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Introduction

Ginkgo biloba L. is the oldest tree species on our planet. It 
is characterized by extreme resistance to climate changes 
and natural influences. It is the only living member of the 
family Ginkgoaceae. Because of all its properties, it has 
been associated with longevity and a powerful life-force, 
as well as strong production of new branches. The tree is 
heliophilous, and frost-resistant (excluding young seed-
lings and juvenile trees). Its growth is slow and irregular 
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Ginkgo biloba L. is characterized by its high level of resistance to climatic conditions, diseases, and pests. 
In Slovakia, there is a rich collection of genetic resources of ginkgo consisting of 288 trees growing in 103 
locations and providing valuable biological material for scientific research. There have been documented 45 
trees of ginkgo older than 100 years (ranging from 112 to 242 years of age). Their dendrometrical parameters 
were recorded. For genomic imprinting, three types of microRNA-based markers were selected; highly con-
served gb-miR160, moderately conserved gb-miR482 and the species-specific gb-miR75. The most efficient 
one can be considered the marker gb-miR482 with its genotype-unique miRNA profiles probably related to 
this marker functioning in the defence mechanisms of the ginkgo species. Unique miRNA loci were recorded 
in genomes of young ginkgo trees. We found that, by selecting the appropriate microRNA-based markers, it 
is possible to characterize the ginkgo genome in the context of microclimatic conditions.
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(in some years there is a minimum increment). It has a 
strong wheel root and exhibits good tolerance against cut-
ting.

G. biloba L. leaves are a source of a number of medi-
cines that are mainly used for central and peripheral circu-
latory disorders. In many European countries, registered 
ginkgo formulations are the most commonly prescribed 
drugs based on plant extracts. They are used for treatment 
of cerebral ischaemia, peripheral vascular disorders and 
neurosensing disorders (Zittlau, 2007). Extracts are pre-
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silencing (Bartel, 2004; Neutelings et al., 2012). Wang 
et al. (2015), sequencing of cDNA of male and female 
leaves, identified short molecules of the ginkgo genome. 
These authors identified 202 (in female leaves) and 201 (in 
male leaves) of the known miRNAs, which were subse-
quently categorized into 82 or 78 classes, respectively. At 
the same time, within the two libraries, the authors identi-
fied 174 new miRNA molecules. Most miRNAs identified 
represent miRNA classes that are of a highly conserved 
nature, e.g. miR160, miR166, miR396, miR159, miR171, 
miR408, miR167, miR168 and miR398. These classes 
have specific functions in the various physiological pro-
cesses in the plants. The second most frequent category 
is medium conserved miRNA, e.g. miR482/448, miR529, 
miR2118 and miR535. The last category consists of spe-
cies-specific miRNAs, e.g. miR1220, miR5225, miR1314, 
miR2873, miR950, miR4376, miR5240, miR5261 and 
miR5301, important in originating new functions (Wang 
et al., 2015). The target sequences of the identified micro-
RNA predominated those related to the regulation of 
defence processes and disease resistance as well as the 
regulation of the biosynthetic processes of the secondary 
metabolites.

DNA-based markers corresponding to miRNA se-
quences have been developed as a new type of functional 
markers (Fu et al., 2013). MicroRNAs-based molecular 
markers represent a new, highly efficient, stable, reprodu-
cible and protocol-portable method of genotyping in the 
area of marker techniques (Fu et al., 2013; Yadav et al., 
2014). A system of genotyping based on miRNAs markers 
was applied to Brassica sp. (Fu et al., 2013), Setaria sp. 
(Yadav et al., 2014) as well as to rice (Ganie and Mon-
dal, 2015; Mondal and Ganie, 2014). MicroRNA mark-
ers combine the advantages of relatively high polymorph-
ism, reproducibility, inter-species transferability, and ease 
of use with predicted functionality. The effectiveness of 
miRNA markers depends on the genetic and evolutionary 
proximity of the studied species. Since these markers are 
derived from conserved miRNAs sequences, a high degree 
of versatility between the genes is expected. A high degree 
of portability is evidence of the utility of miRNAs mark-
ers as markers for comparative mapping of the genome 
and understanding the phylogeny between different crop 
species (Yadav et al., 2014). MiRNAs-based primers com-
bined with different sites on the same loop can produce 
fragments of useful size for genotyping. Polymorphism 
amplified by the application of miRNAs markers indicates 
changes in miRNA loci sequences, which may result in 
changes in the target gene regulation.

