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Abstract
Main conclusion A deep bibliometric analysis has been carried out, obtaining valuable parameters that facilitate the 
understanding around the research in plant using molecular markers.

The evolution of the improvement in the field of agronomy is fundamental for its adaptation to the new exigencies that the 
current world context raises. In addition, within these improvements, this article focuses on those related to the biotechnol-
ogy sector. More specifically, the use of DNA markers that allow the researcher to know the set of genes associated with a 
particular quantitative trait or QTL. The use of molecular markers is widely extended, including: restriction fragment length 
polymorphism, random-amplified polymorphic DNA, amplified fragment length polymorphism, microsatellites, and single-
nucleotide polymorphisms. In addition to classical methodology, new approaches based on the next generation sequencing 
are proving to be fundamental. In this article, a historical review of the molecular markers traditionally used in plants, since 
its birth and how the new molecular tools facilitate the work of plant breeders is carried out. The evolution of the most 
studied cultures from the point of view of molecular markers is also reviewed and other parameters whose prior knowledge 
can facilitate the approach of researchers to this field of research are analyzed. The bibliometric analysis of molecular mark-
ers in plants shows that top five countries in this research are: US, China, India, France, and Germany, and from 2013, this 
research is led by China. On the other hand, the basic research using Arabidopsis is deeper in France and Germany, while 
other countries focused its efforts in their main crops as the US for wheat or maize, while China and India for wheat and rice.
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Abbreviations
AFLP  Amplified fragment length polymorphism
NGS  Next generation sequencing
PCR  Polymerase chain reaction
QTL  Quantitative trait loci
RAPD  Random amplification of polymorphic DNA
RFLP  Restriction fragment length polymorphism
SNP  Single-nucleotide polymorphisms

SSR  Simple sequence repeats
STR  Short tandem repeats

Introduction

The improvement in the yield of agricultural crops in the last 
century has seen remarkable progress (Bohra et al. 2014). 
However, there are still areas for improvement. Agronomy 
has evolved at the same pace as social, migratory, and cul-
tural changes have been taking place in the world; there-
fore, the need for new genotypes is enormous today. Plant 
breeders are at the crossroads of continually improving the 
varieties they work with to adapt to market needs, consumer 
demands, and growing agronomic problems (climate, pests, 
soil conditions, etc) (Evans 1997; Reynolds and Rodomiro 
2010).

While most of the progress achieved so far has been 
achieved with techniques of classical improvement, future 
prospects go through the control of biotechnology as a 
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fundamental condition to obtain a greater probability of suc-
cess in crop improvement (Lucht 2015). Within biotechnol-
ogy, the study and use of DNA markers for plant breeding 
provide an encouraging picture (Lateef 2015). It should not 
be forgotten that many of the breeds we have pointed out 
that concern the agricultural sector, such as pest resistance 
or yield, are genetically determined. What happens is that 
there is usually not a single gene that uniquely determines 
these characters, as Mendel studied in the 19th century. Nor-
mally, there is a set of genes that are, as a whole, controlling 
a certain trait. The regions of the genome in which the genes 
associated with a particular quantitative trait are located are 
called QTLs, quantitative trait loci (Collard et al. 2005). 
That is why it is fundamental to build linkage maps and 
carry out QTL analysis that shows the relationship between 
a genomic region and its associated trait (Wang et al. 2016). 
This process is called QTL mapping (Broman et al. 2003).

The use of DNA markers associated with important agro-
nomic factors is widespread in the improvement of various 
types of crops such as rice (Oryza sativa) (Mackill et al. 
1999), maize (Zea mays) (Ortiz 2010; Suwarno et al. 2015), 
wheat (Triticum aestivum) (Landjeva et al. 2007) or tomato 
(Lycopersicon esculentum) (Illa-Berenguer et al. 2015). 
However, these are also being used globally to optimize 
efficiency in the production of other types of food, such as 
vegetables (Xiong et al. 2015) and pastures (Eathington et al. 
2007). To this end, new approaches due to the increasing 
availability of data provided by the sequencing of complete 
genomes and transcriptomes are fundamental results. In fact, 
the complete genome of many species with agronomic inter-
est such as rice (Sasaki and Burr 2000) or tomato (Tomato 
Genome Consortium 2012) already exists. These new tech-
nologies are offering a large amount of genomic sequences 
at a very low price and in a very short time (Garrido-Card-
enas et al. 2017). Thus, genetic improvement is expected to 
benefit from this new circumstance and optimize both the 
efficiency and accuracy of the whole process.

