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ABSTRACT. The characterization and selection of molecular markers are important for genetic pre-

breeding programs since they make it possible to choose the most appropriate markers to be used in future 

research. Therefore, enabling the generation of subsidies for genetic-molecular studies in algabora 

(Prosopis juliflora (Sw.) DC). The amplification profile was characterized. It was generated from 17 pairs of 

RGA primers (Resistance Gene Analogs) in 20 samples of genomic DNA of P. juliflora extracted from 

specimens collected in the city of Itapetinga, Bahia. The amplifications were performed according to 

previously published laboratory routines and the amplification profiles analyzed from the 

photodocumentation of the electrophoresis results in 2% agarose gels. Based on the amplification profiles 

the primer pairs were classified as: Suitable: amplifications in the whole samples and with easy 

visualization; Reasonable: amplification in parts of the samples and/or difficult to visualize or Inadequate: 

absence of visible amplification products. Descriptive analyzes associated with the number of generated 

markers, percentage of polymorphism, expected heterozygosity (He) and the content of polymorphic 

information (PIC) were also performed. In a nutshell, 12 out of the 17 pairs of RGA primers generated 

amplification products with easy visualization and only two of these 12 pairs of primers were monomorphic. 

The percentage of polymorphism varied from 60% to 100%, He and PIC presented an average of 0.21 

(ranging from 0 to 0.38) and 0.17 (ranging from 0 to 0.29), respectively. The results confirm that the RGA 

primers present adequate characteristics for genetic studies in P. juliflora, making it possible to prioritize 

12 pairs of primers, which are subject to genetic improvement studies. 
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Introduction 

The species Prosopis juliflora (Sw.) DC, popularly known as algaroba, belongs to the family Fabaceae, 

subfamily Mimosoideae. It is a tree species, native to Central and South America, inserted in Brazil in the 

1942s, adapting well to semi-arid regions (Leão, Almeida, Dechoum, & Ziller, 2011; Cunha & Gomes, 2012). 

Algabora has diverse potential for human and animal feeding, as well as for wood production, soil protection, 

afforestation and pasture shading (Ribaski, Drumond, Oliveira, & Nascimento, 2009; Rodrigues, Silva, Silva, 

Oliveira, & Andrade, 2013). 

Although the algaroba has ecological and economic importance, there are still few genetic and molecular 

studies related to estimates of its diversity and genetic structure. However, this knowledge is a prerogative 

both for the elaboration of strategies for sustainable management and conservation of genetic resources as 

well as for the advancement of breeding programs (Faleiro, Amabile, & Cerqueira-Silva, 2018). 

The use of molecular markers in studies of genetic diversity is widely accepted and used, among other 

factors, due to the reliability and reproducibility of the results (Souza, 2015; Pomponio et al., 2015). Several 

molecular markers are used in genetic characterization studies, both for phylogenetic and evolutionary 

applications, as well as for practical purposes in breeding programs and conservation actions (Rai, Shekhawat, 

Kataria, & Shekhawat, 2017; Bessega et al., 2019). The genetic diversity study of Prosopis cineraria L. and Prosopis 

juliflora (Sw.) DC L. using ISSR and RAPD markers is an example of research of this nature that contributes to the 

understanding of the intra-specific diversity in the genus Prosopis (Elmeer & Almalki, 2011). 
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For genetic diversity studies, the crucial step, after identification and collection of the sample population, 

is the definition of the molecular markers to be used in it. In this context, the characterization and selection 

of primers contribute to cost reduction and to optimize the time spent before the evaluation of the entire 

population, thus avoiding the use of primers unsuitable for the target species (Silva, Freitas, Santos, Cardoso, 

& Cerqueira-Silva, 2018). 

Among the molecular markers used in genetic studies of plants are the RGA (Resistance Gene Analogs). 

These are markers associated with regions considered rich in leucine and nucleotide binding sites (Nucleotide 

Binding Sit Leucine Rich Repeat - NBS-LRR). In plants, these NBS-LRR domains have their function associated 

with disease resistance as a response to hypersensitivity and the LRR domain, specifically, they are 

responsible for the primary recognition of possible pathogens, causative agents of cell damage (Jones & 

Dangl, 2006). 

