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ABSTRACT 

Eight lines and two control genotypes of amaranth were characterized by unanchored and anchored microsatellite 
markers. The polymorphism of fragments length was evaluated for changes caused by γ-radiation in selected amaranth 
lines - Amaranthus cruenthus L. - genotype Ficha and Hybrid K-433 - the result of interspecific hybridization of species A. 
hypochondriacus x A. hybridus. Mutant lines were presented by the M8 generation of plants positively selected for weight 
of thousand seeds. The very specific changes of the mutant lines coding and noncoding regions were investigated for both 
the Ficha cultivar and K-433 hybrid. The obtained profiles sets confirm the active reaction of the lines to the gamma-
radiance treatment. The molecular differences on length polymorphism of random microsatellite markers were observed 
and the changes of SPAR profiles of mutant lines when compared to control genotypes were confirmed. Primer Ama-AH 5 
detected interspecific and primer Ama-AH 4 revealed intra - and interspecific polymorphisms, too. Primer Ama-AH 5 
distinguished only the cultivar Ficha and hybrid K-433 accessions. Primer Ama-AH 4 created more polymorphic DNA 
profiles and has the ability to distinguish not only Ficha cultivar and hybrid K-433, but mutant accessions among 
themselves.  
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INTRODUCTION  

The genus Amaranthus L. includes 60, according 
other authors 87 species and has a status of re-discovered 
plant with a potential of functional foodstuffs. Great 
interest is oriented on amaranth like pseudocereal, with 
nutritional value comparable or better like cereals, easily 
digestible starch, presence of cholesterol lowering 
fractions in seed oil, high carotene content in leaves, 
edible organic dyes, absence of gluten and absence of 
antinutritional factors like prolamins and gliadin. 
Compared with traditional crops, this pseudocereal is rich 
in protein with double the amount of essential amino acids 
than wheat grain protein (Bressani et al., 1992). The goals 
of general amaranth breeding programs define these 
problems: high rate of heterozygosity, low heritability for 
some important traits and disease resistance especially in 
the case of A. caudatus, L. Breeding goals on the nutrition 
level include proteins, fats, starch, vitamins and organic 
dyes content and composition. In the last decade properties 
and possible usage of amaranth grain evoke interest 
among scientists. Considering the agro-economic 
importance of amaranths, several studies on isozymes and 
various kinds of DNA markers have been performed to 
understand intra- and inter-specific genetic diversity 
and/or evolutionary relationships in amaranths (Lanoue et 
al., 1996, Chan and Sun, 1997; Sun et al., 1999; Pratt and 
Clark, 2001). Lee et al. (2008) reported the development 
and characterization of 12 microsatellite markers for A. 
hypochondriacus and their evaluation for cross-
amplification in several wild species of the genus. The 12 
loci were successfully amplified in 18 other amaranth 
species representing cultivated grain and vegetable 
species, their putative progenitors and wild species. 
Another approach based on the microsatellite is the use of 

unanchored primers directed toward micro satellites by 
using the SPAR (Single Primed Amplification Reaction) 
technique. It  has, like the another random primers (e.g. 
RAPD) considerable appeal for surveying genomic 
variation because it is relatively inexpensive, utilizes 
arbitrary primers, and randomly samples a potentially 
large number of loci in a less complex pattern than other 
PCR-based markers (Das et al., 2001). Paran and 
Michelmore (1993) reported that RAPD products often 
contain repetitive DNA sequences. In addition to 
hybridization method radiation mutagenesis is employed 
like effective breeding tool. FAO/IAEA database listed 
more than 2300 radiation-modified plants including 
amaranth. Mutation technology was employed as a tool to 
create genetic variation in Amarantus tricolor in order to 
select lines with improved drought tolerance. The results 
of γ-radiance treatment were manifested in 1 mutant 
genotype with better grow vigor under the stress 
conditions and 2 mutant lines which retained more water 
in leaves under drought conditions compared to the wild 
type. Next research of mutant lines showed increased 
content of protein concentration. Also mutant lines were 
compared with wild type based on RAPD markers. From 
19 arbitrary primers used, only two primer sets showed 
polymorphisms. The differences observed during the 
RAPD analyses of the two mutants as compared to the 
wild type, could be indicative of specific genomic areas 
possibly involved in drought tolerance (Kgang, 2008).  
Treatment by γ-radiation was used also for enhancing 
quality and quantity of amaranth grain of two selected 
genotypes: Amaranthus cruentus genotype ‘Ficha’ and 
hybrid K-433. Thanks to positive selection which was 
performed from 2nd to 8th mutant generation several 
putative mutant lines of A. cruentus and hybrid K-433 
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were selected characterized by highly significantly 
increased weight of thousand seeds  (Gajdošová, 2008). 