The aim of our study was focused on dendromet-
rical characterization and the age determination of the 
oldest ginkgo trees grown in Slovakia, and, at the same 
time, on characterization of their genome polymorphism 
by microRNA-based molecular markers in the context 
of microclimatic conditions. MiRNAs markers can serve 
as functional markers and they can also be used to detect 

pared from leaves, the most widely used one is called EGb 
761. The most important extracts both in terms of quantity 
and effectiveness are flavonoids and terpene trilactones 
(ginklodide and bilobalide) (Mohanta et al., 2012). 

The origin of ginkgo is in Eastern China, on a small 
territory of Tianmu San located in the mountains of the 
province Zhejiang. Since the 11th century, this plant has 
been grown in North China, Korea, Japan, often planted 
at temples, Buddhist and Taoist monasteries, and palaces 
(Begovic, 2010; Van Beek, 2000). Apart from this native 
area, elsewhere in Europe and America, the species ex-
hibits a cultural area of expansion through action of man, 
most often by transferring seeds and plant parts for vegeta-
tive reproduction (various shape and colour varieties are 
obtained by grafting, vegetative form).

In Slovakia, there is a rich collection of genetic re-
sources of G. biloba L., grown in historical parks, botan-
ical gardens, arboretums, green areas of towns and villages 
and other dendrological areas (Ražná et al., 2014; Ražná 
and Hrubík, 2016). As for planting, the ginkgo species is 
becoming more and more popular with its colourful and 
ornamentally shaped cultivars occupying more and more 
space in family gardens. However, the major prospect of 
the alley cultivars of G. biloba is their planting in urban 
greenery, especially in street alleys. 

The ginkgo genome is of high scientific interest for 
its exclusive properties (Lin et al., 2011). The genomic 
research on G. biloba includes; (a) the identification of 
markers for sex identification – to support field plant-
ing of ginkgo (Liao et al., 2009; Yang et al., 2005), (b) 
cultivar identification – to contribute to the conservation, 
genetic diversity and mating patterns (Fan et al., 2004; Li 
and Zhang, 2013; Li et al., 2009; Mei et al., 2014; Yan 
et al., 2006; Yan et al., 2009), (c) the high-throughput 
genomic research (Han et al., 2015; He et al., 2015; Lin 
et al., 2011) and (d) the comparison of the genomes of the 
species of G. biloba identified in Slovakia and abroad, 
characterization of morphological gender differences, 
and peculiarities within the species (Ražná et al., 2014; 
Ražná and Hrubík, 2016). Šmarda et al. (2016) observed 
the polyploidy of the ginkgo genome, which is quite un-
usual in gymnosperms. Ginkgo has the potential to form 
spontaneous polyploidy offspring, which may represent 
one of the ways how this „living fossil“ is surviving dif-
ferent environmental conditions. There has been found a 
surprisingly high ploidy variation in modern-day ginkgo 
(Šmarda et al., 2018).

MicroRNAs are endogenous, single-stranded, non-
coding molecules of about 21–25 nt in size, playing an im-
portant regulatory role in plant growth and development 
(Barvkar et al., 2013; Kruszka et al., 2012), biological 
and metabolic processes (Wang et al., 2012) and vari-
ous developmental and physiological processes (Bej and 
Basak, 2014; Jones-Rhoades et al., 2006). MicroRNAs 
regulate posttranscriptional expression by repression of 
translation or target gene degradation and subsequent gene 
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the connection between the microclimatic conditions of 
growth and the genome adaptability of trees, especially 
old ones.

Materials and methods

Dendrometrical and age parameters of ginkgo trees

In the dendrometrical characterization of the Ginkgo bi-
loba L., the best practices and methodologies were fol-
lowed. The research has comprised the full list of the 
known and published localities (Benčať, F., 1982), includ-
ing extra new sites obtained from other sources (Ražná et 
al., 2014; Ražná and Hrubík, 2016).

At each evaluated locality, all the existing ginkgo 
trees were examined. There were measured their basic 
taxonomic variables (trunk circumference, trunk diam-
eter 1.3 m above ground, tree height, crown width, health 
status and horticultural value) (Hrubík et al., 2011). In the 
case of larger trees, there was also traced the circumfer-
ence of the stem to the ground, and taken the current photo 
documentation of the trees on the particular site.

