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Abstract

VEJSADOVA, H., VLASINOVA, H., HAVEL, L. Prerescrvation of a rare bog pine genotypes using micropropa-
gation techniques. Acta univ. agric. et silvic. Mendel. Brun., 2008, LVI, No. 4, pp. 197-206

Bog pine (Pinus uncinata DC. subsp. uliginosa (Neumann) Businsky) is a subendemic species and ap-
pears to be one of the most endangered tree species of the Czech Republic. Its rare populations are
at the present time greatly endangered namely by spontaneous hybridization with the Scots pine (Pi-
nus sylvestris L.). Regarding the fact that its protection is insufficient even in national nature reserves
(NNR) and the classical propagation by cuttings is problematic, modern methods were adopted for
a long-term preservation of the taxon. Growth regulation conditions were investigated for the induc-
tion of organogenesis and somatic embryogenesis. Mature seeds were obtained from selected trees in
the Zofinka NNR and from a locality near the village of Krajkova in the Sokolov district. Cotyledon
and hypocotyl segments from seedlings pregerminated in sterile conditions were used to induce the
organogenesis. Bud proliferation was observed on the cotyledons after 4 weeks. The largest amount
of buds was found on the medium with 1.5 mg.l"! benzyladenine (BA) and 0.5 mg.1"' 1-naphtylacetic
acid (NAA) after 12 weeks. The hypocotyl segments showed only the formation of green callus. Iso-
lated mature zygotic embryos were used for the induction of somatic embryogenesis. Development of
mucilaginous callus was recorded after 3 weeks of cultivation on media with different combinations
of BA,NAA and 2,4-dichlorophenoxy acetic acid (2,4-D) concentrations. When the callus induced on
the medium with the combination of 0.56 (1.13) mg.1"' BA and 1.86 mg.I"! NAA was transferred on the
medium with lower BA (0.113 mg.1"") and 2,4-D (0.44 mg.1"") concentrations, the first somatic embryos
started to emerge after a period of other two weeks.

Pinus uncinata subsp. uliginosa, seeds, in vitro germination, organogenesis, somatic embryogenesis
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Bog pine (Pinus uncinata DC. subsp. uliginosa (Neu-
mann) Businsky) is a subendemic species of the
Czech Republic, a greater part of whose populations
have a concentrated occurrence in localities of west-
ern Bohemia, in the Sumava Mts. in the valley of
Kf¥emelnd and Vltava Rivers, in the T¥eboriskd panev
Basin and in one locality in the Zdarské vrchy Hills
and one in the Hruby Jesenik Mts. All localities of
this taxon with the occurrence of clean-phenotype
non-hybrid individuals behind the Czech borders
(altogether less than ten) are either marginal parts of
Czech populations or scanty residual populations.
In Austria, Germany or elsewhere in Alpine coun-
tries (with the occurrence of allied taxa), no stud-
ies were published in several last decennia, dealing
with the bog pine in its existing taxonomic demar-

cation, i.c. outside the Alps and/or the Schwarzwald.
On the other hand, a number of works were pub-
lished in Poland. Regional studies dealing directly
with the bog pine (which is most often referred to by
Polish authors as P uliginosa Neumann) were focused
on two residual populations growing not far from
the Czech borders. More widely drafted works dis-
cussed a relevant allied group of pines (aggregate of
P mugo Turra) including the frequently occurring hy-
bridization with P. sylvestris L. The mentioned works
include morphometric studies (BORATYNSKA et
al., 2003), genetic studies (STEDLEWSKA and PRUS-
GLOWACKT, 1995; PRUS-GLOWACKI et al., 1998;
LEWANDOWSKI et al., 2000, 2002) or phenological
studies (BORATYNSKI et al., 2003).
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In addition to the geographic limitation and eco-
logical distinctiveness, the bog pine is considerably
endangered by long-term genetic erosion due to its
spontaneous interspecific hybridization with the
ecologically more flexible Scots pine (P, sylvestris L.).
For many reasons, the bog pine is a much suitable
model species (BUSINSKY, 1998) to be used in ad-
vanced research methods aiming at a long-term
preservation of this taxon, which appears to be with
the increasing knowledge one of the most endan-
gered tree species of the Czech Republic. As to the
long-term perspective of its survival, the mere pas-
sive protection of the species is insufficient even in
national nature reserves.

