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Abstract: The need to optimize flow cytometric analysis for the determination of ploidy level is a worthwhile
venture to precisely know at what concentration of a mutagen and at what time of exposure polyploidy could
be induced. Flow cytometry was used to determine the polyploidy inducing-capacity of colchicine in pigeon
pea (Cajanus cajan (L.) Mill sp). Seeds of pigeon pea were soaked in three different concentrations of
colchicine-5 mg, 10 and 15 mg 1. for 24, 48 and 72 h, respectively, while the control group was soaked in water.
Treated seeds and those from the control were planted in a greenhouse using a Completely Randomized Design
(CRD). Results show that colchicine induced tetraploids (4n) and mixoploids (2n+ 4n) as the concentration of
colchicine increased and soaking duration. Days to seedling emergence increased as concentration of
colchicine and duration of soaking increased while germination rate decreased proportionately with the increase
in colchicine concentration and soaking duration but did not significantly affect percentage seedling survival.
Explicitly, colchicine has the capacity of inducing polyploidy; especially tetraploids on the seeds of pigeon pea,
which obviously could be harnessed for further breeding and improvement of the pigeon pea.
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INTRODUCTION

The need to explore and exploit extinct threatened
crop plants should not be over-emphasized, especially to
the sub-Saharan African counties that are bedeviled with
food  insecurity amidst ever-increasing population
(Udensi et al., 2011, 2012a). Landraces of pigeon pea,
which have been reported to be highly adaptive to
environmental stresses, heritable and superb nutritive
values (Udensi ef al., 2011) is one of such crops that
needs exploitation.

Chemicals such as oryzalin, colchicines, amiprophos
methyl, etc., widely used as antimitotic; agents have the
intrinsic capacity to inhibit spindle formation during cell
division. This results to the induction of cells with extra
chromosomal copies, which are known as polyploids
(Goyal and Khan, 2009). The ability of each of these
chemicals to induce polyploidy in crops species depends
on the chemical concentration, duration of exposure
and species of plant being investigated (Udensi et al.,
2012a-c).

Cytogenetic studies are pivotal for obtaining
information pertaining the role and effects of various
mutagens and also elucidating the responses of different
crop genotypes to a particular mutagen (Khan and Tyagi,
2009). Before now, standard cytological techniques have
been employed to decipher the effects of mutagens on the
polyploidization of crop plants. As good as these

techniques were, flow cytometry provides a faster and
efficient means of determining relative genome size and
associated ploidy levels in cell samples, which is
obviously cardinal to the plant breeder. Tt does therefore
suggest that instead of carrying out a trial and error
experiment and speculating a possible polyploidy
induction, flow cytometric analysis gives this answer at a
particular concentration of mutagens, and possibly
duration of soaking.

According to Wendel (2000), ployploids population
often demonstrate extensive genomic rearrangement
posses a certain amount of genetic redundancy implying
that extra copies of genes can mutate and diverge
resulting in new traits without necessarily compromising
essential functions (Ranney, 2006); they display heterosis
relative to their parental species and may also display
novel variation or morphologies that may contribute to
the processes of speciation and ecoloniche exploitation
(Comai, 2005). Additionally, Ranney (2006) noted that
since polyploids exhibit more heterozygousity than their
diploid counterparts, the degree of this condition could
possibility be the underlying factor in their growth
performances and adaptability to environmental
stressors.

This work is therefore hinged on the precise
determination of the polyploidy-inducing capacity of
colchicine on pigeon pea, which will serve as a spring
board to its improvement through mutagenesis.
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MATERIALS AND METHODS

Collection of materials and seed treatment: Pigeon pea
seeds were collected from the germplasm collection of
Dr. Ugorji ©. Udensi of the Department of Genetics and
Biotechnology, University of Calabar, Nigeria. The seeds
were soaked in water (control) and three different
concentrations (5, 10 and 15 mg 1.™") of colchicine for 24,
48, and 72 h, respectively at room temperature. Seeds were
later washed several times in running tap water and then
planted in a green house for germination.

Flow cytometry analysis: Approximately, 50 mm’ of young
fresh intact leaves of Cajanus cajan (grown in the
greenhouse) was chopped in 1 mL of ice-cold nucleic
isolation buffer from DNA lkit (Cysteine UV precise
P. Partec GMbH Germany) using a razor blade. The crude
suspension was then filtered through a 30 um nylon and

stained with 4°.6"-diaminodino-2-phenylindole (DAPT).
Fluorescence intensity of isolated nuclei was measured
using a partec PA TI flow cytometry equipped with an
argon ion laser (488 nm). The flow speed was 30
fluorescent events per sec. in all cases and the
fluorescence of at least 5,000 particles (counts) was
recorded. This was done in the faculty of Horticulture,
Chiba University, Chiba, JTapan.

