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Protocol for efficient micropropagation of spring gentian

and sand jurinea

H. CVRCKOVA, P. MACHOVA, J. DOSTAL, J. MALA
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ABSTRACT: Protocols for the in vitro propagation of two endangered plant species in the Czech Republic, Gentiana

verna L. and Jurinea cyanoides (L.) Rchb., were established. In G. verna, the induction of organogenesis on vegetative

shoots was successful on the basal 6% agar WPM medium with 200 mg-1-! of glutamine, 200 mg-1-! of casein hydrolysate,

30 g1 of sucrose, 0.2 mg-1=! of BAP, and 0.1 mg-1-! of IBA. The multiplication of primary explants was achieved on 6%

agar basal MS medium with the same concentrations of substances mentioned above. In J. cyanoides, the induction of

organogenesis and multiplication of its vegetative shoots were successful on MS medium with the same concentration
of added substances used in G. verna. On the basal MS medium of 1/3 concentration with 3 mg-1-* of IBA 70-75%

rooting efficiency of G. verna microcuttings and 40% rooting efficiency of J. cyanoides microcuttings were reached.

The mortality during acclimatization did not exceed 20% for G. verna and 25% for J. cyanoides.
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Gentiana verna L. (spring gentian) and Jurinea cya-
noides (L.) Rchb. (sand jurinea) are listed as critically
endangered species in the Czech Republic. Their cur-
rent occurrence is fragmentary compared to the his-
torically documented one.

G. verna is a perennial plant growing on sunny al-
pine meadows and moorlands throughout Eurasia. At
present, in the Czech Republic it occurs only in a lo-
cality of the Rovnd Natural Preserve Park in the South
Bohemian region. Nowadays, the number of gentian
plants is so low that their natural reproduction is not
ensured.

J. cyanoides is a perennial plant found on sandy
grasslands, mainly of Eastern Europe and Southern
Siberia. In the Czech Republic, it grows only in open
vegetation on the sandy dune and in the rare pine fo-
rest in an isolated locality of the TiSice Natural Pre-
serve Sand in Central Bohemia. Only several indivi-
duals of this plant species occur there, and therefore
their generative reproduction is very rare.

In this study, the induction of organogenesis, mul-
tiplication, rooting, and acclimatization procedures
were developed for reproduction of these plant spe-
cies. The in vitro culture propagation of /. cyanoides
has not been investigated and reported until now.

At present, the cultures of both species are pre-
served in vitro in the Bank of Explants of the Forestry
and Game Management Research Institute, Jiloviste,
Czech Republic.

MATERIAL AND METHODS

G. verna vegetative shoots approximately 1 cm
long from six donor plants and J. cyanoides vegeta-
tive shoots approximately 4 cm long from four do-
nor plants were sampled in the spring (end of May)
since 2008 to 2010. The shoots were sterilized in 10%
Sekusept® forte (Farmak a.s., Olomouc, Czech Re-
public) for 5 min, in 1% NaClO (Savo, Bochemie a.s.,
Bohumin, Czech Republic) for 10 min, and washed
three times in sterile distilled water.

Induction of organogenesis

G. verna sterilized shoots were cultured in 6%
agar basal Woody Plant medium (WPM) (LLoYD,
McCownN 1981) with 0.2 mgl™ of BAP, 0.1 mgl!
of IBA, 200 mg1™! of glutamine, 200 mg-1~! of casein
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hydrolyzate and 30 mgl of saccharose (all ingre-
dients Sigma-Aldrich, CR), pH adjusted to 5.8. The
shoots were cultivated in constant conditions at 24°C
and 16 h photoperiod under white fluorescent light
(30 umol-m=2s71).

J. cyanoides sterilized shoots for inductions of or-
ganogenesis were cultured in 6% agar basal Mu-
rashige-Skoog medium (MS) (MURASHIGE, SKOOG
1962) supplemented with the same concentrations of
substances mentioned above, pH 5.8. The shoots were
grown in the same culture conditions as described
for G. verna. After two or three transfers of growing
shoots of both plant species to the fresh medium (one
passage took approximately 4—5 weeks) the stabilized
explant cultures were obtained.

