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ABSTRACT

The Banana and plantain improvement through conventional breeding method has been very slow mainly due to
narrow genetic variability, sterility and polyploid nature of most banana cultivars. Thus, mutation breeding is a
promising tool to create new cultivars for the improvement of banana. Therefore, gamma treated banana plantlets
were subjected to acclimatization under nursery and several study was conducted. Morphological study on the growth
of mutated plantlets showed that, 10 Gy induced a significant stimulation effect on root length, leaf length and leaf
width compared to non-treated banana. In the meanwhile, 30 Gy treatment induced dwarf plant. IRAP molecular
analysis revealed that, the total of 37 DNA bands position were detected, out of them 20 were polymorphic, producing
54% polymorphism. The highest IRAP bands were detected using primer Sukkula LTR with a maximum number of
polymorphic bands, whereas primer LTR 6149, Sukkula LTR/LTR 6149, Sukkula LTR/3LTR and Sukkula
LTR/5'LTR1 yielded monomorphic bands. Hence, in overall application of 10 Gy of y induced the significant higher
phenotypic and genotypic variation. Therefore, the current research was conducted to study the effect of gamma

radiation on the morphological and genetic variation in y irradiated banana plant.
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1. INTRODUCTION

The global population is getting bigger and
starving. A latest report by United Nation projec-
ted that the world population to be increase by one
billion over the next 10-12 years, reaching more
than 9.6 billion by 2050. In order to feed a bour-
geoning world population, the global food produc-
tion and productivity must be increased. For that
reason, most of the existing cultivar need to be
improved to meet our subsistence food requirement
and mainly to surplus for the growing world popu-
lation. Banana and plantains improvement through
conventional breeding method has been slow mai-
nly, due to narrow genetic variability. As most ban-
anas are propagated vegetative, conventional cross
breeding is not possible due to its sterility and plo-
idy nature of most popular banana cultivars. With
this, mutation breeding is a promising tool to impr-
ove banana varieties using mutagenic treatment to
generate novel cultivars of banana (Govindaraj et
al., 2015; Kalwar and Dahot, 2017).

Several studies have been conducted for induction
of mutations using vy rays through in vitro mutagen-
esis technique. Gamma rays can be advantageous
for the modification of physiology and morphology
of mutated plant material. However, the effect of y
rays is built on the interaction of atoms or molecu-
les inside the cell, mainly water, to produce free
radicals that can harm or adjust important constitu-
ents of the plant cells. The effects include changes
in the plant cellular structure and metabolism such

as activating enzymes, alteration in photosynthesis,
inflection of the anti-oxidative system, and buildup
of phenolic compounds (Kovic and Keresztes,
2002; Rajoka et al., 2003; Wi et al., 2005; Majed et
al., 2015; Qamar et al., 2016).

Harmful effect of ionization radiation in biological
systems is depends on radiolysis of water. The final
product of this process is the hydroxyl radical (OH)
that can damage the DNA and introduces mutations
or changes in genotype. Radiation brought DNA
with single and double-strand disruptions may be
fixed incorrectly leading to chromosomal
readjustments (Spotheim and Davidkova, 2010).
The molecular marker technology offers opportu-
nities to help in detecting alteration by examining
both genetic variant within populations and rapid
detection of mutants with desired traits (Predieri,
and Di Virgilio, 2007). This method is based on the
polymerase chain reaction (PCR) by extracting the
DNA from the organism in question and a variety
of different technique can be used to monitor and
detect variation (Muchugi, 2008). As evidence by
Yassein and Aly (2016), who studied the effect of
gamma radiation on the physiology and molecular
characteristic of Brassica napus by exposing seeds
at different dose of y dose, the result had revealed
that higher dose produced different DNA profile
with absence of certain bands in RAPD analysis.
Therefore, this investigation was conducted to
study the effect of gamma radiation on the morpho-
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logy and genetic variation using morphological and
molecular (IRAP) markers.

