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Abstract

Background and Objectives: In agroforestry system (e.g., Eucalyptus forestry), plant-plant chemical interactions can have a strongimpact
onthe biodiversity and dynamics of these ecosystems. The objective of the study was to evaluate the genetic stability of crop plants under
allelopathic stress of tree litter. PCR based analysis system (RAPD and ISSR) was employed to determine molecular markers associated
with allelopathic tolerance in Glycine max. Materials and Methods: Pot experiment was conducted with soybean seeds using mixture
of soil and £ucalyptus ground leaves (EUGL) in a percentage of 0 (control), 10, 20, 30, 40, 50, (w/w). Leaves were harvested after 3 weeks
for DNA extraction and further PCR assays. Genetic fidelity testing was assessed by calculations of genome template stability index (GTS).
Results: Collectively, 18 new DNA markers were detected by both RAPD and ISSR analysis, in EUGL exposed plants. The RAPD and ISSR
profiles verified a general tendency of decrease in GTS values with exposure to EUGL in a dose-dependent manner. A drastic decrease
in GTS was more pronounced by RAPD markers, compared to ISSR. Low estimated GTS values for EUGL plants reflect their high genetic
instability. Conclusion: The RAPD seven markers and ISSR 11markers was proved as reliable molecular markers for allelopathy tolerance
in Glycine max and could be used in breeding programs. Moreover, lowest estimated GTS values for EUGL plants reflect their high genetic
instability.
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INTRODUCTION

Soybean (Glycine max L. Merril), an annual legume crop,
is known as the first crop among the oilseed crops all over the
world. It contributes by 50% of oilseed production among all
oilseeds crops'. Furthermore, soybean is a major source of
protein forhuman consumption and animal feed?. To produce
a high-yielding soybean crop, genetic resources should be
tested for productivity, quality parameters and stress
tolerance. Because soybean varieties have different levels of
adaptability to various environments, countries have different
cultivars GenBanks. Therefore, each country organizes
different breeding programs to create new improved cultivars.
Upon increased demand on high yield varieties, there is a
requirement to introduce new genotypes to select breeding
materials. Therefore, it becomes necessary to ensure the
quality of the plants by evaluation of their genetic consistency
through cytological or molecular markers. Various techniques
have been used to establish the genetic fidelity and to confirm
genetic homogeneity of the tested plants, such as isozymes,
cytological and molecular markers*. However, ISSR and RAPD
markers are widely tested to elucidate genetic uniformity and
quality of the plants and for screening genotypes and to
monitor the genetic fidelity of plants exposed to
environmental stressors®. On the other hand, genetic
mutations induced by environmental factors being
exceptionally successful in changing seed oil composition of
several oil seed crops®. In addition, they are considered as a
source of increasing genetic variability and improvement of
various agronomic traits such as yield and stover quality as
well as for abiotic and biotic stress factors resistance'®'".

Chemical interactions exhibited by plants in agroforestry
system (e.g., Eucalyptus forestry), can have a strong impact
on the dynamics of these ecosystems, as a result of their high
secondary metabolite diversity. Plant invasions and their role
in plant-plant competition for resources has also been the
focus of several original research articles'>", providing an
important ecological mechanism that influences the type of
existing vegetation in an ecosystem and plant biodiversity.

The PCR associated DNA molecular markers based
analysis system such as RAPD and ISSR have been used for
detection of polymorphism among populations and genetic
resources in soybean and other plant systems's'®. These
molecular markers are different in type of inheritance,
technical principle and reproducibility, percentage of
polymorphism and in their costs'. Banding patterns can be
scored forgenomic template stability (GTS) evaluation in order
to detect various types of DNA damage and mutations shown
by the cells of bacteria, plants and animals?®?'. The RAPD and
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ISSR markers have been used also for GTS evaluation to
indicate DNA fidelity/stability and studying relationship
between varieties of environmental stressors and genetic
diversity?224,

The present work aimed to: (1) Determine the molecular
markers associated with allelopathic tolerance in Glycine max,
(2) Evaluate the genetic fidelity/stability of soybean plants
under allelopathic stress of Fucalyptus tree litter. This was
achieved through molecular diagnostics of exposed soybean
plants to determine its DNA-based diversity as well as the level
of Genome stability using ISSR and RAPD markers.