In addition, RGA primers are also useful in genetic studies related to diversity estimates, genetic mapping 

(Paula, Fonseca, Boiteux, & Peixoto, 2010; Carmo, Martins, Musser, Silva, & Santos, 2017) and genomic 

marker selection (Fritsche-Neto, Resende, Miranda, & DoVale, 2012). The main advantage of this marker is 

the possibility of using it without necessarily requiring previous information about the genome of the species 

to be evaluated, being easily manipulated and having greater reproducibility (Borém & Caixeta, 2009). 

Considering the present context, the objective was to characterize the amplification profile of different 

combinations of RGA primers and to select the most appropriate combinations to support genetic studies in 

Prosopis juliflora (Sw.) DC. 

Material and methods 

Collection of samples 

Leaf samples of 20 Prosopis Juliflora (Sw.) DC. specimens were collected at the Federal Institute of Bahia (IFBA) 

in Itapetinga, Bahia, Brazil. These specimens are located in the following geographical coordinates: Latitude 15° 

14'38.57 "S and Longitude 40° 13 '38.95" W and are registered in the National System for Management of Genetic 

Heritage and Associated Traditional Knowledge - SisGen, under the registration number AFF0E34. 

The vegetation of the region where the IFBA of Itapetinga is located is characterized as ecotone between 

Caatinga and Deciduous and Semi-deciduous Seasonal Forest. The plant material was taken to the Laboratory 

of Applied Molecular Genetics (LGMA) of the State University of the Southwest of Bahia (UESB, Juvino de 

Oliveira campus), in the municipality of Itapetinga, where they were stored in a freezer at -20°C until the 

extraction of the Genomic DNA. 

Nucleic acid extraction 

The extraction of the genomic DNA was performed by the method proposed by Sunnucks and Hales (1996), 

and 0.4g of P. juliflora young leaf tissue was macerated using 3.0 ml SDS (sodium dodecyl sulfate) buffer 

without the addition of liquid nitrogen and β-mercaptoethanol. DNA quantification was performed from 

horizontal electrophoresis on 1% (w v-1) agarose gels stained with 0.2% w v-1 of Red Invitrogen Gel Biotium®, 

compared to a number of known concentrations of DNA phage lambda Invitrogen® (λ). The purity of the DNA 

was estimated by spectrophotometric reading (A260 / 230 and A260 / 280 absorbance ratios) using BioDrop μLITE 

(Whitehead Scientific). Subsequently samples of the genomic DNA were standardized in 2 ng. μL-1 and stored 

in a freezer -20°C. 

Characterization of molecular markers 

The characterization of the markers was performed in two sequential steps. The first step consisted in 

characterizing and classifying the amplification profiles of the 17 pairs of RGA primers (Table 1) for a set of 

five DNA samples, being: Adequate - amplifications in all the samples and with easy visualization; Reasonable 

- amplification in parts of the samples or difficult to visualize and Inadequate - absence of visible 

amplification products. As for the second step, the pairs of primers classified as ‘Adequate’ in the first step 

were selected, and the amplification profiles observed in 15 more P. juliflora samples were evaluated, totaling 

20 individuals used. 
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Table 1. Description of the 17 pairs of RGA (Resistance Gene Analogs) primers tested on algaroba (Prosopis juliflora (Sw.) DC). 

Pairs Code Sequences 5'- 3 ' References 

1 
S1 GGTGGGGTTGGGAAGACAACGYCT  Leister, Ballvora, Salamini and Gebhardt (1996) 

NBSr1 AGTTGTRAYDATDAYYYTRC Yu, Buss and Maroof (1996) 

2 
S2 GGIGGIGTIGGIAAIACIAC 

Leister et al. (1996) 
As1 CAACGCTAGTGGCAATCC 

3 
S2 GGIGGIGTIGGIAAIACIAC 

As2 IAAIGCIAGIGGIAAICC 

4 
NBsf1 GGAATGGGNGGNGTNGGNAARAC Yu et al. (1996) 

As2 IAAIGCIAGIGGIAAICC 

Leister et al. (1996) 