2. Material and Method

2.1. Gamma irradiation procedure, media com-
ponent and in vitro shoot multiplication: The
research was conducted at Faculty of Veterinary
Medicine, University Malaysia Kelantan, Kelan-
tan, Malaysia. The sword sucker of banana cv. Tan-
duk with the size of 25-35 cm in height were colle-
cted from a banana farm in Pengkalan Hulu, Perak
Malaysia (5.7064° N, 100.9998° E). Gamma irrad-
iation was carried out at Malaysian Nuclear Age-
ncy in Bangi, Selangor using BIOBEAM gamma
irradiation machine, using ¥ Cesium gamma ray
source. Shoot meristem (1.5 x 1.0cm) were placed
in the sterile Petri dish wetted with a few drops of
sterilized distilled water and exposed to three diffe-
rent gamma doses (10, 20 and 30 Gy). Following,
irradiation, treated explants were washed with ster-
ilized distilled water thoroughly and then trans-
ferred to initiation media consisted of macro, micro
nutrients, iron, organic constituent, 30 g/L sucrose
and 2.0 mg-1 N6-benzylaminopurine (Dagnew et
al., 2012) and sub-culturing was carried out infour
weeks interval up to four cycles using the same
proliferation medium and then transferred to root-
ing media (2 g/1 activated charcoal) and cultured
for one month. All cultures were incubated at 26+2
°C with 65% humidity at 17 hours photoperiod
under fluorescent light (1000 lux) and 8 hours in
the dark.

2.2. Acclimatizationof plantlets: After four weeks
on rooting medium, well grown plantlets about 7 to
9 cm in length were carefully detached from the
culture vessel and their roots wash away carefully
under running water to remove the traces of nutri-
ents and potted in (10 X 15¢cm) polybags. The poly-
bags medium consisted of a mixture of peat moss
and cocopeat (2:1 w/w) respectively. Potted banana
plantlets were placed in a nursery area with 50%
shade and then exposed to full sunlight after 20
Days. Benomyl 0.4g /100 ml diluted with water
were sprayed on the plant to prevention of black
Sigatoka. A total of 95, 90, 90 and 86 plantlets were
potted for control, 10 Gy, 20 Gy and 30 Gy treat-
ments, of these 15, 11, 10 and 9 respectively, died
after potting.

2.3.Genomic DNA extraction: Genetic variability
of seedlings treated with different y doses were
evaluated using Inter-retrotransposon amplified
polymorphism (IRAP) molecular marker analysis.
The leaf sample was collected based on morpho-
logical variation observed in the nursery (Table 1).
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Table 1: The leaf sample collected for molecular study

No Phenotype variation vy dose
observed

1 Control Control (0 Gy)

2 Longest leaf length 10 Gy

3 Small leaves 20 Gy

4 Dwarf plant 30 Gy

Genomic DNA was extracted from young leaves of
banana seedlings according to the CTAB protocol
Gawel and Jarret (1991). 3—-4g of young leaf tissue
(1st leaf) of 60day old banana seedling were taken
from the nursery and grounded under liquid nitro-
gen to a fine powder using mortar and pestle. The
leaf powder was added into 50 ml tube and mixed
thoroughly with 40 ml pre-warmed CTAB extrac-
tion buffer (2% CTAB, 1.4M NaCl, 100 mM Tris-
HCI, 20 mM EDTA, and 0.2% 2-mercaptoethanol).
Grinded sample were incubated at 65 °C for 60
minutes in a water bath and the tubes were inverted
by hand at every 10 minutes to mix the contents.
Incubated sample were transferred to a new tubes
and equal volume of chloroform-isoamyl (24:1)
were added and then shacked gently for 15 minutes
followed by centrifuging at 2700 rpm for 10 minu-
tes. The aqueous (top) layer were pipetted out and
2/3 volume of cold (-20 °C) 2-propanol were added
and kept overnight in (-20 °C) for DNA precipi-
tation. Cloudy like solution was transferred into
new sterile centrifuge tubes and spanned at 12000
rpm for 10 minutes centrifuge again at 2700 rpm
for 10 minutes to pellet down the DNA. Superna-
tant were poured away and 1 ml of wash buffer
(76% ethanol and 10mM ammonium acetate) was
added into the tube. After one hour in washing buf-
fer and centrifuged at 12000 rpm for 10 minutes,
the supernatant was carefully poured off and pellet
allowed to dry overnight. Finally, pellet was disso-
Ived in 50 pl TE buffer (50 mM-Tris-HCI pH 8 and
20 mM DTA). The quality of genomic DNA was
measured using Nano Drop and gel electrophoresis.
2.4.PCR condition for IRAP analysis: Thegene-
tic variability of mutant banana plant caused by vy
treatments along with their control was assessed
using IRAP marker following the protocol
described by Teo et al., (2005) using LTR primers.
The PCR was performed in a 25 pl reaction mixture
containing 25 ng/ul DNA concentration, 5X PCR
buffer, 25 mM MgCI2, and 10 mM dNTP mix, 5X
of Go Taq DNA polymerase, 10 uM of primer as in
Table 2 and 2 pl (50 ng) of DNA were used. The
PCR reaction were conducted using 14 single and
combination of primers with the following
sequences in Table 2.
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Table 2: Primers sequences, sources, combination and annealing temperature for IRAP