Data collection and analysis: Data collected on days to
seedling emergence and germination rate was subjected
to analysis of variance (ANOVA) using Predictive
Analytics SoftWare (PASW), version 18.0.

RESULTS

The flow cytometry profiles of pigeon pea seeds
treated with colchicine are as presented on Fig. 1-4.

Fig. 1: DNA content of pigeon pea seeds of treated with colchicine (Diploid = 2n)

Fig. 2: DNA content of pigeon pea seeds of treated with colchicine (Triploid = 3n)

Fig. 3: DNA content of pigeon pea seeds of treated with colchicine (Tetraploid = 4n)

631



FPak. J. Biol. Sci., 16 (13): 630-635, 2013

Fig. 4: DNA content of pigeon pea seeds of treated with colchicine (Mixoploid = 2n+4n)
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Fig. 5: Ploidy level at 5 mg 1.™" colchicine induction

The peaks of the horizontal axis correspond to the relative
muclear DNA content, which is represented as the
fluorescence intensity while the vertical axis represents
the number of nuclei. It was observed that as the
fluorescence intensity increased, ploidy level also
increased. It revealed that colchicine induced tetraploids
(4n) and mixoploids (2n+4n) which 1s the combination of
a diploid and a tetraploid.

These result showed that APM concentration and
soaking duration affected ploidy levels as expressed in
percentage. As APM concentration increased, ploidy
levels also mcreased. The ploidy level for the diploid
cell across the treatments were 100% (control), 96%
(5mg L™, 70% (10 mg I.™") and 50% (15 mg .7") while for
tetraploid it was 8% (5 mg L.™"), 20% (10 mg L.™") and 30%
(15 mg L™"), respectively. For the mixoploid, ~18% was
observed at the highest concentration of 15 mg L™ APM.
Additionally, increase in seed soaking duration, increase
in ploidy levels. For instance, diploid cell ranged
from 100-30% at 72 h of soaking while tetraploid
mereased from 20% (24 h) to 50% (72 h). However,
mixoploid occurred more at 24 h of scaking (25%).
Generally, polyploidization was concentration of
antimitotic agent and duration of soaking dependent
(Fig. 5-8).
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Table 1: Phenological response of pigeon pea to colchicine treatment.

Colchicine concentration (mg L™%) Soaking duration

Days to seedling ermergence

Germination rate Plant survival (%)

Control 24
48
72
5 24
48
72
10 24
48
72
15 24
48
72

10.00+0.71* 100.00+0.41% 100

9.50+0.29° 99, 75+0.48" 100
10.25+0.25° 100.00+0.48" 100
15.2540.63° 92.49+0.3(F 100
15.50+1.04° 56.56+0.3(F 100
15.25+0.46° 56.43+0.25° 100
21.25+0.48° 71.2240.12F 100
21.00+0.8 57.19+0.28* 100
20.75+0.6% 63.93+0. 16 100
14.75+0.85° 63.93+0.17 100
22.5040.85%¢ 49.95+0.05° 100
26.25+0.48 42.20+0.48° 100

Superscript with the same case letters indicates no significant difference (p>0.05)

Phenological traits were affected significantly by the
concentration and soaking duration, especially on days to
seedling emergence and percentage germination. Days to
seedling emergence increased with increase in APM
concentration and soaking duration. For instance, at the
different concentrations and 72 h of soaking, it took
approximately 10, 15, 21 and 26 days for seeds to emerge
while germination rate reduced from 100 to 42.20%.
Additionally, treatment did not affect the survival rate as
all the seed sown survived (Table 1).

DISCUSSION

Ployploidization 1s undoubtedly very crucial for crop
development improvement. This 1s
ployploidized crops display heterosis that leads to
enhanced growth, yield and adaptive potentials. There are
reports on the efficacy of antimitotic agents in inducing
polyploidy in  crops, including pigeon  pea
(Mahandjiev ez al., 2001; Udensi ef al., 2011; Brisibe et al.,
2011).

