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ABSTRACT

This study determined the effects of gamma radiation on the meiotic cells of Tradescantia

bracteata clone 02 (BNL). The flower buds collected were exposed through dosages ranging from

1 Gy to 5 Gy using Gamma Cell 220 machine (AECL) in a central axis position (c/a) and grown in

Peralta's solution for three days. Out of the twenty buds designated for each dosages, ten buds

were treated with 0.05% colchicine solution. The occurrence of micronuclei among the irradiated

pollen mother cells suggested a linear relation with the quantity of radiation dose. The occurrence

of MN among cells increased linearly from 1 Gy until it reached 3 Gy and 4 Gy. Beyond this

maximum dose, cells were less responsive to the dose caused by inhibition of cell division, as

demonstrated in the buds exposed to 5 Gy. This result was validated through the Kruskal-Wallis

Test, where the computed h value was 3.44 (critical region of X2 o.os = 9.49). Experimental results

also showed chromosomaf breaks, sticky chromosomes, and anaphase bridges in the pollen

mother cells of irradiated buds. A significant numbers of cells were also found to have micronuclei,

which may vary from 1 to 6 per pollen mother cell, and this showed no relationship with radiation

dose.



EFFECTS OF VARYING DOSES OF GAMMA RADIATION ON LOCALLY
ADAPTED Tradescantia CLONE 02 (BNL)

Maritess M. Dimaano and Ma. Angelica Liza V. Imperial

i. INTRODUCTION

Tradescantia bracteata, commonly known as spiderwort, is a perennial, herbaceous plant

that flowers during the summer and is about 20-28 inches high, it belongs to the family

Commelinaceae and subfamily Tradescantiaea. T. bracteata is not found locally but its relatives

such as Commelina polygama Blanco or̂  'bias-bias' (Tagalog) and Commelina nudiflora Linn, or

'alikabangon' (Tagalog) are found in open grasslands of the Philippines. Several cellular systems

are available in Tradescantia, adventitious roots are produced readily from any node, rhizomes,

dividing cells of the stamina! hairs, and the developing microspores within the anthers where both

meiotic and mitotic cell divisions can be studied (Medina, 1994). Within one genus Tradescantia,

there exists a large number of species which have very different characteristics with respect to

growth habits and chromosomal karyotype. Due to this, the use of clonal lines, maintained by

vegetative propagation, has been the norm for radiation studies (Savage, 1975). Tradescantia

clones 02 (BNL) and 20 (KU) were acclimatized to conditions obtaining in Diliman, Quezon City to

achieve a constancy between chromosomal karyotypes and growth habits within the genus of

Tradescantia.

T. bracteata and its relatives have played very important roles in mutagen-related

researches due to its versatility as a plant indicator of environmental insults. It is used for somatic

and genetic monitoring of physical and chemical mutagens both from industrial and natural origin

and serves a very convenient system for school demonstration of mitotic and meiotic cell divisions



(Medina, 1994). Physical and chemical mutagens have always been the concern of radiobiological

researchers because of thsir large effect on the induction of certain mutations in a particular plant

or animal organism. Ultraviolet light and ionizing radiation belong to these physical mutagens.

Gamma rays belong to the electromagnetic spectrum. It is a type of ionizing radiation

classified in radiobiology as an energy form and is the most penetrating of all three common types

of ionizing radiation. They have a characteristic wavelike nature. Gamma photons have no mass or

charge. In their interaction with matter the energy of the photons is transferred by collision, usually

with an orbital electron in an atom of absorbing medium. Consequent to this, gamma ray photons

penetrate deeply into matter or pass through vast distances in it without having interacted. Gamma

ray is so penetrating that most of their energy is lost outside the tissue region in which the

radionuclide is deposited. Gamma radiation can be produced in through the Cô O and x-ray

machines.

The study on the effect of gamma irradiation on the meiotic cells of Tradescantia inspires

further investigation. Extensive researches on any existing studies regarding the cytogenetic

behavior of Tradescantia or its relatives here in the Philippines prove to be less promising. It is

quite disappointing to know that in radiation biology, among the routinely studied plants are mongo,

maize, beans, and rice; Tradescantia is the least studied despite of the fact that it promises a better

response to radiation exposure. Contant ef al (1971) stated that pollen mother cells and young

microspores are radiosensitive. In support to this, radiation sensitivity of plant species have been

known to be influenced by the stage of generative phase: dry seeds of mongo and beans, among

others, are still in its dormant stage until germination has begun. This renders them radiotolerant,

hence, the effect of radiation exposures is less likely to produce significant results in the aspect of

chromosomal damage.



A. Statement of the Problem

What are the effects of the 5 doses of gamma radiation on the induction of micronudeus

on pollen mother cells of locally adapted Tradescantia bracteata done 02 (BNL)?

B. Objectives

This study aims to determine the cytological effects, particularly the appearance of

micronudei, induced by gamma radiation on the pollen mother cells of Tradescantia bracteata

done 02 and to establish its relationship with the dosage used. This also aims to determine the

feasibility of micronudeus test for this experiment. In view of this, different cell stages observed on

the irradiated flower buds will be compared with that of normal, non-irradiated buds.

C. Hypothesis

Ho: The frequency of occurrence of gamma radiation induced micronudei is not

dependent on radiation dose.

Hi: The frequency of occurrence of gamma radiation induced micronudei is dependent on

radiation dose.