Micropropagation techniques are the most con-
venient applicable method for a fast multiplication
and preservation of rare genotypes of coniferous
tree species. As reported by CHALUPA (1986) and
MALA et al. (1999), organ cultures cultivated in vitro
can be considered to be genetically stable because
genetic changes do not occur. Regeneration using
methods of organogenesis or somatic embryogenesis
was studied in several pine species. Primary explants
were in most cases axillary shoots from young seed-
lings or mature/immature embryos. Organogenesis
was induced in P, sylvestris L. (CHALUPA, 1986; SUL
and KORBAN, 1998; TORIBIO and PARDOS, 1989),
P pinaster Aiton (RANCILLAC, 1991; CALIXTO and
PAIS, 1997) and P. nigra J. F. Arnold (SALAJOVA,
1992). Multiplication of individuals from adult trees
continues to be still very difficult and it was success-
ful only in some conifer species, e.g. in P. lambertiana
Douglas (GUPTA and DURZAN, 1985) that belongs
in another subgenus of pines. For the bog pine, only
a method of organogenesis induction from isolated
winter buds of adult individuals has been developed
so far (VEJSADOVA and SEDIVA, 2002).

Explants derived from seeds after open pollina-
tion are not suitable for propagation due to the spon-
taneous hybridization of bog pine with P sylvestris. In
the Pinus genus, results of regeneration by the pro-
cess of somatic embryogenesis suggest that although
the success of this method depends on the geno-
type and on climatic conditions at the time of seed
maturation, a sufficiently high amount of clones can
be obtained through the modification of cultivation
conditions for the establishment of viable popula-
tions (PARK et al., 2006). One of possibilities is the
application of ,saturated long-chain alcohol triac-
ontanol (TRIA) in the induction medium (MALA-
BADI et al., 2005). Moreover, it was found out that
the success in deriving the somatic embryogenesis
can be enhanced by the selection of suitable par-
ent couples in the Pinus genus (LELU et al., 1999; NI-
SKANEN et al., 2004; MACKAY et al., 2006).

The objective of this work was to determine growth
regulation conditions of organogenesis induction
and somatic embryogenesis from the mature seeds
of bog pine. To induce somatic embryogenesis the
mature seeds were used to test the response of the
zygotic embryos and megagametophyte to selected
growth regulators.

MATERIALS AND METHODS
Organogenesis

Plant material

Mature seeds of bog pine (P, uncinata subsp. uligi-
nosa) were used from the seed production of the Sof-
ronka Arboretum in Bolevec. Donor trees were indi-
viduals from the Zofinka NNR - cadaster Dvory nad
Luznici (seeds Z, Z1, harvested in 2007) and from the
locality of Krajkovd in the Sokolov district (seeds K,
K1, harvested in 2005). A portion of seeds was soaked
in distilled water for 5 days at a temperature of 5 °C,
another portion of seeds was stratified for 1-2 weeks
without the application of water at 5 °C.

Surface sterilization of seeds

e Short washing with 70% ethanol.

e Application of 0.5-2.5% NaOCl (50% SAVO-com-
mercial agent) or 7.2% of chlorinated lime filtrate
with a few drops of Tween 80 for 30 minutes.

e Rinsing in sterile distilled water (3x).

Germination media

e 0.7% aqueous agar Sigma, pH 6.5.

e ¥4 MS (MURASHIGE and SKOOG, 1962) concen-
tration of macro- and microelements without vita-
mins, with 1.5% sucrose, 0.7% agar Sigma, pH 6.5.

Sowings was made into sterile plastic Petri dishes
orinto glass test tubes with slant agar. All media were
sterilized at a temperature of 120 °C for 20 minutes.
The seeds were germinated in a thermostat at 22 °C
for 1-2 weeks.