The objective of the present study was to 
investigate the genetic diversity and relationships in nine 
mutant lines and two control genotypes of Amaranthus 
using SPAR approach, with emphasis on testing the 
hyphotese on the influence of gamma-radiation to the 
length polymorphism of random microsatellite markers in 
both coding and noncoding regions of the Amaranthus 
genome. 
 
 
 
 
 

MATERIALS AND METHODS  
 
Plant material 

Seeds of Amaranthus mutant plants positively 
selected for the weight of the thousands seeds, including 
control genotypes, were obtained from Institute of Plant 
Genetics and Biotechnology - Slovak Academy of 
Sciences in Nitra, Slovakia (Table-1). Only the mutant 
lines with the statistically confirmed increase of weight of 
thousand seeds were chosen as asseccions for developing 
the SPAR method to identify them. On average, ten 
accessions (7 days plants) were studied for intra- and inter-
specific comparison of mutant lines and control genotypes. 
Individuals are characterized by statistically significant 
increase of weight of thousand seeds. 

 
Table-1. Species and accessions of Amaranthus studied. 

 

Species Accession Type WTS (g)* 
Ficha cultivar Control A - 

C 15/1 0, 969 
C 26/2 1, 000 
C 26/3 1, 014 
C 27/5 0, 978 
C 82/1 0, 975 

Amaranthus cruentus 

C 236/1 

Mutant line 

1, 086 
K-433 hybrid Control B - 

D 54/1 0, 896 
D 279/1 0, 804 

A. hypochondriacus x 
A. hybridus 

D 282/1 

Mutant line 

0, 811 
 

*weight of thousand seeds in M5 positively selected generation (based on data 
from Gajdošová and Libiaková, 2002; Gajdošová et al., 2005) 

 
SPAR and ISSR analysis 

Total genomic DNA was extracted from fresh 
young leaves of ten individuals to represent each accession 
for the SPAR or ISSR assay. The extraction was done 
using the kit Invisorb™ Spin Plant Mini Kit following the 
instruction of manufacturer. Obtained DNA was quantified 
by fluorometer (Qubit ™). All the reactions were 

performed in a buffer solution 1 × PCR containing 100 
mmol × dm-3 Tris-HCl (pH 8.8), 500 mmol × dm-3 KCl a 
1.5 mmol × dm-3 MgCl2 (Applichem), together with 0.08 
mmol × dm-3 d NTP (InvitrogenTM) 750-1000 nmol × dm-

3 primers (depended on the used primer), 1 U Taq 
polymerase (Applichem) and 50ηg of template DNA. 
Primers used for the reactions are listed in the Table-2.  

 
Table-2. Nucleotid sequences and characterization of applied primers. 

 

Primer name Marker SPAR profile* Differentition ability * 
Ama-AH 1 (GTG)3CC monomorphic - 
Ama-AH 2 (GT)6CC monomorphic - 
Ama-AH 3 (CTG)3GC polymorphic inter-specific 
Ama-AH 4 (GATA)2(GACA)2 polymorphic inter-specific; intra-specific 
Ama-AH 5 (GACA)4 polymorphic inter-specific; intra-specific 

 

* reported in this paper 
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PCR amplification was performed in C1000 
Thermal Cycler Biorad using the following cycle profile: 1 
cycle at 95°C for 3 min followed by 29 - 32 (depending on 
marker) cycles at 95°C for 15 sec, 49.5°C for 40 sec, and 
72°C for 2 min; and the reaction was terminated with a 7 
min DNA extension stepat 72°C. Amplified fragments 
were electrophoretically separated in agarose gel 
(Applichem) together with 1 × TBE and Gel Red 10 000 × 
(Biotium). To determine the profile changes of the 
multiplicated fragment the control plants were used. 
Electrophoreograms were processed with documentation 
system G:Box in GeneSnap program - Product version: 
7.09 (Syngene) and GeneTools - Product version: 4.01 
(Syngene). 
 