D. Significance of the Study

The study of irradiation induced chromosomal aberrations offers greater understanding on

how to selectively reverse these radiation-induced mutations, which is the prindple behind

radiation protection in medical sdence. Nevertheless, the use of micronudei as an indicator of

chromosome damage appears to be a more efficient approach than scoring chromosome



breakages particularly because it is technically simple to administer and able to yield quick results.

The use of pollen mother cells of Tradescantia provides an ideal subject on measuring radiation

insults due to their high radiation sensitivity and their large, easily stainable chromosomes. The

results of this experiment should in time, yield a more informative mass of data concerning the

relationship between radiation dosage and the chromosomal changes.

E. Scope and Delimitation

This study on the pollen mother cells of Tradescantia bracteata clone 02 irradiated through

Cobalt-60 Gamma Cell 220 assessed on the potency of ionizing radiation in inducing

chromosomal damage on meiotic cells. The radiation dose administered in the experiment is from

1 Gy to 5 Gy. The parameter used in the experiment was the occurrence of micronucleated cells

rather than scoring chromosomal or chromatid aberration mediated per dosage. The distribution of

micronuclei and the occurrence of breaks in the chromosome thread were also evaluated. The

age of the buds at the time of irradiation was not uniform and the duration of exposure as well as

the time interval were not considered. Finally, this study presented a description of the observed

cell stages of the irradiated flower buds along with the normal, non-irradiated cell stages.



II. REVIEW OF RELATED LITERATURE

A. Biological comments about Tradescantia

Within one genus Tradescantia, there exists a large number of species found to have

different characteristics with respect to growth habits and chromosomal karyotypes. Even within a

species, variations stili exist as the result of polyploidy, structural hybridity, etc. Several species

have been used in the past. T. gigante, T. reflexa, T. canaliculata, T, virginiana, as well as a

number of hybrids such as segregant from naturally occurring T. canaliculata x humilis, and T.

occidentalis x ohiensis colour hybrid are now widely used for mutation studies on somatic cells

(Savage, 1975)..

The inflorescence of the genus Tradescantia is a cincinnus, with two identical cymes, each

containing a succession of developing buds (Figure 12.0, Appendix B). The cyme is coiled so that

the youngest buds appear at the bottom, often in the axils of the large bracts. Progressively older

buds zigzag up to the top where the flowers appear. In younger inflorescence, there are about 8-12

buds in each cyme. Anthers in the youngest buds contain sporogenous cells in pre-meiosis. The

plant flowers are open from 5:00 AM-12:00 noon and from months of May to November although

some plants are flowering throughout the year. In addition to subterranean rhizome, axial shoots

from node can be used as planting materials for propagation. Only clone 20 (KU) fully adapted to

conditions prevailing in Diliman, Quezon City (Medina, 1994).

In the haploid karyotype of Tradescantia sp., the satellites or trabants on the three shortest

chromosomes are very small and rarely seen. They are associated with the nucleolus organizing

regions. The actual size of the chromosome arms vary depending upon the source, but the arms

ratio is fairly constant. The haploid length of the chromosome thread in Tradescantia is 486 JJ., and



the diameter of the thread is said to be 0.1 p. (Lea as cited by Read, 1961). Pollen tube

chromosomes are the largest, root tips are slightly shorter while pollen grain chromosomes are

shortest.

B. Microspore Development of Tradescantia sp.

Upon the completion of meiosis, the young microspores are released from the tetrad. The

nucleus of the cell is central but enlargement and vacuolation push the nucleus to one side. On this

stage (end grain), the nucleus is ellipsoidal with an average volume of 438 +- 34.2 pm3 exclusive

of the nucleoli. As the microspore grows, the nucleus migrates to a central column-of the cytoplasm

which lie perpendicular to that wall of the pollen grain which was innermost in the tetrad. Such

structure is called centergrain (CG). DNA synthesis begins towards the termination of end grain

stage and possibly continues into early centergrain stage.

The first post-meiotic microspore mitosis occurs while the cells are on the centergrain and

results in two unequal cells. The nucleus of the smaller of these cells (generative cell) remains

compact, with small nucleoli. It elongates to become filiform, and when dehiscence of the mature

anther occurs, it becomes contorted. The nucleus of the larger (vegetative cell) enlarges

considerably, becomes diffuse, develops a large nucleolus, and does not undergo DNA synthesis.

During the period from late meiosis until the first pollen grain mitosis, the microspores are

embedded in vacuoles within the cytoplasm of a large multinucleate plasmodium, derived from the

tapetal cells which line the loculus cavity. The cytoplasmic membranes of this cell are in intimate

contact with the microspore contents through indentations in the outer wall of the pollen grains,

'from which it is inferred that the supply of nutrients, hormones, oxygen, etc. are mediated by the

metabolism of the periplasmodium (Savage, 1975).



C. Ionizing Radiation as a Mutagen

Several studies have been conducted on the effect of mutagen in certain cellular systems.

The agents of mutations help induce and increase the rate of occurrence of spontaneous mutation.

The most common type of physical mutagens include ultraviolet light and ionizing radiations

(Maclean,1987). The most important and most effective in inducing chromosomal aberrations are

the ionizing radiation such as x-rays, ultraviolet rays, beta rays and gamma rays. X-ray and

ultraviolet rays are the most common physical mutagens that help bring about chromosomal

aberrations on plant chromosomes.

