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Abstract 

Linum usitatissimum is an economically important species that is a dicotyledonous, self-pollinated, and annual herbaceous plant. 

L. usitatissimum provides both oil and fiber, which have a wide range of uses. The genetic variation existing within the genome is 

important to preserve the genetic resources and establishment of an effective breeding programmes successfully. Several 

molecular markers have been employed to analyse genetic characterization within the different genotypes of the species or among 

other plant species, including L. usitatissimum as well. Various molecular markers e.g., SSR, SCOT, RAPD, IRAP, REMAP, ISSR, and 

iPBS were used to understand the genetic diversity and genotyping of flax varieties, and to characterize relationships in L. 

usitatissimum. In the presented study, bibliometric analysis was performed to evaluate the published articles related to molecular 

marker studies in L. usitatissimum from 1998 to 2025 based on the WOS database. Searching the Web of Science Core Collection 

(WOS) by "Linum usitatissimum’’ and "molecular markers" criterias were analyzed, and the parameters include category areas, 

subject, country of publication, and country collaborations. According to the research results, a total of 91 published data were 

identified through research analysis from 1998 to 2025. Plant science, agronomy, and genetics/heredity were the top three 

categories. Canada and China have been the top contributors to research on molecular markers in L. usitatissimum based on WOS 

data. This bibliometric study evaluates the molecular marker analyses from different perspectives based on bibliometric analyses, 

which may be helpful to researchers working on this field and give an idea for possible projects. As a result, this study is the first 

bibliometric approach that aims to guide future studies by revealing molecular marker studies on flax genotypes between 1998 

and 2025. 
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INTRODUCTION 

The Linum genus is member of the Lineaceae family. The genus comprises approximately 180 

annual and perennial species. The member of the genus distributed throughout the subtropical and 

temperate areas of the world (McDill et. al., 2009). It has been mentioned that since endemism rate and 

the important number of the species found Anatolia may suggested one of the gene center for the genus 

Linum (Yılmaz et al., 2003; Ulcay, 2023). 

Linum usitatissimum is known as the only economically important species of the genus Linum 

(Tadesse et al., 2009). It is mentioned as an ancient crop (Wang et al., 2012) which is an annual and 

self-pollinated cultivated species (Nag et al., 2015) with 2n = 30 chromosome number (Rachinskya et 

al., 2011). L. usitatissimum is commonly cultivated as an oil and fiber source (Wang et al., 2012). Its 

stem produces the high quality fibers which have an important strength and durability (Singh et al., 

2011). The fibers are used as a raw material source for various purposes, e.g., curtain, yarn, insulating 

material, and textile (Yılmaz & Uzun 2019). The seeds include oil that is rich in omega-3, lignans, and 

digestible proteins (Singh et al., 2011; Arslanoğlu &Aytaç 2020).  Flax has been utilized widely 

following the cotton (Aytaç et al., 2020). However, the cultivation area of flax has been decreased after 

1964 with the accelerated use of the cotton and synthetic fiber resources (Hazneci & Arslanaoğlu 2021). 

Although cotton is Turkey's most produced fiber plant, cotton-producing regions are limited by different 

factors such as climate factors (Aytaç et al., 2020), which make the flax production crucial as an 

excellent alternative fiber souce (Hazneci & Arslanaoğlu 2021). Since the common use of flax, it has 

been mentioned which makes it significantly important to develop the new varieties with desired 

characters e.g., resistant varieties and higher productivity. To obtain new varieties with desired 

characters comprehensive information about its genetic characteristics are necessary (Rachinskya et al., 

2011).  

Recently, there have been a number of reports from different perspectives to know more about 

the genome of L. usitatissimum and provide beneficial information to use in breeding studies (Wang et 

al., 2012; Yurkevich et al., 2017). Based on literature, one of the research fields about the L. 

usitatissimum is molecular marker analysis (Fu et al., 2005; Uysal et al., 2010; Smýkal, et al., 2011; 

Rachinskya et al., 2011; Habibollahi et al., 2018; Koçak et al., 2023, Cuiping & Liu 2024).  

The plant breeding programmes were supported significantly with the improvement of the 

molecular marker technology since 1980. In the last three decades, the interest in obtaining knowledge 

about the sequences of plant genomes as well as the physiological and molecular roles of plant genes, 

has increased, which has a significantly important effect on molecular genetics and its efficiency in plant 

breeding programmes (Nadeem et al., 2012). 
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Genetic diversity is known as the variation in genes among species or between individuals of the 

same species (Begna and Teressa 2024) and is used for classical and molecular breeding in plant 

breeding programs (Begna & Teressa 2024; Aşkar 2025). Determining genetic diversity is an important 

for sustainability, and genetic characterization is also essential in breeding studies, such as identifying 

genotypes resistant to biotic and abiotic stress factors. Genetic diversity is one of the most fundamental 

resources in the development of genetic breeding programs (Sütcü et al., 2022). Identifying species with 

high genetic diversity and conducting genetic characterization studies are invaluable in breeding studies 

to achieve the desired goals. Molecular markers are known as one of the effective techniques for 

determining genetic diversity (Begna & Teressa 2024; Aşkar 2025).  

