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Abstract 

 

DNA barcoding is the use of short DNA sequences (~650 bp) of the standard segment of the genome for large scale species 

identification. The Consortium for the Barcode of Life (CBOL) plant-working group recommended the 2-locus combination of rbcL 

and matK as the standard plant barcode. These two regions of chloroplast DNA were chosen due to efficient recovery of quality 

sequences and high levels of species discrimination. We evaluated the success rates of universal primers for amplification of matK 

and rbcL loci in 26 different plant species (covering 14 families) from Saudi Arabia. Success rate in PCR was higher for rbcL (88%) 

compared with matK (69%). The universal primers of both matK and rbcL failed to amplify the DNA form 3 plant species belonging 

to the family Asteraceae (Anthemis deserti, Pulicaria undulate, and Sonchus oleraceus). Two plant species Malva parviflora 

(Malvaceae) and Salsola imbricate (Chenopodiaceae) indicated different primer binding site (matK) as the amplified PCR products 

were of lower size than expected for these species. These findings indicate that although currently used universal primers of rbcL and 

matK are able to amplify many of the plant species they may fail in certain cases due to primer mismatch at the annealing site. 

Further studies are therefore needed for protocol development, particularly designing of novel universal primers, to extend the 

barcoding for a broader coverage of plant species.   
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Introduction 

 

DNA barcoding relies on the information encoded in the 

nucleotide sequences of a standard region of the genome as a 

tool for species identification. The Consortium for the 

Barcode of Life (CBOL) plant working group recommended 

the 2-locus combination of ribulose-1, 5-bisphosphate 

carboxylase oxygenase large subunit (rbcL) and maturase K 

(matK) as the standard plant barcode based on assessments of 

recoverability, sequence quality and levels of species 

discrimination (CBOL Plant Working Group, 2009). These 

two regions of chloroplast DNA were chosen based on two 

main criteria: efficient recovery of good-quality sequences 

and high levels of species discrimination (Burgess et al., 

2011). Recently, several investigators have used rbcL and 

matK sequences for barcoding or species identification 

(Asahina et al., 2010, Starr et al., 2009) as well as for 

phylogenetic analysis (Kuo et al., 2011, Manen et al., 2004, 

Tamura et al., 2004). However, universal barcode markers 

may not work in all cases (Roy et al., 2010). Success in PCR 

is a pre-requisite for barcoding as this technique is 

exclusively used to amplify the target sequence. Thus 

achieving high PCR success rates continues to be important, 

particularly for environmental sampling studies where primer 

bias and non-universality dramatically skews results 

(Soininen et al., 2009). Primer-template mismatches at the 3 

end of the primer sequence is a major factor to negate the 

universality of a primer as a single mismatched base at the 3 

end is able to prevent PCR amplification (Bru et al., 2008). 

Even the pitfalls of universal primers have been noticed for 

the highly conserved region, 16S rRNA, resulting in 

differential amplification in a mixture of template DNA from 

a complex microbiota leading to a distorted view of microbial 

diversity (von Wintzingerode et al., 1997). Plants of the arid 

environment are adapted to enduring harsh climatic 

conditions, thus possessing different survival characteristics 

and molecular diversity (Bokhari et al., 1990, Kamal et al., 

2010). Universal barcode markers need to be evaluated for a 

broader spectrum due to morphological/geographical 

variation and reticulate evolution in plant species. The 

survival characteristics and diversity of plant in Saudi Arabia 

are different as they grow under harsh environment; the 

barcodes of most of the arid plants remains to be discovered. 

It is imperative that molecular variations in arid plants may 

have some impact on the PCR amplification of barcoding 

markers. We therefore investigated the success rate of matK 

and rbcL universal primers for barcoding of different plant 

species of Saudi Arabia. 
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Results and discussion 

 

We observed a high success rate of rbcL universal primers 

than matK primers for PCR amplification of 26 plant species 

representing a wide coverage of 14 families. Out of 26 

specimens, 23 (88%) were successfully amplified using rbcL-

A and rbcL-B primer-pairs; both these pairs were equally 

effective in amplification success however the former pair 

resulted more intense bands. In contrast, only 7 (27%) and 18 

(69%) samples could be amplified by matK-A and matK-B 

primer-pairs respectively (Fig. 1). These findings corroborate 

with the previous report on evaluation of the seven main 

candidate plastid regions (rbcL, matK, rpoC1, rpoB, trnH-

psbA, atpF-atpH, and psbK-psbI) in three divergent groups of 

land plants (angiosperm, gymnosperm, and liverwort) 

demonstrated that no single locus has high levels of 

universality and resolvability (Hollingsworth et al., 2009). 

The successful isolation of quality DNA plays an important 

role in molecular characterization using PCR-based methods. 

Numerous problems have been reported about the isolation of 

plant DNA. Isolated plant DNA may contain colored 

substances, polysaccharides and phenolic compounds (Aras 

et al., 1993; Temiesak et al., 1993; Vanijajiva et al., 2005). 