Compared to the other types of radiation, the effect of the Cobalt^ produced ionizing

gamma radiation is not as widely studied on its effects on plants. One study involved the effect of

gamma radiation on Chrysanthemum morifolium Hemsl. cv yellow Delaware and Delaware which

was found to cause chromosome loss (Ichikawa et at, 1S70). Other plants subjected to the same

type of radiation is the tomato plant in which the calculated linear regression on the effectiveness of

gamma radiation dose was observed (Contant et a/., 1971).

D. The use of Tradescantia on Radiation Studies

Tradescantia has been widely used in the study of chemical and radiation-induced

structural changes in chromosomes. Chromosomal aberrations caused by X-rays was extensively

studied by researchers such as Sax (1938), Swanson (1942): Savage (1975), Underbrink et al

'(1980), Medina (1994), and Ichikawa and Sakuramoto (1995). Another study done on the effects of

X-ray on the chromosomes of Tradescantia stating that X-rays may interfere with the progression of

the cell cycle and may cause chromosomal aberrations (Geard.. 1983). And that these effects are

dose-dependent. Chemically induced chromosomal aberration on meiotic chromosomes of stamen



hairs was done by Ma . He discussed the effect of 1,2- dibromoethane or DBE on meiotic

chromosomes of Tradescantia (Ma et al, 1978). Ma (1979) also published a study on micronuclei

induced by X-rays and chemical mutagens in meiotic pollen mother ceils of Tradescantia . There

were also studies on the combined effects of chemical and radiation-induced somatic mutations

such as 1,2-dibromoethane and X-ray exposure to chromosomes of Tradescantia (Leenhouts et al,

1986).

Several cellular systems in Tradescantia are available and have been employed in the

study of radiation-induced structural changes in chromosomes. Wimber used the adventitious roots

of T. paludosa to investigate the cytogenetic effects of tritium radiation (Savage ,1975); Lane

compared the effects of X-rays and di-epoxide (Lane, as cited by Savage 1975); and Mikaelsen

studied on radioprotective chemicals. Davies used the dividing cells of staminal hairs in an attempt

to correlate loss of reproductive integrity and aberration yield following X-irradiation (Savage, 1975).

Additional studies using the stamen hairs of Tradescantia sp. as a botanical tester of

mutagenicity were done by both Ichikawa (1992) and Emmeriing-Thompson and Nawrocky (1980).

Emmerling-Thompson and Nawrocky (1980) stated that Tradescantia plant is the most promising

biological tester for detecting genetic effects of mutagens at low levels. Another study was done on

the high mutational responses of Tradescantia clones heterozygous for flower color, where blue is

the dominant color (Ichikawa, 1981). Ma (1981), who used the pollen mother cells of Tradescantia,

concluded that chromosomes in both prophase i and tetrad stages are most sensitive to chemical

and physical mutagens due to their being highly synchronized. Tradescantia stamen hair was also

used regarding radiation induced mutations cause by x-rays and gamma rays (Borek,1983).

Recent studies done by Ichikawa ef a! in 1996 focused on a simulated fallout decay using the

stamen hairs and in 1992, he performed an experiment on dicentric chromosome bridges in root



tips and micronuclei in pollen tetrads induced by x-rays and maleic hydrazide in Tradescantia

clone BNL 4430. In another experiment, the effects of X-ray dose fractionations on the stamen

hairs of Tradescantia clone KU 9 was detemined (Ichikawa and Sakuramoto, 1996).

E. Radiosensitivity

By far the bulk of the work on the induction of structural aberrations by ionizing radiation in

Tradescantia has been done with radiations of iow LET, predominantly X-rays and gamma rays.

However, the use of high LET radiations (protons, neutrons, a particles, accelerated ions) are now

readily available. Neutrons were the first type of particulate radiation to be used in dose response

curve studies in T. paludosa (Savage, 1975).

Radiation sensitivity of plant species had been known to be influenced by the stage of

generative phase. A distinction between the inherent cellular radiosensivity of these different

stages and the recovery processes, which modify the ultimate radiation effects is complicated by

many interacting variables, including cell stage, level of differentiation, chemical composition and

state of hydration and metabolic activity, nuclear volume and pioidy (Contant ef a/., 1971). The last

two variables were supported by Sparrow but he insisted that the number and size of targets in the

nucleus (excluding the nuclei) were the major factors determining radiosensitivity by Sparrow,

Sparrow, and Schairer (1963). On the other hand, the interaction between the type of radiation and

the stage is thought to be connected with the large difference in water content. The effectiveness of

gamma radiation contain a large indirect component due to the action of free radicals, and that the

high water contents could more strongly enhance it (Contant et al., 1971).

Principles were developed in order to determine the relationship between the cell cycle and

the sensitivity of the cells to radiation. These are : (1) The radiosensitivity of the cell varies from
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one phase of cell cycle to another. (2) The sensitivity of the cell to irradiation differs from one cell

type to another. (3) The sensitivity of the given phase changes if the criterion of radiation injury is

altered (Prasad, 1984).

Consideration should also be done in both time intervals and the ontogenetic events

occurring between irradiation and observation (Contant et al, 1971). Dividing cells are more

susceptible to X-ray-induced chromatid breakage than those in resting conditions (Swanson, 1942).