MATERIALS AND METHODS

Experimental plants and treatments: £fucalyptus leaves were
collected from different locations of Taif Governorate, Saudi
Arabia in 2015-2016. Healthy seeds of soybean were selected
and imbibed with distilled water for 48 h. Pot experiment was
conducted and the seeds were planted in pots containing
mixture of soil and Eucalyptus ground leaves (EUGL) in a
percentage of 0 (control), 10, 20, 30, 40, 50, (w/w). Pots
maintained in a photoperiod of 10-14 h (light/dark) and
controlled temperature (20°C=*2). They were irrigated with
water and harvested after 3 weeks for DNA extraction and
further PCR assays.

Genomic DNA extraction, ISSR and RAPD assays: About
40-100 mg of young leaves from each plant was used for
DNA extraction. The extraction was carried out using a
small-scale DNA isolation method, using Wizard® Genomic
DNA Purification Kit (Promega) following the manufacturer’s
instructions. DNA checked on 1% agarose gel and visualized
by UV transilluminator (Biometra UV star 15). The PCR assays
were carried out in a 25 pL volume using 5X Firepol Master
mixes, following the manufacturer's instructions. For
RAPD-PCR, four primers were selected for generation of RAPD
markers (Table 1). The PCR protocol was carried out according
to Nkongolo et a/?. The DNA amplifications were performed
in thermocycler with a preliminary step of 3 min at 94°C, 44
cycles of 20 sec at 94°C, 40 secat 37°Cand 1 minat 72°Cand
afinal step of 7 min at 72°C. For generation of ISSR markers, a
total of six primers based on dinucleotide, tetranucleotide or
pentanucleotide repeats were selected (Table 2). The PCR
protocol was carried out according to Nagaoka and Ogihara?
and Nkongolo et a/?>, with some modifications. The DNA
amplifications were performed in thermocycler with a
preliminary step of 5 min at 94°C, 42 cycles of 90 sec at 95°C,
2 min at 55°C and 60 sec at 72°C and a final step of 7 min at
72°C.
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The PCR products were visualized on 1.4% agarose gelsin
1X TBE buffer running at 100 V for 1.30 h. The gels were
stained using ethidium bromide and visualized by UV
transilluminator (Biometra UV star 15). The gel was then
photographed and documented using the GelPro32 software.
To verify the band profile reproducibility, RAPD and ISSR
amplifications were repeated at least three times and only the
repetitive PCR products were scored.

The DNA banding patterns generated by ISSR and RAPD
were analyzed by computer program GelPro32 (version 4.03).
The resulting amplicons from the successfully amplified
primers were documented as diallelic characters: Present=1,
absent =0.Theresults of ISSR and RAPD profile were analyzed
by considering the bands thatappeared in the control sample
as the criterion of judgment. Disappearance of bands and
appearance of new bands were considered to assess any DNA
alteration. For each experimental group, average of genomic
template stability (GTS%) was calculated according to the
formula proposed by Atienzar et a/*' and Liu et a/¥. To
measure the informativeness of the ISSR and RAPD markers in
differentiation among tested plants, polymorphism
information content (PIC) as a marker discrimination power,
was calculated according to the formula proposed by
Ghislain et a/%:

PIC=1_[(p) 2+(d) 2]

where, p is the frequency of the allele band present and q is
frequency of the allele band absent at a given locus. The
marker index (MI) was also calculated for each ISSR and RAPD
primer as:

Table 1: List of RAPD primers

MI =PICnB

where, PICis the mean PIC value, nis the number of bands and
B is the proportion of polymorphic bands, based on the
method of Powell et a/%.

RESULTS

RAPD and ISSR markers analysis: Genetic fidelity analysis
using genomic DNA of the untreated (control) and treated
plants was carried out to confirm genetic stability using RAPD
and ISSR markers. The fingerprinting profiles of the soybean
plants using the RAPD and ISSR markers produced distinctand
reproducible amplified products (Fig. 1) and scoring data are
summarizedin (Table 1,2). AllISSRand RAPD primers detected
modifications in the DNAfingerprint of the leaves from treated
and untreated seeds and alterations such as gain and loss of
bands were observed in both molecular markers compared to
control (Table 3, 4).

