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ABSTRACT 
 

Genetic diversity of quinoa around the world is narrow which may threaten the 
ability of breeders to improve and increase the crop yield. A field experiment was 
carried out at the experimental farm at Ras Sudr, South Sinai Governorate during 
growing season 2012/2013. Yield, its components and the genetic variation among 
five quinoa genotypes viz: Kvlsra 2, Kvlsra 3, Regalona, Q-37 and Q-52 were 
evaluated under Ras Sudr conditions. The results indicated that the genotype Q-37 
followed by Regalona cultivar recorded the highest mean values for seed yield. The 
correlation for mean performances were positive and high significant among number 
of heads and each of heads yield, 1000- seed weight, seed yield and straw yield, such 
traits may be taken in account in quinoa breeding programs. 

Biochemical and molecular markers were used to identify the level of 
polymorphism and to study the genetic relationships among the five quinoa 
genotypes. Seventeen polymorphic protein bands produced (59%) of polymorphism. 
Regalona cultivar and Q-37 revealed that highest number of protein unique bands 
which could be considered as marker for salinity tolerance. Five isozymes systems 
including POD, ACPH, β-EST, α-EST and ADH revealed six polymorphic bands and 
produced moderate polymorphism (53%) and two unique bands for Q-37 as markers 
for salinity tolerance. Five RAPD primers produced fifteen polymorphic bands, and 
produced the highest polymorphism (66%). Q-37 genotype produced the highest 
number of unique bands as specific band for salinity tolerance. The dendrogram for 
the genetic relationships of the five quinoa genotypes based on overall markers 
separated them into two major groups. The first group included Q-37 genotype and 
Regalona cultivar and the second group were included Kvlsra 2, Kvlsra 3 and Q-52 
genotypes. 

From the previous results, a considerable level of variations were detected 
among five quinoa genotypes by biochemical and molecular markers which can help 
to select the most suitable genotypes Q-37 and Regalona cultivar for stress tolerance, 
good yield, presented considerable interest for the genetic studies, plant improvement 
and accepted by farmer to enter breeding programs and for reclamation salt affected 
lands. The mean squares for all traits were significant among the five quinoa 
genotypes. 
Keywords: Quinoa genotypes, salinity, Biochemical markers, molecular markers and 

Isozymes.  
 

INTRODUCTION 

 
Chenopodium quinoa is one of the most important food crops in the Andean 
highland of South America (Kadereit et. al., 2003).The seeds contain an 
excellent balance of carbohydrates, lipids and protein, it provides an ideal 
balance of all 20 essential amino acids making it an excellent food source 
(Chauhan et. al., 1999). Quinoa is one of the only few crop plants adapted to 
the extreme conditions of salinity and drought that characterize in different 
region (Prado et. al., 2000). In spite of the importance that has been 
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attributed to the quinoa crop to face different stresses conditions, only few 
lines of investigation exist to establish applied genetics and molecular 
characteristics of this crop. Up to now, only a few researchers have reported 
the development and use of breeding, biochemical and molecular markers in 
quinoa. Proteins and isozymes as simple cheap techniques have been 
successfully used to identify wild Chenopodiaceae species (Bhargava et. al., 
2012 and Wilson, 1988). Maugham et. al., 2004 was used the data of 
isozymes in quinoa for confirming the genetic difference between ecotypes of 
the plateau and valleys for help to made a genetic map in order to establish 
genotypic differences between quinoa from the North and the South of Chile. 
In the most cases, studies regarding quinoa are only focused on morphology 
with high genetic diversity, physiological and biochemical comparison 
between wild or weedy forms and local cultivated or domesticated varieties. 
RAPD is a stable unaffected with a marker for different environmental 
conditions and have proven to be useful for the analysis of genetic structure 
in crop species. This technique has the advantages of being fast and easy, 
requiring little plant material, having high resolution without previous 
knowledge of DNA sequences (Nybom, 2004). Therefore, the main objectives 
of the present study were to investigate the molecular diversity and 
relationships among five quinoa genotypes and to compare the morphological 
characters such as yield components to use this information in future 
breeding programs. 
 