F. Radiation Dosimetry

Somatic mutation frequency in Tradescantia stamen hairs has proven to increase linearly

with increasing X- or gamma-ray dose when the dose are small or are applied chronically at low

dose rates (Ichikawa and Sakuramoto, 1996). Mutation observed in Tradescantia was directly

proportional to the dosage of X-rays, while the chromosome aberrations showed a geometric

increase with increased dosage (Sax, 1938).

E. Chromosomal Aberrations and Micronuclei

The earliest work on Tradescantia indicated that there were two basic types of "break": the

chromosome type and chromatid type (Savage, 1975). Chromosome type where lesions involved

are seen at metaphase to affect both chromatids of a chromosome at the same locus ("balanced

types") and chromatid type where lesions involved affect only one chromatid at any particular locus

("unbalanced types"). The first type corresponds to chromosome unsplit at the time of irradiation

and the second, to chromosomes which had split longitudinally before irradiation. Three kinds of

chromosome type of "break" are as exchange (i.e. involve interaction of two or more lesions),

interchange (i.e. lesions occur in the arms of different chromosomes) and intrachange (i.e. lesions
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are all within the same chromosome). Savage (1975) clearly elaborated the various chromosomal

types of aberrations induced by radiation in Tradescantia. Universal categories were presented

regarding such aberrations: (a) interchanges, (b) inter-arm intrachanges, (c) intra-arm intrachanges,

and (d) terminal deletions or chromosomal breaks.

Many different categories of chromosome aberrations include: dicentrics, translocations,

rings and various complex aberrations such as insertion or three-way interchanges (Chen et al.,

1997). X-rays induced chromosomal breaks are found temporary. In many respects the induced

breaks in the chromosome was considered spontaneous since the breaks resemble that occurring

during crossing over. Another point presented was the translocations and inversions in both plants

and animals are not associated with any phenotypic differentiation (Sax, 1998).

Most of the earliest analyses of chromosome aberrations induced by X-rays were based on

the assumption that a single hit was also localized in its effect that only a single chromatid could be

broken at a given locus. Chromosomal breaks were attributed to two different mechanisms: (1)

fusion followed by breaks and (2) breaks followed by a fusion of broken ends (Sax, 1938). In his

experiment, Sax found that the behavior of irradiated Tradescantia chromosome was consistent

with the second hypothesis.

A more recent study by Little (1993) regarding the biological effects of ionizing radiation at

the cellular levels proved that mutations result from large-scale structural changes in DNA as a

result of rearrangement, chromosomal deletions, and homologous recombination (Sax, K. 1938).

The data obtained from Tradescantia stamen hair system have suggested that the majority of

mutations induced by ionizing radiations are due to DNA strand breaks and/or resultant

chromosomal breaks (Ichikawa, 1992).
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Only single chromatic! deletions were found to have resulted from the direct treatment of

prophase chromosomes with UV in the pollen tubes of Tradescantia (Swanson,1942). The

appearance of chromatid dicentrics, however, was not attributed to dosage and was considered of

a spontaneous nature. Breaks resulting from X- irrradiation were not randomly distributed along the

chromosome arm; rather some regions appeared more susceptible to breakage. For example, in

Tradescantia microspores tend to have proximal frequency, which was mainly due to the presence

of a greater torsional strain imposed upon this region by coiling mechanism. The differentia!

frequency is due to the presence of heterochromatin in this region (Kaufmann, as cited by

Swanson, 1942).

Micronuclei tests (MCN) as an indicator of chromosome damage seems to be a more

efficient approach than scoring the chromosome or chromatid aberrations, or sister-chromatid

exchanges. Micronuclei are initiated during the mutagen-sensitive, early stage of nuclear division

cycle, and formed when the induced chromosome breakages are excluded from the nucleus proper

at the end of the division cycle. Their numbers and varying sizes depend upon the size and number

of breakages induced (Ma, 1979).

F. Sampling Problems

In the Tradescantia aberration system, and in most mutation systems, there are no limits to

the numbers of cells available for scoring. Several notable scientists have made important

contribution in the field (Savage, 1975).

One of the attempts in pre-determining accuracy was done by Faberge who used analysis

of variance (ANOVA) between cells in the same slide and concluded that such was inadequate in

estimating error; that ANOVA should not be used when treatment differences are likely to be small
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(Faberge, as cited by Savage, 1975) . Sax carried on this attempt in vain since he found that the

number of cells or chromosome per slide needed to estimate the accuracy would vary on the

aberration level (Sax, as cited by Savage,1975). A different approach was made by Charles who

used the Poisson distribution of aberration between cells and obtained less experimental errors. A

far better conclusion was made by Thoday and Catcheside (but more elaborately done by

Catcheside) upon the recognition that the distribution of aberration approximate to Poisson. They

concluded that the mean yield of aberration per cell is the ratio of the total number of aberrations

and the total number of cells obtained in all the replicate slides of treatment and that the fractional

standard deviation attached to yield based-on the count of n aberrations is proportional to V (1/n)

but not equal to V* 1/n } (Thoday as cited by Savage, 1975).

G. Theoretical Models

These models serve to predict the form of a dose-response curve starting from

considerations of the biophysical events presumed to underlie the observed chromosome

aberration (Savage, 1975).

