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Introduction 

Strawberries (Fragaria spp.) are plants that produce fruits with 

high economic value and nutritional content (1). According to 

data from the Central Statistics Agency (2023), strawberry 

production in Indonesia reached 28895 t in 2022, marking a 

significant increase compared to the 9860 t produced in 2021 

(2). The successful cultivation of strawberries in Indonesia is the 

result of cultivation from several countries, with 23 species and 

cultivars currently grown in the highlands of Indonesia (3). 

 Indonesia, despite being a subtropical country, has a 
high potential for the development of fruit commodities, 

including strawberries. Strawberry cultivation in Indonesia is 

primarily limited to highland areas, following the natural 

habitat of strawberries, which thrive in cold regions (1, 4) . The 

required temperature for strawberries to grow ranges from 20

-25 °C.  However, recent climate changes have increased air 

temperatures, necessitating strawberry adaptation (5). The 

adaptation of strawberries in Indonesia enables them to 

thrive at higher temperatures than  those of their native 

habitat (6). 

 The cultivated strawberries in Indonesia are cultivars 

from abroad, but there is currently no research discussing the 

evolutionary forces that naturally occur in strawberries in 

Indonesia. Cultivated strawberries tend to undergo evolution 

due to human breeding.  Previous study illustrates that  a 

crossbreeding  programme between Fragaria × ananassa 

cultivars from California and Hoybride, resulting in a  new 

cultivar exhibiting resistance to fruit rot, high productivity and a 

sweet fruit flavour (7). 

 Generally, the relationship between genotype and 

phenotype reflects how genetic information is inherited from 

DNA and chromosomes and how this information produces 

observable physical characteristics in an individual (8). The 

interaction between genotype and phenotype in strawberries 
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Abstract  

Fragaria spp. (Strawberry) is one of the most popular plant species, with a high economic and nutritional value. It also plays a key role in 
evolutionary biology, particularly due to its widespread cultivation in Indonesia, where diverse cultivars are imported from abroad. 

Understanding the evolutionary paths of these cultivars is essential for grasping their genetic diversity. This review aims to explore the 

evolutionary dynamics of strawberry species found in Indonesia using a DNA barcoding approach. DNA barcoding is a powerful tool for 

uncovering the complex evolutionary histories of species and revealing their phylogenetic relationships. In this comprehensive review, we 
discuss various cultivated strawberry species present in Indonesia and examine the evolutionary forces that have driven their 

diversification. By analyzing genetic evidence, we seek a deeper understanding of the evolutionary processes behind these cultivars. 

However, challenges remain, particularly for Fragaria species, which face increasingly threats from the introduction and spread of “alien 

species”. Addressing these challenges requires a holistic approach, that combines evolutionary biology principles with conservation 
strategies to protect native biodiversity while maximizing agricultural productivity. By enhancing our understanding of the evolutionary 

patterns and genetic evidence associated with cultivated strawberries in Indonesia, this review not only advances scientific knowledge 

but also provides a comparative phylogenetic tree of strawberry species in Indonesia. This serves as a foundation for informed 

conservation and breeding efforts in the constantly changing agricultural landscape. 
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can affect heritability and the relationship between the 

quality and quantity of its traits (8). Therefore, the outcomes 

of hybrid strawberries and new strawberry species can have 

different genotypes, resulting in phenotypic variations. 

 This research aims to understand and identify the 

evolutionary relationships among various strawberry species 

worldwide, especially in Indonesia, using DNA barcoding 

techniques. 

Biodiversity of strawberry in Indonesia 

The genus Fragaria, comprising approximately 23 species 

worldwide (Table 1), exhibits the same basic life history: they 

are insect-pollinated, low-growing, herbaceous perennials 

capable of clonal propagation  and produce animal-dispersed 

fleshy accessory fruits (9). However it can also have 

fascinating diversity in both ploidy levels and morphological 

traits.  Most commonly, species such as wild strawberry 

Fragaria vesca are diploid (2n = 14), while others, like Fragaria 

× ananassa (garden strawberry), are octoploid (2n = 56) (10). 

This variation in ploidy significantly influences their 

morphological characteristics, including leaf shape, flower 

size and fruit characteristics.  Typically, diploid species  bear 

smaller, more delicate flowers and fruits, while  polyploidy 

species  tends to produce larger, more robust fruits with 

increased sweetness and varying colors (9). 

 The floral and vegetative morphology of Fragaria 
species is relatively uniform. Leaves are usually evergreen (with 

F. iinumae being an exception as it is deciduous) and trifolioliate. 

While 5 leaflets are common among some Chinese species, the 

occurrence of 4-5 leaflets is rare and has been observed in  

F. virginiana and F. cascadensis (11). The flowers are always 

actinomorphic, predominantly white (sometimes tinged with 

pink) and usually  possess 5 petals (9). 

 Indonesia boasts high biodiversity,  also hosts a variety 

of  strawberry cultivars. The country currently lacks a National 

Biodiversity Index (IBI) to monitor biodiversity trends 

comprehensively. As such, there is a pressing need to prioritize 

conservation, identification and systematic documentation, 

particularly in relation to their potential inclusion in the 

Indonesian Biodiversity Index (12). This effort should 

encompass cultivars, hybrids and native species. There are 

several compelling reasons to support the conservation and 

identification of strawberry species in Indonesia, including the 

preservation of biodiversity, improved agricultural productivity, 

enhanced fruit quality and increased economic value of 

strawberries at the national level (13). Taking proactive steps to 

conserve and identify strawberries in accordance with the IBI 

will contribute both to biodiversity conservation and to the 

economic and agricultural development of the country (12, 14) . 

 Based on Table 2, the majority of identified strawberries 

in Indonesia belong to the hybrid  species F × ananassa, which 

has been imported for food production purposes (3). These 

hybrid species have been distributed in several locations, 

namely West Java, Central Java, East Java, North Sumatra and 

Bali (3, 7, 16 -18). The distribution of these cultivars is closely 

linked to environmental suitability, as strawberries generally 

thrive in highland areas at elevations of around  1000 m above 

sea level (3). 