The tree height was measured with a SUUNTO altim-
eter; crown width was measured in two perpendicular direc-
tions according to the crown shape (most trees were solitaires 
with a regular crown); the tree sex was identified based on 
the flowers, fruits, habitus and the angle of the lateral branch-
es. The diameter of the tree stem (at a height of 1.3 m) was 
measured directly, with a textile band measuring the trunk cir-
cumference in cm. Detecting the tree age is mostly difficult, 
especially for rare and valuable species (which is undoubtly 
the case og ginkgo in our conditions). Although core samples 
were taken with a Pressler borer from all the trees evaluated, 
the following dendrochronological evaluation of these sam-
ples was unacceptable for financial reasons. Therefore, we 
used the published mathematical formula: V = (5/[π × RL]) 
× d, where d is the stem diameter (in cm) at d 1.3 m; RL is 
the width of the ring (in cm), for the gingko the value is 2.530 
(Kolařík et al., 2010). 

Sampling and sample preparation

G. biloba L. leaves were collected from selected localities 
in Slovakia and stored at –50°C until they were analysed. 
All the trees sampled were healthy and genetically grown 
from seeds. The list of samples for genomic analyses is 
shown in Table 1.

Genomic analysis

The total genomic DNA was extracted from leaves hom-
ogenized in liquid nitrogen in accordance with the proto-
col by Padmalantha and Prasad (2006). The extracted 
DNA was quantified by the Implen NanoPhotometer®, 
and diluted to 70 ng μl–1. 

In order to explore the genomic imprinting of gink-
go trees in regard to their age and locality, four types of 
microRNAs markers have been used. These markers were 
selected based on the study of Wang et al. (2015), repre-
senting different families of miRNA sequences. The se-
quences of the following microRNA markers were used: 
deeply conserved – gb-miR160; moderately conserved – 
gb-miR482; species-specific – gb-miR5261 and the novel 
miRNA family – gb-miR75. The sequences of the primers 
used for the amplification of the individual markers are 
presented in Table 2.

Genomic analyses were performed based on studies 
by Fu et al. (2013) and Yadav et al. (2014) with modi-
fications (Ražná et al., 2015; Hlavačková et al., 2016). 
PCR was amplified in a PCR mix 20 µL containing 70 
ng of genomic DNA, 10 pmol dm–3 of each primer, 2 U 
of DreamTaq DNA polymerase, 0.8 mmol dm–3 dNTPs 
(Bioline) and 1× DreamTaq Buffer (KCl, (NH4)2SO4, 20 
mmol dm–3 MgCl2). The PCR amplification programme 
used the ‘touchdown’ method as follows: initial denatura-
tion at 94 °C for 5 min; 5 cycles of 30 s at 94 °C, 45 s at 
64 °C (with a 1 °C decrease in annealing temperature per 
cycle), and 60 s at 72 °C; 30 cycles of 30 s at 94 °C, 45 s at 
60 °C, and 60 s at 72 °C; and the final extension at 72 °C 
for 10 min. The samples were subsequently stored at 8 °C. 

 

 

Table 1. The list of ginkgo trees samples used for genomic analyses 

 

Sample number Locality Gender Age (years) 
1. Nová Ves nad Žitavou Female 140 
2. Topoľčianky Male 155 
3. Lučenec Female 135 
4. Veľký Blh Female   96 
5. Hnúšťa Male 134 
6. Rimavská Sobota Female   68 
7. Hokovce Male 112 
8. Palárikovo Male 160 
9. Šurianky Male   44 

10. Košice Male 193 
11. Budimír Male   79 
12. Prešov Male 133 

  

Table 1. The list of ginkgo trees samples used for genomic analyses
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The PCR products were separated using 15% TBE-Urea 
polyacrylamide gels running in 1× TBE Running Buffer 
at a constant power 90 V, 25 mA for 120 min. 10 bp DNA 
ladder (Invitrogen) was used for the size comparison. 
The polyacrylamide gels were stained with the GelRedTM 

Nucleic Acid Gel stain and visualised in the G-Box Syn-
gene electrophoresis documentation system. The gels were 
analysed by the GeneTools software – GeneSnap version 
7.09.17 (Syngene) in order to record the number of the loci 
and to identify the unique fragments.

