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Abstract       The aim of this work was to emphasize the advantages and 
disadvantages of molecular markers and barcoding strategies in different 
plant species genotyping. Three types of molecular markers were selected, all 
of them generating complex and accurate fingerprints due to their multiple 
sites of recognition in genome: RAPD (Random Amplified Polymorphic DNA), 
ISSR (Inter Simple Sequence Repeat) and DAMD (Direct Amplification of 
Minisatellite Regions). They target different regions namely- randomly the 
whole genome, the sequences from the microsatelittes and the minisatelittes 
respectively. Studying a high number of plant species turned out that the 
different type of markers efficiency was the same but they generated different 
dendrograms. Therefore to establish a more accurate dendrogram it is 
recommended to combine the data obtained with different types of markers. If 
the specie identification is necessary the barcoding process is recommended. 
It consists in sequencing of specific regions from the chloroplast genome and 
comparison with the specialized databases.   
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DNA fingerprinting of plants is a very 

important tool all over the world due to its application 

in agriculture, vegetal resources management or 

forensic. Since 1905, DNA fingerprinting was 

recognized as a universal way to evaluate the genetic 

differences and the individual relatedness [2, 10]. 

First, to achieve this goal the molecular 

markers were used. A molecular marker identifies 

silent DNA polymorphisms which don’t induce any 

phenotypic variation, based on different molecular 

biology techniques. Therefore they are found in large 

numbers in the genome and can be detected easily. To 

assess the variability at the molecular level some types 

of markers were used in our researches: RAPD markers 

(Random Amplified Polymorphic DNA), ISSR 

markers (Inter Simple Sequence) and DAMD markers 

(Direct Amplification of Minisatellite Regions) [9]. All 

of these markers are based on PCR amplification, thus 

they are fast, simple and reliable. They target different 

parts of genome therefore the identification of 

polymorphism is more accurate if they are used 

together. They recognize multiple loci from genome 

and generate complex fingerprints composed from a 

high number of fragments. The large amount of data 

can be statistically evaluated and the similarities 

coefficients, degree of relatedness and dendrograms 

can be determined. 

Since 2003 the "DNA barcoding" was 

proposed as a way to identify the species, similar to the 

‘Universal Product Code” - UPC which allows the 

products scanning in the supermarket. 

 For the plant species it is considered that 

chloroplast DNA can meet all the conditions necessary 

to establish specific DNA barcodes with high 

specificity and precision. Till now, many studies have 

been conducted, but none of them enabled the 

identification of fragments (loci) generally available 

that can distinguish the exact specie. 

In practice, for barcoding, the intergenic non-

coding region trnH-psbA can be successfully used. The 

presence of highly conserved sequences on both sides 

of the intergenic region allows using of primers that 

can amplify DNA from almost all angiosperms. 

However, these sequences aligning can be ambiguous 

because of a complex molecular evolution, 

considerable variations in length and the high rate of 

insertions and deletions [4, 12]. 

 In our researches plant species were 

investigated, to determine the similarities between 

different landraces or ecotypes belonging to the same 

species or to compare the fingerprints of related 

species. 

The aim of this work was to emphasize the 

advantages and disadvantages of molecular markers 

and barcoding strategies in different plant species 

genotyping. 

 

Material and Methods 
 

Biological materials: Leaf tissues, collected from 

different plant species 

 

DNA extraction 

The DNA was extracted based on modified 

CTAB method following the standard procedures 
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validated in our laboratory, modified according to the 

specie particularities [6]. The tissue usually used was 

fresh leaves, because the grinding is easier and the 

DNA quantity is higher.  If the content of metabolites 

was higher, the mercaptoethanol was added in the 

extraction solution and/or the chloroform purification 

step was repeated. Sometimes, even if the DNA 

concentration and quality (measured as OD260/280 

and OD 260/230) had suitable values, the samples were 

not amplifiable. In these cases a supplementary 

purification based on sodium acetate was performed. 

Plant species identified as recalcitrant for DNA 

extraction were: peony, sage, orchids and bilberry. 

After the DNA samples are found to be 

proper, they are diluted to the same concentration 

(usually 100ng/µl) to generate comparable fingerprints. 

  

PCR amplifications 

The DNA samples were amplified with 

different types of molecular markers. Examples of 

primers sequences are as follows:  

RAPD: G03 - 5’GAGCCCTCCA3’, B07- 

5’GGTGACGCAG3’, G04- 5’AGCGTGTCTG3’, G06 

-5’GTGCCTAACC3’. 