It was obvious from PCR profiles that differences in the
number of bands were exhibited by each primer. The number
of amplified bands produced per RAPD primers and their
molecular size are shown in Table 1. Of these bands, 76.2%
were polymorphic and 23.8% were monomorphic across the
tested plants. All RAPD primers used in this study generated
unique amplified bands (8 bands) which could be used as DNA
markers to distinguish the exposed plants from controls
(Table 1, Fig. 1). Primers OPO-01 and OPU-16 generated
three unique bands which present only in EUGL exposed
plants (10 and 50%), respectively and absent in control,
whereas, the other five unique bands were observed

Primers Sequence (5'-3") primer MW (bp) range AB MB PB UB P (%) PIC Ml
OPO-01 TGCGGGTCCT 372-1282 7 3 4 1 57.15 0.38 1.51
OPO-03 CTGTTGCTAC 205-670 1 3 2 75 0.36 1.08
OPK-11 AATGCCCCAG 225-785 6 0 6 3 100 0.17 1.02
OPU-16 CTGCGCTGGA 189- 764 4 1 3 2 75 0.38 1.14
Total 21 5 16 8 - -

Mean 0.32 1.19

AB:Number of amplified bands, PB:Number of polymorphic band, MB: Monomorphic bands, UB: Unique bands, (P%): Percentage of polymorphism, PIC: Polymorphism

index content , MI: Marker index

Table 2: List of ISSR primers

Primers Sequence (5'-3") primer MW (bp) range AB MB PB UB P (%) PIC Ml
UBC-809 (AG) 8 G 128-269 4 2 2 0 50.00 0.27 0.54
UBC-810 (GA)8T 107-271 5 2 3 0 60.00 0.37 1.11
UBC-812 (GA)8A 261-567 5 1 4 1 80.00 0.10 0.40
UBC-813 cns8T 284-441 3 1 2 2 66.60 0.375 0.675
UBC-826 (AC)8 G 261-922 8 1 7 2 87.50 0.36 2.50
UBC-828 (TG) 8C 118-759 3 1 2 0 66.60 0.45 0.891
Total 28 8 20 5 -

Mean 0.32 0.87

AB:Number of amplified bands, PB:Number of polymorphic band, MB: Monomorphic bands, UB: Unique bands, (P%): Percentage of polymorphism, PIC: Polymorphism

index content, MI: Marker index
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Fig. 1(a-b): (a) RAPD markers and (b) ISSR markers generated by EUGL treated soybean plants with tested primers
M: DNA marker, 1: 0% (control), 2: 10%, 3: 20%, 4: 30%, 5: 40%, 6: 50%
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Table 3: Number of bands in control with all RAPD primers, polymorphic bands and polymorphism percent ( P%) in EUGL exposed soybean plants

10% 20% 30% 40% 50%

Control s s s s e
Primers Total bands a b a b a b a b a b
OPO-01 3 3 0 2 0 0 0 3 0 1 0
OPO-03 4 0 2 0 2 0 2 0 2 0 2
OPK-11 6 0 3 0 3 0 6 0 3 0 6
OPU-16 1 0 0 1 0 1 0 1 0 2 0
Total bands 14 3 5 3 5 1 8 4 5 3 8
a+b 8 8 9 9 1
P% 57.14 57.14 64.3 64.3 78.57
a: Indicates appearance of new bands, b: Disappearance of normal bands, a+b: Polymorphic bands, (P%): Polymorphic percentage
Table 4: Number of bands in control with all ISSR primers, polymorphic bands and Polymorphism percent ( P%) in EUGL exposed soybean plants

10% 20% 30% 40% 50%

Control s s s s e
Primers Total bands a b a b a b a b a b
UBC-809 4 0 0 0 1 0 2 0 1 0 1
UBC-810 3 0 0 0 0 0 1 1 0 2 0
UBC-812 4 1 0 1 0 1 0 0 3 1 0
UBC-813 1 0 0 0 0 0 0 0 0 2 0
UBC-826 3 4 0 0 2 3 0 0 2 1 0
UBC-828 2 0 0 1 1 0 1 1 1 1 1
Total bands 7 5 0 2 4 4 4 2 7 7 2
a+b 5 6 8 9 9
P% 29.4 353 47.05 5294 5294

a: Indicates appearance of new bands, b: Disappearance of normal bands, a+b: Polymorphic bands, (P%): Polymorphic percentage

