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ABSTRACT 
 
Aims: The purple leaf blotch (PLB) disease, for which there is no released resistant variety in 
Bangladesh, causes loss in production of onion in every year. The mutants of a released variety, 
BARI Piaz-2 has shown to possess resistance against PLB which is yet to be characterized at 
molecular level. An easy and simple molecular detection technique of the gene responsible for this 
disease will be of great use in future. The present study was thus carried out to molecularly 
characterize four mutant lines of onion using Simple Sequence Repeat (SSR) marker to detect the 
presence or absence of PLB gene conferring resistance against purple blotch disease in onion. 
Place and Duration of Study: The research was carried out during the period from March, 2013 to 
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April, 2014 in the Biotechnology Laboratory of Bangladesh Institute of Nuclear Agriculture (BINA) in 
Mymensingh, Bangladesh. 
Methodology: DNA was extracted from the vigorously growing fresh leaf samples of 25 days old 
seedlings of four mutant lines namely, BP2-75/2, BP2 -100/1, BP2-100/2 and BP2-100/12 of onion 
using CTAB method. The molecular characterization was done using two sets of SSR markers, 
namely MatK-1RKIM-f/MatK-3FKIM-r and rbcLa-F/rbcLa-R. 
Results: All the four mutant lines showed clear band for the primer MatK-1RKIM-f/MatK-3FKIM-r 
which indicates the presence of PLB gene inferring resistance against purple blotch. Clear band was 
also observed with the marker rbcLa-F/rbcLa-R in all mutant lines except BP2-100/12 indicating 
absence of PLB gene in BP2 -100/12 which inferred susceptibility against purple blotch of onion. An 
unknown allele was also detected in this experiment which may be either linked with the PLB gene 
or a candidate gene which triggers the PLB gene responsible for purple blotch of onion. 
Conclusion: Both the primers seemed to be effective in detecting the presence or absence of PLB 
gene in the studied mutant lines of onion variety BP2. However, more number of primers should be 
tested for effective screening of diverse germplams that will be helpful in designing any future 
breeding programs. 
 

 
Keywords: Onion; mutant lines; purple blotch; bari piaz-2; molecular markers. 
 

1. INTRODUCTION 
 
Onion (Allium cepa L. 2n=16), belonging to the 
family Alliaceae, is one of the most economically 
important and familiar vegetable and spice crops 
worldwide including Bangladesh [1]. The crop 
was originated in area, which includes Iran, 
Pakistan and specially their mountainous regions 
situated in the north of these countries [2-6]. 
Besides being used as salad and vegetable, 
onion is generally used as spice in most of the 
Asian countries. Onion has great economic 
importance due to it’s medicinal and dietetic 
values [7-10]. Onion suffers from many diseases 
of which purple lear blotch (PLB) caused by 
Alternaria porri (Ellis) is a major one [11-14]. This 
disease caused substantial loss in both bulb and 
seed yield of onion in most onion growing 
countries including Bangladesh [15-16]. Control 
of this disease by using disease free seeds and 
fungicidal sprays are successful but have their 
disadvantages, such as the occurrence of 
fungicide resistance [17-19]. Due to these 
disadvantages, there is a constant requirement 
for inducing resistance to plants against the 
disease [20-23]. The recent development in the 
field of molecular markers analysis allows the 
rapid and accurate identification of genotypes 
that contain gene(s) responsible for resistance 
against purple blotch [7,24-26]. Identification of 
molecular markers and marker assisted selection 
for purple blotch disease resistance in onion has 
been studied before [25-27]; but no report of 
such studies with the genotypes of Bangladesh is 

recorded so far. Although a good number of local 
varieties of onion are available in Bangladesh, no 
recommended or released mutant lines resistant 
to purple blotch disease are available till now [28-
29]. However, very recently, the mutant lines of 
BARI Piaz-2, a biennial type summer onion 
variety released by Bangladesh Agricultural 
Research Institute (BARI), had shown to possess 
resistance against purple leaf blotch (PLB) 
disease (unpublished data). The mutant lines 
had been developed by Bangladesh Institute of 
Nuclear Agriculture (BINA) by irradiating the dry 
seeds of BARI Piaz-2 with 75, 100, 125 and 150 
Gy doses of gamma rays using the 

60
Co source 

of Institute of Food and Radiation Biology (IFRB), 
Atomic Energy Research Establishment 
(AERES), Bangladesh Atomic Energy 
Commission (BAEC). Thirteen promising mutant 
lines in M4 and subsequent generations had 
been selected based upon resistance to PLB, 
bulb and seed yield. The Karyological studies 
had revealed greater chromosomal length in 
these mutant lines which prompted to speculate 
that these modifications were taken place due to 
the increased gene dose effect through 
duplication of the chromosomal region and 
believed to be carrying the gene (s) responsible 
for resistance to PLB (unpublished data). The 
present piece of research program has used four 
of the most promising onion mutant lines to 
characterize the presence or absence of PLB 
gene conferring resistance against purple blotch 
using SSR markers. 
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2. MATERIALS AND METHODS 
 
2.1 Experimental Site and Plant Materials  
 
The present research project was conducted at 
biotechnology laboratory, Biotechnology Division, 
Bangladesh Institute of Nuclear Agriculture 
(BINA), Mymensingh. Four mutant lines (of the 
variety BARI Piaz-2) namely, BP2 -75/2, BP2 -
100/1, BP2 -100/2 and BP2-100/12, developed 
by the same institute were used as plant 
materials.  
 

2.2 Genomic DNA Isolation and 
Polymorphism Survey for Primer 
Selection 

 

For the SSR analysis, young, vigorously growing 
fresh leaf samples were collected from 25 days 
old seedlings of each of the plant material which 
were used as the source to extract genomic 
DNA. The leaf samples were stored at -80ºc 
freezer. DNA was extracted from the leaves of 
each genotype using the modified Cetyl 
Trimethyl Ammonium Bromide (CTAB) mini-prep 
method [30]. The quality of the isolated DNA was 
sufficient for PCR analysis (data not shown). Two 
sets of SSR markers associated with the PLB 
gene conferring resistance against purple blotch 
were selected based on their potentiality for 
population discrimination which was determined 
by preliminary experiment with three sets of 
primers (data not shown). The primers are shown 
in Table 1. 
 

2.3 PCR Amplification Profile 
 
For MatK-1RKIM-f/MatK-3FKIM-r and rbcLa-
F/rbcL-R primers set, DNA amplification was 
performed in an oil-free thermal cycler. The 
reaction mix was preheated at 94ºC for 5 
minutes followed by 36 cycles of 5 minutes 
denaturation at 94ºC, 1 minute annealing at 55ºC 
and elongation or extension at 72ºC for 2 
minutes. After the last cycle, a final step for 7 

minutes at 72ºC to allow complete extension of 
all amplified fragments. After completion of 
cycling program, reactions were held at 4ºC. 
 