ISSR: UBC 818- 5’(CA)7G 3’, A17- 5’(GTG)3GC3’, 

A3- 5’(GACA)53’,  

DAMD: M13-5’GGCAGGATTGAAGC3’, 14C2-

5’GAGGGTGGCGGCTCT3’,  

URP 2F-5’GTGTGCGATCAGTTGCTGGG3’ 

 

For each type of markers different conditions 

for amplification were applied. The usually program 

was followed: denaturation 94°C, 35 -50 cycles: 

denaturation 94°C, primer annealing 36 - 56°C, 

synthesis 72°C and final extension 72°C. 

The time for each step was specific for each 

primer and the annealing temperature was according to 

the primer sequence and length. Thus, for RAPD 

primers, which are 10 nucleotide length the 

temperature was 36-37°C. The length for ISSR primers 

was range between 16 and 25 nucleotides and  the 

annealing temperature was around 54°C. The DAMD 

primers had a non-repetitive sequence  of 15-22 

nucleotides and an annealing temperature of  53– 56°C. 

The amplification mixture was as 

reccomended by polymerase manufacturer, considering 

that the quantity of DNA per reaction was 100ng.  If 

the fingerprints generated by the primer was not clear 

and quantifiable, suplementary quantities of MgCl2 

were added in the amplification mixture, to support the 

nucleotide adding in the nascent DNA chain. Besides, 

to neutralize the remaining impurities/inhibitors in the 

DNA samples variable quantities of PVP 

(Polyvinylpyrrolidone) were added in the amplification 

mixture. 

The amplification products were separated by 

agarose gel electrophoresis with concentrations 

between 1.5 and 2%, according to the expected sizes of 

the fragments. The DNA visualization was done by UV 

radiation in ethidium bromide presence. The obtained 

images was analyzed with the VisionWorks®LS, 

(UVP, Anglia) software and the size of each 

band/fragment was determined in comparison with a 

molecular weight marker. 

 

For specie identification specific primers for 

barcoding were used:  

rbcf-
5
ATGTCACCACAAACAGAGACTAAAGC

3
’, 

rbcr-
5’

GAAACGGTCTCTCCAACGCAT
3’

,  

and matKf- 
5’

CGATCTATTCATTCAATATTTC
3’

, 

matKr- 
5’

 TCTAGCACACGAAAGTCGAAGT
3’

.  

The usual program for PCR amplification was 

used, with different temperatures for primers annealing 

(54-56°C).  

 The amplification products were separated by 

agarose gel electrophoresis (2%) and visualized in UV 

radiation in presence of ethidium bromide. The results 

were evaluated with VisionWorks®LS, (UVP, Anglia). 

  The DNA fragments used for barcoding were 

extracted and purified from gel (Quick Gel Extraction 

and PCR Purification Combo Kit, Invitrogen) and sent 

for sequencing to Macrogen. 

 

Results and Discussions 
 

The identification and further on exploitation 

of plant genetic diversity is based on the selection of 

the most suitable primers, meeting most benefits, with 

lowest number of disadvantages. 

 Therefore RAPD, the most rapid and popular 

marker have a universal nature because they may be 

used in a large number of species. Considering their 

arbitrary sequence, they do not require prior 

information regarding the genome which will be 

analyzed, but the generated profile is highly dependent 

on the reaction conditions. Several loci from the 

genome are amplified but the distinction between 

hetero- and homozygous individuals is not possible, 

markers being dominant [3, 5]. This types of markers 

were used for analyze different species as Drosophila 

melanogaster, Medicago sativa sp., Capsicum annuum 

sp. (Fig. 1). In general a small variability and a low 

number of bands (5-10) per primer were emphasized. 

Besides, the lack of reproducibly was also observed. 
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Fig. 1 The results of the RAPD analysis for 18 Capsicum annuum sp. land races with 

B07 primer (
5
’GGTGACGCAG

3
’) 

 

Further on the ISSR markers were used in our 

laboratory to analyze plants from very different genus:   

Faseolus, Lycopersicum, Capsicum, Allium,  

Medicago, Salix, Paeonia, Phalaris, etc.  

ISSR technique allows evaluation of 

polymorphism existing between microsatellite regions, 

consisting of simple sequence repeated. It is an 

effective alternative method of investigation which 

does not require previous studies of sequencing. It is 

simple, because is based on PCR amplification of DNA 

fragments located between microsatellite regions.  

Primers used in this technique are generally 16-25 

lengths, having as target areas multiple loci in the 

genome, especially in place of microsatellite 

sequences. Repetition of the microsatellite type can be 

used as primers di, tri, tetra or penta-nucleotide, most 

often anchored at the 3 'or 5' with 1-4 degenerate bases 

in the regions flanking microsatellites sequences [1, 7]. 