Table 5: Molecular RAPD-PCR markers of 4 tested primers associated with EUGL exposed soybean plants and their MW
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in controls and absent in EU exposed plants, two of them
were revealed by OPO-03, whereas,
produced three bands (Table 5). Polymorphism ranged from
57.1% at primer OPO-01 to100% at primer OPK-11. The least

primer

OPK-11
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values of PIC index and MI were exhibited by OPK-11
whereas, primer OPO-1 revealed the highest values (Table 1).
All RAPD primers exhibited the generation of 7 new
markers (Table 5).
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Table 6: Molecular ISSR-PCR markers of 4 tested primers associated with EUGL exposed soybean plants and their MW

EUGL concentrations (%)
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The ISSR primer sets utilized to analyze soybean seedlings
generated approximately an average of 4.7 bands per primer.
71.4% of amplified bands were polymorphic and 28.6% were
monomorphic (Table 2). The highest percentage of
polymorphism (%P) was generated by UBC-826, while the
lowest was generated by UBC-809. Out of 6 ISSR primers used
in this study, 3 of them generated 5 unique amplified bands,
which present only in EUGL exposed plants and absent in
control (Table 4, Fig. 1). Primer UBC-810 generated 1 unique
band and two bands were also revealed by UBC-813 at high
concentration whereas primer UBC-826 produced 2 unique
bands at both lower and higher concentrations. Collectively,
11 new ISSR markers were developed in treated plants
(Table 6). UBC-828 showed the highest PIC, whereas the
lowest value revealed by UBC- 813. On the other hand, lower
Ml value for ISSR, was revealed by UBC-813 though UBC-826
showed the higher one (Table 2).

The EUGL presented more alterations by RAPD analysis
and higher concentrations (30, 40 and 50%) revealed the
highest total number of alterations with this marker, of the
45 altered bands from all evaluated individuals, 68.88%
corresponded to loss and 31.11% to gain of a band. (Table 3).
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Differently, in ISSR marker analysis, the most commonly
occurring type of alteration was the gain of bands, EUGL
drove a 54.05% gain and 45.9% loss of bands (Table 4).

Aimed at verifying genetic effects of allelopathy,
presented by EUGL exposure, alterations in the ISSRand RAPD
patterns were expressed as decreases in GTS, a qualitative
measure reflecting the change in the number of amplicons
generated by EUGL treatment, in relation to profiles obtained
from the non-treated plants. The GTS (%) was calculated for
each primer and presented in Fig. 2. The results exhibited a
general tendency of decrease in GTS values with exposure to
EUGL. Genome stability tended to be reduced strongly in
case of EUGL higher concentrations. A drastic decrease in
genome stability was more pronounced by RAPD markers,
compared to ISSR.

DISCUSSION

The DNA-based molecular markers are essential genomic
resources to accomplish genetic studies or marker-aided
breeding in any crop. In Glycine max, various DNA-based
molecular markers such as AFLP, RFLP, RAPD, ISSR expressed
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Fig. 2: Comparison of genomic DNA stability (GTS) in EUGL treated soybean plants with tested RAPD and ISSR markers

sequence tag-based (EST) markers, sequence-tagged sites
(STSs), simple sequence repeat (SSRs/microsatellites), have
been developed to distinguish genetic variability, linkage map
analysis and marker assisted screening to expedite the
breeding programs3®324.Consequently, Glycine max has
substantial stock of genetic and genomic resources in the
form of DNA-based markers, mapping populations or linkage
maps. This study was designed to explore the genetic
response of soybean genome to the allelopathic effects of
Eucalyptus ground leaves (EUGL) using molecular-diagnostics
approach via molecular markers. Therefore, understanding
how soybean responds to plant canopy situations is
imperative for breeding towards tolerance to allelopathy.
Toward these aims, powerful genetic and molecular
technologies have been used to identify soybean genes
playing essential roles in plant resistance to allelopathy
environments®. It has been suggested that use of multiple
markers amplifying various regions of the genome, allows
high likelihood for the successful identification of
polymorphism3*34, The RAPD and ISSR usually based on the
non-coding regions of DNA, are simple, cost effective and
proved efficient in evaluating the genetic homogeneity,
genetic diversity and evolutionary studies®>3. Both markers
have been successfully applied to determine genetic
fidelity/stability in several plant systems e.g., sugarcane's,
Chlorophytum borivilianun?, Terminalia bellirica®, Aloe
barbadensis®. Data analysis of RAPD and ISSR profiles
identified 18 new bands in soybean plants grown under EUGL
effect. These bands might be considered as useful markers
linked with allelopathy tolerance in soybean.

