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Several workers (D'Amato 1948, Bowen and Wilson 1954, Von Rosen 1957) 
have induced chromosomal aberrations in roots of Pisum sativum L. Present paper 
embodies after effect of three independent treatments and their restitution in sucrose.

Material and methods

Pea seeds were germinated in moist wood-dust trays at room temperature (27

- 34•Ž). Seeds with 1.6•}0.2cm were chosen for following treatments.

i) Roots were dipped in 1% sucrose by inserting through perforated hard paper

 placed over Petri dishes.

ii) Ten seeds, each time kept in a polythene bag were exposed to X-rays (200

- 225R) for 10 and 15 minutes.

iii) The space in between permanently fixed electromagnets was just sufficient for

 4 seeds. These were hung in a polythene bag and the magnetic field corres

ponded to 8000 Oe.

Root tips from above treatments were also transferred to 1% sucrose for 30 

minutes. Controls were maintained everytime for all facets of the experiment.

Counts of mitotic stages were made and aberrations ascertained on prepara

tion of good aceto-orcein stained squashes. Frequencies of stages were calculated 

and grouped from the cell populations of each treatment.

Results

Following aberrations have been important:
i) Mis-orientation of spindle: This lead to the tilted meta, ana, and telo

phases. There are two probable explanations; either the spindle fibers were broken 
from one side, or there have been different rates of contraction across the spindle. 
Such instances also indicate the fixed "locus" near the poles (See Mazia 1961) 
which is affected by X-rays, urea and magnetic field treatments.

ii) Formation of micronuclei: Figure 1 A shows two globules, one large with 
a hole and the other as small adjacent mass appearing like micronucleus and 
micronucleolus respectively. In 1931 Heitz (Swanson 1957) had made the observa
tion that the micronuclei are the product of mitotic disturbances and these do not



54 H. K. Goswami and Neelima Dave Cytologia 40

contain any organizer chromosome but themselves generate small nucleoli.
The holed globule (Fig. 1 A) also suggests that these may be assemblages of 

"drained off chromatin" from the chromosomal mass . This figure casts doubt on 

the belief that micronuclei are formed at exactly the same time when ordinary 

nucleus is being formed by the chromosomes that have completed anaphase
movement. Micronucleus formation in squashes from magnetic field and X-ray 

exposed roots was comparatively rare.

Fig. 1. A, late prophase indicating the mode of formation of micronuclei and micronucleolus. 

B, mis oriented telophase and chromosome bridge. C, pseudo Renne complex. D, somatic 

translocation. All figs, X Ray 15 mnts; •~1500.

iii) Stickiness: This, so much known change on chromosome surface is 
considered by Darlington (Grundmann 1966) due to heterochromatinization of a 
chromosome resulting in denaturation of nucleic acid; the chromosome contour 
hence becomes adhesive.

This is more pronounced by X-rays and numerous configurations have been 
observed e.g. chromosome bridge at anaphase, tripolar, sticky anaphase and tend
ency of polar movement of chromosomes at late prophase (Fig. 1 B); pseudo
Renner complex (Fig. 1 C, referable to the attachment of chromosomes in order to 
form a ring) and somatic translocations (Fig. 1 D). Last two features were never 
observed in either urea or magnetic field treatment.
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iv) Chromosome breaks: Figure 2 points out that magnetic field exposed 

roots exhibit a higher frequency of chromosome breaks.
Few breaks are very fine dots of varying sizes (Fig. 3 B) appearing like chro

matin droplets; others, were pieces of chromosomes revealing 4 uncoiled chromo
nemata. Breaks due to X-rays do not show any such detailed structure, may be 

that the mode of action of magnetic field differs with X-rays. Exposure to 
magnetic field has additionally, given a "puffy" appearance to chromosomes 

(Fig. 3 A)
Other aberrations like fragmentation of the nucleus, C-metaphases, lagging

 chromosomes and chromosome 
bridges were also observed.

v) Mitotic index: The mi
totic index is depressed due to 

the action of external agents 

(Table 2). However, the re
covery of stages and their ratio 

due to sucrose is most remark

able (Tables 1 and 2) in order to 
interpret it, data on analysis of 
variance from Table 2 has been 

analysed with the graphic repre
sentation of three dimensional 

figures (Fig. 4) erected by a new 
formula

MI=(V+Mr)2+R

where V=Variance
Mr=Metaphase/

Anaphase ratio

and R=recovery due to 
restitution.

Thus for urea, magnetic field and 
X-rays the MI values are calcu
lated.

The MI value 71.66, among 
controls is taken as "expected" 

value and each time compared 

with the calculated MI values of 
urea, X-rays and magnetic field. 

X2 and probability thus obtained 

(Urea, X2=18.42, .001; X-ray, 
X2=3.96, .50; magnetic field, 
X2=0.85, .10) indicate that urea 

affects the mitotic index more 
significantly than other two stud

ied treatments.