MATERIALS AND METHODS 
 
Field experiment  
 One field experiment was carried out at Ras Sudr Experimental farm 
Station of Desert Research Center, South Sinai governorate during 
2012/2013 to evaluate the genetic variations, yield and its components for 
five quinoa genotypes namely: Kvlsra 2, Kvlsra 3, Regalona cultivar, Q-37 
and Q-52 under saline soil and water of Ras Sudr conditions. Quinoa seeds 
were sown in November 18

th
 in a complete randomized block design in three 

replication. The plot size was 8.0 × 3.5 m, quinoa seeds were sown in rows 
and two plants per hill (40 cm. spaces). The agricultural practices and 
recommended fertilization was applied. Plants were harvested after 150 days 
from sowing date. Data of yield and yield components were recorded i.e.: 
plant height (cm), number of lateral branches/plant, number of heads /m

2
, 

heads yield (g/m
2
), seed yield (g/m

2
) and straw yield (g/plant). Data were 

analyzed for homogeneity of variances using a Bartlett test in one season 
and subjected to Analysis of Variance (ANOVA) using MSTAT-C computer 
software, Michigan State University, (1988). Physical and chemical properties 
of the soil and irrigated water are presented in Table (1). 
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Table 1: Physical and chemical properties of soil & chemical analysis of 
irrigation water at Ras Sudr 

a) Physical analysis of soil 

Total sand (%) Clay (%) Silt (%) Texture class 

85.14 9.01 5.85 Sandy loam 
b) Chemical analysis of soil and irrigation water 

EC 
dS/m 

ppm pH 

Cations (meq/L) Anions (meq/L) 

Ca
++

 Mg
++

 Na
+

 K
+

 CO
3

=
 HCO

3

-
 Cl

-
 SO

4

=
 

Chemical analysis of soil 

10.23 6547.2 7.64 36.42 14.32 60.87 0.651 ------ 3.061 58.65 50.55 
Chemical analysis of irrigation water 

12.34 7897.6 7.51 34.85 15.89 80.23 0.387 ------ 2.98 71.05 57.327 

 
Biochemical markers: 
Protein electrophoresis: 
 One dimensional sodium dodecyl sulfate Polyacrylamide gel 
electrophoresis (SDS-PAGE) was conducted according to the method of 
Laemmli (1970) and modified by Studier (1973) to discriminate and 
fingerprint of the five quinoa genotypes i.e., Kvlsra2, Kvlsra3, Regalona 
cultivar, Q-37 and Q-52) under Ras Sudr stress conditions whereas the soil 
and water are saline. The gel was photographed scanned and analyzed 
using Gel Documentation 2000, Bio-Rad System.       
Isozymes analysis:  
 Five isozymes systems including peroxidase (POD), acid 
phosphatase (ACPH), beta esterase (β-EST), alpha esterase (α-EST) and 
Alcohol dehydrogenase (ADH) were separated according to (Stegemann et. 
al., 1985). After electrophoresis, the gels were stained according to their 
enzyme systems with the appropriate substrate and chemical solutions then 
incubated at room temperature in dark for complete staining. In most cases 
incubation for about 1 to 2 hours is enough. After the appearance of the 
isozymes bands, the reaction was stopped by washing the gel two or three 
times with tap water, followed by adding the fixing solution. The gel was kept 
in the fixing solution for 24 hours and rinsed with tap water two times then the 
banding profile was photographed.  
Molecular markers:  
Extraction of DNA    
 Samples of fresh leaf were collected from the five quinoa genotypes 
and were ground under liquid nitrogen to a fine powder, then bulked of DNA 
extraction was performed using DNeasy plant mini kit (Qiagen). DNA was 
quantities by spectrophotometer (Unicam UV 300) at 260 nm before gel 
electrophoresis in a 1.5% agarose gel containing ethidium bromide (0.5 μg 
mL-1) in 1X TBE buffer at 100 volts for one hour. 
RAPD-PCR analysis  
 PCR amplification was performed using five random 10-mer arbitrary 
primers synthesized by Operon biotechnologies, Inc. Germany, Table (2). 
The PCR amplification was performed in a 25 µl reaction volume containing 
the following: 2.5 µl of dNTPs (2.5 mM), 1.5µl of Mg Cl2 (25 mM), 2.5 µl of 
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10x buffer, 2.0 µl of primer (2.5 µM), 2.0 µl of template DNA (50 ng/µl), 0.3 µl 
of Taq polymerase (5 U/µl) and 14.7 µl of sterile ddH2O. The reaction 
mixtures were overlaid with a drop of light mineral oil per sample. The 
reaction was subjected to one cycle at 95 ºC for 5 minutes, followed by 35 
cycles at 94 ºC for 30 seconds, 37 ºC for 30 seconds, and 72 ºC for 30 
seconds, then a final cycle of 72 ºC for 12 minutes. PCR products were run 
at 100 V for one hour on 1.4 % agarose gels to detect the polymorphism 
between the five quinoa genotypes. The amplified DNA fragments were 
separated and stained. Fragments sizes were estimated with 100bp ladder 
marker. The amplified pattern was visualized on an ultraviolet light 
transilluminator and photographed by gel documentation system (Bio-Rad® 
Gel Doc-2001) (Germany). 
 