Explant preparation

Cotyledons (primary leaves) and hypocotyl
segments were isolated from the seedlings after
2-3 weeks. The explants were transferred onto the
initiation media and cultivated at a photoperiod of
16 h, day/night temperature of 23/19 °C and light in-
tensity 55 pmol m2 s-'. The percentage of explants
with developing buds was established after 12 weeks.
Subcultures were performed in 4-week intervals.

Induction media

The composition of induction media was a half-
concentration of basic salts in the MS medium with
vitamins, benzyladenine (BA) at a concentration
of 1.5-2.5 mg.l"!, combined with 1-naphtylacetic
acid (NAA) at a concentration of 0.01-0.5 mg.l"! or
0.5-1.0 mg.l"! BA with indole-3-butyric acid (IBA)
at a concentration of 0.1-0.5 mg.1-". The media con-
tained 3% sucrose, 0.1% activated charcoal, 0.75% agar
(Sigma), and the pH value of the media was adapted
to 5.6 before autoclaving.

Statistical analysis
All data were analyzed using the one-way ANOVA
analysis and the comparative Duncan’s multiple
range test at a significance level of p = 0.05.
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Somatic embryogenesis

Plant material

Mature seeds of bog pine (Pinus uncinata DC. subsp.
uliginosa (Neumann) Businsky) were used from Tree
No. 23, harvested in 2005, and not fully mature seeds
from Borkovicka blata, harvested on September 15,
2007.

Surface sterilization of old seeds (2005)

e Short washing with 70% ethanol.

e Application of the 20% SAVO commercial agent
for 20 min.

e Rinsing in sterile distilled water (3x).

e The seeds were stored in the refrigerator at 4 °C
immersed in sterile distilled water for 8 days.

@ Before the preparation, the seeds were repeatedly
rinsed in sterile distilled water.

Surface sterilization of seeds (2007)

e Short washing of the whole green cone with 70%
cthanol.

e Rinsing in running water for about 15 min.

e 15 min. 20% SAVO.

e Rinsing in sterile distilled water (3x).

e Sterile withdrawal of the seeds.

e 10 min under the action of 10% hydrogen dioxide.

e Rinsing in sterile distilled water 3x.

Induction media

The total number of tested variants was 32 /
(combinations of BA, 2,4-D or NAA) of DCR me-
dium (GUPTA and DURZAN, 1985) with 50 mg.l"!
glutamine, 200 mg.1-! inositol and 500 mg.l-! casein
hydrolyzate and/or 10 pg.l-!' triacontanole (TRIA),
and either 3% sucrose or 3% maltose/. The me-
dia were solidified by Gelrit (Duchefa) or Phytagel
(Sigma) (0.3%). The pH was adjusted to 5.8 before
autoclaving.

Somatic embryogenesis was induced in sterile
plastic Petri dishes (90 mm). Each treatment was im-
plemented with a minimum number of 20 embryos
and 20 megagametophytes.

Explant preparation

After removal of the testa, the embryos were trans-
ferred together with the isolated megagametophyte
into the same Petri dish. The explants were culti-
vated in the dark at a temperature of 23 + 1 °C. Mor-
phogenetic response of the explants was observed
gradually in one week intervals. Potentially embryo-
genic explants were transferred onto DCR multipli-
cation medium with 0.113 mg.l-! BA and 0.44 mg.1-!
2,4-D and 2% sacrose. Subcultures were performed
in two week intervals and documented using the
Quick Photo Micro programme and the Deep focus
module (Olympus).

RESULTS AND DISCUSSION

Organogenesis

Tt follows from the literary data (CHALUPA, 1986;
SUL and KORBAN, 1998; MACKAY et al., 2006) that
a successful organogenesis of conifers depends on
various factors such as age and physiological condi-
tion of donor plants, date of collection, method and
duration of initial material storage, surface steriliza-
tion, explant type and concentration of growth re-
gulators in the cultivation medium. In our experi-
ments, we used explants (shoot tips) from seedlings,
in which the objective was an initiation of adventi-
tious buds and shoots. The first step was to stimulate
germination of long-term storaged bog pine seeds.
The various variants of seed treatment were tested
including the prolonged soaking in distilled water.