The presence of certain metabolites may interfere with the 

plant DNA isolation procedures and downstream reactions 

such as PCR amplification. The chemotypic heterogeneity 

among species may not permit optimal DNA yields with a 

single protocol, and thus, even closely related species may 

require different DNA isolation protocols (Khanuja et al., 

1999). PCR conditions constitute one of the crucial factors 

for obtaining amplified products, especially for plants (Jones 

et al., 1997). In terms of absolute discriminatory power, 

promising results occurred in liverworts using rbcL alone 

(90% species discrimination) (Hollingsworth et al., 2009). 

Two plant species Malva parviflora (Malvaceae) and Saldola 

imbricate (Chenopodiaceae) resulted in smaller amplified 

PCR product than the expected size with primers matK-A, 

indicating a different primer binding site for these species 

(Fig. 1). Three plant species belonging to the family 

Asteraceae (Anthemis deserti, Pulicaria undulate, and 

Sonchus oleraceus) were not amplified using the universal 

matK and rbcL primers. The family Asteraceae (Compositae) 

is the largest family of the flowering plants and it seems to be 

anomalous as combined analyses of 10 chloroplast DNA loci 

showed 12 major lineages of this family (Panero and Funk, 

2008). The central concept in species identification is to 

match the sequence of the evidence item to a reference 

sequence, either through DNA sequence similarity searches 

(Altschul et al., 1997) or by phylogenetic reconstruction 

(Baker, 1994). Except RFLP, all the molecular markers 

including the barcoding genes require PCR-based protocols 

(Kumar et al., 2009). The use of universal primers is 

important for retrospective species identification as they 

allow amplification across a wide taxonomic range governed 

by the PCR success rates, particularly for new or rarely 

studied plant species of arid region. PCR amplification of 

matK and rbcL gene segments is a prerequisite for 

subsequent sequencing of plant barcodes towards species 

identification. Primer bias and non-universality have been 

reported for dramatically skewing results (Soininen et al., 

2009).  Several studies have investigated the effects of 

primer-template mismatches and it has been demonstrated 

that PCR can be prevented by a single mismatched base (Bru 

et al., 2008). Variation in primer specificity also affects 

sequence recovery at low DNA concentrations (Dawnay et 

al., 2007). Although we observed appreciable success in 

amplification of rbcL and matK genes, failure in PCR  

Table 1. List of plant specimens used in this study. 

Family Species 

Apocynaceae  Rhazya stricta 

Asteraceae  Achillea fragrantissima 

 Anthemis deserti 

 Pulicaria undulate 

 Scorzonera intricate 

 Sonchus oleraceus 

Brassicaceae Horwoodia dicksoniae 

 Moricandia sinaica 

 Zilla spinosa 

Caryophyllaceae Spergularia bocconii 

Chenopodiaceae Bassia eriophora 

 Chenopodium murale 

 Salsola imbricate 

Convolvulaceae Convolvulus oxyphyllus 

Euphorbiaceae  Andrachene telephoides 

Geraniaceae Erodium glaucophyllum 

 E. laciniatum 

Malvaceae Malva parviflora 

Papilionaceae Astragalus sieberi 

 Melilotus indica 

Poaceae Panicum antidotale 

 Pennisetum setaceum 

Resedaceae Caylusea hexagyna 

Solanaceae Lycium shawii 

 Withania somnifera 

Zygophyllaceae Zygophyllum propinquum 

 

 

amplification in for certain species may be attributed to 

primer mismatch at the annealing sites. The possibility of 

poor quality of extracted DNA in failed PCR is remote 

because we confirmed the quality of DNA on gel as well as 

spectrophotometrically. Moreover, in many cases, the same 

DNA specimen showed negative amplification for matK but 

positive PCR for rbcL, negating the role of poor DNA quality 

or quantity in the former case. It is more likely that high 

frequency of failure in PCR amplification of matK gene 

occurred due to variations in the respective binding sites of 

these particular plant species of arid origin. The generation of 

matK sequences for ferns is currently problematic, because 

this part of the chloroplast genome underwent a strong 

restructuring during the evolution of the fern clade (Duffy et 

al., 2009). Recently, rbcL and trnL-F were used (instead of 

matK) for the two locus barcoding of European ferns (de-

Groot et al., 2011). Roy et al. (2010) have reported a poor 

success in PCR for the species of Berberis. The maximum 

success in PCR was observed with rbcL and ITS (97%), 

followed by trnH-psbA (92%) and matK (76%). The first 

practical problem for barcoding of plants is the acquirement 

of sufficiently clean DNA for multi-locus sequencing as 

isolated plant DNA contains PCR inhibitors (Aras et al., 

1993; Temiesak et al., 1993; Vanijajiva et al., 2005). The 

second technical issues of primer universality and sequence 

quality and complexity remain arguable for barcoding of all 

the land plants of different region (Fox et al., 1992; Schneider 

and Schuettpelz, 2006). Traditionally, the identification and 

characterization of cultivars and species has been based on 

morphological and physiological traits which are sometimes 

difficult (Kadkhodaei et al., 2010). Molecular tools that have 

been developed for the characterization for biodiversity may 

allow classification of synonyms and detection of the origin 

of species and cultivars (Rahman et al., 2009). Ongoing 

research on the development of universal primers, PCR 

conditions, and high throughput sequencing techniques 

would certainly enhance the application of DNA barcoding of  
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              Table 2. Primers used for amplification of matK and rbcL gene segments. 

