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Abstract
Genetic stability is highly important in terms of endangered species gene banks. Culture and cold stresses under in vitro conditions
may lead to genetic variability. Many methods and possibilities to design appropriate starters for DNA-fingerprinting purposes
increase cost and time consumption. Furthermore, multiplicity of possible primers makes it difficult to standardize plant research.
The aim of this study was to verify effectiveness of various methods in assessing the clonal homogeneity of Taraxacum pieninicum
plantlets regenerated after long-term in vitro cold-storage and to simplify the selection of the genetic stability analysis for Asteraceae
family. Inter Simple Sequence Repeats (ISSR) and Start Codon Targeted (SCoT) polymorphism assays were performed to detect
DNA sequence variation. No differences were observed using 16 ISSR markers and 12 SCoT markers between regrown plantlets
after storage and plants cultivated from seeds in a soil. Furthermore, SCoT markers were most effective for screening T. pieninicum
genome and appeared to be highly useful for different micropropagated and endangered species of Asteraceae family.
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Abbreviations
AAD Arbitrarily Amplified Dominant
AFLP Amplified Fragment Length Polymorphism
IRAP Inter-Retrotransposon Amplified Polymorphism
ISSR Inter Simple Sequence Repeats
MSAP Methylation Sensitive Amplified Polymorphism
QTL Qualitative Trait Loci
RAPD Random Amplified Polymorphic DNA
REMAP Retrotransposon-Microsatellite Amplified

Polymorphism
RFLP Restriction Fragment Length Polymorphism
ScoT Start Codon Targeted
S-SAP Sequence-Specific Amplified Polymorphism

Introduction

DNA based molecular markers become a versatile tools applied
in various fields like taxonomy, genetic engineering and plant
breeding (Chittora 2018). They are also increasingly used in

research focused on the protection of endangered species by
storage in in vitro culture. Quality control of micropropagated
plant material has to be verify before introduction of any species
into the natural environment (Kaçar et al. 2006). In vitro culture
may be associated with changes in physiological, epigenetic and
genetic quality, what is contrary to the main assumption of
retaining the genetic integrity of the propagated plants. Genetic
variations might occur in undifferentiated cells, protoplast or
calli. They are generated in uncontrollable and unpredictable
ways and most variations are not suitable for further usage
(Butiuc-Keul et al. 2016). The most frequent changes occurring
in in vitro culture refers to polyploidization, aneuploidization,
chromosomal breakage, deletion, translocation, gene amplifica-
tions and mutations (Teixeira da Silva et al. 2007). Different
markers and techniques are available for assess genetic stability
or diversity of plants propagated both in vitro and in vivo.
Techniques such as Amplified Fragment Length Polymorphism
(AFLP), Inter Simple Sequence Repeats (ISSR) and Random
Amplified Polymorphic DNA (RAPD) have been termed as
Arbitrarily Amplified Dominant (AAD) markers. AAD markers
are used for genomic DNA- fingerprinting, genetic and qualita-
tive trait loci (QTL) mapping, population studies, phylogenetic
inference and systematic studies (Gorji et al. 2011). Collard and
Mackill (2009) validated in rice method based on the short con-
served region flanking the ATG start codon. This method was
called Start Codon Target (SCoT) polymorphism and its most
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significant advantage is that the primers are considered to be
universal in plants. SCoT marker PCR amplification profiles
indicated also dominant marker. Knowledge of the plant se-
quence is not required for mentioned RAPD, ISSR and SCoT
techniques, that is why these methods are chosen
predominatingly. For epigenetic variation conventional markers
are not suitable. In this case markers such as Methylation
Sensitive Amplified Polymorphism (MSAP) or methylated-
sensitive Restriction Fragment Length Polymorphism (RFLP)
need to be used. Moreover, in vitro culture may induce
transpositions of transposable elements, what could be de-
tected using retrotransposon-based molecular markers
(Sequence-Specific Amplified Polymorphism S-SAP; Inter-
Retrotransposon Amplified Polymorphism IRAP;
Retrotransposon-Microsatellite Amplified Polymorphism
REMAP) (Teixeira da Silva et al. 2007). Despite the large
number of available techniques, the knowledge of the se-
quence and amount of the isolated DNA are decisive.