The objective of this manuscript is to carry out a biblio-
metric study on the use of molecular markers in plants in 
the last 50 years. Previously, a definition and an analysis 
of the main types of markers traditionally used are made. 
New tools used to improve the identification of markers such 
as microarrays or massive sequencing or next generation 
sequencing (NGS) are also presented, and future perspec-
tives are advanced.

Molecular markers’ overview

Molecular markers have been used in recent years in the 
agronomic sector as powerful tools for the analysis of 
genetic variation as they offer an efficient way of linking 
phenotypic and genotypic variation (Varshney et al. 2005; 

Grover and Sharma 2016). However, not all markers are 
equally valid. The characteristics that a good marker has to 
fulfil will depend, to a large extent, on the size and composi-
tion of a plant population and the number of genes segregat-
ing in a population (Collard and Mackill 2008). However, 
in any case, all molecular markers analysis techniques must 
meet the following criteria: (1) reliability. Molecular mark-
ers should be very close to an investigated locus. The results 
are improved using several markers if they are flanking at a 
loci or intragenic; (2) being highly polymorphic, to discrimi-
nate between different genotypes, and to be evenly distrib-
uted in the genome; (3) having to be a simple, cheap, and 
fast technique; and (4) needing very little genetic starting 
material to carry out the analysis.

Based on the method of analysis, molecular marker tech-
niques can be classified into three categories: (1) non-PCR-
based techniques (Lander and Botstein 1989), but based on 
hybridization, i.e., restriction fragment length polymor-
phisms (RFLPs); (2) PCR-based techniques (O’Hanlon et al. 
2000). This category belongs a large number of techniques 
such as random amplification of polymorphic DNA (RAPD) 
and amplified fragment length polymorphisms (AFLP). This 
category, in turn, could be divided into two, depending on 
whether primers designed from known sequences or degen-
erate primers are used; and (3) sequence-based marker tech-
niques (Ganal et al. 2009), that is, single-nucleotide poly-
morphisms (SNPs).

Molecular markers types

As noted above, the use of one or the other technique will 
depend on both the study population and the phenotype 
and genotype analyzed in the study. In addition, often, in a 
research project, the researcher is not limited to carry out a 
single analysis of molecular markers, but instead performs 
the combination of several of them (Kumar 1999). To this 
must be added that new techniques of DNA analysis offer a 
large amount of data, whose study is not yet fully normal-
ized. Therefore, it is difficult to make a list of the different 
individual markers available, so that in this article will list 
and describe the traditionally most used.

Restriction fragment length polymorphism (RFLP)

Detection of the marker is performed by hybridization tech-
niques, labelling a DNA fragment to be used as a probe and 
carrying out a Southern blot analysis (Williams 1989). What 
is done is to digest different DNA samples with restriction 
enzymes in the hope that the sequence differences will occur 
at the cleavage sites of these restriction enzymes, so that a 
different and characteristic digestion pattern is obtained of 
each DNA sequence. RFLP markers are usually designed to 
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detect both alleles in a heterozygous sample. Using this tech-
nique, they can be identified from point mutations, such as 
single-nucleotide polymorphisms, to DNA insertions, dele-
tions, or rearrangements. Given the characteristics of analy-
sis and its simplicity, through RFLP can be studied a large 
number of samples at a time, as well as a large number of 
markers in a single sample. The main drawbacks of this tech-
nique are: the application of RFLP is very time consuming; 
it needs relatively large and high-quality amounts of DNA 
of known sequence; the labelling of the probes is usually 
on the radioisotope P32; and the high cost of the technique.