Table 2: List of random primers and their nucleotide sequences  

 
Statistical analysis 
 Protein, isozymes and DNA bands generated were counted and their 
molecular sizes were compared with protein and DNA markers. The presence 
or absence of protein, isozymes and DNA bands were entered into computer 
program SPSS-10. 
 

RESULTS AND DISCUSSION 
 

Yield and its components 
 The analyses of variance for grain yield and other related traits are 
given in Table (3). There was a highly significant difference (P<0.05) between 
genotypes for all studied traits revealing the existence of substantial amount 
of variation among the genotypes. Such diversity of genotypes population 
might be due to factors as heterogeneity, genetic architecture of population, 
history of selection and/or developmental traits. These results agree with 
(Ghafoor et. al., 2001 and Bhargava et. al., 2007) they reported that there 
was a significant in 0.05 and 0.01 percent probability level differences for 
grain yield and its components in different crop species.               
Table 3:Observed mean squares of quinoa genotypes for different 

studied traits 

S.O.V d.f 
Plant 
height 
(cm) 

No. of 
branches/ 

plant 

Number 
of  heads 

/m
2
 

Heads yield 
(g/m

2
) 

1000- 
Seed 

weight 
(g.) 

seed yield 
(g/m

2
) 

straw yield 
(g/plant) 

Replication 2 8.38* 0.02 1.54 1007.00** 0.01 5.77 362.8** 

Genotypes 4 105.95** 20.40** 70.79** 15501.33** 3.86** 6828.82** 5579.57** 

Error 8 0.17 0.01 0.03 3.12 0.03 11.3677 1.12 

Total 14        

*and**significance at the 0.05and 0.01 levels probability, respectively. 

No. Primers Sequences 

1 OPA4 5'-AATCGGGCTG-3' 

2 OPA17 5'-GACCGCTTGT-3' 

3 OPD5 5'-TGAGCGGACA-3' 

4 OPC1 5'-TTCGAGCCAG-3' 

5 OPC16 5'-CACACTCCAG-3' 
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  The mean performances of different five quinoa genotypes were shown 
in Table (4). Significant differences were detected among all genotypes for all 
recorded traits. The genotype Q-37 followed by Regalona cultivar recorded 
the highest means for seed yield/m2 which had values 185.58 and 166.01 
g/m

2
, respectively. This superiority in yielding ability attributed to heads yield 

(g/m
2
), number of heads /m

2
 and straw yield (g/ m

2
). While, for 1000 seed 

weight, Kvlsra 3 and Regalona cultivar which had values 4.87 and 4.00 g. 
respectively. 
 
Table 4:Mean performance of five quinoa genotypes for different 

studied traits.  

Genotypes 
Plant 

height 
(cm.) 

No. of 
branches/plant 

No. of 
heads 

/m
2
 

Heads 
yield 
(g/m

2
) 

1000- 
seed 

weight 
(g.) 

Seed 
yield 
(g/m

2
) 

Straw 
yield 
(g/ 
m

2
) 

Kvlsra2 100.55 7.54 41.48 531.34 1.81 86.35 318.81 

Kvlsra 3 97.48 10.83 50.30 571.61 4.87 157.65 342.97 

Regalona 98.20 4.68 46.29 574.98 4.00 166.01 344.99 

Q-37 100.66 10.66 52.11 696.33 3.56 185.58 417.80 

Q-52 87.68 7.01 42.44 511.36 3.09 83.47 306.82 

L.S.D. 0.25 0.12 01.46 030.31 3.33 01.69 002.20 

 
Correlation coefficient between yield and its components 
 Correlation coefficient values are presented in Table (5). The 
interrelationship between mean performance were positive and significant 
between number of branches/plant and number of heads/m

2
 and were 

positive and highly significant between number of heads /m
2
 and each of; 

heads yield (g/m
2
), 1000-seed weight, seed yield/m

2
and straw yield/ m

2
; 

heads yield/m
2
 and each of seed yield/m

2
 and straw yield/m

2
; 1000-seed 

weight and seed yield/m
2
 and seed yield/m

2
 and straw yield/m

2
. Such traits 

may be taken in account in quinoa screening programs for salinity stress 
tolerance. Other traits showed low significant correlation, suggesting the 
independent of mean genotypic performance under control treatment and 
reduction percentage occurring under water stress conditions  
Table 5: Simple phenotypic correlation coefficients between genotypes 

mean performance  

Traits 
Plant 
height 
(cm.) 

No. of 
branches/plant 

No. of 
heads /m

2
 

Heads 
yield 
(g/m

2
) 

1000- 
Seed 

weight 
(g.) 