Taraxacum pieninicum Pawł. is critically endangered spe-
cies of the Asteraceae family, occurring only in one locality in
The Pieniny Mts. (Poland) (Zarzycki and Szeląg 2006).
Classical methods of T. pieninicum protection appear to be
insufficient due to the number of individuals, limited avail-
ability and vitality of the seeds. Micropropagation procedure
for T. pieninicum has been developed (Trejgell et al. 2013),
although this method is labor-consuming, costly and fraught
with the risk of contamination every 4 weeks. Therefore, sys-
tem for shoot tips and synthetic seeds storage in slow growth
conditions was presented in previous studies (Kamińska et al.
2016, 2018), in which plant material could be stored even for
12 months without passages.

The aim of this study was (1) to compare ISSR and SCoT
profiles obtained with chosen primers and (2) to assess the
suitability of the in vitro cultivation and storage systems of
T. pieninicum to plantlets introduction into in vivo conditions.
Additionally we want to verify universality of the SCoT
markers using sequences from the research on chrysanthe-
mums from Asteraceae family.

Materials and methods

Synthetic seeds of T. pieninicum were obtained by encapsula-
tion of the shoot tips using 3% sodium alginate and 100 mM
CaCl2. Synseeds were stored on MS medium (Murashige and
Skoog 1962) for 9 and 12 months at 4 °C under reduced light
or in the darkness as it was described in our previous paper
(Kamińska et al. 2018). For genetic analysis plantlets after
storage were regrown in optimal in vitro conditions and accli-
matized to ex vitro conditions according to the procedure
shown in Fig. 1. DNA was isolated from young leaves of
randomly chosen plants (100 mg) using modified Doyle and
Doyle (1987) method. Plants germinated from natural seeds

and grown in pots were used as a control. The reactionmixture
for PCR contained: 1× Ammonium-Reaction buffer, 3 mM
MgCl2, 10 nmol of each dNTP, 0.5 μM primer, 50 mg DNA
and 1 unit of Maximo DFS-Plus Taq DNA Polymerase DNA-
free (GeneOn). PCR reactions were carried out in a
thermocycler (AG 22331, Eppendorf, Hamburg, Germany)
with an initial denaturation of the DNA at 94 °C for 4 min
and then 35 cycles of amplification consisting of denaturation
at 94 °C for 20 s, primer annealing at Tm calculated for each
primer for 20 s and primer extension at 72 °C for 3 min. The
final extension was performed at 72 °C for 5 min. The PCR
products were electrophoresed in 1.5% agarose gel (carried
out at 100 V) using 1× TBE running buffer and SYBR®

Fig. 1 Plant material for DNA isolation; schematic procedure of storage
and regrowth of Taraxacum pieninicum synthetic seeds (Kamińska et al.
2018) (BA –Benzylaminopurine, NAA - Naphthalene acetic acid, PGR –
Plant Growth Regulator)

600 Biologia (2020) 75:599–604



Green Master Mix (Applied Biosystems, CA, USA). The size
of amplicons was visualized under UV light and estimated
using DNA ladder (O’GeneRuler™ DNA ladder Mix,
Fermentas). Images were captured using ChemiDoc™XRS
Gel Documentation system (Bio-Rad, CA, USA). Bands were
analyzed using Quantity One® version 4.6.2. software (Bio-
Rad, CA, USA). All the generated patterns were repeated at
least three times in order to obtain reproducible data. The
primers for ISSR were chosen on the basis of analysis of the
genus Taraxacum collected in Korea (Ryu and Bae 2012) and
for SCoTanalysis primers were chosen from paper focused on
genetic diversity of Chrysanthemum morifolium belonging to
the Asteraceae family (Feng et al. 2016). After primer verifi-
cation on control plants, 16 from 19 ISSRmarkers and each of
12 SCoT markers were used in analyses.