Statistical analysis

The bands for each miRNA-based allele were scored in 
terms of their presence (1) or absence (0). The scored data 
were used for the estimation of the Jaccard´ similarity 
coefficient and the similarity matrix was used in cluster 
analysis with the unweighted pair group method and arith-
metic averages (UPGMA) according to Garcia-Vallve 
et al., 1999 (http://genomes.urv.cat/UPGMA/). The poly-
morphism information content (PIC) value was calculated 
based on Fu et al. (2013). 

The hierarchical cluster trees (dendrograms) were 
constructed for each primer combination. The accuracy of 
the clustering based on our data was verified with use of 
the cophenetic correlation coefficient (CP). The closer the 
value of the CP is to 1, the more accurately the clustering 
solution reflects the data.

Results and discussion

The oldest trees of Ginkgo biloba L. in Slovakia

The age detection of trees seemed to be the most difficult 
step, although there are several possibilities: an estimate 
through the tree growth; approximate estimates according 
to the period of establishment of the dendrological build-
ing, historical park or garden related. 

These methods were considered to be relatively in-
accurate, because they do not allow a more accurate identi-
fication of the planting year of the particular tree. Estimat-
ing the tree age by calculating the number of rings on the 
dendrometric cores cut with a Pressler borer also appears 
inaccurate and only approximate, even though we used 
this option especially for larger trees. Finally, for evaluat-
ing all the trees, we used a mathematical calculation ac-

cording to the formula Kolařík et al. (2010).
In some trees, especially younger (juvenile) individ-

uals, the data on the tree age or the planting year are fair-
ly accurate (it is necessary to add 5–10 years, from seed 
planting in a nursery to the delivery of seedlings capable 
of being planted directly in a specific location).

Based on these findings and practical experience, it 
is possible, with a certain time tolerance (20–40 years), 
to accept the results of calculating the age of ginkgo trees 
according to the aforementioned mathematical formula. A 
list of the oldest trees in Slovakia is presented in Table 3.

Recognizing the gender on young plants is also very 
intricate. Ginkgo gender identification is needed to support 
ginkgo cultivation by distinguishing between male and fe-
male trees having different economic and medicinal values 
(Liqin et al., 2009). 

In the available literature (van Beek, 2000; Begović, 
2010), the gender of the G. biloba L. trees is determined 
based on morphological differences. Dendrometrical par-
ameters also represent a significant approach of the study 
of tree species adaptability to deteriorating urban condi-
tions (Uhrin et al., 2018) and mapping the cultural distri-
bution of a species within a certain area in the context of 
microclimatic conditions (Ferezliev, 2017).

 The tree gender can also be judged about according 
to the distribution of tree crowns: it holds in general that 
female trees have branches almost horizontally distributed 
(our findings, however, are just the opposite). According 
to the above mentioned data literature, seeds with two ribs 
(on stone-seed) produce female trees and those with three 
ribs produce male trees.

Leaves and short sprouts of female trees are larger 
and rounded; on males, they are smaller and conical. At 
the bottom of the trunk and also on the branches, espe-
cially after a plant injury, characteristic features emerge. 
Extending as stalactites and touching the earth, they are 
rooted (the Japanese name for these formations is “czi-czi” 
and this name has taken hold throughout the world) (Bar-
low and Kurczynska, 2007).

On the basis of several decades of ginkgo tree re-
search as well as foreign expedition knowledge, there have 
been found the following differences the genders:
a)	 On male trees, the lateral branches leave the trunk at a 

right angle, on female trees at an acute angle.
b)	 The seeds with two ribs are produced male trees, and 

those with three ribs by female trees.
c)	 The beginning of flowering time in male trees is 2–3 

weeks earlier than in female trees. However, the entire 

 

 

Table 2. Primers sequences used for miRNAs markers amplification 

 

Primer Sequences 5´- 3´ 
gb-miR160 forward TTAGTCTGCCTGGCTCCCTGTATG 
gb-miR75 forward TTCAGGGTGTTAGGTTTGGGAGAA 
gb-miR75 reverse CCGGGCAGTAGGAATGGGAGGAAT 

gb-miR482P TGGGTTGTAGTCTTCAGGAGTGGG 
gb-miR482S GAAGGCAATAGGAATGGGAGGATC 

gb-miR5261P TTTGGAAAGTATTCGCATTGATTA 
gb-miR5261S TATGGAACAAATTGCCACTCGGAT 

  

 

  

Table 2. Primers sequences used for miRNAs markers amplification
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flowering process takes about a month, which is a time 
long enough to achieve phenological synchrony.

d)	 The male trees have a deep cut on the leaf blade and the 
female a shallow cut or none at all.

e)	 Autumn foliage is earlier in male trees.
f)	 There was also observed a disproportion between the 

male and female seeds, unlike 1: 1 reported in the lit-
erature. 