Fig. 2. Graph indicating the relationship between 

frequencies of cells exhibiting breaks and average 

number of breaks in a cell. On both criteria magnetic 

field surpases urea and X-rays treatment.
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Discussion

In a population of cells that is dividing repeatedly at random, the ratio of mitotic 
time (prophase to telophase) is inferred from the mitotic index but it is already 
known, that mitotic index is affected by external agents. Mitotic index is the 

percentage of cells found in mitosis at any given instant. The fundamental rela
tionship (DuPraw 1969) is given by the equation

MT/MT+IT•~l
oge 2=loge (1+MI)

where MT is the mitotic time, (MT+IT) is the generation time and MI is the mito
tic index.

Fig. 3. A, part of a cell showing puffy structure of chromosomes. B, chromosome breaks due to 

magnetic field; note too small chromatin droplets. C, typically coiled chromonemata providing a 

gap in a coil seen after magnetic field exposure. All figures •~2000.

We have adopted a direct approach of counting, mitotic stages at a particular 
time under all conditions being studied (including controls) and estimated their 
ratios. Assuming that Metaphase/Anaphase ratio (Table 1) should depict the 
active time; the limit of recovery (restitution) should be directly proportional to 
the "shock" received due to any treatment and variance should form "base" for 
the cell population under study. Fig. 4 is thus in a position to immediately express 
the effect of treatment under identical conditions and recovery in sucrose.

Another important feature concerns the light microscopic proof to the coiled 
chromonemata in chromosomes of classical cytologists. Typically coiled 4

-chromonemata providing a gap (Fig. 3 C) in a coil were seen in all preparations. 
Urea-sucrose preparations even revealed "gyres" in chromosomes.
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Chromosomes in roots treated by magnetic field gave additional information; 
numerous "puffs' were linearly seen seeing them it can be authentically said 
that "all chromosomes are polytene chromosomes (Grundmann 1966). Several 
laboratories are intensively investigating the biochemical events that accompany 

puff formation. Swift (1964) and others have shown that there is no detectable 
change in the amount of DNA or histone in the band but that RNA and non
histone proteins accumulate markedly. In present study, frequency of chromo

Fig. 4. Three dimensional graph to exhibit the "real constitution of mitotic index" (See Text).

Annexure for figure 4: Statistical data on mitotic index

* 3 .153-2.75=0.43.

some breaks is higher in magnetic field exposed roots (Fig. 2) than in X-ray or 
Urea treated roots. It would be strictly pertinent to investigate the relationship 
of accumulation of RNA and chromosome breaks. The study of restitution 
of chromosomes after various treatments is being extended; it is found that 
frequency of chromosome breaks decreases after restitution in glucose. Goswami 

(in press) has shown the presence of an extra medianly constricted chromosome 
(? accessory) in such restituted roots (Fig. 5).
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Table 1. M/A ratio under different experimental conditions 
designated as mitotic ratio

Table 2. Distribution of frequency, standard deviation variance and standard error in 

mitotic stages under different experimental conditions of pea roots

Fig. 5. Sucrose treatment after magnetic field exposure, note the restituted morphology of all 

chromosomes and presence of two extra chromosomes and a break. •~2200.
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Each external agent differs in action and individual responses may be highly 
variable (Grundmann 1966, DuPraw 1969). However, any reaction that impedes 

the synthesis of the prerequisites of mitosis or interferes with uncoiling of the nu
cleoprotein strand during chromatid separation, activation of the mitotic centres 

organising the spindle, release of energy by carbohydrate metabolism or by gly
colysis and, or the mutual interdependence between DNA-RNA and proteins on 

the contours of chromosomes, will lead to chromosomal aberrations. Their resti
tution especially due to glucose can be explained (unpublished) for last two fea
tures.

That repair process makes use of energy produced by glycolysis is supported 
by Sobels (1969). The formation of chromosome aberrations may be an indirect 

process is suggested by Revell (1966). According to Evans (1967) potential lesions 
play an important part; for translocations in both sperm and spermatids, their data 
almost unequivocally indicate (Sobels 1969) repair of potential lesions, rather than 
restitution of real breaks. Although we do not encounter so many breaks in suc
rose returned roots but it cannot be finally said that breaks have been repaired.

Chromosome analysis from plants of future generation of experimentally treat
ed seeds only will elucidate whether the extra-chromosomes and repair of breaks 
are authentic. Nevertheless, restitution study apparently supports the earlier 

notion that damages similar to those inflicted upon chromosomes by ionizing rays 
appear after exposure to chemical substances (Sharma and Sharma 1960). Fur
thermore, as indicated by Haldane (1953), the mutagenesis should be regarded 

more as a biochemical rather than a biophysical process.

Abstract

This paper estimates the radiation potentialities of high magnetic field on mito
tic chromosomes of pea. A comparison is also made with the aberrations caused 
by urea and X-rays and their recovery in 1% sucrose.

Mitotic indices are estimated by a new formula based on three dimensional 

graph with the assumption that every cell population constitutes of metaphase
anaphase ratio, the variance and the range of recovery.
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