Molecular markers are DNA fragments that are associated with any gene region in the genome. 

Molecular marker techniques are based on the principle of detecting polymorphic gene regions in the 

DNA, which are formed from the deletions, insertions, point mutations, or errors during repeated DNA 

replication (Yorgancılar et al., 2015). Several types of DNA molecular markers have been developed 

and successfully applied for many years. DNA based molecular markers are divided into two main 

groups based on detection method: hybridization-based markers (e.g., restriction fragment length 

polymorphism-RFLP) and polymerase chain reaction (PCR)-based markers, (such as AFLP, CAPS, 

RAPD, SCAR, SRAP, and SSR) (Sarwat et al., 2011; Nair and Pnadey, 2021; Bilgen and Kaya, 2023). 

The suggestion/selection of parental lines for breeding programmes (Yaldız et al., 2018; Ali et al., 2020), 

gene mapping and selection (Nair & Pnadey, 2021), revealing of the genetic diversity (Yaldız et al., 

2018; Aşkar, 2025), mapping and phylogeny analysis (Stàgel et al., 2008), determining pollen 

contamination in seed orchards (Bilgen and Kaya, 2014) are some of the significant contributions of the 

molecular marker studies in plants. Molecular markers may have advantages such as easy to use, high 

reproducibility, and less quantity of DNA, however they may also have disadvantages such as being less 

polymorphic, expensive, and requiring high quality DNA content in some cases (Nadeem et al., 2018).  

Recently, bibliometric analyses have become popular across different scientific fields to support 

the understanding of research topics and their patterns and trends (Bilgen & Kaya, 2023; Wani et al., 

2023; Yardibi et al., 2023; Cerimi et al., 2025). Bibliometric analysis is a method to investigate and 

analyze a large amount of scientific data (Donthu et al., 2021). It has been reported that different 

contributions of the bibliometric analyses such as quantitatively and visually analyzing (Shawahna and 

Nairat 2021), provide a valuable source to represent available literature in a particular field (Yardibi et 

al., 2021), and shed light on the emerging trends (Donthu et al., 2021). Therefore, this presented 

bibliometric research aims; (1) to give important implications and insights for future studies about flax 

genotypes, (2) to analyze the literature about molecular markers studies L. usitatissimum, and (3) to 

provide a general evaluation of the related current studies, and highlight this field in L. usitatissimum. 
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MATERIALS and METHOD 

The bibliometric analyses performed to evaluate the scientific literature on the molecular marker 

studies in L. usitatissimum which is a unique economically important species of the genus. To obtain 

comprehensive coverage, the research was conducted with using keywords by "molecular markers" and 

"L. usitatissimum". The search was performed using Web of Science (WOS) to obtain highly relevant 

publications. Data including authors, journal title, year of publication, abstract, keywords, DOI, and 

Web of Science categories were included in the records that were exported in BibTeX format. The data 

collection was performed on August 8, 2025. The retrieved related data includes published articles from 

1998 to 2025. For this, a total of 91 related publications were downloaded for L. usitatissimum. The 

retrieved related data was consisted of article, review, book chapter, and proceeding papers.  Duplicate 

entries were not included in the analysis. Python (version 3.12) was used to process all bibliographic 

data. The following libraries were used: matplotlib (Hunter, 2007) and seaborn (Waskom, 2021) for 

visualization; wordcloud (Mueller, 2020) for keyword cloud generation; geopandas (Jordahl et al., 2020) 

and shapely (Gillies et al., 2025) for spatial mapping; pandas (McKinney, 2010) for data handling and 

cleaning; and networkx (Hagberg et al., 2008) for collaboration network analysis. The flow chart of the 

material and method process is given in Figure 1. 

 

Figure 1. The flow chart of the material and method procees. 
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RESULTS and DISCUSSION 

In this research, bibliometric analysis was performed to evaluate the published data about 

molecular marker analysis in L. usitatissimum. All of the data spanning the period from 1998 to 2025 

was retrieved from the WOS database. 

Searching the Web of Science Core Collection (WOS) by "molecular markers" and "L. 

usitatissimum" criteria revealed that 91 published studies. (Figure 2). Among these, 93.4% (n=85) were 

classified as research articles, with the remaining contributions including 3 reviews, 2 book chapters, 

and 1 conference paper on molecular marker studies in L. usitatissimum (Figure 2). 

 

 

Figure 2. Published paper type on molecular marker analysis in L. usitatissimum. 