T: Effect of pretreatment by water (5 days) and cold (5 °C) on
the germination of bog pine seeds

Germination (%)
Seeds'| Control? Cold Water + Cold
Z 0 0 60
Z1 0 0 5
K 0 0 75
K1 0 0 80

17,71 - the Zofinka locality; K, K1 - the Krajkova lo-
cality, >Control - seeds without the pretreatment by
water and cold

As shown above in Tab. I, the seeds germinated
only after 5 days of soaking in water at 5 °C. Their
germination rate ranged from 5 to 80% depending on
the locality from which they originated. Tested were
two sterilization agents, sodium hypochlorite and
calcium hypochlorite (Tab. IT). Successtul was only
the surface sterilization by 7.2% calcium hypochlo-
rite, which stimulated most the germination of seeds
from the Krajkova locality.

IT: Effect of sterilization agent on the germination of bog pine
seeds

Germination (%)
Seeds! 0.5% 2.5% 7.2%
NaOCl NaOCl Ca(OCl),
Z 0 0 60
Z1 0 0 5
K 0 0 75
K1 0 0 80

17, Z1 - the Zofinka locality; K, K1 - the Krajkova
locality; The seeds were given a 5-day pretreatement
by water and cold.

Two mediawere tested for seed germination. How-
ever, no statistically significant variance was found
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between the values of germination on the agar with-
out mineral nutrients and sugar, and on the % MS
medium with 2% sucrose (Tab. I1I).

I11: Effect of medium on the germination of bog pine seeds

Germination (%)
.| Aquaeous | % concentration of MS salts +
Seeds
agar saccharose

Z 60 60
Z1 5 5
K 75 75
K1 80 80

1Z, Z1 - the Zofinka locality; K, K1 - the Krajkova
locality

IV: Effect of explant type on bud formation after 4 weeks

A difference in the response of explants was ob-
served after 4 weeks with the cotyledons exhibiting
bud proliferation (Fig. 1) and hypocotyl segments
showing only green callus (Tab. IV).

Twelve weeks later a significantly highest bud for-
mation occurred in the combination of 1.5 mg.l"!
BA with 0.5 mg.]"' NAA (Tab. V), which was found
in 23-85% of explants. Although the combination
of 0.5 mg.l"' BA with 0.2 mg.1"' IBA was significantly
lower in some treatments, it was observed to stimu-
late the development of adventitious buds (Fig. 2).
Explants on the medium without growth regulators
exhibited necrosis. Cotyledons from the pregermi-
nated seeds collected from donor trees in the Zofinka
NNR were more responsive than those from the
Krajkova locality although the germination of seeds
showed areversed effect (Tabs. I-111).

BA BA/NAA BA/IBA
Locality'/Explant
2.5mg.1"! 1.5/0.5 mg.1"! 0.5/0.2 mg.1"!
Z./cotyledons Proliferation Proliferation Proliferation
Z./hypocotyl Callus Callus Callus
Z1./cotyledons Proliferation Proliferation Proliferation
Z1/hypocotyl Callus Callus Callus
K/cotyledons Proliferation Proliferation Proliferation
K./hypocotyl Callus Callus Callus
K1/cotyledons Proliferation Proliferation Proliferation
K1./hypocotyl Callus Callus Callus
17,71 - the Zofinka locality; K, K1 - the Krajkova locality
V: Effect of growth regulators on in vitro regeneration after 12 weeks
Explant!/regulator mgl Regenerating explants (%)

Z Z1 K K1
none? - - - - -
BA 15 35.2a 313a 25.2a 23.7a
BA + NAA 15+0.5 85.1d 85.8c 60.3b 72.4c
BA 0.5 22.6ab 279a 21.5a 20.4a
BA +1IBA 0.5+0.2 60.5%c 58.9°b 53.4b 51.2b

'Cotyledons of seedlings Z, Z1 - the Zofinka locality; K, K1 - the Krajkova locality. 2Necrosis. *Formation of
adventitious buds. The values represent a mean of 10 replicates. Values followed by the same letter are not
significantly different according to Duncan’s test (p = 0.05).