5 
S1 GGTGGGGTTGGGAAGACAACG 

As1 CAACGCTAGTGGCAATCC 

6 
S1 GGT GGGGTT GGAAGACAACG 

As2 IAAIGCIAGIGGIAAICC 

7 
S1 GGTGGGGTTGGGAAGACAACG 

As3 IAGIGCIAGIGGIAGICC 

8 
NBsf1 GGAATGGGNGGNGTNGGNAARAC 

Yu et al. (1996) NBrs1 YCTAGTTGTRAYDATDAYYYTRC  

9 
NBsf1 GGAATGGGNGGNGTNGGNAARAC 

As1 CAACGCTAGTGGCAATCC Leister et al. (1996) 

10 
NBsf1 GGAATGGGNGGNGTNGGNAARAC Yu et al. (1996) 

As3 IAGIGCIAGIGGIAGICC  Leister et al. (1996) 

11 
RGA1f AGTTTATAATTYSATTGCT 

Kanazin, Marek and Shoemaker (1996) 

RGA2r CACACGGTTTAAAATTCTCA 

12 
RGA1f AGTTTATAATTYSATTGCT 

RGA5r TCAATCATTTCTTTGCACAA 

13 
RGA1f AGTTTATAATTYSATTGCT 

RGA6r AACTACATTTCTTGCAAGT 

14 
RGA1f AGTTTATAATTYSATTGCT 

RGA8r CCGAAGCATAAGTTGGTG 

15 
S2 GGIGGIGTIGGIAAIACIAC  

Leister et al. (1996) 

 

As3 IAGIGCIAGIGGIAGICC 

16 
As1 CAACGCTAGTGGCAATCC 

As2 IAAIGCIAGIGGIAAICC 

17 
As1 CAACGCTAGTGGCAATCC  

As3 IAGIGCIAGIGGIAGICC 

I = A/T/G/C; D = A/G/T; E = C/G; R = A/G; Y = C/T. 

Polymerase chain reaction (PCR) reactions were performed with the volume of 16 μL, containing 8 μL of 

DNA at 2 ng, 1 μL of each primer, 0.11 μL Taq DNA Polymerase, 1 μL of each dNTP mix, 0.25 μL each, 1 μL 

Magnesium Chloride (MgCl2), 1.7 μL 10X Buffer (20 mM Tris-HCl [pH 8.4] and 50 mM KCl) and 2.19 μL sterile 

H2O. The reactions were subjected to 35 cycles of amplification after initial denaturation at 95°C for 1 minute. 

Each cycle consisted of 40 seconds at 95°C, 1 minute at 37°C and 1minute and 20 seconds at 72°C for annealing 

and extension. At the end of the cycles, a final extension of 5 minutes was performed at 72°C. PCR reactions 

were performed in triplicate on a Veriti 96 Well Thermal Cycler thermal cycler (Applied Biosystems®). 

Reagents for the preparation of the genomic DNA extraction buffer were obtained from Sigma-Aldrich®. 

RGA markers and oligonucleotides for the PCR reaction, as well as intercalating and molecular weight 

markers, were obtained from Thermo Fisher Scientific®, supplied by Invitrogen®. 

Electrophoresis in 2% (m v-1) agarose gels with 0.5X TBE run buffer were performed from 6 μL aliquots of 

PCR products for 2 hours in 120 V electrical current. The gels were stained with Red Invitrogen Gel Biotium® 

which were exposed to the transluminator (LPIX-EX, Loccus Biotecnologia, Cotias, São Paulo, Brazil) with 

incidence of ultraviolet light and photo documented. 

Specifically for the second step of the characterization of the markers, descriptive analyzes of the 

amplification profiles were performed using Genes and GenAlex (Cruz, 2013; Peakall & Smouse, 2012) 

software, considering (i) the number of markers generated, the number and percentage of polymorphic 

markers (absent in at least one of the samples); the informative potential (PIC), calculated by the formula: 

𝑃𝐼𝐶 = 1 − ∑ 𝑝𝑖
2𝑛

𝑖=1 − ∑ ∑ 2pi
2n

j=1+1
n
i=1 pj

2 proposed by Botstein, White, Skolnick and Davis (1980); (iii) the 

expected heterozygosity (He) for each pair of primers, obtained according to Nei (1987) 𝐻𝑒 = 1 − ∑ 2𝑃𝑖 , where 

pi = estimated allelic frequency of the it allele. 
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Results and discussion 

The genomic DNA of the species Prosopis juliflora (Sx) PC showed average quality (purity) with ratio 