Data analysis 

On the basis of DNA fragments separated 
according to the size by electrophoresis, the matrix of 
presence and positions of DNA fragments was prepared. 
Pair-wise dissimilarity matrices were generated by 
Jaccard´s coefficient of similarity (Jaccard, 1908) by using 
the SYNTAX software format. A dendrogram was 
constructed by using the unweigted pair group method 

with arithmetic average (UPGMA) with the HIERCLUS 
module of SYNTAX to show a phenetic representation of 
genetic relationships as revealed by the dissimilarity 
coefficient. 
 
RESULTS 

Different profiles were found among mutant lines 
and compared them to control genotypes, too. The 
accessions were analyzed using microsatellite markers of 
which two produced reproducible polymorphic banding 
patterns (Table-2). Ama-AH 3 gives a very specific profile 
for Ficha accessions consisted from 5 clearly separated 
monomorphic fragments. The identification of K-433 
hybrid is performed by the only fragment with a length of 
840 bp. Very clearly differentiation among Amaranthus 
cruentus and hybrid lines based on K-433 obtained by this 
marker is visible on the Figure-1. The ISSR profile is 
monomorphic among the species but not between them. 
Only the one abundant fragment is visible in case of 
hybrid K-433 and its mutant lines and three strong and 
visible fragments are in the ISSR profile of genotype Ficha 
and its mutant lines. 

 

 
L - Marker; Ficha accession: 1- C 15/1, 2 - C26/2, 3- C26/3, 4- C27/5, 5- C82/1, 6- C236/1, 

7- Control A; K-433 hybrid accessions: 8- D54/1, 9- D279/1, 10- D282/1, 11- Control B 
 

Figure-1. Electrophoreogram of tested Amarant accessions using the primer Ama-AH 3. 
 

Primers Ama-AH4 and Ama- AH5 give 
polymorphic profiles. A total of 11-13 band levels for the 
primer Ama-AH 5 and 14-16 for the primer Ama-AH 4 
were obtained. Only the cultivar Ficha and hybrid K-433 

accessions can be distinguished with primer Ama-AH 5 
without the ability to reveal the polymorphism among 
their mutant lines (Figure-2). 
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Figure-2. Dendrogram of Ficha accessions for Ama-AH 5 primer. 
 

Primer Ama-AH 4 DNA fragments profile was 
more polymorphic compared to Ama-AH 5 and the primer 
has the ability to distinguish not only Ficha cultivar and 

hybrid K-433, but mutant accessions among themselves, 
too (Figure-3). 

 

 
L - Marker; Ficha accession: 1- C 15/1, 2 - C26/2, 3- C26/3, 4- C27/5, 5- C82/1, 6- C236/1, 

7- Control A; K-433 hybrid accessions: 8- D54/1, 9- D279/1, 10- D282/1, 11- Control B 
 

Figure-3. Electrophoreogram of tested Amarant accessions using the primer Ama-AH 4. 
 

Coding and noncoding length polymorphism 
based on microsatellites evaluated by Ama-AH 4 SPAR 
primer shows in the Ficha accessions dendrogram 
variability of tested mutans plants corresponding to the 

fact that they all are the offsprings and the only difference 
is the treatment of gamma-rays and the control genotype 
without this treatment.  
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Table-3. Intraspecific similarity (% Jaccard´s coefficient) among mutant lines of Ficha 
genotype based on Ama-AH 4 marker results. 

 

Genotype C 15/1 C 26/2 C 26/3 C 27/5 C 82/1 C 236/1 Control A 
C 15/1 -       
C 26/2 57,9 -      
C 26/3 68,4 64,7 -     
C 27/5 65,0 61,1 72,2 -    
C 82/1 55,0 58,8 61,1 57,9 -   
C 236/1 52,6 56,3 58,8 55,6 52,9 -  

Control A 67,5 73,3 86,7 81,3 68,8 66,7 - 
 

Based on the fragmet length polymorphism data, 
the Jaccard similarity coefficient was 63, 93% for the 
Ficha accessions and 86, 23 for the K-433 accessions. 
Variability of genetic coefficient values (Table-3) and 
dendrogram clusters corresponds to the analysed 
intergenic space of Ficha mutant lines compared to 
Control A as well as mutant hybrid K-433 lines compared 
to Control B (Table-4). 