Taxon Ploidy Mating system Geographic distribution 

Vesca clade 

F . × ananassa Duchesne subsp. ananassa 8x 
Subdioecious (modern cultivars: 

hermaphroditic) Cultivated around the world 

F . × ananassa Duchesne subsp. cuneifolia (Nutt. ex 
Howell) Staudt 8x Subdioecious NW N. America 

F. bucharica Losinsk. 2x Hermaphrodite SI W Himalayas 

F. cascadensis Hummer 10x Subdioecious Oregon, USA 

F. chiloensis (L.) Duchesne 8x Subdioecious 
Alaska-California; Hawaii; Chile, 

Argentina 

F. iturupensis Staudt 8x, 10x Subdioecious Iturup Island 

F. mandshurica Staudt 2x Hermaphrodite SI NF Asua 

F. moschata Duchesne 6x Dioecious W Eurasia 

F. orientalis Losinsk. 4x Dioecious NE Asia 
F. vesca L. subsp. americana (Porter) Staudt 2x Hermaphrodite SC NE N. America 

F. vesca L. subsp. bracteata (A. Heller) Staudt 2x Gynodioecious or Hermaphrodite SC W N. America 

F. vesca L. subsp. californica (Cham. & Schldl.) Staudt 2x Gynodioecious or Hermaphrodite SC SW N. America 

F. vesca L. subsp. vesca L. 2x Hermaphrodite SC W Eurasia 

F. virginiana Duchesne 8x Subdioecious N. America 

China clade 

F. chinensis Losinsk. 2x Hermaphrodite SI China 

F. corymbosa Losinsk. 4x Dioecious China 

F. daltoniana J. Gay 2x Hermaphrodite SC Nepal, adjacent China 

F. gracilis Losinsk. 4x Dioecious China 
F. moupinensis (Franch.) Cardot 4x Dioecious China 

F. nipponica Makino 2x Hermaphrodite SI Japan 

F. nubicola Lindl. 2x Hermaphrodite SI Himalayas 

F. pentaphylla Losinsk 2x Hermaphrodite SI China 

F. tibetica Staudt & Dickore 4x Dioecious China 

Unresolved phylogenetic position 

F. hayatai Makino 2x Hermaphrodite SC? Taiwan 

F. iinumae Makino 2x Hermaphrodite SC Japan 

F. nilgerrensis Schltdl. ex J. Gay 2x Hermaphrodite SC SE Asia 

F. viridis Duchesne 2x Hermaphrodite SI W Eurasia 

Table 1. Fragaria species and their ploidy level, mating system and geographic distribution (9) 
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 Fragaria × ananassa originated from a natural 

hybridization event between Fragaria chiloensis and Fragaria 

virginiana, which occurred in Europe  during the 18th century. 

This hybridization resulted in the mixing of genetic material 

from both species, yielding new offspring with unique 

morphological characteristics and genetic sequences (9). 

Over time, various cultivars of F. × ananassa have been 

developed through selective breeding to enhance desired 

traits such as fruit size, flavor, yield, disease resistance and 

adaptability to different growth conditions. The breeding 

process involves crossing various cultivars and selecting 

individuals with favourable traits for further propagation (18). 

These hybrid cultivars often exhibit morphological and 

physiological adaptations that contributes to increase 

disease resistance and faster growth (19). 

 Several cultivars of strawberries found in Indonesia,  

namely Californica, Rosa Linda, Berastagi, Festival, Santung, 

Holland, Sweet Charlie, Aerut and Earlibrite, exhibit 

differences in morphological characteristics. Among these 

cultivars, Sweet Charlie and Aerut have an upright growth 

type, whereas Californica, Rosa Linda, Berastagi, Festival, 

Santung, Holland and Earlibrite have an intermediate growth 

type. Furthermore, concerning fruit shape, 4 dominant types 

No Cultivars Locations Ref. 

1 Fragaria × ananassa cv. Camarosa - 

(3) 

2 Fragaria × ananassa cv. Sunset - 

3 Fragaria × ananassa cv. Selva Purbalingga, Karanganyar, Magelang (Center Java) 

4 Fragaria × ananassa cv. Carmine - 

5 Fragaria × ananassa cv. Pajero - 

6 Fragaria × ananassa cv. Sweetcharlie 
Ciwidey, Garut, Lembang (Center Java) & Batu, Pasuruan, 

Bondowoso, Magetan (East Java) & Bedugul (Bali) & 
Kecamatan Berastagi (North Sumatera) 

7 Fragaria × ananassa cv. Festival - 

8 Fragaria × ananassa cv. Earlybrite Ciwidey, Garut, Lembang (West Java) 

9 Fragaria × ananassa cv. Cal Giant - 

10 Fragaria × ananassa cv. Aromas - 

11 Fragaria × ananassa cv. Diamente - 

12 Fragaria × ananassa cv. Giavonta - 

13 Fragaria × ananassa cv. Terry - 

14 Fragaria × ananassa cv. Adina - 

15 Fragaria × ananassa cv. Collma - 

16 Fragaria × ananassa cv. Whitney - 

17 Fragaria × ananassa cv. Chandler Pasuruan, Bondowoso, Magetan (East Java) 

18 Fragaria × ananassa cv. Ozogrande 
Purbalingga, Karanganyar, Magelang (Center Java) & 

Kecamatan Berastagi (North Sumatera) 

19 Fragaria × ananassa cv. Rosalinda Batu (East Java) & Bedugul (Bali) 

20 Fragaria × ananassa cv. Kanaka Peak 794-15 - 

21 Fragaria × ananassa cv. Kanaka Peak 770-506 - 

22 Fragaria × ananassa cv. Winter down - 

23 Fragaria × ananassa cv. Icigo - 

24 Fragaria × ananassa cv. California Ciwidey, Garut, Lembang (West Java) 

25 Fragaria × ananassa cv. Holland Ciwidey, Garut, Lembang (West Java) & Pasuruan, 
Bondowoso, Magetan (East Java) 

26 Fragaria × ananassa cv. Anna Purbalingga, Karanganyar, Magelang (Center Java) 
27 Fragaria × ananassa cv. Tristar Purbalingga, Karanganyar, Magelang (Center Java) 

28 Fragaria × ananassa cv. Quantum Purbalingga, Karanganyar, Magelang (Center Java) 

29 Fragaria × ananassa cv. Berastagi Berastagi (North Sumatera) 

30 Fragaria × ananassa cv. Dorit Berastagi (North Sumatera) 

31 Fragaria × ananassa cv. Hoybride Batu (East Java) (7) 

32 Fragaria × ananassa cv. Santung Malang (East Java) 
(15) 

33 Fragaria × ananassa cv. Aerut Malang (East Java) 

34 Fragaria sp. Pekanbaru (Riau) (16) 

35 Fragaria sp. Buleleng (Bali) (17) 

Table 2. Strawberry species cultivated in Indonesia 

Fig. 1. Types of growth of nine cultivars of strawberries. (A) 
Californica, (B) Rosa Linda, (C) Berastagi, (D) Festival, (E) Santung, 

(F) Holland, (G) Sweet Charlie, (H) Aerut, (I) Earlibrite (Upright: A and 
H; Intermediate: B-G and I) (15). 
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are observed: ovoid (Californica, Santung and Holland); 

cylindrical, (Sweet Charlie); conical  (Rosa Linda, Berastagi 

and Festival) and cordate  ( Aerut and Early Brite) (Fig. 2)( 15). 