The Haldane Model. This model is based upon the determination of the fate of breaks,

which are produced in direct proportion to radiation dose in a fixed number of chromosome arms,

and then allowed to undergo reunion at random within the nucleus without the restriction as to

distance or time. Originally applied on proportions of sperm with viable dominant lethality in

Drosophila and recently used in translocation data on mouse spermatogonia.

Read's Underdispersion Formula. Read demonstrated mathematically that given

assumptions opposite to those of Wolff, namely "that every illegitimate end in the nucleus can join

with every other illegitimate end with equal probability no matter where it is situated", a distribution
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of dicentrics could be deduced showing the characteristics of underdispersion. However, the

underdispersion he obtained stems from the fact that he used very low numbers of "breaks per cell"

for his calculations, and as this number increases his formula predicts a rapid increase in

dispersion to give a Poisson distribution of aberrations, a prediction completely contrary to

observation.

Read's Quadratic Derivation, From a completely different standpoint, Read derived

rigorous mathematical expressions for the dose-dependence if two-break chromosome aberrations

where there is a strict limitation of the distance over which they can rejoin.

Neary's Formula. Neary developed a precise mathematical model for the production of

chromosomal aberrations, based on the principle that primary radiation damage is the result of a

single energy loss event (~ 60 eV) in a macromolecule of a few millimicrons diameter. The

formulae take into account a possible limitation in the number of exchange sites, although it was

developed for application to chromatid-type aberrations.

Leenhouts and Chadwick's Molecular Theory. A model for the origin of chromosomal

structural aberrations derived from a consideration of dose- response curves.
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III. MATERIALS AND METHODS

Young inflorescences of Tradescantia bracteata clone 02 were used in this study (Plate 21.0,

Appedix C). The species were obtained by Dr. Medina (1994) from the Laboratory of Prof. Catalina

Takashi in Sao Paolo University, Brazil and were acclimatized in the Cytogenetics Laboratory,

PNRI (Plate 19.0, Appendix C). Cuttings of the piants were designated per dosage. Irradiation was

done using a Gamma Cell 220 (AECL) (Plate 22.0, Appendix C) in the Philippine Nuclear and

Research Institute and placed in central axis position (c/a). Five groups, twenty cuttings per dose,

were exposed at the following dosages:-1 Gy, 2 Gy, 3 GY, 4 Gy, and 5 Gy (dose rate minimum:

16.37 krad / hr) (Plate 23.0, Appendix C).

Table 1.0 Gamma Radiation Dose and Irradiation Time

Dose

5Gy

4Gy

3Gy

2Gy

1Gy

Kr

0.5

0.4

0.3

0.2

0.1

Irradiation Time (min)

1.9

1.5

1.1

44 sec

22 sec

1Gy= 100 rad

Irradiation time = dose / dose rate
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Immediately after irradiation, the plant cuttings were maintained in Peralta's solution (Appendix

A) in standard room temperature for three days.

The plant cuttings were removed with the stems and leaves. Half of the group were treated

with 0.05% colchicine for three hours. All the buds were then fixed in methanol and acetic acid

(3:1) (Plate 25.0, Appendix C) and stored in 5 ml vials (Plate 26.0, Appendix C).. The same

procedure was done on the control group.

The buds were placed on damp filter paper in petri dish and the kidney shaped anthers

were mashed on the glass slide with a drop of 45% acetic acid and stained with 2% aceto-orcein

(Plate 28.0 .Appendix C). Finally, the slide was covered with a coverslip, sealed temporarily with

nail polish and viewed under LPO, then HPO. Two hundred cells were viewed per bud.
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IV. RESULTS AND DISCUSSION

Micron udei are initiated during the mutagen-sensitive, early stage of nudear division cyde

and are formed when the induced chromosome breakages are exduded from the nudeus proper

at the end of the division cyde (Ma, 1979). Chromosome threads are broken either by the passage

through them of an ionizing partide or by an attack upon them by the products of irradiated cellular

material - usually irradiated water. A severed or broken end is capable of adhering to any other

fractured or broken ends that it encounters. This is an important step in the production of structural

alterations in chromosomes by ionizing radiation. In addition, the broken ends of the chromosome

thread could lose their attachment to the spindle and at anaphase, these fragments will not move.

The said chromosome fragment is often called precocious chromosome since it moves ahead of

the other chromosomes during the anaphase stage. As a consequence these fragments are

exduded from the reforming nudeus during the telophase stage and eventually form

micronudeus. The size and number of these micronudei vary depending upon the' size and

number of breakage induced. This prindple was employed in the experiment for detecting

chromosomal breaks through scoring the number of micronudei in the pollen mother cell of

Tradescantia bracteata done 02.

The occurrence of micronudeus (MN) in buds irradiated at dosages 1 Gy to 5 Gy was

compared (Figure 1.0). One hundred cells were observed per bud and there were twenty buds

used for each dosage. The total number of cells with MN was greatest in doses 3 Gy and 4 Gy,

though the former exceeded ten more cells. The dose 4 Gy had 752 cells while 3 Gy had 762

cells. Meanwhile, the total number of cells with MN in dose 2 Gy recorded 706 cells, which ranked
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a far second from the above doses. This was followed by dose 1 Gy which had 594 cells and

dose 5 Gy recorded the lowest count of cells (474).