In this study, RAPD and ISSR DNA markers were also
employed to examine the instability of the soybean genome
after exposure to EUGL. Both RAPD-PCR and ISSR-PCR profile
in EUGL-treated plants verified extensive differences between
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untreated and treated plants, in a dose-dependent manner.
Assessment of genetic stability was based on a qualitative
measurement of the changes in ISSR and RAPD profiles
generated by EUGL-exposed soybean plants, which is
expressed as a decrease in GTS, in relation to the profiles
obtained from the control plants. The results analysis showed
a dose-dependent reduction in GTS%, verifying genetic
instability of the Glycine max genome as exposed to EUGL
allelochemicals. This finding is congruent with a previous
study which documented the genome instability in
allelopathy-exposed crops®, suggesting the risk of the
by-products of allelopathic plant species. Overall, low
estimated GTS values combined with the high polymorphism
level reported for EUGL treated plants could explain their
allelopathy tolerance compared to the untreated plants. The
decrease in GTS could be attributed to genetic variation,
inducing new protein in relation to allelopathy tolerance*'.
The main changes in the RAPD and ISSR profiles of the
present investigation were pronounced as changes in the
number and position of the bands between the treated and
untreated plants. The loss and gain of bands might be due to
the structural re-arrangements in DNA caused by different
types of DNA damages, such as DNA adducts, breakages and
mutations atthe annealing site with consequent alterations of
the DNA fingerprints*2. These effects seem to be correlated
with the level of damage in the DNA template after exposure
toallelochemicals exerted by EUGL. Thus, the recorded gain or
loss alterations in this study proof the genome in stability of
the soybean genomeinregard to £ucalyptus allelo chemicals.
This instability is brought about by mutations, particularly
those that damage the cell maintenance in processes of DNA
repair, replication and recombination, as well as cell division®.
The highest loss of bands was verified with the RAPD marker.
This probably due to alterations in heterozygote loci of the
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genome, generated by allelochemicals. The loss of bands can
be more easily verified in heterozygous loci. In contrast, the
highest gain of bands was observed in the ISSR analysis. The
appearance of bands could be attributed to the formation of
new sites for primer annealing by point mutations, or
chromosome  rearrangements  forming  sequences
complementary to the primer sequence, generating new
alleles*. High polymorphism of ISSR and RAPD markers was
also reported in many previous studies®#. In the present
work, high levels of polymorphism exhibited by the PIC
value of both markers indicated the usefulness of them for
germplasm evaluation*. Moreover, they both presented equal
effectiveness in allelopathic potential evaluation which could
be further employed for identification of the target genes of
the allelopathic agents.

CONCLUSION

Allelopathy stress is one of the major obstacles to plant
crops productivity. Various genomics tools have facilitated
characterization of soybean germplasm so that potential
sources of genetic variation could be incorporated. To develop
crop plants with enhanced tolerance of allelopathy stress, the
present study used RAPD and ISSR to identify markers
associated with allelopathy tolerance. The RAPD-PCR
generated seven markers, while ISSR exhibited 11 markers.
Those markers could be considered as reliable molecular
markers for allelopathy tolerance in Glycine max and could be
used in breeding programs. Moreover, lowest estimated GTS
values for EUGL plants reflect their high genetic instability.

SIGNIFICANCE STATEMENTS

This study highlights an important ecological problem
within the agroforestry system focusing on the molecular
impacts on crop plants. It is one of the few studies which
employed molecular markers for evaluation of allelopathic
impacts on the crop plants. This was achieved through
molecular diagnostics of exposed soybean plants to
determine its DNA-based diversity as well as the level of
genome instability using ISSR and RAPD markers. High levels
of polymorphism exhibited by both markers indicated the
usefulness of them for germ plasm evaluation. Moreover, they
both presented equal effectiveness in allelopathic potential
evaluation which could be further employed for identification
of the target genes of the allelopathic agents. This study may
help to develop crop plants with enhanced tolerance of
allelopathy stress.

21

ACKNOWLEDGMENT

The authors thank the authorities of Taif university for
supporting this study.

REFERENCES

1. Anonymous, 2009. Report from the mid-year fisheries
assessment plenary, November 2009: Stock assessments
and vyield estimates. Ministry of Fisheries, Wellington,
New Zealand, pp: 1-2009.