Seed 
yield 
(g/m

2
) 

No. of branches/ 
plant 

0.264      

No. of heads /m
2
 0.421 0.669*     

Heads yield (g/m
2
) 0.574 0.526 0.851**    

1000- Seed weight 
(g.) 

0.030 0.303 0.734** 0.316   

Seed yield (g/m
2
) 0.532 0.339 0.917** 0.837** 0.709**  

Straw yield (g/ m
2
) 0.583 0.526 0.851** 0.942** 0.316 0.837** 

 



Omar, S.A. et al. 

 1920 

Biochemical markers:- 
Protein marker 
 Data of biochemical markers are used to assess genetic variability 
within and among populations. (Cooke 1995 and Chauhan et. al., 1999). 
Figure 1 shows the protein electrophoretic banding patterns of leaf protein 
analysis for the five quinoa genotypes under Ras Sudr conditions. It is 
produced 29 bands distributed in all genotypes with molecular weights 
ranging from 8 kDa to 103 kDa. The distribution of these bands in the studied 
genotypes and their molecular weights are illustrated in tables 6 and 7.The 
results showed twelve common bands among the five quinoa genotypes at 
the molecular weights; 49, 42, 41, 40, 38, 32, 27, 22, 21, 20, 10 and 8 kDa. In 
addition, Kvlsra2, Kvlsra3, Regalona cultivar and Q-37 produced positive 
marker at the molecular weight 67 kDa. On the other hand, Kvlsra2 and 
Kvlsra 3 revealed unique bands at the molecular weights 103 and 98 kDa, 
respectively. While, Regalona cultivar and Q-37 revealed six and seven 
unique bands at different molecular weights, respectively. Moreover, Q-52 
genotype produced two unique bands at the molecular weights 19 and 18 
kDa. Finally, seventeen polymorphic bands produced (59%) of polymorphism 
which indicated the genetic variations of five quinoa genotypes under Ras 
Sudr conditions. These results were in agreement with Bhargava et. al., 
(2012) who separated forty cultivated and wild taxa of Chenopodium by SDS-
PAGE and the results showed that the total protein electrophoresis was 
useful for genetic identification of genotypes. 

 
Fig. 1: SDS- PAGE protein banding pattern for the five quinoa 

genotypes viz; Kvlsra2, Kvlsra3,  Regalona,  Q-37 and  Q-52.  
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Table 6: SDS-PAGE protein analysis for the five quinoa genotypes.  

Band No. MW Kvlsra2 Kvlsra3 Regalona Q-37 Q-52 Polymorphism 

1 103 1 0 0 0 0 Unique 

2 100 0 0 0 1 0 Unique 

3 98 0 1 1 0 0 Poymorphic 

4 92 0 0 1 0 0 Unique 

5 87 0 0 1 0 0 Unique 

6 80 0 0 0 1 0 Unique 

7 74 0 0 0 1 0 Unique 

8 69 0 0 0 1 0 Unique 

9 67 1 1 1 1 0 Positive marker 

10 63 0 0 0 1 0 Unique 

11 52 0 0 0 1 0 Unique 

12 49 1 1 1 1 1 Monomorphic 

13 42 1 1 1 1 1 Monomorphic 

14 41 1 1 1 1 1 Monomorphic 

15 40 1 1 1 1 1 Monomorphic 

16 38 1 1 1 1 1 Monomorphic 

17 32 1 1 1 1 1 Monomorphic 

18 27 1 1 1 1 1 Monomorphic 

19 22 1 1 1 1 1 Monomorphic 

20 21 1 1 1 1 1 Monomorphic 

21 20 1 1 1 1 1 Monomorphic 

22 19 0 0 0 0 1 Unique 

23 18 0 0 0 0 1 Unique 

24 13 0 0 1 0 0 Unique 

25 12 0 0 1 0 0 Unique 

26 10 1 1 1 1 1 Monomorphic 

27 9 0 0 0 1 0 Unique 

28 8.5 0 0 1 0 0 Unique 

29 8 1 1 1 1 1 Monomorphic 

Total 14 14 19 20 14  
    *1= band present and 0 = band absent 

 
Table 7: Number, types and polymorphism percentage of leaf soluble 

protein of five quinoa genotypes. 

          
Genetic similarity and cluster analysis based on protein: 
 Similarity matrix based on protein was developed by SPSS computer 
package system as shown in Table 8 and Fig 2. The highest relationship 
(73%) was scored between Regalona cultivar and Q-37 genotypes. While, 
the lowest relationship (13%) was scored between Kvlsra3 and Regalona 
cultivar. The dendogram based on protein, separated the five quinoa 
genotypes into two main clusters. Moreover, Kvlsra2, Regalona, Q-37 and Q-

Monomorphic 
bands 

Polymorphic bands 
Total 
bands 

Polymorphis
m % Non-unique 

bands 
Unique 
bands 

12 3 14 29 59% 
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52 were separated in the first main cluster, while Kvlsra3 was separated in 
the second cluster. 
 