 The evolutionary history of the wild genus Fragaria is 

distinguished by complex interactions with genetic 

diversity, hybridization, varying ploidy levels and wide 

geographic distribution. Based on Fig. 3, the genus Fragaria 

comprises a number of species exhibiting diverse ploidy 

levels, including diploid (2x), tetraploid (4x), hexaploid (6x) 

and octaploid (8x). The cultivated strawberry, F. × ananassa, 

is the result of a hybridization event between the wild 

species F. virginiana, native to North America and 

Frchiloensis, from South America. This hybridization  led  to 

the development of a novel species that has become the 

dominant strawberry crop globally. Notably, the diploid 

species F. vesca served as a primary root in the 

establishment of this evolutionary lineage. Recent genomic 

studies have further elucidated the evolutionary dynamics 

within Fragaria, revealing multiple diploid progenitor 

species and highlighting the influence of environmental 

factors in shaping genetic diversity (20, 21) . 

 Based on Fig. 4, F. species selected for analysis were 

collected from diverse regions, including India, China, 

Japan, East Asia, Southeast Asia, America, Europe and the 

Kuril Islands. Phylogenetic analysis of Fragaria cultivars and 

species worldwide indicates that F. × ananassa is most 

closely related to F. virginiana. This relationship exists 

because F. ananassa is a hybrid of F. virginiana and F. 

chiloensis (22, 23). This phylogenetic analysis is further 

supported in Fig. 5, which examines the phylogeny of 

Fragaria found in Pakistan and highlights the crucial role of 

gene inheritance in Fragaria evolution. 

 The incorporation of outgroups in phylogenetic analysis 

is crucial, as it establishes a baseline for comparison, clarifies 

evolutionary relationships, minimizes ambiguity and enhances 

analytical precision. In this study, Potentilla fruticosa was 

selected as an outgroup based on its morphological and 

ecological similarities to Fragaria species (25). Moreover, the 

distribution of these 2 plants overlaps, making them suitable 

for evolutionary comparison. This is supported by a previous 

study, which revealed Fragaria's close relationship with the 

Potentilla clade, one of which includes P. fruticosa (22). 

 Essentially, species are defined as individual entities 

or groups sharing consistent characteristics. Meanwhile, 

cultivars are varieties of plant species that have been 

selected or bred for specific characteristics and cultivated to 

exhibit specific traits (26). In other words, species are groups 

of organisms with similar characteristics, while cultivars are 

varieties resulting from selective breeding to obtain specific 

traits. 

  

Fig. 2. Fruit shapes of nine cultivars of strawberries: ovoid (A, E, F), 
cylindrical (G), conical (B, C, D) and cordate (H, I). The cultivars are (A) 

Californica, (B) Rosa Linda, (C) Berastagi, (D) Festival, (E) Santung, (F) 
Holland, (G) Sweet Charlie, (H) Aerut and (I) Earlibrite (15). 

Fig. 3. Phylogenetic analyses of wild type strawberry based on number of chromosomes (20). 

 

https://plantsciencetoday.online


5 

Plant Science Today, ISSN 2348-1900 (online) 

 However, due to the government's limited attention 

to  the biodiversity of strawberry plants in Indonesia, there 

is an urgent need for a conservation approach to protect, 

document and collect them using DNA barcoding. DNA 

barcoding is an essential tool in the conservation context, 

as it enables rapid and accurate species identification, 

aiding in the recognition of various species, whether 

invasive or endangered and supporting their management 

and protection. Additionally, DNA barcoding enables the 

measurement of phylogenetic diversity, offering a more 

detailed and descriptive picture of biodiversity compared 

to alternative indices such as species richness and 

abundance (28). 

 

 Genetic conservation  aims to preserve  the genetic 

material of organisms to minimize the risk of extinction and 

the threat of population decline that may occur through 

genetic and evolutionary processes (29, 30). Thus, DNA 

barcoding is crucial in estimating species richness and 

establishing conservation priorities, especially in areas with 

minimal information about their biodiversity. Moreover,  

this method can help identify small areas that are important 

for conservation efforts, considering locations that have 

served as natural refuges for certain species in the past and 

areas that have recently become home to new lineages (28). 

Conservation efforts through genetic approaches have been 

undertaken in several plants, especially strawberries, such as 

Fragaria spp. (31) and wild Fragaria (32). 

 

Fig. 4. Phylogenetic analysis of Fragaria based on maximum parsimony worldwide (22). 

 

Fig. 5. Phylogenetic analysis of Fragaria based on ITS2 gene by maximum Likelihood in Pakistan (27). 
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 The analysis of the phylogenetic tree of Fragaria 

species was conducted using three genes, including ITS2, 

rbcL and matK, employing both Maximum Likelihood (ML) 

and Bayesian Inference (BI) methods (Fig. 6-8). In general, 

the results from both methods exhibited high similarity; 

therefore, only the phylogenetic trees constructed using 

the ML method are presented, supported by statistical 

values from both ML and BI analyses. 

 Based on Fig. 6, the results of the phylogenetic 

analysis of Fragaria species concerning the ITS2 gene can be 

observed using ML and BI methods. These results show 

similarities to previous studies (22) (Fig. 4). Overall, the 

closest relationship is between F virginiana, F × ananassa 

and F chiloensis. Additionally, among the three outgroups 

used, the results suggest that Fragaria species are more 

closely related to Spyridium buxifolium and Stenanthemum 

centrale than Spirae humilis. 

 Fig. 7 presents the results of the phylogenetic 

analysis  based on the rbcL gene utilizing both ML and BI 

methods. The results indicate that the most Fragaria 

species share a similar evolutionary relationship. However, 

F. nilgerrensis is situated in a distinct lineage compared to 

other Fragaria species. Additionally, among the 3 

outgroups, Rosa multiflora and Potentilla angelica exhibit a 

closer relationship than Geum henryi. 

 Similarly, Fig. 8 illustrates the results of the 
phylogenetic analysis of Fragaria species using the matK 

gene with ML and BI methods. These results exhibit 

similarities to the phylogenetic analysis results of Fragaria 

species with the rbcL gene (Fig. 7). The analysis demonstrates 

that various Fragaria species, such as F. virginiana, Fragaria × 

ananassa, Fragaria vesca, Fragaria orientalis, F. chiloensis and 

F. sp., are in the same lineage. However, F. nilgerrensis once 

again forms a distinct branch from the other F. species. 

Additionally, among the 3 outgroups utilized, the results 

suggest that Fragaria species have a closer relationship to 

Potentilla pulchella and Rubus idaeus than Drymocallis 

arguta. 