2. Celik, O., C. Atak and Z. Suludere, 2014. Response of soybean
plants to gamma radiation: Biochemical analyses and
expression patterns of trichome development. Plant Omics,
7:382-391.

3. Mallon, R, J. Rodriguez-Oubina and M.L. Gonzalez, 2010.
In vitro propagation of the endangered plant Centaurea
ultreiae. Assessment of genetic stability by cytological
studies, flow cytometry and RAPD analysis. Plant Cell Tiss.
Organ Cult., 101: 31-39.

4. Al-Qurainy, F., M. Nadeem, S. Khan, S. Alansi and
M. Tarroum et a/, 2018. Rapid plant regeneration, validation
of genetic integrity by ISSR markers and conservation of
Reseda pentagyna an endemic plant growing
Saudi Arabia. Saudi J. Biol. Sci., 25: 111-116.

5. Chalageri,G.and U.V.Babu, 2012. /n vitro plant regeneration
via petiole callus of Viola patrinii and genetic fidelity
assessment using RAPD markers. Turkish J. Bot., 36: 358-368.

6. Paul, A, G. Thapa, A. Basu, P. Mazumdar, M.C. Kalita and
L. Sahoo, 2010. Rapid plant regeneration, analysis of
genetic fidelity and essential aromatic oil content of
micropropagated plants of Patchouli, Pogostemon cablin
(Blanco) Benth.-An industrially important aromatic plant.
Ind. Crops Prod., 32: 366-374.

7. Thakur, J, M.D. Dwivedi, P. Sourabh, P.L. Uniyal and
AK.Pandey, 2016.Genetichomogeneity revealed using SCoT,
ISSR and RAPD markers in micropropagated Pittosporum
eriocarpum Royle: An endemic and endangered medicinal
plant. Plos One, Vol. 11. 10.1371/journal.pone.0159050.

8. Bharose, AA, V.D. Kulkarni and D.N. Damse, 2017.
Molecular diversity analysis of soybean genotypes using
molecular markers. Int. J. Curr. Microbiol. Applied Sci.,
6:1723-1729.

9. Rahman, S.M., V. Takagi, K. Miyamoto and T. Kawakita, 1995.

High stearic acid soybean mutant induced by X-ray

irradiation. Biosci. Biotechnol. Biochem., 59: 922-933.

Mudibu, J, KKC. Nkongolo, M. Mehes-Smith and

A.Kalonji-Mbuyi, 2011. Genetic analysis of a soybean genetic

pool using ISSR marker: Effect of gamma radiation on genetic

variability. Int. J. Plant Breed. Genet., 5: 235-245.

in



1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Int. J. Bot, 14 (1): 14-23, 2018

Ambavane, AR, S.\V. Sawardekar, S.A. Sawantdesai and
N.B. Gokhale, 2015. Studies on mutagenic effectiveness and
efficiency of gamma rays and its effect on quantitative traits
in finger millet (£leusine coracana L. Gaertn). J. Radiat. Res.
Applied Sci., 8: 120-125.

Baltzinger, M., F. Archaux and Y. Dumas, 2012. Tree litter and
forest understorey vegetation: A conceptual framework to
understand the effects of tree litter on a perennial geophyte,
Anemone nemorosa. Ann. Bot., 190: 1175-1184.

Hegab, M.M., M.A. Gabr, S.AM. Al-Wakeel and B.A. Hamed,
2016. Allelopathic potential of Fucalyptus rostrata leaf
residue on some metabolic activities of Zea mays L.
Universal J. Plant Sci., 4: 11-21.

Igbal, J., H.A. Rauf, AN. Shah, B. Shahzad and M.A. Bukhari,
2017. Allelopathic effects of rose wood, Guava, Eucalyptus,
Sacred Fig and Jaman leaf litter on growth and yield of wheat
(Triticum aestivumL.) in a wheat-based agroforestry system.
Planta Daninha, Vol.35.10.1590/50100-83582017350100060.
Abdelmigid, H.M. and M.M. Morsi, 2017. Cytotoxic and
molecular impacts of allelopathic effects of leaf residues of
Eucalyptus globules on soybean (Glycine max). ). Genet.Eng.
Biotechnol., 15:297-302.