Primer set Primer name Binding Primer sequence  (5´– 3´) 

matK-A matK-2.1F Forward CCTATCCATCTGGAAATCTTAG 

 matK-5R Reverse GTTCTAGCACAAGAAAGTCG 

matK-B matK-390F Forward CGATCTATTCATTCAATATTTC 

 matK-1326R Reverse TCTAGCACACGAAAGTCGAAGT 

rbcL-A rbcLaF Forward ATGTCACCACAAACAGAGACTAAAGC 

 rbcLaR Reverse GTAAAATCAAGTCCACCRCG 

rbcL-B rbcL-1F Forward ATGTCACCACAAACAGAAAC 

 rbcL-724R Reverse TCGCATGTACCTGCAGTAGC 

 

 

 

Fig 1. Agarose get electrophoretogram showing bands of PCR amplified products of matK and rbcL universal primers. M, marker 

100 bp ladder; arrows indicate the 800 bp size of the marker; 1. Horwoodia dicksoniae, 2. Rhazya stricta, 3. Pulicaria undulate, 4. 

Anthemis deserti, 5. Andrachene telephoides, 6. Zilla spinosa, 7. Caylusea hexagyna, 8. Achillea fragrantissima, 9. Lycium shawii, 

10. Moricandia sinaica, 11. Bassia eriophora, 12. Zygophyllum propinquum, 13. Withania somnifera, 14. Sonchus oleraceus, 15. 

Chenopodium murale, 16. Malva parviflora, 17. Salsola imbricate, 18. Scorzonera intricate, 19. Pennisetum setaceum, 20. Panicum 

antidotale, 21. Erodium laciniatum, 22. Erodium glaucophyllum, 23. Convolvulus oxyphyllus, 24. Astragalus sieberi, 25. Spergularia 

bocconii, 26. Melilotus indica. 

 

plants and development of genetic databases for more 

efficient utilization of this technique.  

 

Materials and methods 

 

Plant material 

 

This study comprised of specimens from 26 plant species 

covering 14 families (Table 1). The leaf samples were 

individually placed in plastic pouches and transported to lab 

where all the samples were stored at -80oC until processed for 

DNA extraction.  

 

DNA extraction 

 

The leaf samples were immersed in liquid nitrogen and 

crushed using sterile mortal and pestle to get a fine powder. 

DNeasy plant mini kit (Qiagen) and an automated DNA 

extraction instrument (QIAcube, Qiagen) were used for DNA 

isolation.  Quality of the extracted DNA was determined 

using gel electrophoresis and Nanodrop 8000 

Spectrophotometer (Thermo Scientific, Wilmington, USA). 

Isolated plant genomic DNA was preserved at -20oC. 

 

PCR 

 

A total volume of 30 L of PCR reaction mixture contained 

the following: 15 L of FideliTaq PCR Master Mix (USB 

Corporation, Cleveland, OH), giving a final concentration of 

200 M each deoxynucleotide and 1.5 mM MgCl2, 1 M 

each primer (Table 2, Eurofins MWG Operon, Germany}, 2 

L of genomic DNA and the rest was adjusted with sterile  

 

 

distilled water. PCR amplification was performed with a 

Veriti 96 well thermal cycler (Applied Biosystems) as 

follows: 95°C for 1 min, followed by 35 cycles of 95°C for 

30 s, T°C for 30 s and 68°C for 1 min, followed by an 

elongation step at 68°C for 5 min. All the PCR conditions 

were the same for all the primer-pairs except the annealing 

temperature (T) for different primer pairs as follows: 50oC 

for matK-A, 45oC for matK-B, 51oC for rbcL-A and 48oC for 

rbcL-B (Table 2).  

 

Agarose gel electrophoresis 

 

A long (20 x 14 cm) 1% agarose gel using 1x TAE buffer 

containing 0.5 μg/mL ethidium bromide was used for 

electrophoresis of PCR-products. Gel images were obtained 

using Proxima C16 Phi+ (Isogen Life Science) UV 

transilluminator and Opticom (version 3.2.5; OptiGo) 

imaging system. The amplified PCR products were 

determined on gel for the presence or absence of the band. 

The size of PCR products resulting from the primer pairs of 

the specific barcoding gene were determined by using an 

Amersham 100-bp ladder (GE Healthcare) and the TotalLab 

TL100 1D software (version 2008.01). 

 

Conclusion 

  

The findings of this preliminary study indicate that currently 

used universal primers of rbcL and matK are able to amplify 

several of the plant species of arid origin with the 

amplification success rates of 88% and 69% respectively. All 

the primer pairs produced sharp bands that are suitable for 
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gene sequencing. Notwithstanding their failure in certain 

cases, the currently used primers for rbcL and matK are 

useful for plant barcoding until the discovery of more 

efficient and robust primers for a broader coverage of plant 

species. Thus, there is a need for protocol development to 

enhance the amplification strategies including the 

development of new primers or primer cocktails for enhanced 

success in barcoding of plant species of different regions.  
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