These results revealed that colchicine treatment
of pigeon pea seeds induced ploypleids, which
was concentration and soaking duration specific
(Taskani et al., 2004; Udensi et al., 2011; Brisibe et al.,
2011). There were basically two types of ployploids
observed - mixoploids (2n+4n) and the tetraploids (4n). It
should be understood that mixoploids contamn either
diploid-triploid (2n+3n) or dipleid-tetraploid (Zn+4n)
(Comai, 2005). Interestingly, the mixoploid observed in our
present report was diploid-tetraploid. From our result
when the seeds were soaked in 15 mg 17" colchicine for 48
h, the mixoploid percentage was approximately 30% when
compared with the 72 h soaked seeds that were 18%. The
possible implication of this condition could be that the
induction of ploidy levels though concentration-specific,

and because

15 critically tied to the duration of exposure of the
mutagen. It thus revealed that mixoploidy mduction was
more favoured at lower soaking duration. Explicably,

colchicine affects microtubule depolymerization through
the formation of colchicine-tubulin complex. The ntensity
of the complex should be proportional to the polyploidy
inducing capacity of tlhus mutagen. This mtensity i1s
however, a function of the mutagen concentration and
duration of exposure of the seeds to the mutagen. This
implies that the higher the -concentration/soaking
duration, the higher the complex intensity, which could
lead to increase in ploidy levels. This interaction could
also result to increase chromosomal aberrations.

During meiosis, ployploids could give rise to
univalent, divalent, trivalents, tetravalents or
qaudravalents. However, the pairing behaviours of these
pairs determine the success of fertility or sterility. It does
therefore suggest that diploid-tetraploids mixoploids and
the tetaploids will be more beneficial in pigeon pea
improvement due to equal separation to the poles during
anaphase. Many studies have confirmed that the major
cause of sterility in plants is the frequency of univalents
and trivalents that might be more common in mixoploid
than mn tetraploids. If the former 1s the case, it does
suggest that it will lead to the production of unbalanced
gametes, which could cause sterility and impaired
seed production (Pandit et al, 2011; Acquaah, 2007;
Chen et al., 2007, Dhawan and Lavania, 1996). Tetraploids
on the other hand, will give rise to equal gametes and the
separation of chromosomes during anaphase will be
uniform. This will lead to merease in the proportion of
balanced and functional gametes (Comai, 2005). It does
suggest that the higher the frequency of tetraploid
induction, the higher the gametes fertility and seed sets.

Days to seedling emergence
significantly as the concentration of the mutagen
increased. This was confirmed by Mensah et al. (2005)
1in cowpea, Udensi ef al. (2012a-c) in cowpea and pigeon
pea following gamma seed irradiation and amiprophos
methyl treatments, respectively. The delay m seedling
emergence could be attributed chuefly to physiological
disturbances, which might have probably affected some

was increased
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biochemical pathways in the treated seeds. This might
have delayed seedling emergence and finally reduced the
germination percentage (Udensi et al., 201 1; Brisibe et al.,
2011; Mahandjiev et al., 2001). Tt is probable that the
seeds soaked in higher concentrations of colchicines
have to readjust in response to the treatment thus
delaying the time 1t took the seeds to emerge. The decline
1n percentage germination as reported in the current result
corroborates the earlier reports of (Udensti et al., 2012a-c).
This might not be uncomected to some adverse effects
of the mutagens. Obwiously, though colchicines and
mndeed any other mutagen might present beneficial
effects, there could be adverse effects such as mnduction
of chromosomal aberration that might be responsible to
the behavior during
metaphase.

The percentage swvival was not significantly
affected. This negates the report of Udensi ez al. (2012d)
using gamma irradiation and amiprophos methyl n
cowpea and pigeon pea and Brisibe ef @f. (2011) in Egusi
melon. According to Tosca et al. (1995), Mensah and
Akomeah (1992), Mensah et al. (2005), Mensah et al.
(2007) the result on percentage seedling survival could
mean either that the treatment did not sigmficantly perturb
the physiological mechanisms underlying the seedling
survivability. A striking possibility about the non effect
of the treatment to the percentage seedling survival is the
fact that these colchicine-soaked seeds might have
developed tolerance after the initial inhibitory effect of the
treatments, readjusted to the condition and improved their
physiological conditions resultng to delayed seed
germination and elongated the days seedling
emergence (Udensi et al., 2012b).

distortions in chromosomal

to

CONCLUSION

It 13 concluded that colchicine can induce polyploidy
m Cajanus cgjan at higher concentrations and longer
durations which 1s very pivotal in crop development and
improvement as we seek to enhance food sustainability
and security in sub-Sahara African nations like Nigeria.
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