No Name Retrotransposons Sequence Annealing References
source Temperature (T,)

1 Sukkula LTR Sukkula — GATAGGGTCGCATCTTGGGCGTGAC 455 Teo et al., 2005
2 LTR 6149 BARE-1+ CTGGTTCGGCCCATGTCTATGTATCCACA 40.5 "

3 3LTR BARE-1— TGTTTCCCATGCGACGTTCCCCAACA 48.4

4 5LTR1 BARE-1+ TTGCCTCTAGGGCATATTTCCAACA 415

5 5'LTR2 BARE-1+ ATCATTGCCTCTAGGGCATAATTC 43.2

6 Nikita LTR Nikita — CGCATTTGTTCAAGCCTAAACC 48.4

7 Sukkula + LTR 6149 - 45.5

8 Sukkula + 3'LTR 47.0

9 Sukkula + 5'LTR1 43.2

10 LTR 6149 + 3' LTR 45.5

12 3LTR+5'LTR2 48.4

13 5'LTR1 +5'LTR2 43.2

14 Nikita + 3' LTR 47.0

The PCR was performed using (BIO RAD 100,
USA) thermocycler and the PCR machine was
programmed to perform an initial denaturation of
95 °C, 2min; 30 cycles of 95 °C, 60 s, annealing at
the T, for 60 s, ramp +0.5 °C s"1to 72 °C, and 72
°C for 2 min + 3s per cycle; a final extension at 72
°C for 10 min. 3% (w/v) agarose gel was stained
with 2 pl and 10 pl PCR product was loaded into
well and 100 bp DNA ladder was used to estimate
the size. The PCR product were visualized under
Gel Documentation System (BIO RAD, USA).
2.5. Data collection and statistical analysis:
After 8 weeks, data were collected for morpholo-
gical characteristics of y treated and non-treated
seedlings based on visual observations. The growth
parameters measured included plant height (from
ground to leaf tip), number of leaves, leaf length,
leaf width, root number, root length measured (by
uprooting the plants). The data recorded on mor-
phological characteristics were subjected to one-
way analysis of variance (ANOVA) by Duncan
Multiple Range Test (p<0.05). SPSS version 20.0
statistical software used to carry out the analysis.
The percentage of polymorphism was calculated
according to (Saraswathi et al., 2011) using the
following formula

Polvmorphism (%) = Number of polvmorphic bands x 100
Number of Amplified bands

Equation 1: Polymorphism percentage

3. RESULTS AND DISCUSSION
3.1. Morphological variation assessment of irra-
diated plantlets

Effect of y on leaf formation, leaf length and
width: Analysis of variance for the leaf number per
explants showed no significant difference among
the controls, seedlings treated with 10 Gy (T1)and
20 Gy (T2). However, there was a significant diffe-
rence being observed between seedlings treated
with 30 Gy with the controls (Table 3). Leaf num-
ber tends to be lower with the increase of y dose
radiation. The maximum number of leaves recor-
ded was 7.98+0.19 in the 10 Gy seedlings, followed
by control (0 Gy), 20 Gy (T2) and 30 Gy (T3)
recorded 7.83+0.25, 7.44+0.66 and 6.50+0.57
respectively, our experiments is consistent with
recent studies by Jala, (2011), who observed
significance reduction in number of leaves at 20
and 30 Gy of y radiation in Torenia fourmieri plant.
Morphological variation could be from the genetic
construction of y irradiated explants and that brings
variations in various cytological and physiological
aspects which expresses through morphological
changes (lkram et al., 2010). The result on leaf
growth showed that, 10 Gy had significant
difference with control in terms of leaf length and
width but no significant difference beingobserved
in the leaf number. Among treated banana
seedlings, 30 Gy had induced reduction in leaf
growth. This finding suggests that the 10 Gy trea-
ted plant able to photosynthesize soundly thus resu-
Ited in better leaf growth performance.