Table 8:Similarity matrix of the five quinoa genotypes based on protein 
marker. 

Fig. 2: Dendrogram based on protein marker of the five quinoa 
genotypes under study 

Isozymes marker 
 Five isozymes systems included POD, ACPH, β-EST, α-EST and 
ADH were used for the five quinoa genotypes as shown in Fig (3) and Tables 
9 and 10. The results showed that there were fifteen total bands, seven 
monomorphic bands and two unique bands for Q-37 genotype. While, six 
polymorphic bands revealed (53%) of polymorphism. The highest 
polymorphism (80%) was revealed by α- EST and the lowest polymorphism 
(33%) was revealed by ACPH and β-EST. The obtained results were in 
agreement with (Abd El- Maboud and Khalil, 2013)) who used isozymes to 
detect genetic diversity and relationships in some species of the genus 
Suaeda (Chenopodiaceae) from different sites in Egypt along the 
Mediterranean Sea. Eight isozymes systems including acid phosphatase, 
alcohol dehydrogenase, α- esterase, β-esterase, aldehyde oxidase, malic 
acid, malate dehydrogenase and peroxidase produced twenty one total 
bands with (76%) of polymorphism.  

Genotypes Kvlsra2 Kvlsra 3 Regalona Q-37 Q-52 

Kvlsra2 100     

Kvlsra 3 15 100    

Regalona 60 13 100   

Q-37 63 30 73 100  

Q-52 45 40 57 57 100 
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Fig 3:  POD, ACPH, β-EST, α-EST and ADH isozymes banding patterns 

among the five  quinoa genotypes viz; Kvlsra 2, Kvlsra 3,  
Regalona, Q-37and Q-52. 

    
Table 9: Polymorphism percentages generated by the five isozymes 

systems among the five quinoa genotypes 

 
Table 10: Isozymes types, monomorphic bands, polymorphic bands, 

unique bands, total amplified bands and polymorphism 
percentages generated by the five isozymes systems among 
the five quinoa genotypes 

 

Polymorphism Q-52 Q-37 Regalona Kvlsra 3 Kvlsra 2 No.  bands 
Isozymes 
types 

Monomorphic 1.00 1.00 1.00 1.00 1.00 1 
POD 

Unique 0.00 1.00 0.00 0.00 0.00 2 

Monomorphic 1.00 1.00 1.00 1.00 1.00 1 

ACPH Monomorphic 1.00 1.00 1.00 1.00 1.00 2 

Polymorphic 1.00 1.00 0.00 1.00 0.00 3 

Monomorphic 1.00 1.00 1.00 1.00 1.00 1 

β-EST Monomorphic 1.00 1.00 1.00 1.00 1.00 2 

Unique 0.00 1.00 0.00 0.00 0.00 3 

Polymorphic 1.00 1.00 0.00 0.00 0.00 1 

α-EST 

Monomorphic 1.00 1.00 1.00 1.00 1.00 2 

Polymorphic 0.00 1.00 1.00 0.00 1.00 3 

Polymorphic 0.00 1.00 1.00 0.00 0.00 4 

Polymorphic 0.00 1.00 1.00 0.00 0.00 5 

Monomorphic 1.00 1.00 1.00 1.00 1.00 1 
ADH 

Polymorphic 1.00 1.00 1.00 0.00 0.00 2 

Isozymes types 
Monomorphi

c  bands 
Polymorphic  

bands 
Unique 
bands 

Total 
bands 

Polymorphism (%) 

POD 1 0 1 2 50% 

ACPH 2 1 0 3 33% 

β-EST 2 0 1 3 33% 

α -EST 1 4 0 5 80% 

ADH 1 1 0 2 50% 

Total 7 6 2 15 53% 
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Genetic similarity and cluster analysis based on isozymes 
 Based on isozymes markers, similarity matrix was developed by 
SPSS computer package system as presented in Table (11) and Fig (4). The 
highest relationship (88%) was scored between Q-37 and Regalona cultivar 
and the lowest relationship (10%) was scored between Kvlsra2 and Q-52 
genotypes. The dendrogram based on isozymes, separated the five quinoa 
genotypes into two main clusters. Moreover, Kvlsra 2, Regalona cultivar, Q-
37 and Q-52 genotypes were separated in the first cluster, while Kvlsra 
3genotype was separated in the second cluster. 
 
Table 11:Similarity matrix for five quinoa genotypes based on isozymes 

under Ras Sudr conditions  

Fig 4: Dendrogram based on isozymes markers of five quinoa 
genotypes viz; Kvlsra2, Kvlsra3, Regalona cultivar, Q37 and Q-
52 genotypes. 