 

Fig. 6. Phylogenetic analysis Fragaria using ITS2 gene based on maximum-likelihood (ML) and Bayesian Inference (BI). 
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Correlation between molecular genetics analysis and 

molecular systematics 

Molecular genetics is one of the latest technologies that can 

be used to reveal the identity of a new species by leveraging 

the genetic information of an organism and comparing its 

DNA or RNA sequences with those of known organisms (33). 

Strawberries, which belong to the Rosaceae family, have 

undergone significant variations in taxonomic classification 

over the last few decades, with various classification methods 

proposed (34). The complexity of taxonomy and the 

limitations of morphological characteristics within this family 

pose difficulties in identifying species based solely on 

morphological taxonomy. Therefore, Rosaceae is an ideal 

subject for identification using DNA barcoding methods, as 

this family presents taxonomic barriers that complicate the 

separation of closely related species within the family using 

conventional approaches (35). 

  

 

Fig. 7. Phylogenetic analysis Fragaria using rbcL gene based on Maximum-Likelihood (ML) and Bayesian Inference (BI). 

Fig. 8. Phylogenetic analysis Fragaria using matK gene based on Maximum-Likelihood (ML) and Bayesian Inference (BI).  
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 DNA barcoding is a highly useful method for taxonomic 

identification, utilizing short, universally conserved DNA 

segments that have sufficient sequence variations to distinguish 

species (36, 37). The primary goal of the DNA barcoding approach 

is to authenticate known species by matching their DNA 

sequences with references in the barcode sequence library and 

to facilitate the recognition of new species (36, 38). For example, 

the mitochondrial cytochrome c oxidase 1 (cox1) gene sequence 

has been used as a universal barcode in identifying several 

groups of animals (39). Meanwhile, the combination of the matK 

+ rbcL genes has been proposed as the nuclear DNA barcode for 

plant identification by the Consortium for the Barcode of Life 

(CBOL) Plant Working Group (PWG), which also suggests using 

ITS2 (internal transcribed spacer 2) as an additional identifier 

(35). the study DNA barcodes such as ITS, ITS2, matK, rbcL, rbcLA, 

rbcLC, Ycf3 and trnV were used to characterize strawberries from 

Mansehra, Pakistan and determine their relationships and 

phylogenetic tree (33). 

 The % of similarity between species, derived from 
genetic analysis, provides insights into their evolutionary 

history by revealing how closely related they are. A high % of 

similarity indicates that 2 species share a more recent common 

ancestor, reflecting a closer evolutionary relationship. 

Conversely, a lower % suggests a more distant evolutionary 

connection (40). Based on Table 3 the % of similarity between 

the Fragaria species indicates a high % similarity suggesting 

that these species share a more recent common ancestor, 

indicating closer evolutionary ties. Based on Table 3, the 

percentage of similarity  among Fragaria species indicates a 

high % of similarity, suggesting that these species share a 

recent common ancestor, indicating closer evolutionary ties. 

Specifically, F. chiloensis, F. virginiana and F. × ananassa in 

particular exhibit 99.9% to 100% similarity. This finding is 

consistent with their evolutionary history, as   F. × ananassa is a 

cross between F. chiloensis and F. virginiana (22). 

 Before molecular genetics was applied as a species 

identification technique, several other identification 

techniques existed, such as morphology, anatomy, physiology 

and biochemistry-based identification. Each of these 

identification methods has its advantages and disadvantages. 

The advantage of molecular taxonomy is its ability to identify 

species that are difficult to identify by other means, such as 

species with similar morphologies or species that are 

challenging to differentiate physiologically or biochemically 

(33). Another major advantage lies in the fact that DNA 

sequences are directly inherited and are not subject to 

developmental or environmental influences that may obscure 

morphological traits. Consequently, molecular taxonomy 

provides a more stable and objective basis for species 

identification. Moreover, it allows for the identification of future 

evolutionary lineages based on their genetic sequences  (33). 

 However, molecular taxonomy is not without its 

limitations. Its application still relies on species definitions 

provided by morphological taxonomy, making the 2 

methods interdependent. Additionally, the accuracy of 

molecular identification may be compromised by potential 

contamination, which can distort the results of genetic 

analyses  (41). 

The development of DNA barcoding as an accurate 

identification tool  

DNA barcoding is used because it can identify species quickly 

and inexpensively (42). It is estimated that morphological 

analysis incurs higher costs and takes several months of 

fieldwork compared to species sequencing (43). However, 

there are challenges in applying DNA barcoding to plants 

because the genes used as phylogenetic markers have very 

limited variations, making them insufficient to differentiate 

species. Therefore, using techniques based on a chloroplast 

region is highly recommended (44). 

 Several genes commonly used for DNA barcoding 

include rbcL, matK, cox1 and 16S (36, 45). The selection of 

appropriate genes is based on several factors: the marker 

should exhibit sufficient genetic variability and divergence 

at the species level, possess conserved regions suitable for 

the development of universal PCR primers for taxonomic 

applications and have a relatively short sequence length to 

facilitate efficient DNA extraction and amplification (46). 

Nonetheless, gene selection must be contextual, as certain 

genes are more suitable for specific taxonomic groups. For 

instance, the Internal Transcribed Spacer (ITS) region is 

commonly used for fungi because it is one of the most 

frequently sequenced markers and is routinely applied in 

systematics, phylogenetics and species identification (47). 

Therefore, gene selection should be guided by the research 

objectives and the biological characteristics of the species 

under investigation.  The development of DNA barcoding for 

the identification of strawberry species involves the use of 

specific DNA sequences of genes, such as chloroplast DNA

(Table. 4). Chloroplast partial (cp) has a genome that 

contains information for taxonomic and phylogenetic 

purposes, making it often used in plant identification 

research, including strawberries (31). In Fig. 9, Potentilla 

fruticosa and Drymocallis saviczii are used as outgroups with 

Table 3. Percent similarity of Fragaria species using DNA barcoding  

Taxon Percent Identity 
(%) 

Accession 

Fragaria × ananassa 100 OP723290 

Fragaria virginiana 99.99 NC_019602 

Fragaria moupinensis 99.41 MZ702805 

Fragaria tibetica 99.41 MZ702810 

Fragaria gracilis 99.41 NC_062837 

Fragaria chiloensis 100 MW537844 

Fragaria tibetica 99.41 NC_062835 

Fragaria vesca subsp. vesca 99.77 MZ851769 

Fragaria mandshurica 99.80 MZ851758 

Fragaria pentaphylla 99.51 NC_034347 

Fragaria chinensis 99.51 MZ702808 

Fragaria nubicola 99.49 MW537841 

Fragaria corymbosa 99.48 MZ851751 

Fragaria nilgerrensis 99.49 MZ702804 

Fragaria nipponica 99.47 MW537843. 

