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Irregular mitosis and meiosis of Vicia faba L. after contamination with 13'I
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Introduction

Ionization is the strongest and most reliable mu-

In order to study the impact of radioactive substances on the cell cycle of Vicia faba L., which can
be cultivated as food crop, experimental contamination was carried out with 3 radioactive rain drops
applied at 5 groups of plants in flowering phase. A detailed analysis was done of both karyokinesis
during the cell cycle and pollen grains. The results are presented as MI (mitotic index and frequency of
aberrations in the M1 generation) and asan original micrographs. There are indications that in terms of
long irradiation, the disintegration of **'I induced changes during mitosis and meiosis which depend on
the absorbed dose, directly and indirectly influence the further growth and development of the treated
crop. There have been detected different chromosome defects: chromosome breaks and structural
rearrangements that occured in most of the chromosomes, adherence of the full complement of
chromosomes, terminal connections and various interchromosomal links that contributed to single or
multiple anaphase and telophase bridges which in some cases persist through the end of the cell cycle.
There was high frequency of aberrant changes in meiotic karyokinesis I and II that are common in all
of the treated groups, with few exceptions when dose-effect dependence was not determined. These
irregularities resulted in defects in the construction of the pollen grains.
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Co uen pa ce MpoyYu BAWjaHWETO HA PaAMOAKTUBHWTE CYNCTaHUMKM BP3 KIETOYHMOT LMKIYC Kaj
Vicia faba L., kako BakHa npexpaHbeHa KynTypa, 6ewe HanpaBeHO MCTpaXKyBarbe Ha epeKkToT o4
KOHTaMVIHau,VI]aTa Ha 5 FPYI‘IM pacTeHuja Bo a3a Ha LBeTahe CO Kanku 0 pacTBOP KOj LUTO coapelle
paanoaKTUBEH M30TON HanpaBeHa ©Oelle peTanHa aHanM3a Ha KapuOKMHE3aTa 3a BpeMe Ha
KNETOYHMOT UMKIYC W aHanu3a Ha MofeHoBuTe 3pHa. PesyntatuTte ce npeseHTuMpaHu kako MU
(MMTOTCKM MHAEKC M (pekBeHumja Ha abepaumm BO M1 reHepaumja) v BO BMA Ha MMKporpadm
MocTojaT MHAMKAUWM Aeka BO CMyuyaj Ha AOArOTPOjHO O3padyBarbe, pacnararbeto Ha I mHuumpa
MPOMEHa 3a BPeMe Ha MMTO3aTa M Mejo3aTa KoW LUTO 3aBucaT oA ancopbupaHata [03a, AMPEKTHO
B/Maejkn Ha MOHaTaMOLIHMOT pacT M pa3Boj Ha TpeTupaHaTa KynTypa. lpoHajaeHn ce pasnuuHm
XPOMO30MCKM AeEKTM: XPOMO3OMCKM MPEKMHM M CTPYKTYPHM MpOMEHW KoM LTO 1 ondakaar
MoBeKeTO Ofi XPOMO3OMMTE, CfienyBatse Ha LeIM KOMMIEMEHTU O XPOMO3OMM, TepMMHaIHM
noBp3yBatba W LEAM MHTEPXPOMO30OMAnHM BPCKM KOM LITO BOAAT A0 MOjaBa Ha EAMHEYHU Win
MOBEKEKPaTHM aHaasHn 1 TenodasHM MOCTOBM KOW BO HEKOW Cllydan OMCTOjyBaaT A0 KPajoT Ha
KNETOYHMOT Uumkayc. [MocTon BucOka (pekBeHUMja Ha HeperynapHu MpoMeHM BO MejoTckaTta
KapuokHe3a 1 1 2 Kou Ce 3aeAHUYKM 3@ CUTe TPETUPAHU PYNK, CO HEKOJIKY MCKIyHOUM Kafe LITOo He e
YTBpAEHa 3aBMCHOCT moMery ancopbupaHaTa gosa u edekTtor. Bakeute abepaunm pesyntmpaaTt co
fedekTn BO KOHCTpYKLl,M]aTa Ha NoneHoBWTe 3pHa.

Knyunm 360posum: I, reHetcka BapujabunHocT, Mejo3a, MMTO3a, MONEHOBM 3pHa, (peKBeHUM]a
Ha abepauww, Vicia faba L.

which is often lethal (Montezuma De Carvalho 1968;
Crocker & Cattanach 1981; Hebrang & Petrovcic 1987;
Aleksieva & Nikolov 1990; Myers 1993; Dubinin 1994).

tagenic agent when experiments with inducing genetic
variability in certain species are performed. The results
are directly dependent on the dose, time of exposure as
well as on the plant material nature. The application of
relatively low doses causes significant DNA damage. In
such cases, disruptions frequency enlarges, thus genetic
variability in specific organism is increasing. The result is
significantly different compared to higher doses usage,

Submitted: 24.02.2017
Accepted.: 09.05.2017

Considering the eX|st|ng literature data the aim of this
research was to examine the impact of I, applied ex-
ternally, in the flowering phase of Vicia faba L.