The amount of radiation dose which had the largest count of cells with micronuclei is said

to be more effective in inducing chromosome breaks and, consequently, the formation of

micronucleus in cells. The results gathered from the 5 dosages on the occurrence of MN showed

an almost linear relationship with the radiation dose, with 3 Gy and 4 Gy assuming the highest

score and 1 Gy, the lowest. This linear scheme was broken in dose 5 Gy, wherein the total

number of cells with MN dropped below that of 1 Gy. Such a relationship does not suggest that

dose 1 Gy is too small to produce the same total number of changes in the DNA. Any radiation

dose will always cause mutation so long as enough energy is available to ionize the bases of the

DNA chains (Pizzarello and Witcoftski, 1967).

The magnitude of response of the irradiated pollen mother cells, thus, depended on the

quantity of the radiation. That is, each increment of dose produced as many MN or as great an

increase in MN frequency as the one preceding it. This is true for dosages 1 Gy to 4 Gy, beyond

this maximum dose, cells are less responsive to the dose, as demonstrated in the buds exposed to

5 Gy. This could be due to failure of ceils in proceeding further on cell division caused by radiation.

This inhibition could occur during the interphase stage, when the synthetic processes are actively

occurring. As a result, the cells die before they reach the prophase stage. However, other cells

are still sensitive enough to respond to the ionizing energy as observed through the appearance

of micronucleus in its cytoplasm. The Kruskal-Wallis test (Appendix D) on the occurrence of MN in

the 5 dosages revealed an h value of 3.44, which did not fall within the critical region X2 o.os =

9.49. Therefore, the null hypothesis, which stated that the occurrence of MN is the same for any

dosage used, was rejected.
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Based on the total number of cells with MN mentioned above, the experiment showed

that within the range of 1 to 6 MN per cell, one radiation dose had varying degrees of MN

distribution. The non-colchidne treated groups showed a significantly high number of cells with

micronudeus than the colchidne treated groups. Theoretically, the response of cells to the dosage

used should be the same for both the treated and non-treated groups since colchidne does not

contribute to the formation of micronudeus. The use of colchidne in the experiment was designed

to arrest the cells at the metaphase stage, particularly during crossing over, for the purpose of

scoring chromosomal aberration such astranslocation, deletion, acentrics, dicentrics and so on.

A single MN was commonly observed in most cells. However, occurrence of six

micronudei per cell was also observed. In non-colchidne treated 5 Gy buds, the greatest number

of cells had one MN. Out of the 332 cells seen with micronudeus, there were 122 cells with one

micronudeus (Figure 2.0). Values of multiple micronudei per cell were low for this particular

dosage. The most obvious increase in number of micronudei occurrences per cell was seen in

untreated cells exposed to 4 Gy dosage. A total of 648 cells were seen to have micronudeus in

the cells, wherein about 158 cells had four micronuclei (Figure 4.0). The least common of all

micronudei number per cell was about six/cell, which recorded 50 cells. Along with this there was

also a large amount of cells with one micronudeus - about 182 cells out of the 648 cells. Cells

irradiated with 3 Gy and were not treated with colchidne had a total number of 216 cells with three

micronudei out of 522 cells (Figure 6.0). In this dose, the highest number of micronudei was three

per cells which recorded 216. In dosages 2 Gy and 1 Gy, 194 and 60 cells had two micronudei,

respectively (Figure 8.0 and 10.0). These results suggests that with an increase in dosage in

untreated pollen mother cells of T. bracteata done 02 there was a correspoding increase the

occurrence of multiple micronudei.
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As for the colchicine-treated cells, the highest number of micronuclei per cell was also six.

In 5 Gy, there were 56 cells with one MN out of the 122 cells seen with micronucieus (Figure 3.0).

Then in dosage 4 Gy, there was an increase in number of cells with one micronucieus (64 cells) out

of the 124 cells with MN (Figure 5.0). The cells that were irradiated with 3 Gy had a high turnout of

cells containing micronucieus which was 222 cells (Figure 7.0). The highest occurrences of

micronucieus was at the cells that were exposed to 2 Gy, which had 312 celis that contained

micronucieus (Figure 9.0). Out of the 312 cells, 170 cells had one micronucieus and 98 had two

micronuclei in each cell. There was a fairly high number of cells having two to three micronuciei per

cell in 2 Gy. The cells exposed to 1 Gy had a fairly high turnout of cells with 246 cells that

contained micronucieus (Figure 11.0) . They had a great number of cells with one micronucieus

which was 148 cells out of the total number of cells. In the colchicine-treated cells, it is very rare for

one to see about six micronuclei per cell which had a very low number even compared to the ones

with non-colchicine treated cells. No relationship has been seen in the treated cells regarding

micronucieus number per cell.
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Distribution of MN in Pollen Mother Cells of Tradescantia

Figure 2.0 Non-co!chicine Treated 5 Gy
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Figure 4.0 Non-colchicine Treated 4 Gy

Figure 5.0 Colchicine Treated 4 Gy
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Plate 1.0 Tradescantia pollen mother cell with 1 micronucleus observed in all dosages and was

recorded highest in 4 Gy.

Plate 2.0 Tradescantia pollen mother cell with 2 micronuclei observed highest in 2 Gy and lowest

in 1 Gy.
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Plate 3.0 Tradescantia pollen mother cell v/ith 3 micronuclei observed highest in 3 Gy.