Random‑amplified polymorphic DNA (RAPD)

The objective through the use of RAPD markers is the 
obtaining of fragments of different sizes after carrying out a 
reaction of PCR on the genomic DNA that is being studied 
(Williams et al. 1990). In practice, what is done is to design 
random primers that are to be attached to different regions 
of the DNA, so that a given profile is to be obtained for each 
pair of primers. If, as a consequence of a mutation, the site 
to which the primer has to be attached changes, the ampli-
fication products will also change, obtaining a substantially 
different profile. As it is easy to understand, it is not neces-
sary to know in advance the sequence of the DNA to which 
the primer is to be attached. This is the main advantage of 
these molecular markers against RFLP, with the main disad-
vantages inherent to those of the PCR reaction itself: a good 
quality DNA template is required, the reaction conditions 
must be very well established, etc. Another drawbacks of 
RAPDs are that most of these markers are dominant; there-
fore, it is not usually possible to know whether the alteration 
has occurred in a copy or both of the DNA (Bardakci 2001).

Amplified fragment length polymorphism (AFLP)

In a way, this type of markers can be considered as a mixture 
of the two previous ones. As in the RAPDs markers, a PCR 
amplification reaction takes place (Vuylsteke et al. 2007). 
The difference is that, in this case, the template is DNA that 
has previously been digested with restriction enzymes. The 
second major difference is that in AFLPs, the amplification 
is selective rather than random (Vos et al. 1995). As in the 
case of RAPDs, in this case, it is not necessary to know 
the sequence of the DNA to be amplified beforehand and 
by means of this technique a series of bands of 50–300 bp, 
known as fingerprints (Mueller and Wolfenbarger 1999). 
One of the great advantages of AFLP markers is that they 
are easily multiplexable, which allows them to increase 
their performance considerably. Their main drawback is that 
when a fragment with low sequence homology is presented 
between samples, the number of common AFLPs will be 

very low and the technique is no longer useful (Janssen et al. 
1996).

Microsatellites

Microsatellites, also known as short tandem repeats (STRs) 
or as simple sequence repeats (SSRs), are repeats of up to 
100 times of simple sequences of 1–8 base pairs (Hamada 
and Kakunaga 1982). These elements are present in both 
coding and non-coding regions of all eukaryotic and prokar-
yotic genomes studied to date, even being present in chlo-
roplast and mitochondrial DNA (Provan et al. 2001; Chung 
and Staub 2003).

The primers used in the PCR reactions for the analysis 
of microsatellites may be labelled with a fluorophore, with 
a radioactive element or lacking labelling. Depending on 
whether one option or another is used, the detection sys-
tems will be different and can be used from laser detection 
systems with automatic reading to simple agarose gels. The 
main advantages of this type of markers are the large number 
of them that exist (Adal et al. 2015) and their co-dominant 
inheritance, which provides—in contrast to dominant mark-
ers—the complete genetic information. That is why they are 
probably the most widely used molecular markers in the 
world labs.

Single‑nucleotide polymorphisms (SNP)

A single-nucleotide polymorphism is said to exist when 
a single-nucleotide change (A, T, C, or G) is observed by 
comparing the DNA of different members of a species. 
These changes in a single position are used as an effective 
genetic marker in practically all the studied species both 
animal (Kim et al. 2010) and vegetal (Ganal et al. 2012), 
due to its great abundance, and its importance has become 
remarkable in the genetic analyzes in the last years. Due to 
their characteristics, they are extremely useful in a multi-
tude of analyzes, being able to evaluate a large number of 
loci and discriminating efficiently between homozygous and 
heterozygous alleles. In addition, SNPs are homogeneously 
distributed throughout the genome, they have low mutation 
rates, and they show high heritability, making them ideal 
markers. Depending on the type of mutation that occurs, the 
SNPs can be classified into: (i) transversions, with changes 
in nucleotides C/G, A/T, C/A, and T/G; (ii) transitions, 
appearing C/T or G/A changes; and (iii) indels, produced 
by insertions or deletions of a single nucleotide. In plants, 
thanks to the recent development of different molecular tech-
niques such as massive sequencing (Davey et al. 2011), it 
has been possible to design high-performance routine SNP 
analysis that allows the study of thousands of positions at 
a time.
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New tools used in the detection of molecular 
markers

At present, the global needs of a world, whose population 
does not stop growing, demand to put new tools in the hands 
of the breeders (Tester and Langridge 2010). The Food 
and Agriculture Organization of the United Nations, FAO, 
already speaks of a greener revolution. Its goal is to end 
global malnutrition through crop science. In addition, for 
this, it is fundamental to use both conventional breeding 
techniques and the new tools that have emerged in the area 
of molecular genetics (Pérez-de-Castro et al. 2012). Within 
these tools, there are two that stand out over the others for 
the low price of their analyzes and for the high performance 
achieved in obtaining data. These are microarrays and the 
next generation sequencing, NGS.