 
Molecular markers  
RAPD-PCR: Five RAPD primers amplified DNA fragments for the five quinoa 
genotypes as illustrated in Fig (5) and Table (12 &13). A total of forty four 
bands, fifteen bands were monomorphic and the fifteen bands were 
polymorphic (66% of polymorphism) revealed for the five quinoa genotypes. 
Fourteen bands were unique and could be considered as specific bands for 
species and salinity tolerance. Kvlsra2 produced unique band of the 
molecular weight 400bp used as specific band. While, Regalona cultivar 
produced three unique bands of the molecular weights; 1200, 1000 and 550 
bp, respectively. So, Q-37genotype produced ten unique bands of different 
molecular weights used as species specific. Polymorphism levels differed 
from one primer to another. OPC1 primer exhibited the lowest level of 
polymorphism (40%) among five quinoa genotypes, while, OPC16, OPD5 
OPA4, and OPA17 primer exhibited the highest levels of polymorphism (82%, 
80%, 72% and 55%, respectively). These results agreed with (Leonardo and 
Max 2009) who coincided that molecular marker separated quinoa into two 

Genotypes Kvlsra2 Kvlsra3 Regalona Q-37 Q-52 

Kvlsra2 100     

Kvlsra3 68 100    

Regalona 13 87 100   

Q-37 51 39 88 100  

Q-52 10 40 30 80 100 
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types: a coastal type (Chile) and an Andean plateau type a complement to 
the work of (Ruas et. al., 1999) who used RAPD marker to detect the degree 
of polymorphism between cultivated and wild species of quinoa. They 
showed that wild and crop populations of Chenopodium quinoa share a low 
level of molecular variation, without differentiation between sympatric 
domesticated and weedy populations, and low levels of intraspecific variation 
within accessions because of the same genetic pool with limited seed 
exchange among geographically isolated regions is also probably a factor of 
differentiation as well as the cultivation practices of farmers. 
 

 
Fig 5: RAPD primers viz; OPA1, OPA17, OPD5, OPC1 and OPC16        

among the five quinoa  genotypes viz; Kvlsra2, Kvlsra3,  
Regalona cultivar, Q-37and Q-52  
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Table 12: Amplified fragments obtained from the DNAs of five quinoa 
genotypes 

 

RAPD Primers Kvlsra 2 Kvlsra 3 Regalona Q-37 Q-52 Pb 
Polymorphis

m 

Primer A4 

1 1 0 0 0 270 Polymorphic 

1 1 1 1 1 300 Monomorphic 

0 0 0 1 1 330  

1 1 1 1 1 500 Monomorphic 

0 0 0 1 1 600 Polymorphic 

0 0 0 1 0 650 Unique 

1 1 1 0 1 700 Polymorphic 

1 1 1 1 1 750 Monomorphic 

0 0 0 1 0 1000 Unique 

0 0 1 0 0 1200 Unique 

Primer A17 

1 1 1 1 1 270 Monomorphic 

1 1 1 1 1 300 Monomorphic 

0 0 0 1 0 430 Unique 

1 1 1 0 1 470 Polymorphic 

1 1 1 1 1 520 Monomorphic 

0 0 1 0 0 550 Unique 

1 1 1 1 1 750 Monomorphic 

0 0 1 0 0 1000 Unique 

0 1 0 0 1 1200 Polymorphic 

 
 
 

Primer D5 

1 1 1 1 1 300 Monomorphic 

0 0 0 1 0 350 Unique 

1 0 0 1 0 450 Unique 

0 0 0 1 0 550 Unique 

1 1 1 1 1 630 Monomorphic 

0 0 0 1 0 750 Unique 

1 1 1 1 0 800 Polymorphic 

Primer C1 

0 0 0 1 0 200 Unique 

1 1 1 1 1 300 Monomorphic 

1 1 1 1 1 350 Monomorphic 

1 1 1 1 1 500 Monomorphic 

1 1 1 1 1 650 Monomorphic 

1 1 1 1 1 750 Monomorphic 

1 1 0 1 0 1150 Polymorphic 

Primer C16 

1 1 1 1 1 250 Monomorphic 

0 0 1 0 1 300 Polymorphic 

0 0 0 1 0 350 Unique 

1 0 0 0 0 400 Unique 

1 0 0 1 0 450 Polymorphic 

1 0 0 1 1 500 Polymorphic 

1 1 1 1 1 650 Polymorphic 

0 0 0 1 0 680 Unique 

1 1 1 0 1 700 Polymorphic 

1 1 1 1 1 750 Monomorphic 

0 0 1 1 0 800 Polymorphic 
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Table 13: Primer codes, length range (bp), monomorphic bands, 
polymorphic bands, unique bands, total amplified bands and   
polymorphism percentages of the five RAPD primers of five 
quinoa genotypes. 