A260/A280=1.919±0.35 and A 260/A230=0.421±0.15 and average concentration of 321.0±0,15 ng μL-1. The obtained 

value presented good purity even without having its RNA and proteins digested by RNAse and proteinase 

enzymes. For this observation, the physiological nature of the species was considered, which holds many 

polysaccharides and phenolic compounds among other chemical constituents that favors low values of purity 

(Rathore, 2009). Although the absorbances sowed values lower than 2.0, they corroborate the literature, 

because they were over 1.8. According to reports, values smaller than these are considered contaminated with 

proteins (Nelson & Cox, 2004). Therefore, this value is satisfactory, considering that we waived the treatment with 

RNAse and proteinase to this species which contributed to the reduction of extraction and purification cost. 

Another important factor that corroborates the result, is the operationalization of the extraction 

technique, it was also possible because we did not use β-mercaptoethanol and liquid nitrogen in order to make 

the extraction less harmful to health. It is known that the use of liquid nitrogen in the DNA extraction process 

allows for a better enzymatic neutralization and favors the disruption of the cell wrap. However, such use 

raises the procedure costs. Therefore, in the present study, the absence liquid nitrogen did not interfere with the 

quality of the extracted DNA, offering good results, which are also in agreement with the literature that advocates 

a low cost technique with fewer steps in the procedure (Michel-López et al., 2013; Santos & Araújo, 2017). 

Regarding the characterization of the amplification results, 70% of the combinations tested RGA primers 

were classified as adequate (A) corresponding to primer number 7. In turn, they were classified as reasonable 

(R), corresponding to primer number 9 and inadequate (I) corresponding to primer number 2, with 12 and 

18%, respectively, of the other amplifications observed. Considering that the large majority of RGA primer 

pairs (82%) made it possible to obtain molecular markers, it demonstrates the potential use of this technique 

in genetic studies of P. juliflora species (Figure 1). 

 

 

Figure 1. Amplification profiles obtained using Resistance Gene Analogs (RGA) pairs in Prosopis juliflora (Sw.) DC. 

Notes: * A = Adequate; R = Regular; I = Inadequate. 

The size of the fragments obtained with the RGA primers being considered in regard to two classifications 

(adequate and reasonable) ranged from 200 to 2.000 bp. These results corroborate Poolsawat, Kativat, Arsakit 

and Tantasawat (2017), who reported bands between 100 and 2.072 bp when associated with ISSR-RGA primers 

for Vigna radiata L. Wilczek. The ‘A’ pairs produced 68 markers in the 20 accessions studied, averaging 5.7 

markers per primer pair. 10 out of these pairs showed 83% of polymorphic marks. The number of markers 

generated ranged from one for primer pairs 4 (NBsf1 and As2) and 10 (NBsf1 and As3) to 16 for primer pair 7 

(S1 and As3) (Table 2). In turn, the percentage of polymorphism ranged from 60% for primer pair 14 (RGA1f 

and RGA8r) to 100% for primer pair 17 (As1 and As3) (Table 2). 



Identification of primers in algarobeira Page 5 of 8 

Acta Scientiarum. Technology, v. 43, e51983, 2021 

Table 2. Characterization of the amplification profile of genomic regions of Prosopis juliflora (Sw.) DC. from 12 pairs of RGA 

(Resistance Gene Analogs) primers that presented adequate to 20 specimens. 

Oligonucleotides Pairs Markers generated % Polymorphism He PIC 

1 5 80 0.25 0.2 

4 1 0 0 0 

6 9 88.9 0.29 0.24 

7 16 93.5 0.3 0.24 

8 5 80 0.17 0.15 

10 1 0 0 0 

11 6 83.3 0.18 0.15 

12 5 80 0.38 0.29 

13 4 75 0.2 0.17 

14 5 60 0.23 0.18 

16 3 66.7 0.21 0.18 

17 8 100 0.31 0.26 

Total 68 - - - 

Mean  5.7 67.3 0.21 0.17 

He: Heterozigosidade esperada; PIC: Conteúdo de Informação Polimórfica 

As to the expected heterozygosity (He), considering the pairs of suitable primers selected for algaroba, a 

mean of 0.21 (ranging from 0 to 0.38) was observed. While the polymorphic information content (PIC) was 

0.17 and ranged from 0 to 0.29. Variations of this nature aid in the selection of primers to be used in genetic 

studies. In algaroba for example, the combinations of these primers contributed to this selection, in which 

presented satisfactory values (Table 2). The variation observed in the efficiency of the amplifications, both 

with respect to identification of pairs of primers unsuitable for P. juliflora, and relative to the number of 

markers, percentage of polymorphism and other descriptive variables (Table 2), reinforce the importance of 

studies dedicated to the characterization and selection of primers. 

