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Abstract: Simple sequence repeat (SSR markers or microsatellites), based on the specific PCR amplification of 

DNA sequences, are becoming the markers of choice for molecular characterization of a wide range of plants 

because of their high polymorphism, abundance, and codominant inheritance. Different methods have been used 

for the analysis of the SSR amplified fragments being submarine agarose electrophoresis the more suitable 

method for the routine application. In this work we have performed a comparative study of the utilization of four 

different types of low melting (Metaphor®, Sea Kem®, and MS-8®) and regular (LD-2®) agaroses and two 

different staining protocols using Ethidium Bromide and Gel Red Nucleic Acid Gel Sating®. Almond cultivars 

assayed included the Spanish cultivars ‘Antoñeta’, ‘Marta’, ‘Penta’, ‘Tardona’ ‘Desmayo’ and ‘Guara’, the 

French cultivars ‘Ferragnés’ and ‘R1000’, the USA cultivar ‘Mission’, the Tunisian cultivar ‘Achaak’, the Italian 

cultivar ‘Tuono’ and the Australian cultivar ‘Chellaston’. SSR detection using Metaphor® agarose gel 

electrophoresis was the most efficient with higher resolution and would be able to resolve most of allelic 

variation in comparison with the other three agaroses assayed. In addition, gel staining using Ethidium Bromide 

showed similar results than the GelRedTM Nucleic Acid Gel Stain® although it is much more toxic. The use of 

MetaPhor® agarose and GelRedTM Nucleic Acid Gel Stain® appears good indicated for molecular 

characterization of mapping of population due to its good resolution in comparison with the rest of agaroses, less 

toxicity in comparison with the use of Ethidium Bromide, and lower cost and easier routine application in 

comparison with the automatic capillary sequencing. 
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INTRODUCTION 

DNA simple sequence repeats (SSR markers or 

microsatellites) also known as Short Tandem 

Repeats (STRs) are based on the PCR technique 

through the specific amplification of the conserved 

DNA sequence flanking repetitive DNA sequences 

(microsatellite loci) of the genome [8]. These kind 

of molecular markers are becoming the markers of 

choice for fingerprinting studies for a wide range of 

plants. SSRs are abundant with high 

polymorphism, dispersed through the plant 

genome, and codominant inheritance. They are well 

suited for the assessment of molecular genetic 

variability within crop species [2]. In addition, 

these DNA flanking SSRs are often well conserved 

in related species, which allows the cross-species 
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amplification with the same primer pairs in related 

species [3, 4].  

Electrophoresis in polyacrilamide with radioactive 

and silver staining was the first method used in the 

analysis of the PCR amplified fragment of DNA 

obtained from the SSR markers. Metaphor® 

agarose was a method used as alternative to the 

polyacrilamide due to its easier application [5]. 

Low melting agaroses such as Metaphor® are 

derivated by organic synthesis which generates 

methoxylate groups from the basic agarose 

structure. The main properties of these agaroses are 

their low melting and gelling temperatures when 

compared with standard agaroses and the higher 

resolution in the analysis of DNA fragment. More 

recently, new methods for the PCR amplified DNA 

have been developed including the utilization of 

capillarity electrophoresis in automated sequencers. 

However, the use of submarine agarose gels 

continue being the easier method for the analysis of 

SSR markers although it appears less indicated for 

genotype characterization that the other two 

methods (and may be the most convenient in 

mapping of population [6, 7]. 

The objective of this work was the optimization of 

the analysis of almond PCR amplified DNA from 

simple sequence repeats (SSRs) through submarine 

electrophoresis using different low melting and 

regular agaroses and staining protocols. 

 

MATERIAL AND METHODS 

Almond cultivars assayed included the Spanish 

cultivars ‘Antoñeta’, ‘Marta’, ‘Penta’, ‘Tardona’ 

‘Desmayo’ and ‘Guara’, the French cultivars 

‘Ferragnés’ and ‘R1000’, the USA cultivar 

‘Mission’, the Tunisian cultivar ‘Achaak’, the 

Italian cultivar ‘Tuno’ and the Australian cultivar 

‘Chellaston’.  

Total DNA was isolated using the procedure 

described by Doyle and Doyle (1987) and PCR-

amplified using four pair of primers flanking 

nuclear SSR sequences cloned in peach 

(UDP96005, UDP98411, MA27a, MA40a)[1,3]. 

PCR reactions were performed according to the 

protocol optimized by Sánchez-Pérez et al., 2006 

[6]. Amplified PCR products were separated using 

four different types of agaroses including low 

melting Metaphor® agarose (Cambrex, East 

Rutherford, NJ, USA) (with a prix around 2.50 

€/g), low melting Sea Kem® agarose (FMC, 

Phyladelphia, NJ, USA) (1.53 €/g), low melting 

MS-8® agarose (Conda, Madrid, Spain) (1.72 €/g), 

and regular LD-2® agarose (Conda, Madrid, Spain) 

(0.85 €/g). In addition, two different staining 

protocols were also assayed including Ethidium 

bromide (MoBio, Carlsbad, CA, USA) (0.65 €/ml) 

and GelRedTM Nucleic Acid Gel Sating® (Biotium, 

Hatwad, CA, USA) (7.50 €/ml).  

 

RESULTS AND DISCUSSION 

Results corroborated the suitability of the use of 

SSR markers for the assessment of molecular 

genetic variability in almond and the high degree of 

transportability between peach SSR in almond 

previously reported by Martínez-Gómez et al., 

2003a and 2003b [3,4]. 

SSR detection using Metaphor® agarose gel 

electrophoresis was the most efficient and would be 

able to resolve most of allelic variation in 

comparison with the other agarose assayed (Fig 1). 

Regarding of the cost of the different low melting 

and regular agaroses assayed Metaphor® agarose is 

the most expensive (2.50 €/g) although the higher 

resolution quality justify its use. 

On the other hand, gel staining using ethidium 

bromide showed similar results to than the 

GelRedTM Nucleic Acid Gel Sating® (Fig 2) 

although ethidium bromide is much more toxic. 

Regarding of the cost of the different staining 

protocols, GelRedTM Nucleic Acid Gel Sating® is 

around ten times more expensive although the 

safety in the lab and the lack of carcinogen risk 

justify its use. 
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Fig 1. Metaphor®, Sea Kem®, MS-8®, and LD-2® agarose gels 

(3%) showing the allelic segregation of UDP98411 SSR marker 

assayed in 13 almond cultivars. 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

Fig 2. Metaphor® agarose gels (3%) showing the allelic 

segregation of UDP98411 and MA27a SSR markers assayed in 

20 almond cultivars and stained using Ethidium bromide and 

GelRedTM Nucleic Acid Gel Sating®. 

 

 

CONCLUSION 

As conclusion we can indicate that the use of 

MetaPhor® agarose and Gel Red Nucleic Acid Gel 

Sating® appears good indicated for molecular 

characterization of mapping of population, due to 

its good resolution in comparison with the rest of 

agaroses, less toxicity in comparison with the use 

of ethidium bromide, and lower cost and easier 

routine application in comparison with the 

automatic capillary sequencing.  
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