3. RESULTS AND DISCUSSION 
 

3.1 Selection of SSR Markers for 
Detecting the Presence of PLB Gene  

 
This study was conducted to identify the mutant 
lines of onions that possess the PLB gene which 
confers resistance against purple blotch disease 
using simple sequence repeats or microsatellites 
(SSRs) markers. The SSR markers based 
molecular characterization experiments on onion 
are limited and in In vitro condition no such 
reliable work is reported so far. Several co-
dominant simple sequence repeats or 
microsatellites (SSRs) have been reported in 
onion [31], of which two sets of markers, namely 
rbcL and matK were used to detect the presence 
or absence of PLB gene present in the shorter 
arm of chromosome 8 in the s1/s2 locus which 
confers resistance to purple blotch of onion. The 
PCR products for rbcL and matK were obtained 
using modified standard CCDB protocols 
(http://www.ccdb.ca/bCCDB_DOCS/CCDB_Ampl
ificationPlants.pdf) The 67 bp rbcL nucleotide 
was obtained with the primers rbcLa-F [32] and 
rbcLa-R [33], while the 214 bp matK nucleotide 
was obtained with the matK-KIM primers, MatK-
1RKIM-f and MatK-3FKIM-r 
(http://www.ccdb.ca/CCDB_DOCSCCDB_Primer
Sets-Plants.pdf) as shown in Table 1. 
 
3.2 Banding Pattern by the SSR Markers 

and PLB Gene Detection  
 
Using the primer MatK-1RKIM-f/MatK-3FKIM-r, 
clear bands were observed for all the mutant 
lines, BP2-100/1, BP2-100/2, BP2-75/2 and BP2-
100/12 of onion variety BP2 (Fig. 1) indicating 
the presence of PLB gene inferring the 
resistance against purple blotch of onion      
(Table 2). 

 
Table 1. SSR primers used in the present study to detect the presence or absence of PLB gene 

conferring resistance against purple blotch disease in onion 
 

SSR primers Sequence of primer (‘5—3’) 
 

Annealing 
temperature 

Product size 

MATK-1RKIM-
F/MATK-3FKIM-R 

F: ACCCAGTCCATCTGGAAATCTTGGTTC 55ºC 214 
R: CGTACAGTACTTTTGTGTTTACGAG 

RBCLA-F/RBCLA-R F: ATGTCACCACAAACAGAGACTAAAGC 55ºC 67 
R: GTAAAATCAAGTCCACCRCG 

F: = sequence for forward primer (5’-3’); R: = sequence for reverse primer (‘5-3’) 
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By using rbcLa-F/rbcLa-R marker clear bands 
were also observed in BP2variety, BP2-100/1, 
BP2-100/2 and BP2-75/2 mutant lines mutant 
lines (Fig. 2) indicating the presence of PLB gene 
inferring the resistance. But no band was 
identified in BP2-100/12 mutant line which 
indicates the absence of PLB gene inferring 
susceptibility against purple blotch (Table 3). The 
reason behind the failure of rbcLa-F/rbcLa-R 
primer sets to identify any specific band in BP2-
100/12 mutant is unclear. But a possibility behind 
this failure could be that the predicted high 
amount of gene duplications in the mutants has 

reduced segmental homology which restricted 
the primers to amplify the target genes in onion.  
 

In this experiment, another unknown allele was 
detected between 50-75bp by the primer set 
MatK-1RKIM-f/MatK-3FKIM-r in BP2, BP2-100/1 
and BP2-100/2 mutant lines (Fig. 1) which may 
be related with the PLB gene conferring 
resistance against purple blotch of onion or this 
also may be a candidate gene which trigger the 
PLB gene responsible for the purple blotch of 
onion. However, not much is known about this 
allele and further investigation will be needed to 
detect this unknown allele. 

 
Table 2. Resistance pattern of onion variety BP2 and it’s mutant lines, BP2 -75/2, BP2 -100/1, 

BP2 -100/2 and BP2-100/12 against purple blotch disease as determined by using MatK-1RKIM-
f/MatK-3FKIM-r primer 

 
Genotypes Banding pattern Resistant 

(R) 
Susceptible 
(S) Presence (P) Absence (A) 

BP2 P - R - 
BP2-75/2 P - R - 
BP2-100/1 P - R - 
BP2-100/2 P - R - 
BP2-100/12 P - R - 

 

 
 

Fig. 1. Banding pattern of onion variety BP2 and it’s mutant lines, BP2 -75/2, BP2 -100/1,  
BP2 -100/2 and BP2-100/12 using MatK-1RKIM-f/MatK-3FKIM-r primer confirming the presence 

of PLB gene conferring resistance against purple blotch disease 
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Table 3. Resistance pattern of onion variety BP2 and it’s mutant lines, BP2 -75/2, BP2 -100/1, 
BP2 -100/2 and BP2-100/12 against purple blotch disease as determined by using  

rbcLa-F/rbcLa-R primer 
 

Genotypes Banding pattern Resistant 
(R) 

Susceptible 
(S) Presence (P) Absence (A) 

BP2 P - R - 
BP2-75/2 P - R - 
BP2-100/1 P - R - 
BP2-100/2 P - R - 
BP2-100/12 - A - S 

 

 
 
Fig. 2. Banding pattern of onion variety BP2 and it’s mutant lines, BP2 -75/2, BP2 -100/1, BP2 -

100/2 and BP2-100/12 using rbcLa-F/rbcLa-R primer to detect the presence/absence of PLB 
gene conferring resistance against purple blotch disease 

 

4. CONCLUSION 
 

The presence of the PLB gene conferring 
resistance to purple leaf blotch in onion was 
successfully detected in most of the mutant lines 
using two sets of SSR markers. The clear 
banding pattern and the easy detection of the 
presence of this gene shows the potentiality of 
using this technique for screening of wider 
germplasm preferably using more number of 
related primers that can be very helpful in 
selecting the parents for any breeding programs 
or biotechnological manipulations for improving 
the resistance for this disease in onion in future. 
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BULB AND SEED YIELD POTENTIALS OF SUMMER ONION VARIETY
DEVELOPED THROUGH INDUCED MUTATION