Fragaria daltoniana 99.39 MZ851755 

Fragaria iinumae 99.39 MW537854 

Fragaria orientalis 99.72 MW537853 

https://plantsciencetoday.online


9 

Plant Science Today, ISSN 2348-1900 (online) 

partial chloroplast genome sequences from 34 Fragaria 

accessions. Additionally, there is research focused on 

molecular phylogenetic analysis in the Fragaria genus 

based on whole chloroplast genome sequences (32). In         

Fig. 10 the outgroups used include Rosa multiflora, 

Potentilla stolonifera and Malus hupehensis, with whole 

chloroplast genomes from 20 Fragaria samples. 

Opportunities and challenges 

Difficulties in identifying new Fragaria species in Indonesia 

are often encountered, particularly due to the presence of 

numerous alien species (48). These alien species may be 

introduced either intentionally or unintentionally (48, 49) . 

In Indonesia and other agronomically focused countries, 

such introductions often occur  for cultivation experiments 

or through botanical garden collections (48). As a result, the 

presence of alien species reduces the genetic variation within 

Fragaria, frequently leading to the dominance of these 

introduced species (50). This situation is further exacerbated by 

limitations in DNA barcoding analysis, which complicates 

accurate identification (51). DNA may be degraded or lost 

during the analysis process, leading to partial or fragmented 

genetic data (52). Additionally, genetic sequences available in 

the National Center for Biotechnology Information (NCBI) 

database are often unpublished or lack sufficient detail, with 

some studies failing to specify the genes associated with 

particular species (52). As a result, Fragaria identification 

becomes inaccurate or unsuccessful, as seen in  a study, which 

failed to identify Fragaria species due to limited psbA-trnH genes 

and the use of other genes with limited chloroplast DNA (53).  

 The cultivation of alien species in close proximity to 

natural habitats also increases the potential for gene flow (54). 

In Central Europe, Feral F. × ananassa has emerged in areas 

near abandoned strawberry gardens. However, this species has 

not yet been recorded in the NCBI GenBank database (55). 

While such occurrences may pose a risk to native species, the 

impact remains limited due to the rarity of hybridization events 

and the presence of reproductive barriers that restrict gene 

flow between cultivated and wild species (49, 55). It is still 

unclear whether pollinators significantly contribute to natural 

hybridization (55). Nonetheless, the possibility of hybridization 

affecting Fragaria diversity in Indonesia highlights the need for 

further research into species identification. 

 Beyond the challenge of distinguishing alien from native 

species, the genetic complexity of F. also presents difficulties 

due to its monogenic and polygenic characteristics (57, 58). In 

polygenic species, DNA barcoding is a time-intensive process, 

requiring the discrimination of multiple barcode genes (61). 

Depending on the species in question, certain genes, such as 

 

 

Fig. 9. Phylogenetic analysis of Fragaria based on partial chloroplast sequences (31).  

Genes Genome Organism Functions Characterization 

matK 

Chloroplast 

Plant 

Intra and Interspecies Taxonomy Small genome in size, middle in variability 
and middle in mutation 

rbcL Interspecies Small genome in size, the mutation is     
lower than matK, ITS and rbcL 

ITS1-rDNA 

Chromosomal Intra and Interspecies Taxonomy 
Degree of variation of genome is higher 

than 18S, matK and rbcL ITS2-rDNA 

18S-rDNA Conserved gene 

COI-barcode Mitochondria Animals Intraspecies conserved, stable, fast evolutions 

Table 4. Function and characterization DNA barcode (8) 
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matK, may provide a more accurate reflection of plant 

evolutionary history than ITS2 (58). However, DNA barcoding is 

limited in its ability to account for environmental influences on 

polygenic traits (58, 59). Similarly, challenges exist for 

monogenic species, where successful identification depends 

on the availability of the exact target gene for sequencing. 

Unfortunately, the limited reference data for Fragaria in NCBI 

makes it difficult to obtain precise identification (Table 5)(52,  

60). 

 Despite these limitations, DNA barcoding remains an 

effective method for species identification and for elucidating 

evolutionary histories (Table 6) (62). A previous study 

demonstrated that DNA barcoding analysis of Fragaria species 

can produce a phylogenetic tree with a bootstrap value 

exceeding 99% (31). Additionally, vegetation evolutionary 

analyses conducted on Barro Colorado Island and Ailao 

Mountain using rbcL, matK and trnH-psbA genes have shown 

high reliability (62). These findings underscore the important 

role of DNA analysis in understanding species evolution and 

highlight the urgent need to conserve genetic diversity (63). 
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Challenges Opportunities 

Alien species 
An increasing number of species for identification                                                                                   

Identification of hybrid species 

Monogenic and Polygenic Research involving various other Barcoding genes 

Limited information 
Collaborative research with research institutions                                                                                           

Opportunities for additional research (Research Gap) 

Table 6. Challenges and opportunities of DNA barcoding  

Marker Type Basa size Number of accessions in genebank Number of species in genebank 

nrITS2 Nuclear 157–670 111370 57579 
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rbcL Plastid 654–654 27725 20374 

Table 5. Characterization of genetic marker in plant DNA barcoding (56)  
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https://plantsciencetoday.online


11 

Plant Science Today, ISSN 2348-1900 (online) 

Compliance with ethical standards 

Conflict of interest: Authors do not have any conflict of 

interests to declare. 

Ethical issues: None 

 

References 

1. Azizah UDL, Yulianti F, Adiredjo AL, Sitawati S. Genetic relationship 
analysis of strawberry (Fragaria sp.) germplasm based on 
morphology character and random amplified polymorphic DNA 
(RAPD). Plantropica J Agric Sci. 2019;4(1):77–85. Available from: 
https://jpt.ub.ac.id/index.php/jpt/article/view/152 

2. Pramudhita DA, Azzahra F, Arfat K, Magdalena R, Saidah S. 
Strawberry plant diseases classification using CNN based on 
MobileNetV3-Large and EfficientNet-B0 Architecture. J Ilm Tek 
Elektro Komput dan Inform 2023;9(3):522–34.  

3. Hanif Z, Ashari H. Sebaran Stroberi (Fragaria × ananassa) di 
Indonesia. Semin Nas Pekan Inov Teknol Hortik Nas  Penerapan 
Inov Teknol Hortik dalam Mendukung Pembang Hortik yang 
Berdaya Saing dan Berbas Sumber Daya Genet Lokal Teknol 
Hortik Nas  Penerapan I. 2013;(May):87–95.   

4. Dwiastuti ME, Soesanto L, Aji TG, Devy NF, Hardiyanto. Biological 
control strategy for postharvest diseases of citrus, apples, grapes 
and strawberries fruits and application in Indonesia. Egypt J Biol 
Pest Control. 2021;31(1):141. https://doi.org/10.1186/s41938-021-
00488-1. 