Material and Methods

Five plant groups (Vicia faba L.) have been grown in
pots in the same experimental conditions. There were 30
plants per group. In flowering stage, in all groups I
was applled with a total activity of 356 Bg, mass of 0, 078
x 10-12g. '] application was in form of IODIURE “*!T DE
SODIUM. After being applied in a form of radioactive rain

*Author for correspondence: dimeskag@yahoo.com
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drops on the above ground plant parts, an activity meas-
urement was performed using Brown-10 Geiger-Miler
tube, SS-100, manufactured by the Institute of Nuclear
Sciences "Boris Kidric" Vinca, and Belgrade. The results of
the measurements are shown in Tab. 1.

Table 1. Results of measurements of application

activity of 3
Plant groups Activity (Bq) Applicatlig)lrf(agtivity of
g
Group 1 35.6 0.008 x 102
Group 2 55.1 0.012 x 1012
Group 3 69,6 0.017 x 1012
Group 4 56.9 0.012 x 102
Group 5 65.1 0.014 x 1012

The control group consisted of untreated plants was
grown in identical conditions likewise the experimental
groups. They were treated with regular tap water. The
experiment was carried out in the Botanical Garden of the
Institute of Biology, Faculty of Natural Sciences and Math-
ematics. In the somatic chromosomes analysis, meristem
tissue of the root was used. The material was analyzed
according to Tjio & Levan (1950) cytological technique, as
well as the standard "squash" method. The cytostatic 8-
hydrooxyquinoline (0,002 M) was used for material treat-
ment and then fixed according to Clark (alcohol-acetic
acid- 3:1). A chromosome coloring was made with leuco-
basic fuchsin (Darlington & La Cour 1962), hematoxylin
after Gomorry (Konstantinov et al. 1985). Pollen grains
staining analysis was made with 2% acetate-orcein and
with Iodine-glycerin method (Petrovic & Vucenovic 1992).

Results and discussion

The effects of long term exposure of the treated
samples of Vicia faba during 1 dissolution are visible on

a cytological level in both karyokinesis and in mature pol-
len level. Detailed review of all changes during mitosis
was made with complete analysis of the treated meristem
root tissue compared to the results to the controlled
group. Meristem activity was calculated and shown in
mitotic index (MI) after detailed analysis of each phase.
The research results are shown in Table 2 and 3.

It was determined that the changes of MI index
depended on the dose amount, thus the first plant group
treated with the lowest doses are closest to the control
ones while in the other groups decreases of MI index
were being noted, down to 1,72 in the group 5. The re-
sults of each separate group indicate changes in correla-
tion with the **'I doses used. Metaphase chromosomes
do not differ morphologically compared with control ones,
but the other groups (2, 3, 4 and 5) are characterized
with altered morphology, visually elongated and thinner.
Aberrant cells are relatively rare and mainly they were
present as a full conglomeration of chromosomal comple-
ment or less common terminal connection between indi-
vidual chromosomes.

The defects in further course of this karyokinesis
were represented with lower percentage. They appeared
as a consequence of interchromosomal links which have
contributed to anaphase and telophase bridges that are
mostly single but sometimes persisted till the end of the
division (Fig.1).

Chromosomal and chromatic interruptions are not-
ed in groups 2, 4 and 5. In Fig.2 there are shown more
interruptions and rearrangements that affected most
chromosomes of the complement. As a result of these
interruptions acrocentric chromosomal fragments ap-
peared which further on have formed laggards, significant
for group 4 while rarely present in the other groups.

An incorrect chromosomal grouping in anaphase
was detected, combined with a single or multiple bridges
which resulted with uneven distribution of the genetic
material in the nucleuses, producing the so called somatic
reduction (Fig. 3).