M. A. K Azad, M. Ali, F. Yasmine and M. Kamruzzaman

Plant Breeding Division
Bangladesh Institute of Nuclear Agriculture

BAU Campus, Mymensingh 2202, Bangladesh

Abstract
With a view to improve bulb and seed yield potentials of summer onion, seeds of
BARI Piaz-2 were irradiated with 75 Gy, 100 Gy and 125 Gy doses of gamma rays
from a 60Co source in 2006.Fifty four days old seedlings were transplanted on 20
January 2007.Thirteen, 12 and 9 M1 plants, respectively, from 75 Gy, 100 Gy and
125 Gy dosesproduced fertile seeds which were kept separately dose wise. In M2

generation, seedlings of 13 progenies from 75 Gy, 10 from 100 Gy and 7 from 125
Gy were transplanted on 15 December 2008 in plant- progeny- rows and 11, 7 and 6,
respectively, were selected based on higher percentage of seed producing plants
compare to parent BARI Piaz-2.In M3and M4 generations, 13 progenies, 6 each from
75 Gy and 100 Gy and the other from 125 Gy were further selected based on higher
seed yield than the parent. Additionally, in M3 generation, observation trial with the
above 13 mutant lines for bulb yield potential in Kharif-I seasonin 2011 revealed the
mutant lines BP2/75/5 and BP2/100/2 had significantly higher fresh and dry bulb
yield than BARI Piaz-2 and that of BP2/75/2 had not differed significantly. Shelf life
expressed here as rate of weight loss on storage for 2.0 months under ambient
condition exhibited all the 13 mutants had longer shelf life than the parent and the
check variety. The mutant BP2/100/2 had the longest shelf life followed by
BP2/125/1 and BP2/100/12 and BP2/75/13. Preliminary yield trial for seed yield
potential in M4 generation in winter season of 2011-2012 showed all the 13 mutant
lines could produce seed from seed in the same season but the parent BARI Piaz-2
failed. In advance yield trial for bulb yield potential in Kharif-II season of 2012, the
mutants BP2/75/2, BP2/75/5 and BP2/100/2 produced significantly higher bulb yields
atIshurdi and Magura than the check variety BARI Piaz-3.Unlike Kharif-I season the
shelf life of the bulbs of mutants and the check variety did not differ significantly in
Kharif-II although yield was almost double. Advance yield trial for seed yield
potentialsin 2012-13 of five selected mutants showed all the mutant lines produced
sufficient seeds from seed in the same season like preliminary yield trial. Seed
production of the mutants ranged from 798-1193 kg/ha with the highest being in
BP2/75/3 followed by BP2/75/2 while the parent BARI Piaz-2 produced the lowest
seed yield of all.

Keywords: Summer onion; mutation; shelf life; seed yield.

INTRODUCTION
Onion (Allium cepa L.) is one of the most important and major spices crop here in
Bangladesh. It is used in all food preparations of our daily diet. The crop is also
appreciated as condiments for flavouring foods. It contains high medicinal properties
with adequate vitamin B, Vitamin C, iron and calcium (Vohora et al., 1974) and reduces
the blood sugar by 25% (Mossa, 1985; Yawalkar, 1985). In Bangladesh, among the
spices, onion ranks first in respect of area and production (BBS, 2016). The average
yield here is very low (3.94 t/ha) compared to the world average (12.27 t/ha) (FAO,
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2002).Total production of onion in Bangladesh is only 1.7million tons from an area of
0.17 million hectares (BBS, 2016) as against the estimated demand of 2.2million tons. Of
the total production 0.4-0.5 million tons become spoiled due to short storage ability of
the existing varieties. This means to meet the demand we have to produce 0.5-0.6million
tons or more onion. This could be possible in two ways, by increasing per unit yield or
by bringing more area under onion cultivation. Bringing more area under onion
cultivation in winter is difficult although there is scope in the summer season. The
existing summer varieties in Bangladesh have low bulb and seed yield potentials and
shelf life as well. Moreover, presently, onion seed is produced from bulb by planting in
the month of October, which requires nearly 1.5 to 2.0 tons of bulbs to plant a hectare of
land. This big amount of bulb is sufficient to meet the annual requirement of 42-56
families of Bangladesh. Additionally, it is very difficult to store such large amount of
bulb for a long period from harvesting till planting in the next season. In contrast,
production of seed from seed will require only 8-10 kg of seed for the same area of land.

Mutation breeding technique is one of the important accessories to mainstream plant
breeding. With this technique, 15-20% yield improvement and correction of the defects
to a top cultivar are very easy and straight forward (Gaul, 1961). Pleotropic effects are
very common and help fix the breeding lines even in M1 generation (Azad et al., 2013a).
Genetic improvement of any yield attribute either qualitative or quantitative in nature
have been successful with this technique (Azad et al., 2012; Azad et al., 2013b; Azad et
al., 2010; Hamid et al., 2006; Azad and Hamid, 2000; Chowdhury et al., 2000;
Shamsuzzaman et al., 2005; Shamsuzzaman et al., 2004; Shamsuzzaman et al., 2000;
Azad et al., 1999; Shamsuzzaman et al., 1998). So far, 3,246 crop varieties worldwide
have been released through this technique that also includes some varieties of onion
(IAEA, 2017; Maluszynski et al., 2000; Kataria and Singh 1989). Therefore, the
objectives of this study were to develop high bulb and seed yielding summer onion
mutant(s) which can produce seed from seed in the same year and longer shelf life
through induced mutation.

MATERIALS AND METHODS
Irradiation of seeds and growing of M1 generation
The seeds of BARI Piaz-2 were irradiated with 75 Gy, 100 Gy and 125 Gy doses of
gamma rays from a 60Co source and sprouted seeds were sown dose wise at BINA Head
Quarter’s farm at Mymensingh on 28 November, 2007. Seedlings were transplanted on
20 January 2008 dose wise in a raised bed of 3 m×1 m at a distance of 20 cm within rows
of 30 cm apart. At maturity, the plants that produced fertile seeds were harvested in
April-May and kept separately plant and dose-wise.

M2. Seeds of 31M2populations and the parent variety were sprouted and sown on 23
October, 2008. The seedlings were transplanted after 54 days on 15 December at a
distance of 20 cm within rows of 30 cm apart in a raised bed at BINA Sub-station farm,
Ishurdi following non replicated plant-progeny-rows. Fertilizers were applied for seed
production at the rate of N 115 kg, K 75 kg, P 55 kg, S 20 kg, Zn 1.0 kg and B 0.85kg/ha
in the form of Urea, Muriate of Potash (MoP), Triple Super Phosphate (TSP), Zypsum,
Zinc Oxide and Boric Acid together with 10 tons/ha of farm yard manure (FYM). At
maturity, seeds were harvested population wise and kept separately.

M3. Seeds of 24 M3 populations were sown at BINA Head Quarter’s farm, Mymensingh
and the seedlings were transplantedon7 December 2009 after 55 days at BINA Sub-



41

station farm, Ishurdi following non replicated plant-progeny-rows at a distance of 20 cm
within the rows of 30 cm apart. Fertilizers and FYM were applied as applied in M2

generation. At maturity, seeds were harvested population wise and kept separately.

M4. For M4 seed production, seeds of 13 M3 mutants were sown on 7 Ocotober 2010 at
BINA, HQ farm Mymensingh and the seedlings were transplanted on 24 November at
the same location with unit plot sizes ranged 2 to 12 rows of 1.5 m length. At maturity,
seeds were harvested mutant wise and kept separately.