Results and discussion

The oligonucleotide sequences of the used ISSR and SCoT
primers and the results were summarized in Table 1. Examples
of ISSR and SCoT amplifications were shown in Fig. 2,
representing band patterns obtained with primers No. 14, 15
and No. 3, 5, respectively. Analysis with ISSR and SCoT
markers gave a total of 51 and 83 monomorphic bands, re-
gardless of the storage conditions. In none of the analyzed
plantlets and markers, polymorphic bands were obtained. A
single ISSR marker generated an average of 2.7 bands. The
number of product varied from 1 (ISSR – 5, 7, 8 and 16) to 7
(ISSR - 14) (Fig. 2a). In this analysis length of obtained prod-
uct ranged from 400 to 3500 bp (Table 1). In the SCoT anal-
ysis 6.9 bands were generated per primer, with length ranged

Table 1 List of primers used for
ISSR and SCoT analysis with
their sequences, melting
temperatures, GC content and
number of bands generated in
PCR reaction with DNA from
control and cold-stored and re-
grown in optimal conditions
plants of Taraxacum pieninicum

No. Sequence (5′-3′) TM (°C) GC content (%) No of bands Band size range (bp)

ISSR

1 (AG)8T 44.6 47.1 2 700–900

2 (GA)8T 44.6 47.1 3 900–1200

3 (CT)8T 44.6 47.1 4 700–1500

4 (CT)8A 44.6 47.1 4 400–1200

5 (CA)8T 44.6 47.1 1 1200

6 (GT)8A 44.6 47.1 3 800–1500

7 (AG)8C 47.1 52.9 1 700

8 (AG)8G 47.1 52.9 1 2200

9 (GA)8C 47.1 52.9 4 900–2000

10 (CT)8G 47.1 52.9 5 800–3500

11 (CA)8G 47.1 52.9 4 1000–1800

12 (AG)8CT 48.0 50.0 3 800–2000

13 (AG)8GT 48.0 50.0 2 1100–2000

14 (AG)8GC 50.3 55.6 7 600–2000

15 (GA)8CC 50.3 55.6 6 1800–3000

16 (GA)8GC 50.3 55.6 1 700

Total 51

SCoT

No. Sequence (5′-3′) TM (°C) GC content (%) No of bands Band size range (bp)

1 CAACAATGGCTACCACC 47.1 52.9 6 1400–3500

2 CAACAATGGCTACCACG 47.1 52.9 6 900–3500

3 AAGCAATGGCTACCACC 47.1 52.9 8 700–3000

4 ACGACATGGCGACCAAC 49.5 58.8 6 600–2000

5 ACCATGGCTACCACCGA 49.5 58.8 10 400–2500

6 CACCATGGCTACCACCA 49.5 58.8 8 500–2000

7 ACCATGGCTACCACCGC 51.9 64.7 8 500–2500

8 ACGACATGGCGACCCAC 51.9 64.7 4 500–1500

9 CCATGGCTACCACCGCA 51.9 64.7 8 400–1800

10 ACGACATGGCGACCGCG 54.3 70.6 6 300–3000

11 CCATGGCTACCACCGCC 54.3 70.6 6 900–2500

12 CCATGGCTACCACCGGC 54.3 70.6 7 600–1800

Total 83
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between 300 and 3500 bp depending on the primer sequence.
In this case a minimum number of bands was 4 (SCoT - 8), in
turn maximum was 10 (SCoT – 5) (Table 1, Fig. 2d). In the
previous paper 21 RAPD markers generated 67 products,
what in average gave 3.2 bands per primer (Kamińska et al.
2018). Comparing all these 3 techniques, SCoT markers were
the most effective for screening T. pieninicum genome.
Similar results, where ScoT analysis was most effective than
for ISSR and RAPD, were obtained for Alhagi maurorum
(Agarwal et al. 2015) and Solanum sp. (Gorji et al. 2011).

Conditions of in vitro culture, especially long-term expo-
sure of plant material to cytokinins, and indirect regeneration
may lead to somaclonal variations (Leva et al. 2012; Kaeppler
and Phillips 1993). Somaclonal variation can be manifested at
various levels: phenotypic, cytological, biochemical and
genetic/epigenetic (Kaeppler et al. 2000). However, complex
analysis of genetic stability is necessary due to the fact that
visible morphological variation may occur less frequently
than at the DNA level (Smýkal et al. 2007; Machczyńska
et al. 2015). Tissue culture-induced variation was observed
in regenerants (Cao et al. 2016), but it could be also observed
in progeny of the in vitro regenerated plants (Machczyńska
et al. 2015; Lorz and Scowcroft 1983). Shoot tips and nodal
segments are considered as the most genetic stable explant
(Upadhyay et al. 2014). However, despite the fact that this
organized tissue was used for micropropagation and storage
of T. pieninicum, in our studies callus was formed at the shoot
clusters base, therefore cytokinin (benzylaminopurine) stimu-
lated not only proliferation of pre-existing axillary meristems,
but also might induced de novo differentiation of adventitious
buds from callus. Disruption of normal cellular control during