Lal, M., RK. Singh, S. Srivastava, N. Singh, S.P. Singh and
M.L. Sharma, 2008. RAPD marker based analysis of
micropropagated plantlets of sugarcane for early
evaluation of genetic fidelity. Sugar Tech., Vol. 10.
10.1007/512355-008-0017-x.

Guasmi, F., W. Elfalleh, H. Hannachi, K. Feres and L. Touil et a/,
2012. The use of ISSR and RAPD markers for genetic diversity
among South Tunisian barley. Int.Schol.Res. Network, Agron.,
10.5402/2012/952196.

Rajpal, V.R, S. Sharma, R.M. Devarumath, M. Chaudhary,
A. Kumar, N. Khare and S.N. Raina, 2014. Nuclear and
Organelle DNA Fingerprinting as the Most Useful Markers to
Evaluate GeneticIntegrity of Micropropagated Plants.In: Tree
Biotechnology, Ramawat, K.G., J.M. Merillon and M.R. Ahuja
(Eds.)., CRS Publication, UK., pp: 303-3025.

Patel, HK., R.S. Fougat, S. Kumar, J.G. Mistry and M. Kumar,
2015.Detection of geneticvariationin Ocimum species using
RAPD and ISSR markers. 3 Biotech, 5: 697-707.

Sawva, D, 1998. Use of DNA fingerprinting to detect
genotoxic effects. Ecotoxicol. Environ. Safety, 41: 103-106.
Atienzar, F.A, M. Conradi, AJ. Evenden, AN. Jha and
M.H. Depledge, 1999. Qualitative assessment of genotoxicity
using random amplified polymorphic DNA: Comparison of
genomic template stability with key fitness parameters in
Daphnia magna exposed to benzo[alpyrene. Environ. Toxicol.
Chem., 18:2275-2282.

Zhou, L., J. Li, X. Lin and K.A. Al-Rasheid, 2011. Use of RAPD to
detect DNA damage induced by nitrofurazone in marine
ciliate, Euplotes vannus (Protozoa, Ciliophora). Aquatic
Toxicol., 103: 225-232.

22

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Rocco, L., I.V. Valentino, G. Scapigliati and V. Stingo, 2014.
RAPD-PCR analysis for molecular characterization and
genotoxic studies of a new marine fish cell line derived from
Dicentrarchus labrax. Cytotechnology, 66: 383-393.
Cansaran-Duman, D., E. Altunkaynak, A. Aslan, I. Buyuk and
S. Aras, 2015. Application of molecular markers to detect
DNA damage caused by environmental pollutants in lichen
species. Genet. Mol. Res., 14: 4637-4650.

Nkongolo, KK., P. Michael and T. Demers, 2005. Application
of ISSR, RAPD and cytological markers to the certification of
Picea mariana, P. glauca and P. engelmannii trees and their
putative hybrids. Genome, 48:302-311.

Nagaoka, T.and Y.Ogihara, 1997. Applicability of inter-simple
sequence repeat polymorphisms in wheat for use as DNA
markers in comparison to RFLP and RAPD markers. Theoret.
Applied Genet., 94: 597-602.

Liu, W., P.J. Li, XM. Qi, Q.X. Zhou, L. Zheng, T.H. Sun and
Y.S. Yang, 2005. DNA changes in barley (Hordeum vulgare)
seedlings induced by cadmium pollution using RAPD
analysis. Chemosphere, 61: 158-167.
Ghislain,M.,D.Zhang, D.Fajardo, Z.Huaman and R.J. Hijmans,
1999. Marker-assisted sampling of the cultivated Andean
potato Solanum phureja collection using RAPD markers.
Genet. Resour. Crop Evolut., 46: 547-555.

Powell, W., M. Morgante, C. Andre, M. Hanafey, J. Vogel,
S. Tingey and A. Rafalski, 1996. The comparison of RFLP,
RAPD, AFLP and SSR (microsatellite) markers for germplasm
analysis. Mol. Breed., 2: 225-238.

Zargar, M., E. Romanova, E. Shmelkova, A. Trifonova and
P. Kezimana, 2017. AFLP-analysis of genetic diversity in
soybean [Glycine max (L.) Merr] cultivars Russian and foreign
selection. Agron. Res., 15:2217-2225.