5. Balasooriya HN, Dassanayake KB, Seneweera S, Ajlouni S. 
Interaction of elevated carbon dioxide and temperature on 
strawberry (Fragaria × ananassa) growth and fruit yield. 
International Journal of Agricultural and Biosystems Engineering. 
2018;12(9):279-87. 

6. Suminarti NE, Sebayang HT, Maghfoer MD, Bulan B. Effect of para-net 
shade level on plant microenvironment, growth and yield of three 
strawberry varieties. Biodiversitas J Biol Divers. 2023;24(4):2149–55. 
Available from: https://smujo.id/biodiv/article/view/13267 

7. Haqiqi I, Damanhuri, Kendarini N, Agisimanto D. Studi 
Keberhasilan Persilangan Stroberi (Fragaria × ananassa Duch). J 
Produksi Tanam. 2015;3(2):107–12. 

8. Zareei E, Karami F, Aryal R, Saed-Moucheshi A. Genotypic by 
phenotypic interaction affects the heritability and relationship 
among quantity and quality traits of strawberry (Fragaria × 
ananassa). New Zeal J Crop Hortic Sci. 2022 Feb 20;1–20. 
Available from: https://doi.org/10.1080/01140671.2022.2039725  

9. Liston A, Cronn R, Ashman T. Fragaria: A genus with deep 
historical roots and ripe for evolutionary and ecological insights. 
Am J Bot. 2014;101(10):1686–99. Available from: https://
bsapubs.onlinelibrary.wiley.com/doi/10.3732/ajb.1400140 

10. Hummer KE, Hancock J. Plant Genetics and Genomics: Crops and 
Models. New York (United States of America): Springer. 2009. 
Available from: https://doi.org/10.1007/978-0-387-77491-6 

11. Hummer KE, Nathewet P, Yanagi T. Decaploidy in Fragaria 
iturupensis (Rosaceae). American Journal of Botany. 2012; 96:713 -
16. 

12. Rahayu DA, Jannah M. DNA Barcode Hewan dan Tumbuhan 
Indonesia. 2019: 9–25. 

13. Kim H, Margie L. Global conservation strategy for Fragaria 
(Strawberry). Scr Hortic. 2008;(March):83. ISBN 978 90 6605 129 4. 

14. Kurniasih MD. Menumbuhkan Karakter Konservasi Biodiversitas 
Melalui Penerapan Species Identification and Response Software. 
Edu Sains J Pendidik Sains Mat. 2018;6(2):30. 

15. Kasiamdari RS, Aristya GR, Inayati E. Phylogenetic relationships of 
nine cultivars of strawberries (Fragaria spp.) based on anatomical 
and morphological characters. Planta Trop J Agro Sci. 2017;5
(2):116–26. 

16. Oktarina DO. Pertumbuhan Dan Produksi Stroberi (Fragaria sp.) 
dengan Pemberian Berbagai Konsentrasi Pupuk Organik Cair 
(POC) Secara Hidroponik Substrat. JOM F. 2017;4(1):1–12.  

17. Sudiarta IP, Ngurah G, Susanta A, Gede D, Selangga W, Getas M, et 
al. Detection of strawberry vein banding virus (SVBV) and 
identification of viruliferous insects associated with strawberry 
plants (Fragaria sp.) in Bali. J Perlindungan Tanam Indonesia. 
2021;25(2):121–26. 

18. Sánchez-Sevilla JF, Vallarino JG, Osorio S, Bombarely A, Posé D, 
Merchante C, et al. Gene expression atlas of fruit ripening and 
transcriptome assembly from RNA-seq data in octoploid 
strawberry (Fragaria × ananassa). Sci Rep. 2017;7(1):1–13. 

19. Sargent DJ, Fernandéz-Fernandéz F, Ruiz-Roja JJ, Sutherland BG, 
Passey A, Whitehouse AB, et al. A genetic linkage map of the 
cultivated strawberry (Fragaria × ananassa) and its comparison to 
the diploid Fragaria reference map. Mol Breed. 2009;24(3):293–303. 
Available from: http://link.springer.com/10.1007/s11032-009-9292-9  

20. Staudt G. Strawberry Biogeography, Genetics and Systematics. 
Proc. VIth Internat. Strawberry Symposium. 2009:71-84.  

21. Song Y, Li C, Liu L, Hu P, Li G, Zhao X, Zhou H. The population 
genomic analyses of chloroplast genomes shed new insight on 
the complicated ploidy and evolutionary history in Fragaria. 
Front. Plant Sci. 2023;13:1065218. Available from: https://
doi.org/10.3389/fpls.2022.1065218    

22. Potter D, Luby JJ, Harrison RE. Phylogenetic relationships among 
species of Fragaria (Rosaceae) inferred from Non-Coding Nuclear 
and Chloroplast DNA sequences. Syst Bot. 2000;25(2):337. Available 
from: https://www.jstor.org/stable/2666646?origin=crossref 

23. Saroinsong D, Panelewen VVJ, Laoh OEH, Pakasi CBD. Agribisnis 
Tanaman Stroberi Di Desa Rurukan Kecamatan Tomohon Timur. 
Eugenia. 2012;18(3). Available from: https://ejournal.unsrat.ac.id/
index.php/eugenia/article/view/4099   

24. Post NW, Gilbert, CC, Pugh KD, Mogle CS. Implication of outgroup 
selection in The phylogenetic inference of humanoids and fossil 
hommins. Journal of Human Evolution. 2023;184(103437). 

25. Buti M, Moretto M, Barghini E, Mascagni F, Natali L, Brilli M, et al. 
The genome sequence and transcriptome of Potentilla micrantha 
and their comparison to Fragaria vesca (the woodland 
strawberry). Gigascience. 2018;7(4):1–14. Available from: https://
academic.oup.com/gigascience/article/doi/10.1093/gigascience/
giy010/4860432  

26. Wolfgang A, Zachow C, Müller H, Grand A, Temme N, Tilcher R, et 
al. Understanding the Impact of Cultivar, seed origin and 
substrate on bacterial diversity of the sugar beet rhizosphere and 
suppression of soil-borne pathogens. Front Plant Sci. 2020;11
(September):1–15. Available from: https://www.frontiersin.org/
article/10.3389/fpls.2020.560869/full   

27. Qarni A, Muhammad K, Wahab A, Ali A, Khizar C, Ullah I, et al. 
Molecular Characterization of wild and cultivated strawberry 
(Fragaria × ananassa) through DNA barcode markers. Hesham 
AEL, editor. Genet Res (Camb). 2022;2022:1–14. Available from: 
https://www.hindawi.com/journals/gr/2022/9249561/   

28. Gostel MR, Kress WJ. The Expanding Role of DNA barcodes: 
indispensable tools for ecology, evolution and conservation. 
Diversity. 2022;14(213):1–23. 