In genotypes of Passiflora sp. (passion fruit) for example, Paula et al. (2010) used six pairs of RGA primers 

and obtained an average of 16.5 markers per primer pair. 

Other studies with the same markers the RGAs of the present study were also carried out for passion fruit 

species. These described adequate amplification with 100% polymorphism for Passiflora Spp. (Souza et al., 

2020). In Passiflora setácea, they registered polymorphism ranging from 99 to 100% (Pereira, Corrêa, & 

Oliveira, 2015). According to the authors, although the primers are adequade and with good amplification, 

the expected heterozygosity inferred in these two studies was low. This observation emphasizes that the RGA 

initiators can be used as a biomarker of genetic diversity, since the low heterozygosity is related to the 

domestication and adaptation of genotypes in an ex situ environment, to examples of accessions maintained 

in germplasms with good vegetative propagation and not the quality of molecular marker (Pires & Kageyama, 

1985). Thus, the heterogeneity presented by the variation in the number of polymorphic loci between the 

pairs of RGA, favors studies of this nature, being useful in molecular genetic diagnostics. 

Variations of the percentage of polymorphic profiles in RGA primers are also observed in other species, 

such as in Croton linearifolius MULL. ARG, where a total of 24 pairs of RGA primers generated 73 marks and 

14 combinations showed polymorphic marks (Silva et al., 2018). Studies with other species of Prosopis sp. 

were also realized with other classes of molecular markers. From the selection of 80 pairs of RAPD, in study 

of the natural population of Prosopis cineraria (L.) Druces, only nine pairs were polymorphic (Sivalingam, 

Samadia, Singh, & Chauhan, 2016). Another study also analyzed the diversity between Prosopis cineraria (L.) 

Druce and Prosopis juliflora Sw. DC. populations collected at different sites in Qatar in Asian continent using 

other primers like ISSR and RAPD markers, where Elmeer and Almalki (2011) found a total of 190 bands in 29 

ISSR primers and 19 bands of 7 RAPD primers with an average polymorphism of more than 99% in all 

genotypes, being able to distinguish between the two species. Nevertheless Alves et al. (2018), researching 

Prosopis rubriflora Hassl. and Prosopis ruscifolia Griseb. with microssatelites reported similar genetic diversity 

between species (He = 0.59 and He = 0.60, respectively). Already to the specie in study, the P. juliflora, Pires 

and Kageyama (1985) mentioned the possibility of inbreeding in this species during its adaptation, justifying 

the low expected heterygosity compared to the species above. Despite the widespread use of molecular 

markers and the already proven efficiency of RGA markers in different genetic approaches, the results 

presented are pioneering for Prosopis juliflora Sw. DC.. Thus, it is expected that the 12 pairs of RGA primers 

used in this study will subsidize genetic research, especially actions to characterize diversity that contribute 

to the improvement and conservation of the naturalized species. Finally, it is suggested for future works the 
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sequencing for primers design of the fragments obtained by 7 and 12 pairs of primers which presented the 

highest indexes of polymorphic bands and information (Table 2) (George, Manoharan, Li, Britton, & Parida, 

2017). Thus it will be possible to better understand the distribution, adaptation as well as the resistance of 

the algaroba specie to abiotic factors. 

Conclusion 

The twelve pairs of Resistance Gene Analogs (RGA) primers (S1 + NbSr1 = 1); Bsf1 + As2 = 4; S1 + As2 = 6; 

S1 + As3 = 7; NBsf1 + NBrs1 = 8; NBsf1 + As3 = 10; RGA1f + RGA2r = 11; RGA1f + RGA5r = 12; RGA1f + RGA6r 

= 13; RGA1f + RGA8r = 14; As1+As2 = 16 e As1 + As3 = 17) presented satisfactory polymorphism and pairs 7 

and 12 can be used to genetic study and genetic improvement. 
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