Jain, RK.,, A.Joshiand D. Jain, 2017. Molecular marker based
geneticdiversity analysis in soybean [ Glycine max (L.) Merrill]
genotypes. Int. J. Curr. Microbiol. Appled Sci., 6: 1034-1044.
Mundewadikar, D.M. and P.R. Deshmukh, 2014. Genetic
variability and diversity studies in soybean [Glycine max (L.)
Merrill] using RAPD marker. Int. J. Scient. Res., Vol. 4.
Martins, M. D. Sarmento and M.M. Oliveira, 2004.
Genetic stability of micropropagated almond plantlets, as
assessed by RAPD and ISSR markers. Plant Cell Rep.,
23:492-496.

Lakshmanan, V., S.R. Venkataramareddy and B. Neelwarne,
2007. Molecular analysis of genetic stability in long term
micropropagated banana using RAPD and ISSR markers.
Electr. J. Biotechnol., 10: 106-113.

Gupta, AK., M. Phulwaria, M.K. Rai and N.S. Shekhawat, 2014.
Conservation genetics of endangered medicinal plant
Commiphora wightii in Indian Thar desert. Gene,
535:266-272.



36.

37.

38.

39.

40.

41.

Int. J. Bot, 14 (1): 14-23, 2018

Rathore, M.S., N. Paliwal, KV. Anand and P.K. Agarwal, 2015.
Somatic embryogenesis and /n vitro plantlet regenerationin
Salicornia brachiata Roxb. Plant Cell Tiss. Organ Cult.
(PCTOCQ), 120: 335-360.

Rizvi, M.Z., A K. Kukreja and N.S. Bisht, 2012. Retracted article:
Plant regeneration in Chlorophytum borivilianum Sant. et
Fernand. from embryogenic callus and cell suspension
culture and assessment of genetic fidelity of plants derived
through somatic embryogenesis. Physiol. Mol. Biol. Plants,
18:253-263.

Dangi, B., V. Khurana-Kaul, S.L. Kothari and S. Kachhwaha,
2014. Micropropagtion of 7erminalia bellerica from nodal
explants of mature tree and assessment of genetic fidelity
using ISSR and RAPD markers. Physiol. Mol. Biol. Plants,
20:509-516.

Sahoo, S. and G.R. Rout, 2014. Plant regeneration from leaf
explants of Aloe barbadensis Mill. and genetic fidelity
assessment through DNA markers. Physiol. Mol. Biol. Plants,
20: 235-240.

Petriccione, M. S. Papa and C. Ciniglia, 2014.
Cell-programmed death induced by walnut husk washing
waters in three horticultural crops. Environ. Sci. Pollut. Res.,
21:3491-3502.

Saleh, B., 2016. DNA changes in cotton (Gossypium
hirsutum L.) under salt stress as revealed by RAPD marker.
Adv. Hortic. Sci., 60: 13-21.

23

42.

43.

44,

45.

46.

47.

Enan, MR, 2007. Assessment of genotoxic activity of
para-nitrophenol in higher plant wusing arbitrarily
primed- polymerase chain reaction (AP-PCR). Am. J. Biochem.
Biotehcnol,, 3: 103-109.

Fenech, M., 2005. The genome health clinic and genome
health nutrigenomics concepts: Diagnosis and nutritional
treatment of genome and epigenome damage on an
individual basis. Mutagenesis, 20: 255-269.

Atienzar, F.A. and AN. Jha, 2006. The random amplified
polymorphic DNA (RAPD) assay and related techniques
applied to genotoxicity and carcinogenesis studies: A
critical  review. Mutation Res./Rev. Mutation Res.,
613:76-102.

Lalhruaitluanga, H.and M.N.V. Prasad, 2009. Genetic diversity
assessment in Melocanna baccifera Roxb. growing in
Mizoram state of India-comparative results for RAPD and ISSR
markers. Afr. J. Biotech., 88: 6053-6062.

Grativol, C,, C. da Fonseca Lira-Medeiros, A.S. Hemerly and
P.C.G. Ferreira, 2011. High efficiency and reliability of
inter-simple sequence repeats (ISSR) markers for evaluation
of genetic diversity in Brazilian cultivated Jatropha curcas L.
accessions. Mol. Biol. Rep., 38: 4245-4256.

Khaled, A.GAA, MH. Motawea and A.A. Said, 2015.
Identification of ISSR and RAPD markers linked to yield
traits in bread wheat under normal and drought conditions.
J. Genet. Eng. Biotechnol., 13: 243-252.



	IJB.pdf
	Page 1