Somatic embryogenesis

Based on the preliminary experiments it was
shown that if cytokinin BA is not present in the me-
dium, the cotyledons exhibit a marked clongation.
Among other things, the response apparently had
to do with the presence of sucrose in the medium.
When sucrose was replaced with maltose, the elon-
gation of cotyledons was observed also on the me-

dium with 1.13 mg.1-! BA (Tab. VI). The elongation of
cotyledonsisusually connected with the termination
of callus development, which is in other treatments
observed namely on the hypocotyl (Fig. 3), and with
the hypocotyl necrosis. Nevertheless, the deformed
cotyledons exhibited a development of callus and
tubular cells too (Fig. 4), and even roots under the
influence of 0.93 mg.l"! NAA (Fig. 5). Crumbly cal-
lus was developing on a whole scale of growth regu-
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lator combinations (BA, NAA, 2,4-D) — see Tab. VL.
However, after the transfer onto the proliferation
medium, emerging somatic embryos were observed
only with the use of lower BA concentrations (0.56
or 1.13 mg.l"") combined with 1.86 mg.l"' NAA (Figs.
6 and 7), which corresponds well with the observa-
tions of LELU-WALTER etal. (2008) in P.sylvestris L. In
both cases, the medium used our experiments con-
tained triacontanol (10 pg.l™'). This saturated long-
chain alcohol is known to stimulate various physio-

3: Callus formation on the hypocotyl of zygotic embryos

logical processes and proved well for the induction
of somatic embryogenesis in P. kesiya, too (MALA-
BADI et al., 2005). In contrast to the proliferation of
axillary buds in the induction of organogenesis from
seedlings where the optimum ratio of cytokinin and
auxin was 3 : 1 (Tab. V), the development of buds on
the cotyledons and apexes of zygotic embryos oc-
curred at an opposite cytokinin/auxin ratio (1 : 1-4)
- see Tab. VI. However, the developing buds were in
that case largely adventitious (Fig. 8).

2: Formation of adventitious buds

4: Formation of tubullar cells on deformed cotyledons
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)

6: Formation of somatic embryos after induction with
0.56mg.l'* BAand 1.86 mg.I'* NAA

7. Formation of somatic embryos after induction with  8: Formation of buds on cotyledons and on the apex of zygotic
1.13mg.l"! BAand 1.86 mg.I'' NAA embryos on the medium with 2.25 mg.l"' BA and 1.86 mg.I!
NAA

SUMMARY

The objective of this work was to determine growth regulation conditions of organogenesis and so-
matic embryogenesis induction from the mature seeds of bog pine. In the Pinus genus, with respect to
the induction of somatic embryogenesis occurs largely from retained embryos, which become extinct
in the mature seeds, experiments with the mature seeds were used to test the response of the embryos
to selected growth regulators. Bog pine (Pinus uncinata subsp. uliginosa) is a subendemic species of the
Czech Republic, a greater part of whose populations occur in localities situated in western Bohemia,
in the Sumava Mts. in the valley of Kfemelna and Vltava Rivers, in the T¥ebotiska panev Basin and by
one locality in the Zdarské vrchy Hills and in the Hruby Jesenik Mts. All localities of this taxon with
the occurrence of clean-phenotype non-hybrid individuals behind the Czech borders (a total of less
than ten) are either marginal parts of Czech populations or scanty residual populations. For many
reasons, the bog pine is amuch convenient model species (BUSINSKY, 1998) to be used in advanced
research methods aiming at a long-term preservation of this taxon, which appears to be one of the
most endangered tree species of the Czech Republic with the increasing knowledge. As to the long-
term perspective of its survival, the merely passive protection of the species is insufficient even in the
national nature reserves.