Microarrays

Since the end of the 20th century, microarrays have been 
used, above all, to know the transcriptional activity of a bio-
logical sample (Slonim and Yanai 2009). Although other 
techniques were previously used in gene expression studies 
such as Northern blot or later quantitative PCR, the intro-
duction of microarrays facilitated the analysis of thousands 
of genes at the same time in a same reaction, increasing 
the sensitivity and lowering the detection threshold of the 
transcriptional level of the less represented genes of a mix-
ture (Kerr et al. 2000). Microarray assays are developed on 
a solid surface to which thousands of genomic sequences 
called probes have been covalently bound to be hybridized 
with a biological sample that has been fluorescently labelled 
(Heller 2002). Thereafter, each fluorescence signal will be 
individually detected, so that the data set obtained will result 
in a hybridization map. By attaching tens of thousands of 
DNA fragments to each support, the main advantage of 
using this technology lies in the high number of analyzes 
that can be performed in parallel. Microarrays are cur-
rently being used for a large number of assays related to 
gene expression, such as in the detection of a tumor profile 
(Pacheco-Marín et al. 2016), in the study of gene regulation 
in a developmental process or in the detection of mutations 
for the genotyping of a sample (Gunderson et al. 2005).

Next generation sequencing, NGS

Next generation sequencing is a set of techniques, whose 
fundamental goal is the parallelization of DNA sequenc-
ing, so that thousands or millions of molecules of genetic 
material can be read simultaneously (Hall 2007). There are 
currently up to eight large massive sequencing platforms 

(Goodwin et al. 2016). Each of these platforms develops in 
a different way the preparation of the sample, its analysis, 
and the collection of the data. In any case, regardless of the 
technique used, massive sequencing allows the development 
of high-density genetic maps by identifying a large number 
of markers (Rasheed et al. 2017). This technology has been 
used successfully in the detection of SNPs of different spe-
cies well known genetically like pine or maize (Eckert et al. 
2009; Yan et al. 2010). Through massive sequencing, genetic 
maps of species not so well known as eucalyptus have also 
been built (Neves et al. 2011). The NGS methodology used 
in the field of agronomy has facilitated the identification 
of molecular markers linked to both QTLs and individual 
genes, thus optimizing the results obtained using the classi-
cal methodology (Mateo-Bonmatí et al. 2014).

Methodology

The bibliometric analysis allows the analysis of the scientific 
literature with the objective of throwing data on the scientific 
production, in a certain subject (Singh et al. 2014; Garrido-
Cardenas and Manzano-Agugliaro 2017), to understand the 
evolution of science. Bibliometrics is presented as a very 
useful tool to understand the relative importance of arti-
cles published in a scientific area (Fábregas-Ruesgas et al. 
2015). This study was performed after the authors conducted 
a complete search of the Elsevier database, Scopus, using 
the following query: (TITLE-ABS-KEY (molecular mark-
ers)) AND (TITLE-ABS-KEY (plants)). The search range 
focused on the period 1967–2016. It should be noted that 
if any of the parameters in the search is altered, the results 
obtained may be very different. The above general search 
query has been completed with specific search queries, e.g., 
in searches of the number of documents by countries refer-
ring to types of molecular markers such as, for France and 
RAPD, it was: (TITLE-ABS-KEY (molecular AND mark-
ers)) AND (TITLE-ABS-KEY (plants)) AND (LIMIT-TO 
(AFFILCOUNTRY, “France “)) AND (LIMIT-TO (EXACT-
KEYWORD, “Random Amplified Polymorphic DNA”)). 
Another example for each crop, the common and scientific 
name was taken into account, and also the botanical genus, 
for example, for US and wheat, it was: (TITLE-ABS-KEY 
(molecular markers)) AND (TITLE-ABS-KEY (plants)) 
AND (LIMIT-TO (AFFILCOUNTRY, “United States “)) 
AND (LIMIT-TO (EXACTKEYWORD, “Triticum Aesti-
vum”) OR LIMIT-TO (EXACTKEYWORD, “Wheat”) OR 
LIMIT-TO (EXACTKEYWORD, “Triticum”)). This pro-
cedure ensures that one publication is counted only once.