 

The number of published papers per year from 1998 to 2025 on molecular marker analysis in L. 

usitatissimum is shown in Figure 3. The publication activity was very low from 1998 to 2011.  From 

2011, publication activity has generally increased compared to the previous years however, the highest 

publication activity came out in 2018 and 2023 with 12 and 10 records, respectively. 
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Figure 3. The number of published papers per year from 1998 to 2025 on molecular marker analysis in 
L. usitatissimum. 

It has been observed that the published articles belong to 17 different WOS categories. Figure 4 

presents the number of articles in 17 WOS categories. The number of articles in the top 10 WOS 

categories are as follows; Plant Sciences with 47 records, Agronomy with 27 records, 

Genetic\&Heredity with 25 records, Biotechnology\&Applied Microbiology with 12 records, 

Biochemistry\&Molecular Biology with 11 records, Horticulture with 10 records, 

Chemistry\&Multidisciplinary with 5 records, Multidisciplinary Sciences with 4 records, Biology with 

3 records, and Biochemical Research Methods with 3 records (Figure 4). The analysis of subject focus 

reveals that, according to WOS (Web of Science) categories, the predominant area of publications is 

plant sciences, accounting for 51.6% with 47 records. This is followed by agronomy at 29.6% with 27 

records and genetics & heredity at 27.4% with 25 records.  This distribution highlighted the importance 

of molecular marker analyses in different fields of science to enlighten the genome of L. usitatissimum.  
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Figure 4. Web of Science Categories of 91 published articles on molecular marker analysis in L. 
usitatissimum during 1998-2025. 

Based on the search results of WOS Publication Titles, 51 journals were reported, and the top 10 

journal list including the published paper which was collected following the "Linum usitatissimum" and 

"molecular marker" criteria is shown in Table 1. Genetic Resources and Crop Evolution, Frontiers in 

Plant Science, and International Journal of Molecular Sciences take the first three ranks among the 

collected journals by WOS. The journals with the highest number of articles included Genetic Resources 

and Crop Evolution (n = 10), followed by Frontiers in Plant Science (n = 7) and the International Journal 

of Molecular Sciences (n = 5). 
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Table 1. Search results of the top ten WOS Publication Titles of published articles 

Wos publication titles Number of Articles 
Genetıc resources and crop evolutıon 10 

Frontıers ın plant scıence 7 

Internatıonal journal of molecular scıences 5 

Molecular breedıng 5 

Bmc plant bıology 4 

Bmc genomıcs 4 

Journal of natural fıbers 3 

Theoretıcal and applıed genetıcs  3 

Cytology and genetıcs 3 

Russıan journal of genetıcs 2 

 

In terms of retrieved data from 1998 to 2025, countries published data related to molecular marker 

analyses in L. usitatissimum were shown in Figure 5. A total of 27 countries reported; however first 20 

countries that have more publications compared to the others were listed in Table 2. Among these 

countries, Canada was the country which has the highest published data with 30 records.  Following the 

Canada, China, India, and Chile were the countries also contributed the most to molecular marker 

analysis in L. usitatissimum during 1998-2025, respectively (Table 2). However, the contribution from 

Türkiye amounted to just 2 publications which may indicate that molecular marker analysis is limited 

and must accelerate to support breeding studies. 

 

Figure 5. Main contributors to the research on molecular marker analysis in L. usitatissimum in term of 
countries. 
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Table 2. Countries that contributed to publications on molecular marker analysis in L. usitatissimum 

Countries Publication Countries Publication 

Canada 30 Egypt 4 

China 16 Australia 4 

India 10 Poland 3 

Chile 8 United States of America 3 

Czechia 5 Ukraine 2 

Iran 5 France 2 

Belarus 5 Türkiye 2 

 

The Figure 6 shows collaborations among the countries on molecular marker studies in L. 

usitatissimum. The most collobrative countries are Canada with 15, China with 8 and Chile with 7 

collobrations. The most robust collaboration connections within the international cooperation network 

were identified between Canada and Chile, with 7 co-authored publications. This was followed by 

Canada and China, which had 3 co-authored publications, and Canada and India, with 2 co-authored 

publications. Canada and China are the countries that have the top contributions to the collaborations on 

molecular marker analysis in terms of collaborations in L. usitatissimum. This means these countries 

may play an important role for the L. usitatissimum studies. In another study, Canada and China reported 

among the countries with the important production for flax and linseed, respectively (Baştürk, 2024). 

We can see that some of the countries which have a high amount of L. usitatissimum production and 

also have an important contrubution to the research related to molecular markers. 

 

Figure 6. Collaboration network between the countries on molecular marker analysis in L. 
usitatissimum. 