A great contribution of the developed technology for bog pine propagation consists in the harves-
ting of a sufficiently great amount of genetically pure clones that can be stored over along time under
both in vitro and ex vitro conditions. Results of regeneration by the process of somatic embryogenesis
in the Pinus genus suggest that although the success of this method greatly depends on genotype and
on climatic conditions at the time of seed maturation, a sufficient amount of clones can be obtained
through modified cultivation conditions.
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Mature seeds of bog pine (Pinus uncinata subsp. uliginosa) were used from seed production of the Sof-
ronka Arboretum in Bolevec. Donor trees were individuals from the Zofinka NNR - cadaster Dvory
nad LuZnici (seeds Z, Z1, harvested in 2007) and from the locality of Krajkova in the Sokolov district
(seeds K, K1, harvested in 2005). A portion of seeds was soaked in distilled water for 5 days at a temper-
ature of 5 °C, another portion of seeds was stratified for 1-2 weeks without water application at 5 °C.
Cotyledons (primary leaves) and hypocotyl segments were cut from the seedlings after 2-3 weeks.
The explants were transferred onto the induction media and cultivated at a photoperiod of 16 hours,
day/night temperature of 23/19 °C and light intensity 55 pmol m? s~. The composition of induction
media was based on a half-concentration of basic salts in the MS medium with a content of vitamins,
benzyladenine (BA) at a concentration of 1.5-2.5 mg.l"!, combined with 1-naphtylacetic acid (NAA)
ata concentration of 0.01-0.5 mg.1"! or 0.5-1.0 mg.1-' BA with indole-3-butyric acid (IBA) at a concen-
tration of 0.1-0.5 mg.l. The media contained 3% sucrose, 0.1% charcoal activated, 0.75% agar (Sigma),
and the pH value was 5.6.The percentage of explants with the developing buds was established after
12 weeks. Subcultures were implemented in 4-week intervals. After 4 weeks, the cotyledons were ob-
served to exhibit bud proliferation and the hypocotyl segments showed formation of a green callus.
After 12 weeks, the significantly highest amount of explants with the bud proliferation (23-85%) was
established in the presence of 1.5 mg.l"' BA combined with 0.5 mg.l1"' NAA. Although the combina-
tion of 0.5 mg.1"! BA with 0.2 mg.]"! IBA was significantly lower in some treatments, it was observed
to stimulate the development of adventitious buds in the cultures. Experiments were performed by
mature seeds to test the response of embryos on some growth regulators focused on the induction of
somatic embryogenesis.

In afollow-up experiment, the response was tested of mature zygotic embryos from some individuals
to growth regulators with respect to a possible induction of somatic embryogenesis. Surface sterili-
zation of the seeds and soaking of the seeds in sterile distilled water at a temperature of 4 °C were
followed by removal of the testa and by the extirpation of zygotic embryos. These were transferred
together with the isolated megagametophytes onto induction medium DCR with different combina-
tions of BA (0.56, 2.25 mg.1""), 2,4-D (0.55, 2.2 mg.1""), NAA (0.465, 0.93, 1.86 mg.1"") or with triaconta-
nol (TRTA) at 10 pg.l-". In addition to growth regulators, the effects were tested of solidifying agents
(Phytagel /Sigma/ and Gelrite /Duchefa/) (0.3%), sucrose or maltose (3%). After 3 weeks of cultivation,
the morphological response of respective medium variants was evaluated. The comparison after 3
weeks of cultivation revealed a significant effect of BA. It was demonstrated that if the medium does
not contain cytokinin, a pronounced elongation of cotyledons occurs. This response was modified by
the presence of 3% maltose under the influence of which the elongation of cotyledons occurred on
the medium with 1.13 mg.l"! BA, too. The elongation of cotyledons was usually related to the termi-
nated formation of callus, which developed in other treatments namely on the hypocotyl, and to hy-
pocotyl necrosis. Nevertheless, these deformed cotyledons were observed to show the formation of
callus and tubular cells, and even roots in the presence of 0.93 mg.l"' NAA. The crumbly and poten-
tially embryogenic tissue developed on a whole scale of growth regulator combinations (BA, NAA,
2,4-D) but after translation onto the proliferation medium with a lower concentration of growth reg-
ulators (0.113 mg.l"' BA and 0.44 mg.1"! 2,4-D), developing somatic embryos were detected only with
the use of lower BA concentrations (0.56 or 1.13 mg.1"') combined with 1.86 mg.l"! NAA for their ini-
tiation. In both cases, the media used in our experiments contained triacontanol at 10 pg.l-!, which is
known to stimulate various physiological processes. In contrast to previous experiments focused on
the induction of organogenesis, in which the optimum cytokinin/auxin ratio was 3 : 1 (1.5 mg.l"' BA
and 0.5 mg.1"! 2,4-D), the bud formation on the cotyledons and apexes of zygotic embryos occurred
atareversed cytokinin/auxin ratio of 1:1-4 (0.56 mg.1"' BA, and 0.93 and 1.86 mg.1"! 2,4-D). However,
the developed buds were largely adventitious.