The overlap of main scientific databases and their impact 
of using different data sources for specific research fields 
on bibliometric indicators have been measured in some 
studies. Therefore, they conclude that Scopus citations are 
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comparable to Web of Science citations when limiting the 
citation period to 1996 and onwards. Both databases cover 
about 90% of the citations of the other, respectively (Gime-
nez and Manzano-Agugliaro 2017; Salmerón-Manzano and 
Manzano-Agugliaro 2017). In the regard of the journal cov-
erage, a Web of Science and Scopus comparative analysis 
shows that the coverage of active scholarly journals in WoS 
(13,605 journals) is lower than Scopus (20,346 journals) 
(Mongeon and Paul-Hus 2016), and the correlations between 
the measures obtained with both databases for the number 
of papers and the number of citations received by countries, 
as well as for their ranks, are extremely high (R2 ≈ 0.99) 
(Archambault et al. 2009). The advantages of Scopus for 
bibliometric analysis are shown in several research papers 
(Montoya et al. 2014, 2017).

The data obtained after the query of the database were 
processed using spreadsheets. To facilitate the visualization 
of the results and optimize the development of the analy-
sis, the corresponding graphs were generated from the data 
obtained. The aspects studied were: (1) number of publica-
tions per year; (2) categories of distribution issues and jour-
nals; (3) type of document and language; (4) distribution by 
country and institution; and (5) keywords.

Results

Evolution of scientific output

The search yielded 20,794 results, whose evolution is rep-
resented in Fig. 1. It can be observed that until the end of 

the 80s of the 20th century, there is no remarkable growth, 
registering only 98 documents in the first 20 years. How-
ever, from this moment, the growth is constant until today, 
adjusting a second-order polynomial growth with a correla-
tion coefficient of R2 = 0.9505. The maximum number of 
published annual papers on molecular markers was 1744 and 
it was reached in 2014.

To deepen the analysis of the evolution of scientific pro-
duction in this field, Fig. 2 has been made. It shows the pub-
lications trends for the top five countries. It can be observed 
how Top 1, the US, leaves to lead this worldwide scientific 
research on 2013 when it begins to be led by China. On 
the other hand, a constant trend is maintained by Germany 
and France, but India, since 2008 seems to take off in this 
research field, going on to maintain the third place since 
then; therefore, in the last year of study, it is at the same level 
as the US on number of publications.

Distribution of output in subject categories 
and journals

In the analysis of the distribution of publications by field, it 
should be noted that each article can be indexed in more than 
one category. Figure 3 shows the areas with more than 100 
publications in the period studied. The analysis was carried 
out according to the classification of Scopus, and it can be 
observed that the first two places of this classification cor-
respond to the categories of Agricultural and Biological Sci-
ences and Biochemistry, Genetics and Molecular Biology, 
with 13,041 and 12,956 publications, respectively. These 
two areas together represent around 90% of all publications. 

Fig. 1  Publication trends from 
1985 to 2016 on molecular 
markers in plants
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Fig. 2  Publications trends for the top five countries

Fig. 3  Distribution of publica-
tions by field
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Then, at a considerable distance, the area of Medicine 
appears, and in the fourth and fifth positions are the areas 
Immunology and Microbiology and Environmental Science, 
with just over 1000 publications each.