Genetic similarity and cluster analysis based on RAPD markers 
 The RAPD data were used to estimate the genetic similarity among 
the five quinoa genotypes by using SPSS computer analysis as shown in 
Table 14 and Fig 6. The highest similarity (95%) was recorded between Q-37 
and Regalona cultivar, while the lowest similarity (12%) was detected between 
Q-37 and Q-52genotypes.The dendrogram for the genetic relationships of the 
five quinoa genotypes were separated into two major groups. The first group 
included two subgroups, the first subgroup included Q-37 and Regalona 
cultivar, and the second subgroup included Kvlsra 2.While, the second group 
included Kvlsra 3 and Q-52 genotype.  
 
Table 14: Similarity matrix based on RAPD marker for five quinoa 

genotypes  

 

  Fig. 6:Dendrogram based total analysis RAPD markers of the five 
quinoa genotypes, Kvlsra2, Kvlsra3, Regalona, Q-37 and Q-52. 

Genetic similarity and cluster analysis based on protein, isozymes and  
RAPD markers 

The obtained data across protein, isozymes and RAPD profiles in this 
work were pooled together to estimate the genetic similarity of the five quinoa 
genotypes under salinity conditions by using SPSS computer analysis as 
shown in  Table (15) and Fig (7). The highest similarity (89%) was recorded 
between Q-37 and Regalona. While the lowest similarity (60%) was detected 
between Q-37 and KVLSRA3. The dendrogram for the genetic relationships 
of the five quinoa genotypes exhibited in Fig. (7), which separated them into 

Primer 
codes 

Length range 
(pb) 

Monomorphic    
bands 

Polymorphic    
bands 

Unique  
bands 

Total amplified 
bands 

Polymorphism 
percentages 

OPA 4 1200-270 2 5 3 10 80% 

OPA17 1200-270 4 2 3 9 55% 

OPD 5 800-300 2 1 4 7 72% 

OPC 1 1500-200 5 1 1 7 40% 

OPC16 800-250 2 6 3 11 82% 

Total  15 15 14 44 66% 

Genotypes Kvlsra2 Kvlsra3 Regalona Q-37 Q-52 

Kvlsra2 100     

Kvlsra3 36 100    

Regalona 63 15 100   

Q-37 66 16 95 100  

Q-52 31 93 20 12 100 
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two major groups. The first group included Q-37 and Regalona. While the 
second group included Kvlsra2, Kvlsra3 and Q-52. 
 
Table 15: Similarity matrix of total analysis (protein, isozymes and 

RAPD) markers of the five    genotypes, Kvlsra2, Kvlsra3, 
Regalona, Q-37 and Q-52 genotype. 

The dendrogram for the genetic relationships of the five quinoa 
genotypes base on overall markers  

Fig 7:  Dendrogram based on total analysis (protein, isozymes and 
RAPD) of the five quinoa genotypes.  

 
CONCLUSION 

 
 The results showed that significant differences were detected among 
all genotypes for all traits. The genotype Q-37 followed by Regalona cultivar 
for mean seed yield. The interrelationship between mean performance were 
positive and high significant among number of heads and each of heads 
yield, 1000- seed weight, seed yield and straw yield, Such traits may be taken 
in account in quinoa genotypes screening programs. 
The results of the study can be used as a starting point for future researches 
with the aims of defining the level of genetic diversity of five quinoa 
genotypes under Ras Sudr conditions. 
 The results of biochemical and molecular markers showed that Q-37 
followed by Regalona produced highest number of total and unique bands as 
specific bands for species and salinity tolerance which confirm breeding 
results with superior morphological characters.. This study have given the 
important clues in understanding the relationships of quinoa genotypes, 
which may further assist in developing and planning breeding strategies to 
select the most promising genotypes.  
 

Genotypes Kvlsra 2 Kvlsra 3 Regalona Q-37 Q-52 

Kvlsra2 100     

Kvlsra3 65 100    

Regalona 68 68 100   

Q-37 67 60 89 100  

Q-52 78 83 67 66 100 
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والتقيييييلواليييلباض وليييكيبوالتباثيييينواللباضييييتوظييي والثيديييلاوت يييثو يييبل وب  و ييي ب
وبشاوظصفى.ولادجىوظ يل وو، ي وعظب
والقاهبة،وظصبو-الظطبيتوظبثزوك لثوالص باء،و-وصللواللباضيتوالدكاتيتق لواأل