29. Kramer A, Havens K. Plant conservation genetics in a changing 
world.  Trends Plant Sci. 2009;14;11:599–607. 

30. Turhadi T, Hakim L. Evaluasi Lokus Kloroplas untuk DNA 
barcoding pada Marga Stelechocarpus (Annonaceae) Secara in-
silico. Agro Bali Agric J. 2023;6(1):56–64. Available from: https://
ejournal.unipas.ac.id/index.php/Agro/article/view/1105   

31. Li C, Cai C, Tao Y, Sun Z, Jiang M, Chen L, et al. Variation and 
evolution of the whole chloroplast genomes of Fragaria spp. 
(Rosaceae). Front Plant Sci. 2021;12(October). 

https://jpt.ub.ac.id/index.php/jpt/article/view/152
https://doi.org/10.1186/s41938-021-00488-1
https://doi.org/10.1186/s41938-021-00488-1
https://smujo.id/biodiv/article/view/13267
https://doi.org/10.1080/01140671.2022.2039725
https://bsapubs.onlinelibrary.wiley.com/doi/10.3732/ajb.1400140
https://bsapubs.onlinelibrary.wiley.com/doi/10.3732/ajb.1400140
https://doi.org/10.1007/978-0-387-77491-6
http://link.springer.com/10.1007/s11032-009-9292-9
https://doi.org/10.3389/fpls.2022.1065218
https://doi.org/10.3389/fpls.2022.1065218
https://www.jstor.org/stable/2666646?origin=crossref
https://ejournal.unsrat.ac.id/index.php/eugenia/article/view/4099
https://ejournal.unsrat.ac.id/index.php/eugenia/article/view/4099
https://academic.oup.com/gigascience/article/doi/10.1093/gigascience/giy010/4860432
https://academic.oup.com/gigascience/article/doi/10.1093/gigascience/giy010/4860432
https://academic.oup.com/gigascience/article/doi/10.1093/gigascience/giy010/4860432
https://www.frontiersin.org/article/10.3389/fpls.2020.560869/full
https://www.frontiersin.org/article/10.3389/fpls.2020.560869/full
https://www.hindawi.com/journals/gr/2022/9249561/
https://ejournal.unipas.ac.id/index.php/Agro/article/view/1105
https://ejournal.unipas.ac.id/index.php/Agro/article/view/1105


GANIES ET AL  12     

https://plantsciencetoday.online 

32. Hollingsworth PM, Forrest LL, Spouge JL, Hajibabaei M, 
Ratnasingham S, van der Bank M, et al. A DNA barcode for land 
plants. Proc Natl Acad Sci U S A. 2009;106(31):12794–97. 

33. Pfenninger M, Cordellier M, Streit B. Comparing the efficacy of 
morphologic and DNA-based taxonomy in the freshwater 
gastropod genus Radix (Basommatophora, Pulmonata). BMC Evol 
Biol. 2006;6:1–14. 

34. Potter D, Eriksson T, Evans RC, Oh S, Smedmark JEE, Morgan 
DR, et al. Phylogeny and classification of Rosaceae. Plant Syst 
Evol. 2007;266(1-2):5–43. Available from: http://
link.springer.com/10.1007/s00606-007-0539-9   

35. Pang X, Song J, Zhu Y, Xu H, Huang L, Chen S. Applying plant DNA 
barcodes for Rosaceae species identification. Cladistics. 2011;27
(2):165–70. Available from: https://onlinelibrary.wiley.com/
doi/10.1111/j.1096-0031.2010.00328.x    

36. Hebert PDN, Cywinska A, Ball SL, DeWaard JR. Biological 
identifications through DNA barcodes. Proc R Soc London Ser B 
Biol Sci. 2003;270(1512):313–21. Available from: https://
royalsocietypublishing.org/doi/10.1098/rspb.2002.2218    

37. Savolainen V, Cowan RS, Vogler AP, Roderick GK, Lane R. Towards 
writing the encyclopaedia of life: An introduction to DNA 
barcoding. Philos Trans R Soc B Biol Sci. 2005;360(1462):1805–11. 

38. Stoeckle M. The Barcode of Life. Bioscience. 2003;53(9):2–3. 

39. Hebert PDN, Stoeckle MY, Zemlak TS, Francis CM. Identification of 
birds through DNA barcodes. PLoS Biol. 2004;2(10):1657–63. 

40. Gallal-Khallal A, Abdelbaset-Donya A, Hamza W, Mohammed-
Geba K. Molecular tools for assuring human health and 
environment-friendly frozen shellfish products in the United Arab 
Emirates markets. Food Chemistry: Molecular Sciences. 2021;3:1-
9. Available from: https://doi.org/10.1016/j.fochms.2021.100028  

41. Friedheim S. Comparison of Species Identification methods: DNA 
barcoding versus morphological taxonomy. Manoa Horizons. 
2016;1(1):74–86. 

42. Frézal L, Leblois R. Four years of DNA barcoding: Current advances 
and prospects. Infect Genet Evol. 2008;8(5):727–36. Available 
from: https://linkinghub.elsevier.com/retrieve/pii/
S1567134808001238    

43. Farooq Q, Shakir M, Ejaz F, Zafar T, Durrani K, Ullah A. Role of DNA 
barcoding in plant biodiversity conservation. Sch Int J Biochem. 
2020;03(03):48–52. Available from: https://saudijournals.com/
media/articles/SIJB_33_48-52.pdf    

44. Hollingsworth PM. Refining the DNA barcode for land plants. Proc 
Natl Acad Sci U S A. 2011;108(49):19451–2. 

45. Kress WJ, Erickson DL. DNA barcodes: Genes, genomics and 
bioinformatics. Proc Natl Acad Sci. 2008;105(8):2761–62. Available 
from: https://pnas.org/doi/full/10.1073/pnas.0800476105    

46. Badotti F, de Oliveira FS, Garcia CF, Vaz ABM, Fonseca PLC, Nahum LA, 
et al. Effectiveness of ITS and sub-regions as DNA barcode markers for 
the identification of Basidiomycota (Fungi). BMC Microbiol. 2017;17
(1):42. Available from: http://bmcmicrobiol.biomedcentral.com/
articles/10.1186/s12866-017-0958-x 

47. Sun J, Sun R, Liu H, Chang L, Li S, Zhao M, et al. Complete 
chloroplast genome sequencing of ten wild Fragaria species in 
China provides evidence for phylogenetic evolution of Fragaria. 
Genomics. 2021;113(3):1170–9. Available from: https://
doi.org/10.1016/j.ygeno.2021.01.027   

48. Lestari R. Identification and assessment of invasive plant species 
at Bogor Botanic Gardens, Indonesia. IOP Conf Ser Earth Environ 
Sci. 2021;800(1). 