All of the previous aberrations resulted in appear-
ance of polynuclear cells with nuclear volume differences,
as well as cells with one or more micro nucleuses. In mei-
otic karyokinesis analysis some division irregularities were
found, as well as division absence in the last treated

Table 2. Mitotical index in the groups treated with 3! in the flowering phase, M; generation

% Control Group 1 Group 2 Group 3 Group 4 Group 5

Mitotic index -MI 8.36 8.32 5.62 5.56 6.45 1.72
Interphase 91.64 91.63 94.38 94.37 93.42 98.21
Prophase 4.54 5.64 3.77 2.87 3.70 1.29
Prometaphase 1.00 0.79 0.26 0.07 0.48 0.18
Normal 2.00 0.40 0.17 / / 0.17
Metaphase Aberrant / 0.10 0.27 0.52 0.12 0.09
Summary 2.00 0.50 0.43 0.52 0.12 0.26
Normal 0.24 0.35 0.46 0.17 0.03 0.17

Anaphase Aberrant / 0.02 0.17 0.14 / /
Summary 0.24 0.37 0.63 0.31 0.03 0.17
Normal 0.56 0.87 0.85 1.08 0.09 0.96
Telophase Aberrant / 0.15 0.36 0.70 / 0.17
Summary 0.56 1.02 1.21 1.78 0.09 1.14

Other defects 0.05 / 0.07 0.12 0.06
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Table 3. Aberration frequency during mitosis in Vicia faba L., after the treatments with I, in the
flowering phase, M; generation (control and 5 plant groups)

Metaphase Anaphase Telophase
>
E 3 g 3 g| § =
g E Aberrant £ £ 5 = g Aberrant
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> g 8 2
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g 5 &8 5§ ¢ % g c 8 08
% % % g k7 5 9_‘3 § % % o % % g 5 °
S 2 g 5 el % & E 8 0
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Control | 100 100 / / / / / 100 100 / 100 100 / / /
1 100 80 20 / 20 / / 100 93.33 6.67 | 100 85.36 14.63 / 14.63
2 100 66.67 33.33 / / 33.33 / 100 100 / 100 84.61 15.38 / 15.38
3 100 / 100 6.67 93.33 / 100 55.55 44.44| 100 60.78 39.21 / 39.21
4 100 38.89 61.11 5.55 4444 555 555 | 100 73.08 26.92| 100 70 30.0 2.0 28.00
5 100 / 100 / 75 25 / 100 100 / 100 100 / / /

-

o S
),\Bl

) -

Figure 1. Interphase bridge which persisted Figure 2. Breaks and structural rearrangements
through the end of the cell cycle in mitosis the chromosomes
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Figure 3. Multipolar spindle fibers Figure 4. Defects in metaphase I of meiosis
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Figure 5. Different types of pollen grains

group. In the early stages, as a result of the irregular
conjugation, prevalent and unusual bivalent for this spe-
cies appeared. Changes that were detected during meio-
sis 1 and 2 are common for all treated groups and could
generally be correlated with the dose amount. There
were exceptions in the frequency of these aberrations,
probably because of the separate analysis of flowers.
In Fig. 4 a cell with 7 bivalents in the material from the
first treatment group is presented. In this group defective
cells were rare and conglomeration and bridges that per-
sist till the end of meiosis 2 were noted. In all analyzed
groups tetrad aberration with micro nucleuses or with
reduced core number were common. These defects were
most common in the 3" group which was treated with the
highest dose. Core deficiency of micro spores appeared
as well as gigantic micro spores where two cores were
present. Some of the changes have not yet been con-
firmed with literature data but refer to treatments with
other isotopes and to short term exposure whereby ef-
fects are monitored mainly on mitotic karyokinesis level
(Montezuma De Carvalho, 1968; Errico et al., 1983).
Normal Vicia faba grain is three colored, elliptic
and about 1.7 times longer than wide (Sjodin 1971; Reille
1992). The above mentioned changes in meiosis contrib-
ute to irregular formation of pollen with altered morpholo-
gy. At I-treated group, pollen grains have smaller dimen-
sions but some atypical patterns with slight crimping were
noticeable. Highest variability regarding pollen morpholo-
gy was determined in group 3. There were some spheri-
cal shapes with previously mentioned changes, but with
gigantic pollen grains with triangle and oval shape (Fig.
5). Spherical grain shape with visually smaller volume
have been determined by Sjodin (1971) during pollen
analyzes on V. faba, when treated with neutrons (140
rad) during treatment of seed material with X-rays (4000
R), a mutant was gained (po-1) which was characterized
with triangle pollen grain shape.

Conclusions

The effects of long term exposure at low doses
during *!I decay applied in flowering phase in 5 plant
groups of V. faba was determined. Faba beans are highly
radiosensitive when grown in the presence of this radio-
active isotope. Contamination with 3! is causing signifi-
cant cytological changes which are expressed though
irregularities during somatic division in the sex cells. Also,
genotoxic and mutagenic impact was concluded by de-
creased mitotic activity in the root regardless of the dose
amount. This means that long-term exposure can be
harmful as well as acute short-term high doses.
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