L
Plate 4.0 Tradescantia pollen mother cell with 4 micronuclei observed highest in 4 Gy.
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Plate 5.0 Tradescantia pollen mother cell with 5 micronuclei observed mostly in 2Gy and absent in

4 Gy and 5 Gy.

ri-r'^nrftr*n*t1"

Plate 6.0 Tradescantia pollen mother eel! with 6 micronuclei observed in 3 Gy and 4 Gy.
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Different meiotic cell stages were also observed in the irradiated Tradescsntia buds and

compared with the normal, non-irradiated group. All ionizing radiations have the effect of inhibiting

mitosis. It is a property they share in common with ultraviolet radiations as well as with many

chemical mutagens. Mitotic activity is not stopped, rather cells entering prophase from interphase

are prevented from doing so. Those in early stages of prophase may not complete division but

instead regresses, returning to the interphase condition (Pizzarello and Witcoftski, 1967). This

accounts for the large number of pollen mother cells seen in the interphase stage than in any other

stages. However, it should be noted that the effect of ionizing radiation on the cell division is

different from cell stage to another.

Prophase Stage (Plate 7.0). The prophase stage of the pollen mother cells showed large

and long chromosome threads diffused in the cytoplasm of the cell. The chromosome threads were

clumped (arrow) in the lower left side area of the cell.

Metaphase Stage. Cells under the metaphase stage of the colchicine treated groups were

fewer than expected. This may be because the chromosomes were not well spread or arranged but

were instead clumped together making them indistinguishable for scoring. The six pairs of

chromosomes were seen aligned at the equator of the cell. Some pairs were stick together (Plate

8.0, arrow A) in the lower portion; a long chromosome thread (arrow B) was stretched parallel to

the equator of the cell where the chromosome aligned.



Anaphase Stage. The chromosomes were seen moving towards the opposite sides of the

cell (Plate S.Oa). The arms of (he chromosomes were twisied about each other and often, they

were hopelessly entangled (Piate 9.0b). In normal ceil division., the chromosomes easily unravel

and separate cleanly, each following its centromere to the proper pole (Pizzarelio and VVitcoftski,

1967). if the chromosomes sustained a single break, the broken end could permanently lose its

attachment to the spindle. In addition, the two centromeres of the dicentric fragment, formed by

union of two broken chromosomes, will be oriented to opposite poles at the metaphase. At the

anaphase, these cetromeres will more towards their respective poles. The joined ends of the

isochromosome remain unfused. This isochromosome is stretched, under tension, between the two

separating masses of chromosomes. Such a configuration is called an anaphase bridge.

Anaphase bridges ( Plate 9.0a) were observed in the irradiated pollen mother cells.

Telophase Stage. Two daughter eel! nuclei begun to separate, partially forming a bridge

(Plate 10.0). At the apex a constriction (arrow) occurred, which marked the beginning of

cytoplasmic division of the two daughter cells.



Plate 7.0 Prophase Stage in Irradiated Pollen Mother Celi.

Plate 8.0 Metaphase Stage in Irradiated Pollen Mother Cell.



Plate 9.0 (a) Anaphase bridges (arrow)., (b) Completion of anaphase stage



Plate 10.0 Telcphase Stage in Irradiated Pollen Mother Cell.
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Meiotic Cell Division in Non-Irradiated T. bracteata clone 02.

Plate 11.0 Prophase Stage showing the chromosome threads in the cytoplasm of the cell.

Plate 12.0 Metaphase Stage showing chromosomes aligned in the equatorial region of the cell.
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Plate 13.0 Early Anaphase Stage showing chromosome pairs being pushed towards the opposite
pole by the spindle fibers.

Plate 14.0 Early Telophase Stage showing the two formed daughter nuclei.



37

Chromosome Breaks. Chromosomal aberrations were observed in the experiment but

were not classified because the chromosomes observed did not provide definite structures

required for classifying chromosomal aberration. Nonetheless, fragments of chromosome were

seen among cells in the prophase stage and metaphase stage (Plate 18.0 and Plate 16.0,

respectively). Some chromosomes sustained multiple breaks (Plate 17.0). Precocious

chromosomes (Plate 15.0) and sticky chromosomes (Plate 18.0) were noted. Few cells were found

having chromosome breaks which could be attributed to the fact that chromosome breaks may

undergo repair. That is, after irradiation the plant cuttings were maintained in a hydroponic solution

for three days and the broken ends of the chromosomes may undergo restitution or re-attachment

with its original part. Consequently, breakages in the chromosome arm induced by gamma

radiation were not scored. In addition, the broken arm of a chromosome were so sticky that it

readily attaches to the nearest available broken end. The chromosomes formed through this may

have no centromere (acentric), two centromeres (dicentrics).
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Plate 15.0 Precocious chromosome (arrow).

Plate 16.0 Metaphase stage showing breaks (arrow) in the chromosome threads'.
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Plate 17.0 Multiple breaks (arrow) in the chromosome thread.

Plate 18.0 Sticky chromosomes (arrow) in the prophase stage.
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V. CONCLUSION

With respect to the induction of micronucleus, the magnitude of response of the irradiated

pollen mother cells, thus, depended on the quantity of the radiation dose. That is, each increment

of dose produced as many MN or as great an increase in MN frequency as the one preceding it.

The occurrence of MN among the poiien mother cells of Tradescantia bracteata clone 02 increased

linearly from 1 Gy until it reached 3 Gy and 4 Gy. Beyond this maximum dose, cells were less

responsive to the dose caused by inhibition of cell division, as demonstrated in the buds exposed

to 5 Gy. This result was validated through the Kruskal-Wallis Test, where the computed h value

was 3.44 (critical region of X2 o.os = 9.49).