Yücel et al., / Uluslararası Tarım Araştırmalarında Yenilikçi Yaklaşımlar Dergisi /  
International Journal of Innovative Approaches in Agricultural Research, 2025, Vol. 9 (4), 475-278 

 
 

 484 

One of the important characteristics for bibliometric studies is keyword analysis which is useful 

tool to present an outlook of the research trend in the field under study. The Figure 7 represents the word 

cloud created using the most important keywords associated with molecular marker studies in L. 

usitatissimum. Retrieved data reported 200 data and indicated flax, linum, usitatissimum, genetic, 

marker, diversity, SSR, polymorphism, and linseed had the highest frequency, respectively (Figure 7). 

In the analysis, the most frequently used term was "flax" (f=1.0), followed by "linum" (f=0.79), 

"usitatissimum" (f=0.71), and "genetic" (f=0.61). The most frequently occurring marker term was SSR 

(f=0.25). 

 

Figure 7. The word cloud of keywords 

This conducted bibliometric analysis provides a general view of molecular marker analysis on the 

species L. usitatissimum. Analysis of genetic diversity and characterization of flax gene pool and are 

crucial information for the breeding pograms (Habibolllahi et al., 2018b), which is why they make 

performing molecular marker analysis or related analysis crucial in various plants. As we can see from 

the obtained data, different types of molecular marker analysis e.g., AFLP (Wakjira et al., 2005), SSR, 

ISSR (Uysal et al., 2010; Cuiping & Liu 2024), RAPD (Fu et al., 2005), IRAP (Smýkal et al., 2011), 

REMAP (Abbasi Holasou et al., 2016) and iPBS (Koçak et al., 2023), allowed the understanding of the 

genetic diversity and genotyping of flax varieties, characterization of relationships among the 

individuals of L. usitatissimum. RAPD markers are used to detect genetic diversity to obtain useful 

findings which is an important to understand flax domestication and exploring novel gene source for 

flax improvement (Fu et al., 2005), genetic diversity assessment among flax genotypes based on AFLP 

indicated AFLP is an effective method to discriminate accessions (Wakjira et al., 2005). SSR markers 

and some morphological characters were evaluated for the identification of cultivars (Cuiping & Liu 
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2024), and ISSR and iPBS markers were used to analyse genetic diversity and population structure in 

flax genotypes (Koçak et al., 2023).  

It has been mentioned that there are bibliometric studies on flax (Majumdar et al., 2022; Nwankwo 

et al., 2023; Gao et al., 2023) however, they mostly focused on related the application of natural fibers 

in concrete (Gao et al., 2023), which may make it necessary to conduct bibliometric analyses also with 

different topics related to L. usitatissimum. Bibliometric analyses based on WOS with flax-related 

research (from 2000 to 2022) were performed on flax research history, hotspots, and emerging trends, 

which could support to put forward ideas and suggestions for the development of the flax industry. Five 

important research areas were presented (1) flax genetics, (2) fiber quality, (3) flaxseed products, (4) 

biocomposite with flax fiber, (5) cellulose and its application. Canada was reported one of the important 

countries in flax studies with published articles (Gao et al., 2023) and these results showed similarity 

with the presented study which showed Canada had important number of the published data and 

collaboration as well. As we can see from the reported bibliometric analyses, genetics of flax has been 

reported in five important research areas, which is why molecular markers and related studies with 

analyze them may suggest a crucial field in the genome studies of L. usitatissimum. 

  Another bibliometric analysis were carried out based on flax disease to enlighten researchers 

and put forward an idea to get a high and healthy harvest based on Scopus data. In the mentioned 

research, 243 articles were retrieved. The obtained results indicated that an important part of the data 

(52%) was in the category of agricultural and biological science, biochemistry and genetics. Canada, 

were in list of the countries with higher publications compared to other countries. Furthermore, it has 

been suggested that international exchanges and cooperation require improvement (Karimova et al., 

2023). This bibliometric study (Karimova et al., 2023), indicated similar points with presented study 

such as Canada had the highest publication number in terms of molecular marker, also agronomy and 

biology were also in the top ten categories. In another research, bibliometric analysis for natural fibers 

were performed as well (Majumbar et al., 2022). 

CONCLUSION 

This conducted bibliometric analysis provides a comprehensive evaluation of the research 

landscape regarding the molecular marker in L. usitatissimum.  By employing information in graphs and 

tables, the results were summarized clearly. According to bibliometric analysis, the number of molecular 

marker studies has started to increase, which may show the increasing importance of the studied field 

for L. usitatissimum. Besides, the conducted bibliometric analysis revealed information such as the 

number of published data, categories, popularly used keywords, collaborations, which may contribute 

to the scientists involved in this research field and give an idea to focus future projects. Therefore, this 

study not only provides a detailed analysis of studies on molecular marker analysis in L. usitatissimum 
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during 27-year period (1998-2025), but also provides a significant scientific framework for future 

studies. 
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