Figure 4 shows the journals with the highest number of 
publications on molecular markers in plant in the period 
1967–2016. The graph only shows the journals that in this 
period have published at least 150 articles, resulting in a 
total of 20 journals. Of these, six journals are from US, four 
journals are from UK, three journals are from Germany, 
and three journals from The Netherlands. Four other coun-
tries publish a single journal: Belgium, Canada, Brazil, and 
Kenya. Leading this ranking stands out the journal Theoreti-
cal and Applied Genetics, with 1492 articles (more than the 
sum of the two journals that occupy the second and third 
positions, Plos One and Acta Horticulturae). Theoretical 
and Applied Genetics has been the journal that more articles 
have published in all the historical series until year 2011. 
From that moment, the journals Plos One and Genetics and 
Molecular Research have moved to lead the classification.

Types and language of publications

Figure  5 shows the type of documents that have been 
published in the studied period. As can be seen, the clear 
majority of these are articles. 18,310 publications repre-
sent 88.05% of the total. With much less representation 
are the reviews (1190 publications, 5.72%), the conference 
paper (671 publications, 3.23%), and the book chapter (358 

publications, 1.72%). The rest of the publications have a 
mere testimonial representation and do not reach 1% of the 
total of the publications.

On the other hand, since English is the prevailing lan-
guage in international journals, it is not surprising that 
96.29% of the articles are written in this language. Lan-
guages such as Chinese (2.14%), Portuguese (0.59%), Rus-
sian (0.59%), or Spanish (0.36%) appear behind them, but 
with a very minority presence.

Distribution of publications by country 
and institutions

Figure 6 represents a world map in which countries with 
at least 1000 publications on molecular markers in plants 
are colored in brown and red. Above all, USA and China 
stand out, being the only two countries with more than 
2000 items, specifically, 4975 articles in USA and 3470 
in China, during the studied period. These two countries 
together publish, practically, 40% of all the articles of 
this subject. The remaining countries with at least 1000 
publications are India (1847 articles), Germany (1532 
articles), France (1342 articles), UK (1239 articles), Italy 
(1060 articles), and Japan (1058 articles). In the same 
sense, the three institutions that publish the most arti-
cles according to the search are of American or Chinese 
nationality. These institutions are: the USDA Agricultural 
Research Service, Washington DC, with 483 publications, 

Fig. 4  Distribution of publica-
tions by source
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the Chinese Academy of Agricultural Sciences, with 432 
publications, and the University of California, UC Davis, 
with 338 articles. Figure 7 shows the 11 institutions with 
at least 200 publications on molecular markers in plants. 
Of these 11 institutions, four are American and four are 
Chinese. The other nationalities represented are: Dutch, 
with Wageningen University and Research Center; Ger-
man, with Leibniz Institute of Plant Genetics and Crop 
Plant Research; and Brazilian, with the Brazilian Agricul-
tural Research Company—Embrapa.

Keyword analysis

To carry out the analysis of the keywords, two additional 
adjustments had to be made in the search. On one hand, 
generic terms, like “article”, which do not contribute any-
thing to the study, were eliminated. In addition, on the 
other hand, the terms that referred to the same concept, 
but appeared independently, as in the case of “Plant DNA” 
and “DNA, Plant” or “Nucleotide sequence” and “base 
sequence”, were grouped. Only then does it make sense to 
analyze the keywords to try to understand the research trends 

Fig. 5  Distribution of document types

Fig. 6  World map representing the molecular markers in plants publications
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that are developed in a given area (Choi 2011). After mak-
ing these two adjustments, it has been seen that there are 26 
terms that appear in at least 1200 publications (Fig. 8). Note 

that the number of keywords that appears in each publication 
is variable, as it depends on each journal, and usually varies 
between 4 and 8.

Fig. 7  Main institutions in 
molecular markers plants pub-
lications

Fig. 8  Distribution of keywords
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In addition, the representation of these 26 keywords in a 
cloud word (Fig. 9), where the number of times a keyword 
appears in publications with their size in the cloud, is repre-
sented proportionally. This image gets to offer a more visual 
analysis result.

On the other hand, an analysis of the evolution of two 
different series of keywords between the years 2000 and 
2016 has been carried out. These two series are: (i) types of 
molecular markers (Fig. 10) and (ii) cultivable plant species 
(Fig. 11). In the first of the series, the keywords that appear 
are: microsatellite, RAPD, AFLP, SNP, and RFLP. In addi-
tion, in the second of the series, the keywords that appear 

are: wheat, Arabidopsis (Arabidopsis thaliana), rice, maize, 
barley (Hordeum vulgare), and tomato.