callus phase may increase frequency of variation (Guo et al.
2007) what was reported in Vanilla planifolia (Ramírez-
Mosqueda and Iglesias-Andreu 2015). Additionally exposure
to cold stress might result in the excessive generation of reac-
tive oxygen species (ROS) what can increase probability of
the somaclonal variation (Cassells and Curry 2001) and it
seems to be a reasonable view that prolonged cold exposure
may increase the likelihood of genetic changes. In Pistacia
lentiscus genetic variation was reported after multiple
microshoots storage for 6 months in the darkness (Koç et al.
2014). Here we demonstrated that even 12-months-long stor-
age of encapsulated T. pieninicum shoot tips under different
light conditions did not generate any genetic instability in
terms of used primers in the different technique. Usage more
than one DNA-fingerprinting techniques ensure a much wider
coverage of the analyzed genome (Devi et al. 2014) especially
that results generated with ISSR or RAPD are usually based
on the non-coding regions of DNA, whereas SCoT technique
is correlated to functional genes (Collard and Mackill 2009).
Exclusion of possible deviance from true-to-type mother plant
is particularly important in terms of endangered species gene
banks. In our previous work RAPD analysis indicated no ge-
netic differences in plants obtained from stored synseeds
(Kamińska et al. 2018). However, RAPD is considered as a
non-repetitive technique and standardization of procedure is
needed every time because of its sensitivity to the reaction
conditions. Band profiles obtained in RAPD analysis may
vary between (and even within) laboratories after conditions,
personnel or equipment changes (Arif et al. 2010). A compa-
rable number and size of products to previous study was re-
ported here for ISSR analysis, while with SCoT markers over

Fig. 2 PCR-amplified band
pattern generated in ISSR
analysis by primers No. 14 (a)
and 15 (b) and in SCoT analysis
by primers No. 3 (c) and 5 (d) on
DNA of Taraxacum pieninicum
plantlets regrown after cold-
storage: molecular marker (100–
10,000 bp) (M), control plants
(non-stored, conventionally
cultivated in soil) (lines 1), plants
stored for 9 months under light
conditions (lines 2–3), in the dark
(lines 4–5), and for 12 months
under light conditions (lines 6–7)
and in the dark (8–9)
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2 times more products per primer were obtained. Compared to
RAPD, ISSR and SCoT techniques are more reproducible due
to the use of the longer primers (Xiong et al. 2011).
Furthermore, ISSR markers are related to microsatellite re-
gions, which mostly showed higher rate of mutations in com-
parison to the whole genome (Bublyk et al. 2013). Our find-
ings indicated that each SCoT primer designed according to
Feng et al. (2016) was suitable for T. pieninicum. All the ISSR
and SCoT profiles from acclimatized plantlets after storage
and regrowth were monomorphic and comparable to the con-
trol plants. Considering number of bands obtained for each
ISSR marker high genetic diversity was noted among
Taraxacum family. Here, different band pattern was formed
for T. pieninicum than for T. officinale and T. coreanum (Ryu
and Bae 2012). In this work it was also noted that plants
collected from different areas showed high polymorphism.

According to the results, it can be concluded that
micropropagation and long-term synseeds storage systems
used for T. pieninicum do not generate genetic changes on
the basis of used primers. Therefore, plants after storage in
in vitro culture might be used for the reintroduction of this
endangered species. It is essential to broaden and use the ge-
netic base for rare plants, that will improve the work focused
on maintaining plants biodiversity without introducing unsta-
ble species. Furthermore, SCoT primers seems to be universal
for members of Asteraceae family among which there are lots
of critically endangered species conserved in in vitro culture.
Our results might help in the initial phase of regular control of
genetic homogeneity of micropropagated plantlets without in-
creasing costs of the plants conservation systems.
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