Table 3: Growth of banana cv. Tanduk seedlings leaves number, length and width after 60 days in the nursery

v doses (Gy)

Growth parameters

Leaf number

Leaf length (cm)

Leaf width (cm)

TO0: 0 Gy 7.80+0.252 14.37+0.57° 6.59+0.25°
T1:10 Gy 7.98+0.182 23.23+1.18% 9.76+0.59°
T2:20 Gy 7.43+0.66% 12.03+0.90" 5.97+0.02"
T3:30 Gy 6.50+0.57° 10.05+0.26° 5.30+0.20°

*Means with the same letter has no significant difference at P<0.05 after determined by a Duncan test.
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Effect of ¥ on plant height and rooting perfor-
mance: It is clear from the present study that y
radiation used in this study lower dose (10 Gy) had
no significance influence on plant height.
However, higher y dose (20 and 30 Gy)
significantly reduced the plant height as shown in
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Table 4 and Figure 1. The tallest plant observed was
35.03+0.3cm in control, followed by 33.30£0.70cm
in 20 Gy, 31.63+0.83cm in 20 Gy and
29.73+0.86cm in 30 Gy seedlings. The result was
closely in accordance with Jamil and Khan, (2002),
reported that increase in y radiation dose resulted
reduced plant height.

Table 4: Radiation effect on plants height, root number and root length after 60 days

vy doses (Gy) Plant height (cm) Root length (cm) Root number
TO: 0 Gy 35.03+0.312 24.30 + 0.20° 18.0+1.7%®

T1:10 Gy 33.30+0.70%® 32.10 £ 3.70? 22.3+0.8?

T2: 20 Gy 31.63+0.83% 22.33+0.88° 15.6 + 1.4°
T3:30 Gy 29.73+0.86° 22.53 +1.03° 16.6 + 1.2°

*Means with the same letter has no significant difference at P<0.05 after determined by a Duncan test.

A

Figure 1: Effects of y radiation on in vitro rooting performance (A: 0 Gy), (B: 10 Gy) (C: 20 Gy) and (D: 30 Gy)

The rooting performance of control and irradiated
samples were measured 60 days after plantlets was
being transferred to the nursery (Table 4). From the
obtained data, it was noticed that y radiation at 10
Gy had significant impact on root length, however,
higher dose 20 and 30 Gy showed no significance
difference over control. The longest root was obse-

rved in the irradiated plants at 10 Gy (32.10 +
3.70cm), followed by 24.30+0.20cm in control,
22.53+1.03cm in T2, and 22.33+0.88cm in T3.
From the data obtained on root number noticed that
no significance difference over control. However,
higher y doses (20 and 30 Gy) showedsignificance
reduction in root length.

Table 5: Analysis of polymorphism obtained with random primers among non-treated and treated y radiation

Primer Totalbnurcrilber of  No of polymorphic bands  Polymorphism (%)
ands
Sukkula LTR 11 8 73
LTR 6149 1 0 -
3LTR 8 3 37
5LTR1 - - -
5LTR 2 - - -
Nikita 1 0 -
Sukkula LTR + LTR 6149 1 0 -
Sukkula LTR + 3'LTR 1 0 -
Sukkula LTR +5'LTR 1 1 0 -
LTR 6149 + 3'LTR 6 3 50
3LTR+5LTR1 - - -
3LTR+5LTR2 - - -
5LTR1+5LTR?2 - - -
Nikita + 3'LTR 7 6 85
Total 37 20
Average 3 15 18
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3.2.Molecular variation analysis using IRAP
technique: The IRAP analysis was carried out for
detection of DNA profile changes due to y rays tre-
atments (10, 20 and 30 Gy). The result showed that
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200 bp
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majority of primers used for analysis resulted in the
presence of PCR products with a different number
of bands (Figure 2 and 3).

9 10 11 12 13

Figure 2: Inter-retrotransposon amplified polymorphism (IRAP) analysis using primer Sukkula LTR, Lane
1: control, Lane 2-6: 10 Gy, Lane 7-11: 20 Gy, Lane 12-16: 30 Gy, L=1 kb ladder. The arrows in Lane 2
and 3 represent missing bands in vy irradiated banana DNA sample

Figure 3: Inter-retrotransposon amplified polymorphism (IRAP) analysis using primer LTR6149 +3 LTR,
Lane 1: control, Lane 2-5: 10 Gy, Lane 6-10: 20 Gy, Lane 11-15: 30 Gy, L=1 kb ladder. The arrows in Lane
2 and 3 represent missing bands in y irradiated banana DNA sample