Table 3. The list of the oldest trees of Ginkgo biloba L. in Slovakia and their dendrometrical parameters

 

 

Table 3. The list of the oldest trees of Ginkgo biloba L. in Slovakia and their dendrometrical parameters 

 

Locality 
Trunk 

circumference 
(cm) 

Trunk 
diameter 

(cm) 

Height  
(m) 

Width of the 
tree crown  

(m) 

Gender tree  
(♂, ♀) Age 

Abramová 238   76.0 14 18 × 14 ♀ 121 
Beladice 259   82.5 18 16 × 16 ♂ 131 
Beladice 237   75.2 20 16 × 16 ♀ 130 
Betliar 233   74.3 19 19 × 14 ♂ 118 
Bojnice 276   87.9 21 10 × 10 ♂ 140 
Bojnice 290   92.4 26 12 × 12 ♂ 147 

Bratislava, Botanická záhrada 
UK 222   70.7 16 8 × 8 ♀ 112 

Bratislava, Sady J. Kráľa 467 148.8 20 28 × 24 ♀ 236 
Častá (Červený Kameň) 375 122.2 14 12 × 14 ♀ 194 

Galanta 285   90.5 20 18 × 20 ♂ 144 
Hajná Nová Ves 478 152.4 22 30 × 30 ♀ 242 

Hnúšťa 263   83.8 26 12 × 15 ♂ 134 
Hokovce, súkromná záhrada 220   70.1 25 12 × 14 ♂ 112 

Horenická Hôrka-Medné 345 110.2 25 20 × 20 ♀ 158 
Horné Semerovce 325 103.7 19 14 × 10 ♂ 165 

Humenné 275   87.6 22 15 × 20 ♀ 139 
Janova Ves 373 111.2 22 20 × 20 ♂ 197 

Jasov, Kláštorná záhrada 220   70.2 14 14 × 14 ♂ 112 
Kazimír 229; 170 73.0; 54.2 17 22 × 20 ♀ 116 

Komjatice 327 104.2 25 22 × 22 ♀ 165 
Košice, Masarykova ul.3 381 121.7 27 24 × 12 ♂ 193 

Košice, Park J.A.Komenského 312   99.7 20 20 × 20 ♂ 158 
Lučenec, Ipeľské tehelne a.s., 

cv.´Ohatsuki´ 267   85.1 22 16 × 16 ♀ 135 

Malý Šariš 315; 285 100.7;  91.0 20 20 × 20 ♂ 160 
Nová Ves nad Žitavou 277   88.3 18 22 × 24 ♀ 140 
Nová Ves nad Žitavou 228   72.7 16 23 × 20 ♀ 115 

Palárikovo 316 101.0 20        19 × 19 ♂ 160 
Palárikovo 247   78.6 20 14 × 14 ♂ 125 
Piešťany 280   89.2 25 20 × 20 ♂ 142 

Pohronský Ruskov 261   83.2 14 23 × 20 ♂ 132 
Prešov, Záhrada umenia 265   84.5 18 15 × 15 ♂ 133 

Pribeník 330 105.5 25 16 × 22 ♂ 168 
Rakovice 237   75.5 20 18 × 15 ♀ 120 

Slanec 278   88.5 18 16 × 14 ♂ 141 
Súdovce 302   96.5 14 12 × 10 ♂ 153 

Tomášikovo 315 100.4 25 16 × 16 ♀ 162 
Tomášov 290   90.7 20 20 × 19 ♂ 144 

Topoľčianky 225   71.7 20 16 × 126 ♀ 114 
Topoľčianky 261   83.2 18 16 × 16 ♀ 132 
Topoľčianky 305   97.5 12 14 × 14 ♂ 155 