In Fig. 10 the appearance of RAPD and AFLP techniques 
as keywords is relatively constant in this period, whereas it is 
not in the rest of the techniques, with a significant decrease 
in the RFLP technique and a considerable increase in the 
presence of microsatellites and SNPs as keywords. In abso-
lute terms, the methodology with a greater presence among 
the keywords in the studied years is microsatellite, followed 
by RAPD, whereas the one that counts with a smaller pres-
ence is the RFLP technique, reinforcing the specific weight 
loss that it is suffering in the last years.

Fig. 9  Word cloud of worldwide 
research in molecular markers 
in plants

Fig. 10  Evolution of main 
keywords related to molecular 
markers from 2000 to 2016
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About the plant species that appear among the keywords 
(Fig. 11), in absolute terms, the one that appears with a 
higher frequency is wheat. The second position appears 
Arabidopsis, the model organism of choice for research in 
plant biology (Koornneef and Meinke 2010). The third and 
fourth places are occupied by two species of cereal, maize, 
and rice. These are two of the most consuming species in the 
world and contribute most to human consumption. These are 
also of great importance in animal feed, especially maize. 
Barley appears in the fifth place, probably because it is 
not only used directly in human and animal feed, but also, 
because it is the main component of beer, widely spread 
throughout the planet. Finally, in the sixth, one appears the 
tomato, that is one of the horticultural plants with more dif-
fusion worldwide, as much for its volume of consumption 
in fresh as for its commercial commercialization in sauce.

Finally, this study of keywords must be completed with 
those most used by the main institutions and countries 

dedicated to this field. Table 1 lists the three main key-
words used by the institutions as well as the keyword of 
the most cultivated plant. Overall, there is a lot of simi-
larity and repetition with the keywords Nonhuman and 
Chromosome Mapping, which usually occupy the first 
two positions in almost all the research institutions. The 
specialization is found more when the main plant key-
word that appears is selected. The first three institutions 
in the ranking are centered in wheat, while in the others, 
each one is specialized in a crop, generally related to its 
agricultural environment. For example, the University of 
Wisconsin Madison studies mainly Cucumis Sativus, and 
its species of pickle (Pickling Cucumber Wisconsin SMR 
18) is well known, or the Nanjing Agricultural University 
that has many studies of the cotton thanks to its Cotton 
Research Institute, or the Genetic Research and Breeding 
of Rapeseed at Huazhong Agricultural University dedi-
cated to rapeseed (Brassica napus).

Fig. 11  Evolution in cultiva-
ble plant species as keywords 
between 2000 and 2016

Table 1  Top three keywords and main plant keyword for the top ten institutions

Affiliation Main keywords

1 2 3 Plant

USDA Agricultural Research Service, Washington, DC Chromosome mapping Nonhuman Plant diseases Wheat
Chinese Academy of Agricultural Sciences Nonhuman Chromosome mapping Genes, plant Wheat
UC Davis Nonhuman Chromosome mapping Genotype Wheat
Wageningen University and Research Centre Nonhuman Chromosome mapping Genotype Potato/tomato
Cornell University Nonhuman Chromosome mapping Molecular sequence data Tomato/rice
Huazhong Agricultural University Nonhuman Chromosome mapping Brassica napus Rapeseed
Chinese Academy of Sciences Nonhuman Phylogeny Molecular sequence data Rice
University of Wisconsin Madison Nonhuman Chromosome mapping Genome, plant Cucumber
Nanjing Agricultural University Nonhuman Chromosome mapping Chromosomes, plant Cotton
Leibniz Institute of Plant Genetics and Crop Plant Research Hordeum Nonhuman Barley Barley
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If one pay attention to the main keywords by country, 
and it is distinguished by molecular markers and by the 
crops studied, we obtain Figs. 12 and 13, respectively. The 
representation attends the percentage of these publications 
among them. As shown in Fig. 12, the relative importance of 
RFLP in USA is greater than in the other studied countries, 
while microsatellite is for China and France or RAPD is for 