Multiplication

The MS medium of the same composition as in the
induction of organogenesis was used for multiplica-
tion of both species. Multiplied shoots were used for
further multiplication or for rooting. The cultures of

Fig. 1. Multiplication
of Gentiana verna (a),
Jurinea cyanoides (b)

both plant species were cultivated in constant con-
ditions at 24°C and 16 h photoperiod under white
fluorescent light (30 pmol-m~2s71) (Fig. 1).

Rooting

The multiplied shoots of G. verna and J. cya-
noides were transferred for rooting to the basal
MS medium of 1/3 concentration without cy-
tokinins but with 2 mgl! of glutamine, 2 mg1!
of glycine, 10 gl™! of saccharose and 3 mgl! of
IBA. Both species were cultivated in darkness at
24°C for 1 week, then they were grown on the same
medium without auxin in the same cultivation con-
ditions as during the induction of organogenesis
and multiplication (Fig. 2).

Acclimatization

The rooted cultures of both plant species were
transferred to the pots containing perlite (Perlit, Ltd.,

Fig. 2. Rooting of

|
ﬁ Gentiana verna (a),
b Jurinea cyanoides (b)
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Prague, Czech Republic) and watered twice a week
with the basal MS medium (without phytohormones,
glutamine, and saccharose) diluted at 1:10 with dis-
tilled water. The cultures were cultivated in constant

conditions at 20°C and 24 h photoperiod under white
fluorescent light (30 pmol-m=2s7!). The plants of both
species were transferred into the non-sterile peat sub-
strate after 4 weeks and acclimatized for outplanting
(Fig. 3).

Statistical evaluation

The efficiency of Gentiana verna micropropaga-
tion was evaluated during 8 months by the num-
ber of cultures growing in vitro. The efficiency of
Jurinea cyanoides micropropagation was evaluated
during 16 months by the number of cultures grow-
ing in vitro. The results were evaluated by ANOVA
and Duncan’s Multiple Comparison Test (P = 0.05).

RESULTS AND DISCUSSION

Micropropagation by means of organogenesis
is referred to as a reliable and convenient method
for the propagation of a number of plant species
including trees (MALA et al. 2010) and those plant
species that are listed as endangered. It allows the
exclusion of factors limiting natural regeneration
and environmental causes eliciting serious damage
in situ. This method guarantees genetic identity of
the propagated plant material (D’AMATO 1978). For
micropropagation, we used only a small amount
of the plant material (nodal segments), the donor
plants remained undamaged. The main aim of this
work was to establish the protocol for effective mi-
cropropagation of the critically endangered plant
species G. verna and J. cyanoides growing in the
Czech Republic. The optimized procedure of mi-
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Fig. 3. Plantlets
of Gentiana ver-
na (a), Jurinea
cyanoides (b)