SOUHRN
Zachrana cenného genotypu borovice blatky s vyuzitim mikropropagaé¢nich technik

Cilem préce bylo zjistit vyZivové a riistove regulaéni podminky indukce in vitro regenerace ze semen
borovice blatky. Vzhledem k tomu, Ze indukce somatické embryogeneze u rodu Pinus probihd hlavné
ze zadrZenych embryi, kterd u zralych semen zanikaji, byly pokusy se zralymi semeny vyuZity k otes-
tovani reakce embryi na vybrané rtistové regulatory.

Borovice blatka (Pinus uncinata DC. subsp. uliginosa (Neumann) Businsky) je subendemitem Ceské re-
publiky, jehoZ prevazna ¢ast populaci je soustfedéna na tizemi Ceské republiky (zdpadni Cechy, Su-
mava v idoli Kfemelné a Vltavy, Tebotiska panev a po jedné lokalité ve Zd4rskych vrsich a Hrubém
Jeseniku). V3echny zahraniéni lokality tohoto taxonu s vyskytem fenotypové €istych nehybridnich
jedinctt (celkem mén€ nez deset) jsou bud okrajové ¢asti Eeskych populaci nebo nepocetné zbyt-
kové populace. Borovice blatka je z fady hledisek velmi vhodnym modelovym druhem pro vyuzi-
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ti modernich vyzkumnych metod, smé&fujicich k dlouhodobému zachovéni tohoto taxonu, ktery se
s pribyvajicim pozndnim jevi jako jedna z nejvice ohrozenych dievin Ceské republiky. Z hlediska
dlouhodobych perspektiv preziti blatky je jeji pasivni ochrana i v ndrodnich pfirodnich rezervacich
nedostacujici.

Velkym p¥inosem vypracované technologie mnoZeni borovice blatky je ziskani dostate¢ného mnoz-
stvi geneticky Eistych klont, které mohou byt dlouhodobé uchovény v in- a ex vitro podminkach. Vy-
sledky regenerace procesem somatické embryogeneze u rodu Pinus naznac¢uji, Ze i kdyz tsp&nost
této metody je zévisld na genotypu a na klimatickych podminkach v dobé& zrini semen, je mozno ces-
tou modifikace kultiva¢nich podminek ziskat dostateéné mnozstvi klona.

V pokuse byla pouzita zrald semena z osiva Arboreta Sofronka v Bolevci. Jako donorové stromy byly
pouZiti jedinci z NPR Zofinka - katastralni izemi Dvory nad LuZnici (semenaZ, Z1, odbérvroce 2007)
a z lokality u Krajkové, okr. Sokolov (semena K, K1, odbér v roce 2005). Cést semen byla namo&ena
do destilované vody po dobu 5 dni pfi teploté 5 °C, ¢ast semen byla stratifikovdna bez aplikace vody
1-2 tydny pfi teploté 5 °C. Po 2-3 tydnech byly odfezdny ze semenact kotyledony (d€lohy) a segmen-
ty hypokotylu. Explantéty byly pFeneseny na inicia¢ni média a kultivoviny za 16 h fotoperiody, teplo-
ty den/noc23/19 °Caintenzity svétla 55 pmol m-2s. Slozeni inicia¢nich médii vychédzelo z polovi¢ni
koncentrace zédkladnich soli v MS zivném médiu s obsahem vitaminti, benzyladeninu (BA) v koncen-
traci 1,5-2,5 mg.1-' v kombinaci s kyselinou 1-naftyloctovou (NAA) v koncentraci 0,01-0,5 mg.l-'nebo
0,5-1 mg.l"' BA s kyselinou indolyl-3-méselnou (IBA) v koncentraci 0,1-0,5 mg.l-'. Média obsahovala
3% sacharézu, 0,1% aktivni uhli, 0,75% agar Sigma, pH médii bylo 5,6.