Preliminary yield trial for bulb yield potential in Kharif-I season
Preliminary yield trial in Kharif-I seasonwas also performed with the above mentioned
13 M4 mutant lines to assess bulb yield potential in Karif-I season.Seeds were sown on 6
January 2011 at BINA Head Quarter’s farm, Mymensingh. Seedlings were transplanted
on 7 March 2011 at BINA sub-station farm, Ishurdi following RCB Design.The parent
BARI Piaz-2 and a check variety BARI Piaz-3 were included in this experiment. A unit
plot size was 2.4 m × 0.6 m. Plants were spaced at 15 cm within rows of 20 cm apart.
Fertilizers were applied for bulb production at the rate of N 69 kg, K 87 kg, P 40 kg, S 20
kg and Zn 1.0 kg/ha in the form of Urea, MoP, TSP, Zypsum, Zinc Oxide and Boric
Acid together with 10 tons/ha of FYM. Data on individual weight of fresh and dry bulbs
were recorded during harvest from randomly selected 10 competitive plants. Fresh and
dry weights of bulb were also recorded plot basis at harvest and after two months of
storage under ambient condition.

Preliminary yield trial for M5seed yield potential in winter season
Seeds of 13 M5 mutants together with the parent BARI Piaz-2 were sown on 26 October
2011 at BINA Head Quarter’s farm, Mymensingh and seedlings were transplanted on 19
December 2011 at BINA sub-station farm, Ishurdi following non-replicated design. Unit
plot sizes ranged 2 to 34 rows of 1.5 m length. Plants were spaced at 15 cm within rows
of 20 cm apart. Fertilizers and FYM were applied as applied in M3 generation. Number
of plants, flowering plants, seed yield/ plant was recorded during and after harvest. Seed
yield/plot was later converted to seed yield/ha.

Advance yield trial for bulb yield potential in Kharif-II season
Seeds of five mutants were sown on 5 July 2012 at BINA Head Quarter’s farm,
Mymensingh. Seedlings were transplanted on 25 August 2012 at Ishurdi and 26 August
at Magura sub-station farms, BINA. A unit plot size was 1.8 m× 0.6 m for both
locations. Plants were spaced at 15 cm within rows of 20 cm apart. Fertilizers were
applied as applied in preliminary yield trial for bulb yield potential in Kharif-I season.
Data on number of leaves at vegetative stage and bulb diameter were recorded from
randomly selected ten competitive plants. Fresh and dry bulb weight was recorded at
harvest. Dry bulb weight was recorded after 1.5-2.0 months of harvest.

Advanced yield trial for M6 seed yield potential in winter season (Production of M6

seeds)
Seeds of five mutants along with their parent were sown on 26 October at Ishurdi sub-
station farm, BINA following non- replicated design and transplanted on 22 December
2012. A unit plot size was 2.0 m × 1.8 m. Fertilizers and FYM were applied as in above
experiments for seed production. Data on seed yield/plot were recorded and total number
of plant, number of plant with seed, umbel/plant, fruits/umbel, umbel diameter,
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seeds/fruit, seeds/umbel seed yield/plot were recorded during and after harvest. Seed
yield/plot was later converted to seed yield/ha. Finally, all the recorded data in all
experiments were subjected to proper statistical analysis following Gomez and Gomez
(1984).

RESULTS AND DISCUSSION
In M1 generation 13 plants from 75 Gy, 10 plants from 100 Gy and 8 plants from 125 Gy
irradiated seeds produced fertile seeds. Among these 31 M1 plants had considerably
higher percentage of flowering plants than the parent BARI Piaz-2 in M2 generation. In
M3 and M4 generations, similar results were observed. It is generally and widely
accepted that onion produces bulb in the first year and these bulb when planted in the
second year produces seed. Moreover, for seed production, onion plants need
verbalization at low temperature (8-10 ºC) for one month or more (Khokhar, 2014). But
in this study, the mutated M1 plants, M2and other populations of the onward generations
produced seed from seed directly in the same season. On the other hand the parent
variety BARI Piaz-2 could not produce any seed or negligible amount of seeds (Fig.1).
This might be due to the predicted segmental homology of the chromosomes of mutants
due to duplication by irradiation which might ensure regular meiosis and regular seed
production (Chakraborty, 2011 and Hoque, 2011) observed longer chromosome length of
the mutants than the parent BARI Piaz-2 apart from increased DNA contents by 1.5 to
3.0 fold.

Table 1. Bulb yield and related traits of 13 mutant lines of summer onion during
summer season of 2011 at Ishurdi

Mutant lines/
varieties

Individual fresh
bulb weight

(g)

Individual dry
bulb weight

(g)

Rate of
weight loss

(%)

Fresh bulb
weight of
(kg/ha)

Dry  bulb
weight
(kg/ha)

BP2/75/2 12.23 10.85 11.28 2468.12 2193.68
BP2/75/3 10.00 9.20 8.00 1616.88 1479.79
BP2/75/5 10.79 10.00 7.32 2622.78 2435.90
BP2/75/6 10.19 9.13 10.40 2163.12 1931.53
BP2/75/7 10.08 9.25 8.23 1931.88 1781.73
BP2/75/13 9.67 9.02 6.72 1259.09 1171.18
BP2/100/1 9.52 8.64 9.24 1719.79 1561.46
BP2/100/2 12.26 11.54 5.87 2878.75 2705.14
BP2/100/5 7.37 6.79 7.87 1090.07 1007.15
BP2/100/6 14.19 12.63 10.99 2219.93 1976.88
BP2/100/7 9.15 8.535 6.72 1852.08 1729.38
BP2/100/12 8.25 7.62 7.64 1459.86 1344.31
BP2/125/1 8.42 7.91 6.06 1550.28 1429.93
BARI Piaz-2 13.92 12.34 11.35 2420.35 2177.64
BARI Piaz-3 6.64 5.76 13.25 816.74 693.33
LSD (0.05) 1.56 1.41 - 162.29 142.50

Preliminary yield trial with M4 mutant lines of summer onion for bulb yield
potential in Kharif-I season, 2011
All mutant lines had significantly larger fresh and dry bulb sizes, expressed here as
individual fresh and dry bulb weight, than BARI Piaz-3 except BP2/100/5 (Table1). Bulb
size of BP2/100/5 did not differ significantly with BARI Piaz-3. When compared with
the parent BARI Piaz-2 all the mutants had significantly smaller fresh and dry bulb sizes
except the mutant BP2/100/6.
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Table 2. Seed yield and yield attributes of 13 mutant lines of summer onion along
with the parent BARI Piaz-2 during winter season, 2011-12 at Ishurdi

Mutant lines
Total plant

(no.)
Flowering plant

(%)
Seed yield/
plant (g)

Seed yield/
ha(kg)

BP2/75/2 252 60.32 0.24 79.37
BP2/75/3 401 79.05 0.24 78.97
BP2/75/5 224 87.50 0.22 74.40
BP2/75/6 283 68.55 0.08 25.91
BP2/75/7 239 77.41 0.06 20.92
BP2/100/7 44 90.91 0.20 68.18
BP2/100/12 192 81.25 0.08 26.04
BP2/100/1 162 83.95 0.43 144.03
BP2/100/2 443 73.59 0.16 52.67
BP2/100/5 291 56.70 0.12 38.95
BP2/75/13 230 71.30 0.07 23.19
BP2/125/1 340 77.94 0.04 11.76
BP2/75/11 84 76.19 1.07 357.14
BARIPiaz-2 21 9.52 0 0.0
SE 31 2.73 0.08 25.40

Table 3. Bulb yield and some related traits of five promising summer onion
mutants during Kharif season, 2012

Mutant/chec
k variety

Leaves/
plant
(no.)