The Jaccard similarity coefficient was in all cases 
higher than 50% what shows the high level of the DNA 
fragments of teh same lenght in their intergenic space. As 
the most similar to the Control A was the mutant line C 
26/3.  
 
Table-4. Intraspecific similarity (% Jaccard´s coefficient) 

among mutant lines of K-433 hybrid based on 
Ama-AH 4 marker results. 

 

Genotype D54/1 D279/1 D282/1 Control B 
D54/1 -    
D279/1 86,7 -   
D282/1 92,9 81,3 -  

Control B 86,7 76,5 93,3 - 
 

Using Ama-AH 4 primer for hybrid K-433 
accessions the results corresponds to those for Ficha. The 
Jaccard similarity coefficient is in the range of 76, 5 - 
100% and DNA fragment profile was polymorphic in only 
4 band levels. Dendrogram based of Ama-AH 4 primer 
PCR results shows very high intergenic SPAR profile 
similarity of C 282/1 and Control B genotypes. 
 
DISCUSSIONS  

Nowadays, molecular markers are used in a wide 
range of analyses (Faltusová, Kučera, Ovesná, 2011; 
Smýkal et al., 2011, Balážová et al., 2007, Heldák et al., 
2007), so the potential for mutation radiance caused DNA 
changes is predictable. Mutagenesis is widely used method 
in plant breeding. Breeders use mutagenesis to improve 
characters and properties of plants and to increase genetic 
polymorphism within plant genomes. Mutagenesis 
experiments were realized by Morita et al. (2009) and 
Agrawal et al. (2001) with rice, Ramesh et al. (2001) and 

Zayats (2001) with barley, Das et al. (2001) with potato, 
but also by Kgang (2008) and Gajdošová et al. (2002, 
2005) with Amaranthus. Plant genome reaction on γ-
radiation was similar in the case of amaranth, poppy and 
fenugreek and the expression of mutagenesis has lead to 
the incremenent of seed yield. Furthermore, in the case of 
poppy seed and fenugreek the content of morphine and 
diosgenin were increased, too. However, there was not 
found any considerable change in biochemical seed 
composition due to γ-radiation in amaranth (Floria and 
Ichim, 2006a; Floria and Ichim, 2006b; Gajdošová et al., 
2005, 2008). As the results of presented study shows, the 
polymorphism changes caused by γ-radiation in selected 
amaranth lines can be detected using PCR technique. 
Nowadays, different molecular methods are used to 
distinguish DNA polymorphisms of inter- and intra- 
species variability between plants. These techniques lead 
to mapping the whole spectrum from individuals to 
populations. Moreover, mutation breeding produces 
population of genotypes, which need to be sorted 
according genetic diversity. Ray, Roy (2009) determined 
genetic diversity and relationships among Amaranthus 
species by RAPD and SCAR markers. RAPD primers 
yielded a total of 262 amplicons, of which 96.94% were 
polymorphic. A mean similarity coefficient among all the 
Amaranthus species was 0.56. Ranade et al. (1997) 
evaluated inter- and intra-species variability present in the 
genus Amaranthus at the molecular level by RAPD 
molecular markers. To determine the polymorphism 
between individual samples, presented technique was 
shown as a suitable tool for the determination of the 
variability between related subjects (Souframanien 2002; 
Štefúnová and Bežo 2003; Joshi et al., 2004; Joshi et al., 
2007) where the microsatellite based markers were used to 
distinguish parental lines and hybrids in rice, bajra, 
sorghum and sunflower hybrids.  Distinguishing ability of 
SPAR primers used in this study was similar to results 
mentioned above. The primer Ama-AH 5 reveals inter-
species DNA polymorphism between cultivar Ficha and 
hybrid K-433 without the ability to find DNA 
polymorphism among their mutant lines. DNA profiles 
were more polymorphic when comparing to the Ama-AH 
4 primer. Ama-AH 4 primer provides the ability to 
observe inter-specific and intra-specific polymorphism, 
too. Consequently, Ama-AH 4 primer distinguished 
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cultivar Ficha and hybrid K-433 and also there was found 
variability among mutants. In comparison, the 
examination of genetic diversity and relationships between 
cultivated and wild Amaranthus species using isozyme and 
RAPD markers high levels of genetic diversity were found 
between species, but genetic uniformity was observed 
among selected genotypes (Chan, Sun, 1997). 