India. On the other hand, the keywords of the crops for each 
country show the main interest of each country in them. 
Thus, it is observed how the experimentation with plants 
for the basic research such as Arabidopsis rounds 35% in 
France and Germany, while the US is about 25%; in this 
aspect, China and India are below 15%. Regarding wheat, 
all countries have a high interest, between 22% for France 

Fig. 12  Main keywords of molecular markers for top five countries

Fig. 13  Main keywords of plants for top five countries
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and 30% for China. The largest variations are found related 
to the rice, where France and Germany are below 10%, while 
India and China reach values of 33–46%, respectively. In 
the study of corn, US stands out with almost 20% of its 
publications dedicated to it. Regarding rapeseed, having all 
values below 10%, Germany stands out with 8% and China 
with 7%. Finally, for tomato, highlights the interest of two 
countries with values above 10%, US and France.

Conclusions and discussion

The publications about the theme of molecular markers in 
plants between the years 1967 and 2016 have been analyzed. 
It has started from the search carried out in the Scopus data-
base, and the aspects that have been studied are: evolution of 
scientific output, distribution of output in subject categories 
and journals, types and languages of publications, distribu-
tion of publications by country and institutions, and keyword 
analysis. The first thing to note is that the number of publica-
tions grew very moderate, since the first articles appeared 
until the last decades of the 20th century, but since then, the 
number of articles published has not stopped growing and 
it has done it following a polynomial function of the second 
order. It is also noted that the clear majority—96%—are 
written in English, 88% are articles and 90% are classified 
under the categories Agricultural and Biological Sciences 
and Biochemistry, Genetics and Molecular Biology.

The top five countries are: US, China, India, Germany, 
and France. It is emphasized that USA dominates this field 
until 2013, since it begins to be led by China. On the other 
hand, India has advanced a lot in this field, arriving in 
the last year of study at the US level. Between them pub-
lish about 40% of all the articles of molecular markers in 
plants, being the institutions of these nationalities the most 
active. In fact, one US institution—the USDA Agricultural 
Research Service, Washington DC—and another Chinese—
the Chinese Academy of Agricultural Sciences—are the 
ones that have published the most documents during the 
studied period. Showing these institutions, the interest of 
their country for specific crops, this can be observed, since 
there are research centers associated with these institutions 
focused on these crops.

When analyzing the evolution in the keywords of the 
presence of the various techniques to identify molecular 
markers, it shows the trend that has been kept worldwide 
in the use of these techniques. While the late 20th cen-
tury techniques based on the use of restriction enzymes 
and the subsequent analysis of the fragments obtained in 
gels were the predominant ones, with the advent of mas-
sive sequencing technologies, the trend changed. The tedi-
ous montages evolved and the techniques were automated. 
New methodologies to obtain a maximum number of data 

in an absolutely standardized way and analysis are carried 
out by software more and more specific and versatile every 
day. Thus, currently, analyzes as the RFLPs are merely tes-
timonial, whereas there is an absolute predominance by the 
identification of SNPs and the analysis of microsatellites.

Related to specific plant studied, as was expected, cereals 
as wheat, maize, rice, and barley are the most studied plants 
by these techniques. An inedible plant such as Arabidopsis 
also occupies an important place because of its condition 
as a model plant. The most studied horticultural plant is the 
tomato, as expected, being the most consumed horticultural 
species in the world, both fresh and in sauce. Therefore, the 
basic research using Arabidopsis is deeper in France and 
Germany, while the other countries focused its efforts in 
their main crops as the US for wheat or maize, while China 
and India for wheat and rice. The study of tomato is espe-
cially important in US and France.

If the new global perspective of the world has changed, 
the way we interact with each other, therefore, has our 
way of understanding our diet. If we add to this a world 
population that continues to grow, it is easy to conclude 
that demands for wheat, rice, or maize crops will become 
increasingly demanding. That is why it is essential to have 
tools aimed at optimizing the different agronomic resources. 
In addition, this is where the role of molecular markers is 
fundamental. This manuscript shows how different molecu-
lar markers as RFLP, RAPD, and AFLP are practically not 
currently used; therefore, the trend of their use over time 
has been observed. Identifying, knowing, and manipulating 
genes that determine certain characteristics seem to be the 
only way to maximize the yield of agricultural crops.
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