Individual bulb
diameter

(cm)

Individual
bulb weight

(g)

Fresh bulb
weight
(kg/ ha)

Dry bulb
weight
(kg/ha)

Rate of
weight loss

(%)

Magura
BP2/75/2 6.15 16.34 69.44 6389 4599 27.96
BP2/75/5 6.99 15.60 50.12 5062 3580 29.16
BP2/75/11 5.37 13.40 44.59 3025 2160 28.35
BP2/75/3 6.20 15.05 55.60 6543 4182 36.18
BP2/100/2 5.78 13.49 46.71 3611 2500 29.28
BARI Piaz-3 5.40 15.23 27.77 2176 1512 29.83
LSD (0.05) 0.32 0.31 0.19 843 599 NS
Ishurdi

BP2/75/2 9.64 15.19 51.85 6743.83 5046 24.84
BP2/75/5 8.46 15.31 52.18 8734.57 6574 24.29
BP2/75/11 7.26 14.60 52.35 8379.63 6235 24.29
BP2/75/3 7.69 15.56 55.87 6512.35 4753 27.02
BP2/100/2 6.78 15.56 55.96 9969.14 7469 24.82
BARI Piaz-3 5.45 15.54 55.08 5756.17 4336 24.91
LSD (0.05) 0.21 0.53 0.42 2267 1299 NS
Means over locations
BP2/75/2 7.90 15.77 60.65 6566.36 4822.48 26.40
BP2/75/5 7.73 15.46 51.15 6898.15 5077.16 26.72
BP2/75/11 6.32 14.00 48.47 5702.16 4197.53 26.32
BP2/75/3 6.95 15.30 55.74 6527.78 4467.59 31.60
BP2/100/2 6.28 14.53 51.34 6790.12 4984.57 27.05
BARI Piaz-3 5.43 15.39 41.43 3966.05 2924.38 27.37
LSD (0.05) 0.23 0.42 0.29 1467.38 888.11 NS

NS = not significant

Fresh and dry bulb sizes of this mutant were statistically indifferent with the parent
variety. Fresh and dry weight of bulb/ha was significantly higher in two mutants like
BP2/100/2 and BP2/75/5 than the parent variety. But all the mutants including the above
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two had significantly higher fresh and dry weight of bulb/ha than the check variety,
BARI Piaz-3 (Table 1). Shelf life, expressed here as rate of weight loss, was longer in all
the mutants than the parent and check variety as well. The mutant BP2/100/2 had the
lowest weight loss on drying followed by BP2/100/6 and BP2/100/13.

Preliminary yield trial for M5seed yield potential in winter season
Almost all the mutants that flowered could produce seed. Seed yield/plant and ha of the
mutants ranged 0.04 to 1.07g and 11.76 to 357.14 kg with BP2/75/11 being the highest
while BP2/125/1 the lowest. BARI Piaz-2 had lower plant population yet it had the
lowest percentage of flowering plants and the flowering plants did not produce any seed,
finally (Table 2).

Advance yield trial with five promising summer onion mutant lines for bulb yield
potential in Kharif-II season
Irrespective of mutants and check variety, leaf number was significantly higher at Ishurdi
than Magura (Table 3). Accordingly, individual bulb weight and diameter, and fresh and
dry bulb weight were also significantly higher at Ishurdi than Magura. At both Ishurdi
and Magura, all the mutans had signficantly higher number of leaves than check variety.
At Magura, the mutant BP2/75/5 had the highest number of leaves followed by BP2/75/3
and BP2/75/2. In contrast, at Ishurdi, the mutant BP2/75/2 had significantly the highest
number of leaves followed by BP2/75/5 and BP2/75/3. The check variety had
significantly the lowest number of leaves at both locations. At Magura, the mutant
BP2/75/2 and BP2/75/5 had significantly broader diameter than the check variety.  In
contrast, at Ishurdi, none of the mutants had significantly broader bulb diameter than the
check variety but the mutant BP2/75/11 had significantly narrower bulb diameter.

Table 4.  Seed yield and some related traits of some summer onion mutants

Mutant/
variety

Total
plant
(no.)

Plant
with
seed
(no.)

Umbel
/plant
(no.)

Fruits/
umbel
(no.)

Umbel
dia

(cm)

Seeds/
fruit
(no.)

Seeds/
umbel
(no.)

Seed
yield/
umbel

(g)

Seed
yield
(kg
/ha)

BP2/75/2 165 154 1.0 166.0 14.6 4.0 395.6 0.96 1159
BP2/75/3 184 176 1.0 168.4 15.8 4.4 366.0 1.39 1193
BP2/75/5 144 127 1.1 240.4 18.4 3.8 446.0 1.73 1153
BP275/11 137 119 1.1 159.4 4.2 4.4 266.0 0.87 907
BP2/100/2 98 78 1.1 241.6 12.5 3.6 440.8 1.49 798
BARI Piaz-2 110 10 1.0 170.4 16.0 4.4 324.0 1.23 50
SE 13 24 0.02 15.87 2.03 0.14 28.48 0.13 178

The size of the bulb expressed here as individual bulb weight was significantly higher in
all the mutants than the check variety at Magura. In contrast, at Ishurdi, the check variety
had significantly bigger bulbs than BP2/75/2, BP2/75/5 and BP2/75/11. At Magura, fresh
and dry bulb weights of all the mutants were significantly higher than the check variety
with BP2/75/3 being the highest for fresh weight and BP2/75/2 being the highest for dry
weight. Similarly, at Ishurdi, fresh and dry bulb weight of all the mutants was
significantly higher than that of check variety. The mutant BP2/100/2 had significantly
the highest fresh and dry bulb weights followed by BP2/75/5 and BP2/75/11. Weight loss
on storage of the mutants and check variety did not differ significantly at any location
despite differed between the locations. Means over all locations exhibited significantly
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higher number of leaves, individual bulb weight, and fresh and dry bulb weights in all
the mutants than check variety, BARI Piaz-3. Here it is important to note that the same
onion mutants, parent and the check variety had much lower weight loss in Kharif-I
season (Table1) compare to Kharif-II season (Table 3). This is because better storing of
onion requires minimum temperature, low relative humidity and lesser rainfall (Chuku et
al., 2008). In Kharif-II season, higher temperature associated with higher rainfall and
humidity induce higher fungal infections which speeds up the spoilage of the bulb onions
and nutritional qualities as well.

