromosomes
aberrations induced are: Dot eletion, rod deletion, Dicentric
and Ring chromosomes. Inversion and free translocation
are also produced but usually are undetectable.

(i1) Irradiation at Prophase results in chromatid aberrations,
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as at this stage sister chrowatids are formed, Thus
breaks can evolve at both or one of the sister chromatids
at any locus - it may be deletion of only one chromatid

or both chrouatids to form iso-chromatid aberrations,

The broken sister chromatids often reunite to form sister-
reunions, In such cases, one of the pairs will be without
a centromere and is termed an gecentric fragment. Such
fragmenss are inert and are left in the cytoplasm having
no centromere for spindle attachment, Breaks and reunion
of two chromatids of different chromosomes followed by
illegitimate reunion will form dicentric fragments.

Sister chromatid reunions may form yring or exchange
chromosones, The chromatid exchange also known as éranse
location is detectable at metaphase, while others such as
chromatid deletion, iso-chromatids, dicentrics, rings etc.
are recognizable at metaphase or anaphase.
(iii)Ipradiation at very late prophase or pro-metaphase
produces half chromatid or "sub-chromatid® aberration such as
"'gtickiness" in Tradeseantia microspore after irradiation
of 50r to 400r of X-rays. This stickiness persists only
for a short while depending on the total dose received.
This includes half chromatid exchanges between chromatids
between sister chromstids, rarely, half chromatid exchange
between chromatids of different chromosomes as observed by
Sax (45), and is usually observed at anaphase.

Z.The types and the cause of stickiness.

The stickiness due to adherence of sister chromatids
is referred to as "clamping® while that due to adherence
of different chromosomes or chromatids is known as "stick=-
iness", Darlington (60) postulates that chromosome
stickiness by irradiation is due to the depolymerization
of the Deoxyribonucleic acid (DNA) of the chromosomes.
However, Kaufmann disagrees,f;t%his hypothesis, he assumes

that X-ray induced chromosome stickiness can be due to
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partial dissociation of the nucleoproteins and an alteration
in their pattern of organization,

3. Bridge forwations and theilr consequenc

Dicentric chromosomes which survive till the end of
mitosis usually form bridges which join two chromosome
groups together, However, these sbnormalities are not
important as they degenerate unperpetuated. Should these
bridges break, however, and each daughter cell reclaim an
almost equal amount of chromosome material, new dicentric
chromosones, formed by sister reunions after the reduplication
of the broken chromosomes, result at the resting stage.

These are of genetical importance, as these rearrangements
of structure make it possible for chromosomal material to
divide unequally giving daughter cells which differ in
their genetical composition.

4o Stages of chpromosome sensitivity to 1o ng radiat .

As for the varied degree of sensitivity to ionizing-
radiation of the chromosome, it shall suffice here to
emphasise Baecq's (1) findings that the (romosomes at
resting stage are the most resistant and that their sensitivity
increases as the nucleus enters prophase. It increases sev=
eral fold at early prophase and remains high during prophase
of mitotic division. As for meiotic chromosomes, the
sensitivity is greatest at meiotic prophase, The diplo=
tene chromosomes of Trillium sp. show about 60 times the
sensitivity of those at resting stages This shows that
meiotic chromosomes are more sensitive than mitdtic chro-
IMOSOLESs o Thie differential sensitivity of the chromosomes to
radiation is essumed to be associated with chemical changes
in the chromosomes and particularly with the concentration
of DNA though it has not been proved.
b5, Differences beiween Intra-genic changes and ordinary
chiromosomes aberrations.

Finally, Gustafsson and co-workers (52) point out that
that there is no distinct boundary line between Intra-genic
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change i.e. point mutation and chromosome break, They
assume that & minor duplication, or a minor defieciency -
possibly also a large one - may certainly originate as the
consequence of intragenice changes. In other words, gene

mutation may involve chemically an addition of material

or loss of materiale

IV, Factors which influence the radiosensitivity of an

organism to irradiation.

1. Smith (60) in his studies with over eighty species of

plants with icnizing~radiation concludes that the four factors

7 L R

in an orgen that influence radio-sensitivity are its

genotype, age of tissue, stage of chromosome and chromosome
nunber,

2+ Species differences. Differences in response to irrad-
iation have been found among speclies, varieties and genetic

strains within a varietys Fer example, a daily dose of
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30r/day produced severe effects in the trumpet 1lily,

R

whereas it required a dose of 6,000r/day to cause comparable
radiation @amage to gladiolus, Gustafsson (27) in his
observations of radiation of seeds of various cultivated

plants, reports that the "ecritical dosage" ranges from

5000r for seeds of sunflower to 90,000r for seeds of ruta-
baga. Here critical dose is referred to as the dose that
while still producing a sufficiently large surviving
population for further observation, induces a maximum of
rmutation and chromosomne rearrangements).

3. Seed size differences. Custafsson (28) also discovered
that seed-size plays an important role in the sensitivity

to radiation, Large-seeded varieties suffer less from
irpradiation than the small seeded ones especially shown in
barley grain treatment,

4. Chromosome sige differences. Sparrow and co-workers (52)
discovered that plants with very large chromosomes have a
high radiosensitivity, those with snaller chromosomes tend to

be less sensitive while those with fewer and bigger chromo=
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somes are the most sensitive of all,

6, _Differences of polyploidye. Polyploids are in general

more resistant to radiation than related diploids, however,
there are exceptional cases like wheat and oats which show
that the frequency of induced chlorophyll seedling mutations

is lower in the sp. with higher chromosome number,

V. The effects of pre-treatment to the irradiation of

plant material.
i. Pre=gogking of seeds in water, It has been shown that

pre-soaked seedr are more sensitive to X=-rays than dry
dormant seeds, Caldecott (5) in his research on "the
effects of Hydratién on X-ray sensitivity in Hordeum seeds",
shows that this sensitivity decreases as the water content
of the embryo increases from 4% to 8%. At this upper

level a plateau is reached and further addition of water

to the embryo (up to 60%) results in no additional modificat-
ion of sensitivity. He points out that X-ray tolerance

can actually be increased by "stepping' at both temperatures
of 22°C and 0O°C,

2. Effects of sbnormally high Oo pressure as pre-treatment.
Ehrenberg and co-workers (57) show that when low doses of
radiation are applied, chromosome aberrations and mutation
increase with the dose and with a yield per dose unit that
is determined by several factors such as netabolic state
(moisture content), oxygen pressure and temperature.

When higsher doses were given however, there is a reduction
in the frequency of genetical changes due to a cumulative
physiological killing of the most radio-sensitive cells.

It is also shown that in some cases, certain types of
mutation can be induced by abnormally high oxygen pressure
while others are not, In such cases an external concen-
tration of sbout 20% Og is needed. lMarked increase in the
irradiation effects is observed with the change from air

to O2 (pure), which is perhaps due to the high oxygen
consumption of the germinating sceds. This is particula®Ply


























































































































































































































































