cropropagation is mentioned above. We compared
the efficiency of MS and WPM media for the induc-
tion of organogenesis and tested several combina-
tions of phytohormones. Induction of organogen-
esis was also successfully used for the propagation
of many Gentiana species such as G. pneumonanthe
(LAMPROYE et al. 1987), G. kurroo (SHARMA et
al. 1993), G. acaulis, G. cruciata, G. lutea, G. pur-
purea, (MomcCILoVIC et al. 1997; HAYTA et al. 2011),
G. cerina, G. corymbifera (MORGAN et al. 1997),
G. punctata (Butruc-KeuL et al. 2005), G. austriaca
(VINTERHALTER etal. 2008) and G. dinarica (VINTER-
HALTER et al. 2012; KrRSTIC-MILOSEVIC et al. 2013).
Optimizing micropropagation is not straightforward
since it is a complex process involving a sequence of
developmental stages that are influenced by numer-
ous endogenous and exogenous stimuli, which in-
clude especially phytohormones, such as auxins and
cytokinins. The focus here is on the cytokinin/auxin
ratio, which has been shown by many authors to play
an important regulative role during organogenesis
(e.g. D’ANGELI etal. 2001; CABONI et al. 2002). These
authors recommend for the induction of organogen-
esis of Gentiana species different BAP concentra-
tions ranging from 0.1 mg-1-! up to 2 mg-1-!. Success-
ful induction of organogenesis was reached by using
BAP (2 mgl™!) in combination with TAA(0.2 mg-1™!)
but also with lower concentrations of phytohor-
mones or growth regulators, e. g. with 0.1-2 mg-1~!
of BAP or with kinetin in combination with 0.1 mg-1-
! of NAA (BuTiuc-KeuL, DELIU 1999). Generally, it
was demonstrated that high concentrations of BAP
inhibited subsequent rhizogenesis (BOLLMARK et
al. 1988). These findings are in agreement with our
experiments with G. verna, in which low concentra-
tions of BAP (0.2 mg1™) in combination with IBA
(0.1 mg1!) were sufficient for successful induction
of organogenesis. While using low concentrations of
phytohormones, no inhibition effects of BAP were
observed regarding rhizogenesis. In G. punctata, the
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Fig. 4. Efficiency of Gentiana verna
micropropagation, number of
cultures growing in vitro during
8 months, the multiplication ef-
ficiency was significantly higher
in clone H1 in comparison with
clones H2, H3, H5 and H6; the
results were evaluated by ANOVA
and Duncan’s Multiple Comparison
Test (P = 0.05)
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inhibition of rhizogenesis was described by using
high concentrations of 2iP and zeatin (BuTiuc-KEuL
et al. 2005). In our experiments WPM medium was
more efficient for the induction of Gentiana explants
than MS medium. On the contrary, Hosokawa et
al. (1996) recommended MS medium for the induc-
tion of various Gentiana explants. On average, 2—3
adventitious shoots of Gentiana verna were devel-
oped during 4—6 weeks in our experiment. In vitro
cultures of six clones show a different regeneration
potential during subcultivations (Fig. 4). The multi-
plication efficiency was significantly higher in clone
H1 in comparison with clones H2, H3, H5, and Hé.
No references about the in vitro propagation of
Jurinea cyanoides are available. Very scarce infor-
mation about the in vitro cultivation of any species
of the genus Jurinea was published (PANAYOTOVA
et al. 2008; VERMA et al. 2012). The main aim of
micropropagation of Jurinea species is an urgent
need of their ex situ conservation. The induction
of organogenesis of J. cyanoides was successful on
MS medium, similarly PANAYOTOVA et al. (2008)
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Fig. 5. Efficiency of Jurinea cyanoides micropropagation,
number of cultures growing in vitro during 16 months,
the multiplication efficiency was significantly higher in
clone S3 and S4 in comparison with clones S1 and S2; the
results were evaluated by ANOVA and Duncan’s Multiple
Comparison Test (P = 0.05)

and VERMA et al. (2012) reported that MS medium
was suitable for the in vitro propagation of Jurinea
species.

On average, 2—3 adventitious shoots of /. cyanoides
were developed during 4—6 weeks in our experiment.
During 16 months of the in vitro cultivation of four
clones of ] cyanoides 102 multiapex cultures were
regenerated (Fig. 5). The multiplication efficiency
was significantly higher in clone S3 and S4 in com-
parison with clones S1 and S2. For rooting, the propa-
gated shoots of G. verna and J. cyanoides were trans-
ferred to rooting media with 3 mg~! of IBA. Other
authors used for the rooting of different species of
the genus Genciana various concentrations of NAA
(0.3-2 mg17!) for 14 days, followed by the transfer of
rooted plantlets to a growth regulator — free MS or
WPM medium for subsequent 30 days (MoMcCILOVIC
et al. 1997). In our experiments, the growth of root
systems of G. verna and J. cyanoides was steady, no
significant differences either in length or in numbers
of roots were observed. During 2—4 weeks, the roots
were formed with 40-75% efficiency in both species
but their root systems were weak and also the sto-
mata were dysfunctional. For acclimatization of rege-
nerants, the first phase of cultivation of plants in wet
perlite was crucial. The losses did not exceed 20% in
G. verna and 25% in J. cyanoides during acclimatiza-
tion. At present, the multiapex cultures of both spe-
cies are stored in the Bank of Explants of the Forestry
and Game Management Research Institute, Czech
Republic.

CONCLUSIONS

We have verified the possibility of using micropro-
pagation methods for conservation of the endangered
species Gentiana verna and Jurinea cyanoides. Micro-
propagated plant material is maintained in the Bank
of Explants of the Forestry and Game Management
Research Institute, for the preservation of these plant
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species. In vitro cultures can be further investigated
in terms of genetic stability, vitality during long-term
cultivation and possibility for their reintroduction.
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