Advanced yield trial for seed yield potential in winter season (Production of M6

seeds)
Population differed significantly among the mutants/variety with BP2/75/5 being the
highest followed by BP2/75/2 while the mutant BP2/100/2 had significantly the lowest
population followed by BARI Piaz-2 (Table 4). Number of plants that produced seed
also differed significantly among the mutants/variety. The mutant BP2/75/3 had the
highest number of plants that produced seed followed by BP2/75/2. The mutants/variety
mostly produced one umbel/plant but number of fruits/umbel differed significantly. The
mutant BP2/100/2 had the highest number of fruits/umbel although its umbel diameter
and seed/fruit were lower. The mutant BP2/75/5 had the highest number of seeds/umbel
followed by BP2/100/2. The mutant BP2/100/3 produced significantly the highest seed
yield followed by BP2/75/2, BP2/75/ 5 and BP2/75/11.

CONCLUSIONS
The effective mutations for higher bulb and seed yields along with longer shelf life could
be induced in summer onion by gamma irradiation dose range of 75Gy-125 Gy. The
most spectacular result of this study is almost all the induced mutant lines, in M1 to M6

generations, produced seed from seed in the same season while the parent variety
produced very negligible or no seed. In Kharif-I season, the mutant lines BP2/75/5 and
BP2/100/2 had significantly higher fresh and dry bulb yield than the parent BARI Piaz-2
and that of BP2/75/2 had not differed significantly. Additionally, all the mutants had
longer shelf life than the parent and the check variety when stored for 2.0 months under
ambient condition. The mutant BP2/100/2 had the longest shelf life followed by
BP2/125/1 and BP2/100/12 and BP2/75/13. In Kharif-II season, the mutants BP2/75/2,
BP2/75/5 and BP2/100/2 produced significantly higher bulb yields at Ishurdi and Magura
than the check variety BARI Piaz-3. Unlike Kharif-I season, the shelf life of the bulbs of
mutants and the check variety was much lower and did not differ significantly in Kharif-
II season although yield was almost double. Seed production of the mutants ranged from
798-1193 kg/ha with the highest being in BP2/75/3 followed by BP2/75/2 while the
parent BARI Piaz-2 produced the lowest seed yield of all. Considering bulb yield,
Kharif-II season appeared advantageous but with some penalty in shelf life. On the other
hand considering shelf life, Kharif-I season appeared preferable but with some bulb yield
penalty. Therefore, there should be a compromise either for bulb yield or for shelf life of
bulb based on profitability analysis for choosing the season in summer.
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Abstract: This study investigated whether there was any chromosomal structural rearrangement in individual chromosome of two 
mutant lines of onion viz., BP2-100/1 and BP2-100/2 compared to the parental chromosomes which may explain the seed to seed 
productions of the mutants in the same winter season even at late planting in January unlike the parent variety. The chromosome 
preparation was made from the root tip by haematoxylin method. No deviation in the number of chromosomes was found in the 
mutant lines but the length of the individual chromosomes was longer than that of their parent variety. Out of the eight pairs of 
homologous chromosomes, seven pairs were metacentric and one pair submetacentric in the parent “BARI Piaz-2”; five pairs were 
metacentric and three pairs submetacentric in BP2-100/1; and three pairs were metacentric, three pairs submetacentric and two pairs 
of subtelocentric in BP2-100/2. It was assumed that the length extension of the chromosomes and rearrangements in the arm ratio 
were due to gamma irradiation that induced duplication and or translocations of some regions of the chromosomes. Further research 
is needed to identify the induced genes and to establish relationships of the genes with the modified seed production behavior of the 
mutants. 
 
Key words: Onion, mutation, chromosome, karyotype, idiogram. 
 

1. Introduction 

Onion (Allium cepa L.) belongs to the family 

Alliaceae, and is one of the most important and widely 

used vegetables and spices crops in many countries of 

the world. It is a diploid spices with 2n = 2x = 16 

chromosomes [1]. In most of the countries of Asia, 

apart from its use as vegetable and salad, onion is 

generally used as a spice. It has great economic 

importance because of its medicinal and dietetic 

values. Among the spices, onion ranks first in 

Bangladesh in terms of production and area. Onion 

occupied an area of 126,175 ha with a total production 

of 1.051 million tons of bulb onions as against the 

estimated demand of 1.5 million tons [2]. This 

demand could be met in two ways, by increasing per 
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unit yield or by bringing more area under onion 

cultivation. Bringing more area under onion 

cultivation in winter is difficult although there is 

scope in the summer season. The existing summer 

varieties have low bulb and seed yield potentials. 

Mutation breeding technique is one of the important 

accessories to mainstream plant breeding. With this 

technique 15%-20% yield improvement and 

correction of the defects to a top cultivar are very easy 

and straight forward [3]. Pleotropic effects are very 

common and help fix the breeding lines even in 

M3/M4 generations. Genetic improvement of any yield 

attributes either qualitative or quantitative in nature, 

has been successful with this technique [4-9]. Lagoda 

and Forster [10] confirmed the release of 3,218 crop 

varieties worldwide through this technique that also 

included some varieties of onion. 

Plant Breeding Division of Bangladesh Institute of 

Nuclear Agriculture (BINA) has developed some 

D 
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mutants by irradiating the seeds of the summer onion 

variety “BARI Piaz-2” which have good seed setting 

ability, higher yield potential with longer shelf life. 

These mutants produce seed from seed in the same 

winter season and even at late planting in January 

unlike the parent [11]. The parent produces mostly 

bulb in the 1st year and seeds from those bulbs in the 

following year at optimum planting in 

October-November. For elucidating the underlying 

causes, this study was undertaken to investigate 

whether there was any chromosomal variation either 

in the length or in structure of the individual 

chromosome compared to the parental chromosomes 

which can explain the modified seed production 

behavior of the mutants. 

2. Materials and Methods 

2.1 Materials  

Two mutant lines viz., BP2-100/1, BP2-100/2 along 

with the parent variety “BARI Piaz-2” were used in 

this study. These mutants were developed by 

irradiating the seeds of “BARI Piaz-2” with 100 Gy 

dose of gamma rays followed by selections  

2.2 Collection of Root Tips and Fixation 

Healthy and vigorously growing roots of 1.0-1.5 cm 

long of three genotypes were collected. Then the 

collected roots were thoroughly washed and pretreated 

in saturated aquous solution of 

L-monobromonapthalene (MBN) for 2.5 h with 

occasional stirring. After washing, the pre-treated 

roots were fixed in freshly prepared acetic alcohol 

(1:3).  