Successful generation of randomly amplification 
primed micro satellite markers, and the number of 
fragments produced, is highly variable across studies and 
primers. The number of generated loci correlated to the 
number of bases in repeat units, but the number of bands 
produced by GA vs GT repeats differed and correlated 
with the known diversity of these micro satellites in rice 
(Blair et al., 1999). Competition during PCR may 
influence fingerprints profiles. This was demonstrated by 
two-primer experiments in which some bands identified by 
the primers individually were lost when the primers were 
combined (Huang and Sun, 2000; Liu and Wendel, 2001). 
Results of Lee et al. (2008) demonstrate wide potential 
applicability of these markers for the study of intra- and 
inter-specific genetic diversity as well as evolutionary 
relationships among cultivated and wild amaranths. The 
12 loci were successfully amplified in all the tested species 
demonstrating wide potential applicability of these 
markers for the study of intra- and inter-specific genetic 
diversity as well as evolutionary relationships among 
cultivated and wild amaranths, which may be of 
considerable value for the conservation and use of 
amaranth genetic resources. The repeated motif of GA-CA 
rich regions in the amaranth genome has reported Lee et 
al. (2008), too. Kgang (2008) used mutation to create 
genetic variation in Amaranthus tricolor with improved 
drought tolerance. Mutant lines were compared with wild 
type based on RAPD markers. From 19 primers used, only 
two primers showed polymorphisms between the amaranth 
wild type and the two mutant lines. Joshi-Sacha and 
Gopalakrishna (2007) detected the polymorphism between 
a radiation induced Sesbania rostrata mutant and the 
parental genotype using three different marker systems. Of 
the 200 RAPD primers used, only 3% produced a 
polymorphism between the mutant and the parental 
genotype, whereas 12.5% of the AFLP primers and 15.7% 
of the SPAR primers produced polymorphisms. Similarly, 
SPAR method was used by Nolah et al. (2010) to find 
genetic diversity of A. pumilus populations. Genetic 
variation was detected among and within A. pumilus 
populations, according to the author’s statement found 
genetic variability was low. Due to its desirable 
characteristics in plant breeding trials, genetic variation 
within A. pumilus was also compared to variation of grain 
varieties A. hypochondriacus, L. and A. cruentus, L. From 
the results follows, that genetic diversity within A. pumilus 
was lower than either grain species. The observed genetic 
variability provides information about population and its 
background. Accordingly, similarity of mutant population 
in comparison to untreated control, from which mutant 
population comes from, is high. Jaccard similarity 
coefficient reveals 74% average similarity between mutant 

population and untreated control of Ficha cultivar and 
86% average similarity between K-433 mutant population 
and untreated control. The same collection of amaranth 
mutant lines was tested for possible change in biochemical 
composition by Hricová et al. (2011). Author’s states that 
nutritional value of selected mutant lines in comparison 
with untreated controls remain unchanged. The highest 
result for nutritional value was observed in mutant line 
C82/1, which was 17% higher than control average and 
22% higher than mutant lines average. Accordingly, γ-
radiance has no big influence on studied intergenic and 
intragenic space of DNA. Further research should be done 
to find, which mechanism cause such visible change like is 
the change of weight of thousand seeds. The average of 
Jaccard similarity coefficient to the Control A untreatment 
genotype is 74, 05% with the level of the average of the 
same coefficient among the Ficha mutant lines of 59, 87% 
what indicates the effect of gamma-radiation on the 
changes that were realized under this abiotic stress factor. 
The average of Jaccard similarity coefficient to the 
Control B is 85, 5% and the average among hybrid K-433 
mutant lines is 86, 97%, what means no significant 
difference in this group. This may be a result of a hybrid 
origin of tested accessions and better hybrid seed mass 
formation vigor, what affects both, coding and non-coding 
regions, too. 
 
CONCLUSIONS 

There is possibility to study the genome of 
mutant amaranth plants by molecular markers to 
distinguish γ-radiation induced changes on the molecular 
level when selected markers gain DNA unique profiles of 
concrete genotype and allows studying genetic similarity 
and dissimilarity among tested genotypes. Amaranthus 
accessions of control genotypes and mutant lines when 
analysed by microsatellite markers produced reproducible 
polymorphic banding patterns and with a potential to 
distinguish both, the species specifity and mutant lines 
specifity, too.   
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