 
 تددي ير ا  ددرلن ا  ي دد  تيدد يعتمددت تيتيددت ف ددكين ا عيكددلا وكددل ا رددكلت ا م اددرا  كترعيدد  ا ددلرا ل 

ف دكين فكييء ا عدي م ممدي يادتت ةدترم ا مدر ي  وكدل تيردي   مع مك را  قك  ا تكلع ا جيكي  كعيكلا في ل. ا مختكف 
 ، تايزييتم إكتيجيا عيكلا لا عمل وكل 

 لذ دت 2012/2013 ا شدتل  ملردما فجري  تجر   يقكي  في ميط  رفس رتر، جكل  ريكيء خدلل 
تيد   Q-52ل  Kvlsra 2 ،Kvlsra 3 ،Regalona ،37- Q:   عيكدلامد  ا تقيديم خمرد  تراعيد  لرا يد  
 جميدد  ددي   معكليدد ق لا كتددي و لجددلت فددر اددر  فةدت . لملح لا ددر   ي ميدديم ا مي يدد  درلن ا تر دد  ا متددي رم  دديأ

يكيد  ا  دكن  Q-37لةدت ردجل ا ترعيد  ا دلرا ل  . جمي  ا  دفي  تيد  ا ترارد  ا مرتختم  لرا ي ا تراعي  ا 
Regalona تلرط  قيم مي لل ا  دذلر. لعيكد  ا علةد   دي  متلردط اأتاء ملج د  لوي يد  ذا  ت  د  فوكل م

 ددذرم للز  ا  دذلر، مي ددلل ا  ددذلر لمي دلل ا قدد ، لوكددل 0111إي دي ي   ددي  ودتت ا كددلرا ، للز  ال  
 وت ير في  رامو تر ي  ا عيكلا.ذ ت يمع  ف  تؤخذ هذم ا  في  في اإل

لترارد  ا علةدي  شدعيل ا م اريد  تعدتت اأميلي  لا جزي ي   تيتيت كرد  رتختم  ا معكمي  ا  يلعيإ   
  متعدتتم اأشدعيل ا م اريد  كرد   وطد  رد ع  يدزم  درلتيلةدت فلرا يد   كعيكلا.ا ا لرا ي   ي  ا خمرد  تراعيد  

وكدل ودتت مد  ا يدزم ٲ Q -37ا ترعي  ا لرا ل ل Regalona ا  كن وطلفعمي فوطل %(. 95ختلفي  )إ
ردديت فلرددفيتيز، ك مدد  اكزيميدد  تشددمل ا  يرلعردديتيز، اأفكتجدد  خمردد  فا  رلتيكيدد  ا متخ  دد   تيمددل  كمكليدد . 

ختلفددي  إشددعيل ا م اريدد  لكردد   رددت  يددزم متعددتتم اأ رددتيريز، ا عيددلل تيايددترلجيكيزف فددي فرددتيريز، ف  يتددي ف
 ادر  خمرد  ف عمي  تيمل  كمكلي ، Q -37ا لرا ل كترعي   كي  م  ا يزم ا متخ     إ%( ل95متلرط  )

 %(.66ختلفددي  )إوكل كردد   يشددعيل ا م اريدد   ددخمردد  وشددرم يزمدد  متعددتتم اأ RAPD يت ددي  وشددلا ي  
، ف دك  شدجرم  رلتيكيد  ا متخ  د   تيمدل  كمكليد وكل وتت م  ا يزم ا ٲ Q 37- ا ترعي  ا لرا ل وطلفل

وكل عل ا معكمي  ا لرا ي  ا مرتختم  فل ا ترارد  ا خمرد  تراعيد  لرا يد   ا قرا   ا لرا ي  )ا تكترلجرام(  كيء
 ا مجملود  . فدل يدي  مدم Q -37ل Regalona ا  دكن ل دل مدم اأ  ل مجملوتي  ر يرديتي .إ كعيكلا 
 .Kvlsra 3, Q-52   ا  يكي 

رددتختام إكعيكددلا  ا خمردد    ا لرا يدد  ختلفددي  لرا يدد   ددي  ا تراعيدد إ ، لجددت  كدديء وكددل ا كتددي و ا رددي ق 
ا ترعيد  ل Regalona ا  دكن لهمديفمدل ا تراعيد  فختيدير إي  لا جزي ي  لا تل تريهم فل  ييا  يلعيم ا ت  ل
همي  خي    كتراردي  ا لرا يد   تيردي  ا ك دي  فوط  فعمي  لتم ا مي لل,جل  تيمل ا مكلي  Q -37ا لرا ل

 .رامل ا مكيي رت لح اأإر ي  لتخيل ا عيكلا فل  رامو ا تا متلةع  م  ا مزاروي  إل