The primer Sukkula LTR produced maximum
(11) bands and produced the most polymorphic
pattern. The highest polymorphic bands
recorded was 8 in Sukkula LTR primer, followed
by 6 polymorphic bands in primer combination
of Nikita + 3’LTR, 3 in primer 3’LTR and 3 in
LTR 6149 + 3’LTR poly- morphic band were
observed. In this study, the total of 37 DNA
bands position were detected, out of them 20

them 20 were polymorphic, producing 54% polym-
erphism. The average number of bands perprimers
was about 2, the minimum number of band was zero
and the maximum number was 11 band. The IRAP
profile generated by primer Sukkula LTR, 3'LTR,
LTR6149+3'LTR and Nikita+ 3'LTR showed a loss
of bands in several fragments bp in genomic DNA
derived from vy treated line (10, 20 and 30Gy).
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Therefore, primer Sukkula LTR, 3'LTR, LTR 6149
+ 3'LTR and Nikita + 3'LTR distinguished DNA
changes and genetically variable clones with the
absence of several fragments (Figure 2). Therefore,
those primers are considered as potential markers to
identify genetic variability caused by y rays in ban-
ana cultivar Tanduk. In the meanwhile, primer LTR
6149, Sukkula LTR + LTR 6149, Sukkula LTR +3'
LTR and Sukkula LTR + 5'LTR1 generated single
band. The result of IRAP analysis using fourteen
primers revealed the presence and absence of DNA
polymorphic bands at all dosesof'y rays. The results
agreed with Ganapathi et al., (2008) who studied
the effect of y irradiation on banana using RAPD
technique. They detected the presence or loss of
DNA bands in genomic DNA derived from y
treated population. The absence of bands indicates
DNA damage includes single and double-strand
breaks, modified bases, point mutations, and/or
complex chromosomal rearrangements induced by
mutagens that damages the genetic information
within a cell causing mutations (Wolf, 2004).

It is clear from the results of IRAP markers chara-
cterization of variants in banana cultivars tested in
the present study is that, IRAP markers could be
assumed as an efficient tool for estimation of gene-
tic variability among gamma treated lines in ban-
ana and has been successfully utilized to detect
mutation in banana cultivar Tanduk plants induced
by v rays. In general, among, mutant, 10 Gy and 20
Gy treated plants had shown higher genotypic vari-
ation by showing several DNA fragments absence
and it is identified as somaclonal variants due to
gamma ray’s treatment. The results of IRAP analy-
sis using primers (Sukkula LTR and LTR 6149 +
3'LTR) respectively are illustrated in Figures 2 and
3 respectively.

4. CONCLUSION AND RECOMMENDATION
Result from the experiment concluded that higher y
dosage had caused sever effects on the growth,
morphological and molecular variation on banana
cultivar Tanduk. Lower dose of y irradiation had a
positive impact on the growth of in vitro plants
during multiplication phase and rooting stage,
whereas higher vy irradiation had caused a negative
impact on the growth, in terms of higher mortality
rate and reduction in growth. Among the gamma
treatment applied in the present study, 10 Gy was
found to be the best treatment in the induction of
variability. This was demonstrated by higher survi-
vality, leaf growth and higher root growth. There-
fore, the most suitable dose of y radiation for induc-
ing morphological and molecular variation was 10
Gy. While higher v irradiation (> 30 Gy), showed
lower survivality and reduction in growth. Molecu-
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lar analysis showed that, y radiation exerted varia-
tion in genomic DNA derived from y treated popul-
artion (10, 20 and 30 Gy) and forming distinct ban-
ding pattern (missing and new band) than normal
(non-mutant DNA). Among, mutant DNA, 10 Gy
had shown higher genotypic variation by showing
several DNA fragments absence.
ACKNOWLEDGEMENT

The author would like to acknowledge Islamic
Development Bank (IDB) for funding of this
research.

REFERENCES

Dagnew, A., S. Shibru, A. Debebe, A. Lemma, L.
Dessalegn, B. Berhanu and Y.M. Sierra, Mic-
ropropagation of banana varieties (Musa spp.)
using shoot-tipculture. Ethi. J.Agri. Sci. 22(1):
14-25 (2012).

Gawel, N.J. and R.L. Jarret, A modified CTAB
DNA extraction procedure for Musa and Ipo-
moea. Plant Molec. Bio. Repo. 9(3): 262-266
(1991).

Ganapathi, T.R., M. Sidha, P. Suprasanna, K.M.
Ujjappa, V.A. Bapat and S.F. D'Souza, Field
performance and RAPD analysis of gamma-
irradiated variants of banana cultivar Giant
Cavendish (AAA). Inter. J. Fru. Sci. 8(3): 147-
159 (2008).