Furthermore, the irradiated pollen mother cells indicated single and multiple breaks in the

chromosome threads. These fragments may have failed to attach to the spindle fiber and

consequently formed micronucleus. The number of MN occurring per pollen mother cells varied

depending upon the number of breakage induced. The range of MN was from 1 to 6. There was no

relationship found between the distribution of MN and radiation dose.

The use of micronuclei test in this experiment proved to be an efficient and simple approach in

detecting chromosome damage induced by gamma radiation rather than scoring chromosomal

aberrations due to the characteristic "stickiness" chromosomes observed and second, because

most of the cell stages observed were past the meiosis proper.
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VI. RECOMMENDATION

••••* To achieve a greater response younger buds should be used. It is also recommended to

increase to concentration of colchicine in order to arrest greater number of cells at metaphase,

which in the experiment were fewer than expected.

For a better evaluation of chromosome breakages, ihe recovery period should be

reduced. The reason for this is that the fractured or broken ends of the chromosome thread could

have undergone restitution within the three-day period of maintenance in the hydroponic solution.

And lastly, it is recommended to vary the fixation time to ensure a much higher turnout of cells in

the different phases of cells division.
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APPENDICES

Appendix A. Composition of modified Peraita's Hydroponic Solution (de Peralta, 1955).

SALTS

Potassium nitrate (KNCty

Calciumnitrat-tetrahydrat (Ca(NQs)2. 4H2O)

Ammonium dihydrogen phosphate (Nf-^PC^f-kO)

Magnesium sulfate heptahydrate (MgSCV 3H2O)

TRACE ELEMENTS

Ferrous sulfate (dried gel) (FeSOWHkO)

Zinc sulfate heptahydrat (ZnSOFkO)

Copper sulfate (CuSO4«5H2O)

Boric acid (H3BO3)

Mangan(ll)-chlorid (MnCI2«4H2O)

H2OIOOOCC

grams

26

0.8

0.5

2.0

2.0

Grams/Liter

1.01

0.3350

0.250

0.250

cc

1.5

1.0

1.0

1.0

1.0
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Be

Figure 12.0 Succession of buds in the inflorescence of Tradescantia bradeata.
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Plate 19.0 Site of Tradescantia bracteata clone 02 (BNL) at Philippine Nuclear and Research

Institute, Difiman, Quezon City.
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Plate 20.0 Plant Habit of T. bracteata clone 02 (BNL) acclimatized in the yard of Cytogenetics

Laboratory in PNRi.
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Plate 21.0 Cincinnus inflorescence of T. bracteata clone 02.
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CAUTION

Plate 22.0 Gamma Cell 220 (AECL) used to irradiate the plant cuttings.
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Plate 23.0 Gamma irradiated plant cuttings placed in Peralta's Hydropronic Solution

(a) 1 Gy

(b) 2Gy
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(c) 3Gy

(d) 4Gy

(e) 5Gy
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Plate 24.0 Chemicals used in Peralta's hydroponic solution.
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Plate 25.0 Treatment with 0.05% cofchicine and fixation with methano! and acetic acid.
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Plate 26.0 Fixed buds stored in 5 ml vials.
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Plate 27.0 Removal of anthers using aluminum probe.
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Plate 28.0 Slide Preparation. The anthers were mashed with 45% acetic acid and stained
with 2% aceto-orcein.
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Appendix D. Kruskal-Wallis Test of the number of cells with micronuclei in gamma irradiated

Tradescantia bracteata clone 02 (BNL) flower buds.

BUD
1
2
3
4

! 5
6
7
8
9
10

5GY
0
0
14
28 _,
32
40
54
76
92
138

4GY
14
22
52
58
68
74
86
104
122
152

3GY
0

34
40
48
60
86
104
114
128
148

2GY
0

28
44
50
62
82
90
96
116
138

1 GY
16
22
26

I 34"
44
54
78
88
108
124

Ranking of Buds

1
2
3
4
5
6
7
8
9

10

332430.5
33243.05

5GY
2.5
2.5
5.5

11.5
13

16.5
23.5

30
37

47.5
189.5

35910.25
3591.025

4GY
5.5
8.5
22
25
28
29

33.5
39.5

44
50

285
81225

8122.5

3 GY
2.5

14.5
16.5

20
26

33.5
39.5

42
46
49

289.5
83810.25
8381.025

2 GY
2.5

11.5
18.5

21

|1_GY
7

8.5
10

14.5
27 | 18.5
32
36
38
43

23.5
31
35
41

47.5 | 45
277

76729
7672.9

234
54756

5475.6
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Kruskal-Wallis Test:

1. Ho: The occurrence of gamma-radiation induced micronucleus does not depend on radiation

dosage.

2. Hi: The occurrence of gamma-radiation induced micronucleus is dependent on radiation

dosage.

3. a = 0.05 df = 4

4. Critical region: h > X 2
o.o5 = 9.49

5. Computation: rn = n2 = m = ru = nio. Substituting the results:

H = 12/ (50) (51) [ 33243.05 ] - 3 (51) = 3.44

6. Decision: Since h= 3.44 does not fall in the critical region h > 9.49 we have insufficient

evidence to reject the null hypothesis.