2.3 Staining of Roots for Cytological Study  

Fixed roots were thoroughly washed and these were 

hydrolysed in small vials with 10% HCl at 60 °C in an 

oven for 3-4 min. After hydrolysis, the roots were then 

treated with 2% aqueous solution of iron alum (ferric 

ammonium sulphate) for 3-4 min for mordanting. 

Iron-alum treated roots were then washed thoroughly. 

The roots were then stained in 0.5% haematoxylin 

solution for 3-4 min and washed for several times 

until the coloring of the water stopped.  

2.4 Slide Preparation  

For slide preparation, the stained root was kept on a 

clean slide. The meristematic tip portion of about 

1.0-1.5 mm was excised and the remaining back 

portion of the root was thrown away. The excised tip 

portion was squashed in 0.25%-0.5% aceto-carmine 

solution after putting the cover glass. The slide was 

then dried over a flame, followed by repeated 

heat-cool-press process.  

2.5 Photo Micrographic Study  

Photomicrography of the chromosome plates was 

done from slides. Photomicrographs of the selected 

chromosome plates were taken with the aid of 

Olympus Research Microscope Model BX40 using 

plan 100× objective. Sony Cyber Shot 16 megapixel 

DX Film was used. Chromosome measurements were 

made from 10 cm × 16 cm photo prints of 

chromosome plates and chromosome length was 

measured in millimeter (mm) based on calculated 

print magnification. The magnification of microscope, 

eye piece, tunnel and print magnifications were 100×, 

40×, 10× and 1,600×, respectively.  

2.6 Karyotype Study  

Three representative prometaphase plates of two 

mutant lines, BP2-100/1 and BP2-100/2, and the parent 

variety “BARI Piaz-2”, were selected for karyotypic 

observation. A scatter diagram for each selected cell 

was prepared using total lengths and arm ratio of the 

16 chromosomes of the complements. Each 

chromosome and its corresponding points on the 

diagram were numbered. The chromosomes were then 

paired by circling the corresponding points on the 

scatter diagram based on the proximity of the two 

points. Thus, the eight pairs of points in the scatter 

diagram were determined which represent eight pairs 
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of homologous chromosome complements. The 

average total length and arm ratio of each of the eight 

pairs of chromosomes constituted the haploid 

complement of that cell.  

3. Results 

3.1 Somatic Chromosome Number and Morphology  

The somatic chromosome number of the parent 

variety “BARI Piaz-2” and two mutant lines 

BP2-100/1 and BP2-100/2 were 2n = 16 (Figs. 1a-1c). 

No deviation in chromosome number was found in 

microscopic observation from the root tip. In the 

prometaphase plates, fewer dividing cells and longer 

chromosomes were observed in the mutant lines than 

that in the parent variety. Secondary constriction in 

one chromosome was detected in both the mutant 

lines and the parent variety despite its location varied 

between the parent and the mutants. No satellite 

chromosome was visible during this preparation.  

3.2 Chromosome Length  

Scatter diagrams prepared from the photographic 

measurement of chromosomes of the representative 

plates for “BARI Piaz-2”, BP2-100/1 and BP2-100/2 are 

shown in Figs. 2-4. The magnified total length of 

individual chromosome ranged between 15.18 mm and 

34.29 mm and the arm ratio 1.01 to 2.36 in “BARI 

Piaz-2” (Table 1). In contrast, total length of individual 

chromosome ranged between 26.64 mm and 37.75 mm 

and the arm ratio 1.05 to 2.59 in the mutant BP2-100/1 

(Table 2). Total length of individual chromosome of 

the other mutant BP2-100/2 ranged between 17.64 mm 

and 36.26 mm and arm ratio 1.14 to 3.72 (Table 3). 

3.3 Karyotype  

Chromosome type was assessed following the 

classification system of Levan and Sandberg [12] and 

others. Based on the arm ratio “BARI Piaz-2” showed 

seven pairs of metacentric and one pair of 

submetacentric chromosomes (Table 4) while the 

mutant BP2-100/1 showed five pairs of metacentric 

and three pairs of submetacentric chromosomes  

(Table 5) and the other mutant BP2-100/2 showed 

three pairs of metacentric and three pairs of 

submetacentric and two pairs of subtelocentric 

chromosomes (Table 6). 
 

Table 1  Measurement of the long arm, short arm and arm ratio of the chromosomes in representative plate of the cell of the 
parent variety “BARI Piaz-2”.  

Chromosome number Long arm (mm) Short arm ( mm) Arm ratio Total length (mm) 

1 19.20 15.09 1.27 34.29 

2 15.66 13.00 1.21 28.66 

3 16.60 11.00 1.51 27.60 

4 15.10 12.10 1.25 27.20 

5 16.20 10.00 1.62 26.20 

6 12.36 12.30 1.01 24.66 

7 13.60 10.66 1.28 24.26 

8 12.09 12.06 1.01 24.15 

9 12.40 11.60 1.07 24.00 

10 15.30 7.20 2.13 22.50 

11 13.20 8.40 1.57 21.60 

12 10.99 10.00 1.10 20.99 

13 10.90 9.00 1.21 19.90 

14 10.60 7.45 1.42 18.05 

15 8.77 8.60 1.10 17.37 

16 10.66 4.52 2.36 15.18 

Mean ± SE 13.35 ± 0.70 10.19 ± 0.65 1.38 ± 0.10 23.54 ± 1.20 
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Fig. 1  Representative somatic chromosome complements in roots of the onion parent variety “BARI Piaz-2” (a), mutant 
lines, BP2-100/1 (b) and BP2-100/2 (c).  
Arrow indicates secondary constriction. 
 

 

Fig. 2  Scatter diagram of the representative plate of the cell of the parent variety “BARI Piaz-2”.  
Each pair of points circled is considered representing a homologous pair.  
 

 
Arm ratio 

Fig. 3  Scatter diagram of the representative plate of the cell of BP2-100/1 mutant line.  
Each pair of points circled is considered representing a homologous pair. 

(a)                               (b)                                  (c) 
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Arm ratio 

Fig. 4  Scatter diagram of the representative plate of the cell of BP2-100/2 mutant line.  
Each pair of points circled is considered representing a homologous pair.  
 

Table 2  Measurement of the long arm, short arm and arm ratio of the chromosomes in representative plate of the cell of the 
mutant BP2-100/1.  