Govindaraj, M., M. Vetriventhan and M. Sriniva-
san, Importance of genetic diversity assess-
ment in crop plants and its recent advances: an
overview of its analytical perspectives. Gene.
Resea. Inter. (2015).

Kalwar, K. and M.U. Dahot, Effect of induced mut-
ation by uv radiation on cotton growth, seeds
and protease activity. Pak. J. Biotechnol. 14(1):
105-107 (2017).

Kovacs, E. and Keresztes, Effect of gamma and
UV-B/C radiation on plant cells. Micron, 33
(2): 199-210 (2002).

Ikram, N., S. Dawar, Z. Abbas and M.J. Zaki, Effect
of (60 cobalt) gamma rays on growth and root
rot diseases in mungbean (Vigna radiata I.).
Pak. J. Bio. Sci. 42: 2165-2170 (2010).

Jala, A., Morphological change due to effects of
acute gamma ray on wishbone flower (Torenia
fourmieri) in vitro. Inter. Transa. J. Engi. Ma-
nag. Appli. Sci. Techno. 2(4): 375-384 (2011).

Jamil, M. and U.Q. Khan, Study of genetic variation
in yield components of wheat cultivar Bukht-
war-92 as induced by gamma radiation. Asi. J.
Plant. Sci. 1(5): 579-580 (2002).

Majed, MA. Albokari, Abdulmajeed J. khashoggi,
Mohammed A. Almuwalid, Evaluation of
some local wheat landraces treated with diffe-



Vol. 15 (2) 2018

rent doses of gamma rays in Saudi Arabia. Pak.
J. Biotechnol. 12(1): 63-72 (2015).

Muchugi, A., C. Kadu, R. Kindt, H. Kipruto, S.
Lemurt, K. Olale, P. Nyadoi, I. Dawson and R.
Jamnadass, Molecular Markers for Tropical
Trees, a Practical Guide to Principles and Pro-
cedures. ICRAF Technical Manual no. 9. Daw-
son | and Jamnadass R. eds.Nairobi, World
Agroforestry Centre (2008).

Qamar, M., S.T. Qureshi, I.LA. Khan, S.A. Memon,
Z. Bano and S.K. Solangi, Influence of gamma
radiation on the physiochemical properties of
in vitro triploid and tetraploid banana species.
Pak. J. Biotechnol. 13(4): 237-244 (2016).

Predieri, S. and N. Di Virgilio, In vitro mutagenesis
and mutant multiplication. In Protocols for
micro propagation of woody trees and fruits.
Springer Netherlands Pp. 323-333 (2007).

Rajoka, M.l., Y. Ashraf, H. Rashid and A.M.
Khalid, Kinetics and thermodynamics of the
native and mutated extracellular endoglucana-
ses from Cellulomonas biazotea. Prot. Pept.
Lett. 10(6): 561-568 (2003).

Saraswathi, M.S., S. Uma, K. Prasanya Selvam, S.
Ramaraj, P. Durai and M.M. Mustaffa, Assess-

Identification of morphological study .... 271

ing the robustness of IRAP and RAPD marker
systems to study intra-group diversity among
Cavendish (AAA) clones of banana. J. Horti.
Sci. Biotech. 86(1): 7-12 (2011).

Spotheim, M. and M. Davidkova, Radiation dam-
age to DNA in DNA-protein complexes.
Mutat. Research 711: 41-48 (2010).

Teo, C.H., S.H. Tan, C.L. Ho, Q.Z. Faridah, Y.R.
Othman, J.S. Heslop-Harrison and A.H. Schul-
man, Genome constitution and classification
using retrotransposon-based markers in the
orphan crop banana. J. Plant. Biol. 48(1): 96-
105 (2005).

Wi, S.G., B.Y. Chung and J.H. Kim, Ultrastructural
changes of cell organelles in Arabidopsis stems
after gamma irradiation. J. Plant. Bio. 48(2):
195-200 (2005).

Wolf, H.D., R. Blust and T. Backeljau, The use of
RAPD in ecotoxicology. Mutat. Resear. 566:
249-262 (2004).

Yassein, A. and A.A. Aly, Effect of gamma irradiat-
ion on morphological, physiological and mole-
cular traits of Brassica napus. Egyp. J. Genet.
Cyto, 43(1): (2016).