49. Langmaier M, Lapin K. A Systematic review of the impact of 
invasive alien plants on forest regeneration in European 
Temperate Forests. Front Plant Sci. 2020;11(September):1–15. 

50. Davis MA, Thompson K. Eight Ways to Be a Colonizer; Two ways to 
be an invader: A proposed nomenclature scheme for invasion 

ecology. Bulletin of the Ecological Society of America. 2000;81;3: 
226–30. https://www.jstor.org/stable/20168448?origin=crossref     

51. Thielecke L, Aranyossy T, Dahl A, Tiwari R, Roeder I, Geiger H, et al. 
Limitations and challenges of genetic barcode quantification. Sci 
Rep. 2017;7(1):43249. Available from: https://www.nature.com/
articles/srep43249   

52. Raclariu AC, Heinrich M, Ichim MC, de Boer H. Benefits and 
limitations of DNA barcoding and metabarcoding in herbal 
product authentication. Phytochem Anal. 2018;29(2):123–8. 

53. Njuguna W. DNA Barcoding: Unsuccessful for species 
identification in Fragaria L. Plant Genet Resour. 2011;349–56. 

54. Smith AL, Hodkinson TR, Villellas J, Catford JA, Csergő AM, 
Blomberg SP, et al. Global gene flow releases invasive plants from 
environmental constraints on genetic diversity. Proc Natl Acad 
Sci. 2020;117(8):4218–27. Available from: https://pnas.org/doi/
full/10.1073/pnas.1915848117    

55. Schulze J, Stoll P, Widmer A, Erhardt A. Searching for gene flow 
from cultivated to wild strawberries in Central Europe. Ann Bot. 
2011;107(4):699–707. 

56. Hollingsworth PM, Graham SW, Little DP. Choosing and using a 
plant DNA barcode. PLoS One. 2011;6(5). 

57. Agrios G. Plant pathology. 5th Edition. Amsterdam (Netherlands): 
Elsevier Academic Press;2005. 

58. Devi MP, Dasgupta M, Mohanty S, Sharma SK, Hegde V, Roy SS, et 
al. DNA barcoding and ITS2 secondary structure predictions in 
taro (Colocasia esculenta L. Schott) from the Northeastern hill 
region of India. Genes (Basel). 2022;13(12):1–13. Available from: 
https://www.mdpi.com/2073-4425/13/12/2294?
type=check_update&version=1#   

59. Cowan RS, Fay MF. Challenges in the DNA Barcoding of Plant 
Material. In: Sucher N, Hennell J, Carles M, editors. Methods in 
Molecular Biology. Humana Press; 2012 [cited 2023 Des 9]:23–33. 
https://doi.org/10.1007/978-1-61779-609-8_3    

60. Li Y, Pi M, Gao Q, Liu Z. Updated annotation of the wild strawberry 
Fragaria vesca V4 genome. Hortic Res. 2019;6(61):1–9. Available 
from: http://dx.doi.org/10.1038/s41438-019-0142-6  

61. Ma Y, Ding X, Qanbari S, Weigend S, Zhang Q, Simianer H. Properties 
of different selection signature statistics and a new strategy for 
combining them. Heredity (Edinb). 2015;115(5):426–36. 

62. Kang Y, Deng Z, Zang R, Long W. DNA barcoding analysis and 
phylogenetic relationships of tree species in tropical cloud 
forests. Sci Rep. 2017;7(September):1–9.    

63. Gostel MR, Kress WJ. The expanding role of DNA barcodes: 
Indispensable tools for ecology, evolution and conservation. 
Diversity. 2022;14(213):1–23.  

 

Additional information 

Peer review: Publisher  thanks Sectional Editor and the other anonymous 
reviewers for their contribution to the peer review of this work. 

Reprints & permissions information is available at https://
horizonepublishing.com/journals/index.php/PST/open_access_policy 

Publisher’s Note: Horizon e-Publishing Group remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations. 

Indexing: Plant Science Today, published by Horizon e-Publishing Group, is 
covered by Scopus, Web of Science, BIOSIS Previews, Clarivate Analytics, 
NAAS, UGC Care, etc 
See https://horizonepublishing.com/journals/index.php/PST/
indexing_abstracting 

Copyright: © The Author(s). This is an open-access article distributed under 
the terms of the Creative Commons Attribution License, which permits 
unrestricted use, distribution and reproduction in any medium, provided the 
original author and source are credited (https://creativecommons.org/
licenses/by/4.0/) 

Publisher information:  Plant Science Today is published by HORIZON e-
Publishing Group with support from Empirion Publishers Private Limited, 
Thiruvananthapuram, India. 

https://plantsciencetoday.online
http://link.springer.com/10.1007/s00606-007-0539-9
http://link.springer.com/10.1007/s00606-007-0539-9
https://onlinelibrary.wiley.com/doi/10.1111/j.1096-0031.2010.00328.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1096-0031.2010.00328.x
https://royalsocietypublishing.org/doi/10.1098/rspb.2002.2218
https://royalsocietypublishing.org/doi/10.1098/rspb.2002.2218
https://doi.org/10.1016/j.fochms.2021.100028
https://linkinghub.elsevier.com/retrieve/pii/S1567134808001238
https://linkinghub.elsevier.com/retrieve/pii/S1567134808001238
https://saudijournals.com/media/articles/SIJB_33_48-52.pdf
https://saudijournals.com/media/articles/SIJB_33_48-52.pdf
https://pnas.org/doi/full/10.1073/pnas.0800476105
http://bmcmicrobiol.biomedcentral.com/articles/10.1186/s12866-017-0958-x
http://bmcmicrobiol.biomedcentral.com/articles/10.1186/s12866-017-0958-x
https://doi.org/10.1016/j.ygeno.2021.01.027
https://doi.org/10.1016/j.ygeno.2021.01.027
https://www.jstor.org/stable/20168448?origin=crossref
https://www.nature.com/articles/srep43249
https://www.nature.com/articles/srep43249
https://pnas.org/doi/full/10.1073/pnas.1915848117
https://pnas.org/doi/full/10.1073/pnas.1915848117
https://www.mdpi.com/2073-4425/13/12/2294?type=check_update&version=1#
https://www.mdpi.com/2073-4425/13/12/2294?type=check_update&version=1#
https://doi.org/10.1007/978-1-61779-609-8_3
http://dx.doi.org/10.1038/s41438-019-0142-6
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