Trávnica 239   76.2 22 10 × 8 ♀ 121 
Trenčín 365 116.7 16 12 × 12 ♂ 185 
Trenčín 290   92.7 16 10 × 10 ♀ 147 

Turčianska Štiavnička 233   74.2 24 9 × 9 ♀ 118 
Voderady 292   93.0 18 18 × 18 ♂ 148 
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g)	 There was found a unique – 135-year old female tree of 
G. biloba L. growing in Lučenec, on the locality of the 
company Ipeľské tehelne. The tree is 12 heigh, with a 
trunk circumference 247 cm (d1.3 = 79 cm), and crown 
width 12 × 13 m. This specimen exhibited, apart from 
the normally developed fruits on separate stalks, also 
fruits of almost the same size situated on the leaf blade, 
known as the middle fruit (“ohatsuki” – the fruit on 
the leaves) (Fig. 1).The occurrence of this type of fruit 
had previously only been recorded in Japan. The leaves 
were mostly fully grown (at 90%), with no incisions on 
the leaf blade.

class. The evolutionary conserved character of this class 
has a specific function in different physiological processes 
running in plants. The new miRNA family (gb-miR75) is a 
part of a specific regulation of defence processes. Another 
class of moderately conserved miRNAs (gb-miR482) 
are involved in the ginkgo defence mechanisms. Finally, 
the species-specific miRNA class (gb-miR5261) with no 
homologue in other plant species may be significant in 
producing new functions in the environmental and hor-
monal response (Wang et al., 2015).

In total, 339 fragments were amplified in twelve geno-
types of ginkgo, with using four combinations of miRNA-
based molecular markers. The number of fragments pro-
duced by one pair of primers ranged from 62 (gb-miR5261 
forward/gb-miR5261 reverse) to 130 (gb-miR160 forward/
gb-miR75 reverse). The average number of fragments per 
a genotype ranged fro 5.2 (gb-miR5261forward/gb-miR-
5261reverse) to 10.83 (gb-miR160 forward/gb-miR75 re-
verse). The amplification efficiency of individual markers 
was recorded through the total number of the amplified 
loci, the number of polymorphic and monomorphic loci as 
well as the percentage of polymorphism and polymorphic 
information content (PIC) (Table 4). The PIC values were 
higher than 0.5 in all types of miRNA markers used, and 
this indicated a high level of polymorphism. The values 
of the cophenetic correlation coefficients characterizing 
the results of cluster analysis were as follows; 0.93 (gb-
miR160 F/gb-miR75 R, 0.95 (gb-miR482 F/gb-miR482 
R) and 0.98 (gb-miR5261 F/gb-miR5261 R).

The oldest trees growing in the East of Slovakia, in 
the city of Košice (Masaryk Street) were characterized 
by a specific profile of their DNA fragments amplified by 
the applied markers. As the only one, the marker combin-
ing the conserved and the novel type of miRNAs mark-
ers (gb-miR160 F/gb-miR75 R) was able to differentiate 
a  specific ginkgo cultivar Ohatsuki growing in Lučenec 
(Fig. 1). In the literature (Zhang et al., 2015), this cul-
tivar is also named as G. biloba var. epiphylla Mak. As 
we mentioned above, it is a unique female cultivar with 
fruits on the leaf blade. This type of cultivar had previ-
ously only been reported growing in Japan. The obtained 
results are in line with the finding of Zhang et al. (2015) 
who identified a total of 82 miRNA sequences belonging 
to 23 families and 53 putative novel miRNAs. The expres-
sion analysis showed that 25 conserved and 21 novel miR-
NAs were differentially expressed between epiphyllous 
ovule leaves and normal leaves. To determine the func-
tions of the identified miRNAs, putative target genes were 
predicted. The annotation showed that the target genes are 
involved in epiphyllous ovule formation. The most effi-
cient marker can be supposed the moderately conserved 
type (gb-miR482 F/gb-miR482 R) providing the ampli-
fication of the genotype-unique miRNA profiles (Fig. 2). 
The genotypes from Hokovce (112 years), Palárikovo 
(160 years) and Košice (193 years) were characterized by 
unique miRNA marker profiles. Surprisingly, the young-
est (44 years) evaluated genotype from Šurianky had a 
specific miRNA marker profile. This might be due to the 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Ginkgo biloba var. Ohatsuki in Lučenec. 