Chromosome number Long arm (mm) Short arm (mm) Arm ratio Total length (mm) 

1 20.10 17.65 1.14 37.75 

2 19.70 17.22 1.14 36.92 

3 18.84 16.70 1.13 35.54 

4 18.36 16.69 1.10 35.05 

5 24.58 10.45 2.35 35.03 

6 23.32 11.67 1.99 34.99 

7 24.96 9.65 2.59 34.61 

8 18.75 15.39 1.22 34.14 

9 18.75 11.87 1.58 30.62 

10 16.63 11.72 1.42 28.35 

11 17.70 16.81 1.05 28.03 

12 17.59 10.33 1.70 27.92 

13 14.36 13.20 1.09 27.56 

14 17.40 9.67 1.80 27.07 

15 18.84 7.80 2.42 26.64 

16 14.56 6.00 2.43 20.56 

Mean ± SE 19.03 ± 0.77 12.68 ± 0.91 1.63 ± 0.14 31.30 ± 1.21 
 

Table 3  Measurement of the long arm, short arm and arm ratio of the chromosomes in representative plate of the cell of the 
mutant BP2-100/2. 

Chromosome number Long arm (mm) Short arm (mm) Arm ratio Total length (mm) 

1 24.46 11.80 2.07 36.26 

2 20.54 8.36 1.66 32.92 

3 21.46 12.38 2.51 30.02 

4 19.72 7.26 2.36 28.08 

5 18.83 4.28 2.02 28.16 

6 15.60 8.50 1.35 27.16 

7 21.30 5.73 3.72 27.03 
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Table 3 continued. 

Chromosome number Long arm (mm) Short arm (mm) Arm ratio Total length (mm) 

8 14.81 4.88 1.29 26.25 

9 16.87 11.44 2.96 22.57 

10 13.79 5.70 1.62 22.29 

11 15.55 9.33 3.17 20.45 

12 13.86 4.90 2.84 18.74 

13 10.83 8.26 1.42 18.45 

14 9.38 8.56 1.14 17.64 

15 11.75 7.62 2.75 16.03 

16 10.89 3.72 1.50 18.15 

Mean ± SE 16.23 ± 1.11 7.67 ± 0.67 2.15 ± 0.19 24.39 ± 1.49 
 

Table 4  Morphological features of the proposed standard karyotype in onion variety “BARI Piaz-2”.  

Chromosome number 
Name of identified 
chromosome 

Total length (mm) Arm ratio Chromosome type 

1 m1 31.48 1.24 m* 

2 m2 26.90 1.57 m 

3 m3 25.73 1.27 m 

4 m4 24.41 1.01 m 

5 m5 22.50 1.09 m 

6 m6 19.81 1.50 m 

7 m7 18.63 1.16 m 

8 sm1 18.84 2.25 sm+ 

*The letter m represents metacentric and +sm submetacentric chromosome. 
 

Table 5  Morphological features of the proposed standard karyotype in mutant onion line BP2-100/1.  

Chromosome number 
Name of identified 
chromosome 

Total length (mm) Arm ratio Chromosome type 

1 m1 37.34 1.14 m* 

2 m2 35.30 1.12 m 

3 m3 34.57 1.61 m 

4 m4 29.49 1.50 m 

5 m5 27.80 1.07 m 

6 sm1 34.82 2.47 sm+ 

7 sm2 27.50 1.75 sm 

8 sm3 23.60 2.43 sm 

*The letter m represents metacentric and +sm submetacentric chromosome. 
 

Table 6  Morphological features of the proposed standard karyotype in mutant onion line BP2-100/2.  

Chromosome number 
Name of identified 
chromosome 

Total length (mm) Arm ratio Chromosome type 

1 m1 26.71 1.32 m* 

2 m2 20.22 1.56 m 

3 m3 18.05 1.28 m 

4 sm1 34.59 1.87 sm+ 
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Table 6 continued. 
Chromosome number Name of identified 

chromosome 
Total length (mm) Arm ratio Chromosome type

5 sm2 28.12 2.19 sm 

6 sm3 17.39 2.80 sm 

7 st1 28.53 3.12 st++ 

8 st2 21.51 3.07 st 

*The letter m represents metacentric, +sm submetacentric and ++st subtelocentric chromosome. 
 

 

Fig. 5  Representative idiogram of the eight pairs of chromosomes in “BARI Piaz-2”.  

The letter m represents metacentric and sm submetacentric chromosome. 
 

4. Discussion  

The cytological investigation of the parent variety 

“BARI Piaz-2” and two mutant lines, BP2-100/1 and 

BP2-100/2, revealed the presence of 2n = 16 

chromosomes in the root tip. No deviation in the 2n 

number of chromosome was observed. Lower 

number of dividing cells was observed in the mutant 

lines than that in the parent variety “BARI Piaz-2” 

during the slide preparation which was similar to the 

findings of Datta et al. [13]. The chromosomes of the 

mutant lines BP2-100/1 and BP2-100/2 were 

considerably longer than the parent variety “BARI 

Piaz-2”, and this might be due to duplication of some 

region of the chromosomes by the mutagenic effect 

of gamma ray. This result is supported by the 

observation in some other studies. Ferdoush [11] and 

Bolon et al. [14] also reported duplication of DNA in 

all the chromosomes of fast neutron irradiated 

population of soybean. 

Though, onion has eight metacentric or 

submetacentric and one subtelocentric chromosomes 

with the nucleolus organizer region [15] but in this 

study, it was observed that the parent variety “BARI 

Piaz-2” had seven pairs of metacentric and one pair of 

submetacentric chromosomes and no subtelocentric 

chromosome (Fig. 5). In contrast, in the mutant 

BP2-100/1, there were five pairs of metacentric and 

three pairs of submetacentric chromosomes (Fig. 6) 

and the other mutant BP2-100/2 had three pairs of 

metacentric, three pairs of submetacentric and two 

pairs of subtelocentric chromosomes (Fig. 7). The 

changes in the structure of the chromosomes of the 

two mutants compared to the parent were assumed to 

be the effect of gamma ray (ionizing radiation). It is 

generally and widely accepted that ionizing radiation 

is reported to induce structural rearrangements in plant 

genomes through deletion [16], duplication [17], 

inversion and translocation [18]. 
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Fig. 6  Representative idiogram of the eight pairs of chromosomes in BP2-100/1.  

The letter m represents metacentric and sm submetacentric chromosome. 

 

 
Fig. 7  Representative idiogram of the eight pairs of chromosomes in BP2-100/2. 

The letter m represents metacentric, sm submetacentric and st subtelocentric chromosome. 
 

5. Conclusions 

It may be concluded that the modified seed 

production behavior of the two mutants, i.e., 

production  of  seed  from seed in the same winter  

season even at late planting in January unlike the 

parent variety, might be due to the gamma ray which 

induced duplication and or translocations of some 

regions of the chromosomes of the mutants. The 
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predicted gene dose effects might have helped 

modification of seed production behavior of the 

mutants that needs further investigation to identify the 

induced genes and to establish relationships of the 

genes with the modified seed production behavior of 

the mutants. 
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