 Initial, in our experiments, a bulk sample, 

representative for the analysed specie was amplified 

with 30 primers and the 10 primers which generate the 

most distinctive fingerprint, with the highest number of 

bands are chosen for polymorphism evaluation.  The 

10 ISSR primers generated in medium a number of 200 

– 300 alleles, according with the studied specie, with a 

general medium of 25 alleles /primer. 

 The using of ISSR primers to evaluate 

variability was successfully for all the mentions plant 

genus, specifying that is necessary to take in account 

their dominant behaviour. But all the other advantages 

recommended them in DNA profiling, especially for 

closely related species. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 The results of the ISSR analysis for 18 Lycopersicum esculentum sp. land races with 

UBC 840 primer (GA)8YT 

 

In the last period the DAMD markers were 

used in our laboratory. They were developed based on 

minisatellites sequences, which are dispersed in the 

genome in tandem repetitions (20-50 times), with 

length ranged between 10 and 100bp. The DAMD 

markers exploit the inversions which usually take place 

in these sequences, thus that a unique primer can find 

complementary sequences in both DNA chains, with 

opposite orientations [8, 11, 14, 15].   

The DAMD markers were used in our 

laboratory for Phalaris and Salix evaluation (Fig. 3).
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Fig. 3   The results of the DAMD  analysis for 12 Phalaris sp. ecotypes with 

URP 2F primer 5’GTGTGCGATCAGTTGCTGGG3’ 

 

 

Seven DAMD primers were selected from the literature 

data and they were used for polymorphism evaluation. 

The generated fingerprints were clear, the bands were 

detectable, with a number of alleles per primer ranged 

between 10 and 20. 

 

On the basis of the molecular fingerprint for 

each primer, the score loci was performed, noting 1 the 

presence of one band at a given locus, and 0 the 

absence. This information was introduced into a binary 

matrix, and the results were statistically interpreted. In 

the same time the coefficients of similarities and the 

clustering was done using the Unweighted Pair Group 

Method (UPMGA) and the dendrograms were 

established (http://genomes.urv.cat/UPGMA/ program) 

[13].  

If the three types of markers were analyzed by 

comparison based on statistical evaluation (PIC- 

polymorphism information content) their efficiency for 

fingerprinting was relatively the same, but the 

dendrograms had small differences. For this reason, to 

increase the genotyping precision, sensitivity and 

accuracy, the using of more types of molecular markers 

is recommended. 

Our experiments pointed out that the 

molecular markers are able to emphasize the similarity 

degree between different genotypes, assessing the 

biodiversity but the precisely identification of the 

specie is not possible. 

Sometimes the genotypes belonging to the 

same genus are analyzed, but the taxonomic evaluation 

based on the morphological traits is not enough to 

establish the specie. Therefore, the barcoding, 

sequencing for some fragments from the chloroplast 

genome can be used for this aim.  

In our researches the mat K- K maturase gene 

and rbc L - ribulose-bisphosphate carboxylase genes 

were used. For each sample, the DNA was amplified 

with specific primers, generating a fragment of 630bp 

for rbcL locus and 935bp for matK. The amplified 

products were separated by agarose gel electrophoresis 

and the fragments of suitable length were cut from the 

gel. 

Further on, the amplified DNA fragments 

were purified from the gel slices and the concentrations 

were measured with the NanoDrop 8000, Thermo 

Scientific. Each purified DNA fragment was sent for 

sequencing to Macrogen company. The sequences 

were provided as a succession of nucleotides. 

The sequence was compared with the 

databases NCBI (National Center for Biotechnology 

Information) and the specie was identified. In our 

following example Salix triandra was identified, with a 

percent of identity of 96% (600/625), with 13 gaps 

(5%) (Fig. 4). 

 

Conclusions 

 
The three described techniques produced 

different amplification profiles, varying from simples 

one (RAPD) to more complex (DAMD and ISSR). 

Their efficiency was the same but they generated 

different dendrograms. 

Therefore it is recommended to combine the 

data obtained with different types of markers, which 

amplified different regions from the genome to 

establish a more accurate dendrogram.  

Considering that the markers are able to 

emphasize the similarity degree between different 

genotypes, assessing the biodiversity but they don’t 

allow the precisely identification of the specie the 

barcoding is necessary. 

In our experiments the specie identification 

was successfully when the combination between two 

loci matK+rbcL was analyzed.
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Fig. 4 The comparison of the rbcL locus sequence with the NCBI database and plant specie identification 
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