 

 

 

Fig. 2. Profiles of microRNA loci of Ginkgo biloba L. genotypes generated by marker gb-miR482.  Marker – DNA ladder. 

Samples are numbered based on Table 1. ♀, female tree, ♂, male tree. 

 

 

 

 

 

 

Fig. 3. Cluster analysis of Ginkgo biloba L. genotypes generated based on PCR amplification by gb-miR482 marker.  The red 

color depicts genotypes from western, yellow from central, green from south and blue one from east Slovakia. 

 

Fig. 1. Ginkgo biloba var. Ohatsuki in Lučenec.

Genomic analyses 

In order to detect any possible relationship between the 
ecological microclimatic conditions for ginkgo trees 
growth and their DNA-microRNAs profiling, were select-
ed twelve trees aged from 44 to 193 years (Table 1). Mark-
er-based DNA fingerprinting specifically identifies the in-
dividuals and enables selecting the appropriate biological 
material for other applicable procedures. The applied types 
of miRNA markers were selected based on the studies by 
Wang et al. (2015) who identified a vast number of micro-
RNAs in mature male and female ginkgo leaves, using 
transcriptomic analysis. The first type of miRNA mark-
ers (gb-miR160) belongs to the highly conserved miRNA 
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character of the gb-miR482 family whose main function 
is connected with the defence mechanisms of plants (He 
et al., 2015).

It is possible to summarise that young ginkgo trees 
(44–79 years) were characterised by the occurrence of 
unique DNA-miRNA fragments. On the contrary, within 
the group of the oldest ginkgo trees, it was possible to ob-
serve a high number of DNA fragments amplified by con-
servative miRNA markers.

Unique loci were recorded in young ginkgo trees, cre-
ated specifically by the combination of highly conserved 
and new types of miRNA markers (gb-miR160 F/gb-
miR75 R) in the genotype originating in central Slovakia, 
at 68 years and by the combination of species-specific 
miRNA markers (gb-miR5261 F/gb-miR5261 R) in geno-
types originating from southern Slovakia (44 years) and 
eastern Slovakia (79 years).

The cluster analysis showed that young ginkgo trees, 
specifically the female genotypes from Veľký Blh (96 
years) and Rimavská Sobota (68 years), originated from 
Central Slovakia, were clustered on one line under using a 
combination of high conserved and new types of miRNA 
markers (gb-miR160 F/gb-miR75 F), moderately con-
served (gb-miR482 F/gb-miR482 F) and species-specific 
(gb-miR5261 F/gbmiR5261 R) miRNA markers. 

As Figure 3 shows, based on the cluster analysis 
generated from DNA fragments amplified by markers of 
moderately conserved miRNA family, it was possible to 
associate the ginkgo trees with their locality.

Molecular DNA markers are an integral part of the 
evaluation process for assessing the genomes in signifi-
cant plant genetic resources (Li et al., 2013). Markers of 
miRNA have a great potential in terms of the differentiation 
of closely related plant species, analysis of their genetic di-
versity and genetic mapping. The miRNA-based molecular 
marker system combines the advantages of polymorph-
ism, reproducibility and transferability (Fu et al., 2013). 
Genomic characterization of miRNA molecules in G. bi-
loba L. may provide insights into the miRNA-mediated 

Fig. 2. Profiles of microRNA loci of Ginkgo biloba L. genotypes generated by marker gb-miR482.  Marker – DNA ladder. 
Samples are numbered based on Table 1. ♀,  female tree, ♂,  male tree.

regulations of environmental adaptation in this species.

Conclusion

We have assembled the dendrometrical parameters and the 
age information of the oldest 45 G. biloba L. trees grown 
in Slovakia. Based on long-term research we have also 
identified several morphological and physiological char-
acters pointing to the tree gender. The genomic analyses 
unveiled the role of microRNA molecules in plant defence 
regulatory mechanism, as they enabled determining the 

Fig. 3. Cluster analysis of Ginkgo biloba L. genotypes 
generated based on PCR amplification by gb-miR482 marker. 
The red color depicts genotypes from western, yellow from 
central, green from south and blue one from east Slovakia.
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specific miRNA-based profile of ginkgo genotypes grown 
in different localities of Slovakia. The cluster analysis 
has supported this observation. In addition, we identi-
fied the unique exemplar of ginkgo var. Ohatsuki grown 
in Lučenec, which has been previously recorded in Japan 
only.
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