Po 12 tydnech bylo provedeno vyhodnoceni. Subkultury byly provadény ve ¢tyftydennich interva-
lech. Po étyfech tydnech byla u kotyledonti pozorovéna proliferace pupent, u segmentt hypokotylu
se tvofil zeleny kalus. Po 12 tydnech bylo zjisténo v pfitomnosti 1,5 mg.l-! BA v kombinaci s 0,5 mg.1"!
NAA pritkazné nejvice explantati s proliferaci pupent (23-85 % explantatt). Kombinace 0,5 mg.1-
BA 50,2 mg.l"' IBA byla sice u n€kterych variant prikazné& niz3i, ale stimulovala u kultur tvorbu ad-
ventivnich pupent. Byly zaloZeny pokusy se zralymi semeny k otestovéani reakce embryi na vybrané
rlistové reguldtory zaméfené na indukei somatické embryogeneze.

V névaznosti na tyto pokusy byla testovana i reakce zralych zygotickych embryi vybranych jedinctl
na riistové reguldtory s ohledem na moznost indukce somatické embryogeneze. Po povrchové ste-
rilizaci semen a jejich osmidennim maceni ve sterilni destilované vodé pfi teploté 4 °C, byla odstra-
néna testa a extirpovédna zygoticka embrya. Spolu s oddélenymi megagametofyty byla pfenesena na
induk&ni médium DCR s riiznymi kombinacemi BA (0,56; 2,25 mg.1""), 2,4-D (0,55; 2,2 mg.1""), NAA
(0,465;0,93; 1,86 mg.1""), eventuelné s triacontanolem (10 pg.1"") (TRIA). Kromeé riistovych regulatori
byl odzkou3en efekt ztuzujici substance (Phytagel (Sigma) a Gelrite (Duchefa) (0.3%)) a efekt sacharé-
zy nebo malt6zy (3%). Po tfech tydnech kultivace byla sledovana morfologickd odezva jednotlivych
variant média. Na zaklad& srovnéni po tfech tydnech kultivace byl zjist€n vyznamny efekt BA. Uka-
zalo, Ze pokud v médiu neni pFitomen cytokinin, dochdzi k vyraznému prodluzovéni déloh. Tato re-
akce byla modifikovana p¥itomnosti 3% maltézy, pod jejimz vlivem do3lo k prodluzovani déloh i na
médiu s 1,13 mg.l"' BA. Prodlouzeni déloh bylo v&tsinou spojeno se zastavenim tvorby kalusu, ktery
se u jinych variant tvofil zejména na hypokotylu a k nekrotizaci hypokotylu, ale i na téchto deformo-
vanych dé&lohéch byl pozorovan vznik kalusu, tubuldrnich buné&k a za pfitomnosti 0,93 mg.l"' NAA,
dokonce kofinkd. Rozpadavy, potencidln€ embryogenni kalus vznikal na celé $kdle kombinaci rtisto-
vychregulatorti (BA,NAA, 2,4-D), ale po pfeneseni na prolifera¢ni médium s niz3i koncentraci risto-
vych reguldtort (0,113 mg.l"! BA a 0,44 mg.1"! 2,4-D) byla pozorovéna vyvijejici se somatickd embrya
pouze p¥i pouziti niz3ich koncentraci BAP (0,56 nebo 1,13 mg.l') v kombinaci s 1,86 mg.l "NAA k je-
jich inicializaci. V obou téchto pFipadech byl v naich experimentech v médiu p¥itomen triacontanol
(10 pgl), o kterém je znamo, ze stimuluje rtizné fyziologické procesy. Na rozdil od pFedchézejicich
experimentd, tykajicich se indukce organogeneze, kde optimalni pomér cytokininu a auxinu byl 3:1
(1,5 mg.l""BAP 2 0,5 mg.1"! 2,4-D), dochazelo na délohéch a apexu zygotickych embryi ke tvorbé pu-
pent pFi opa¢ném poméru cytokininu a auxinu 1:1-4 (0,56 mg.1"' BAP 40,93 a 1,86 mg.1"' 2,4-D. Zde
se ale tvofily hlavn& adventivni pupeny.

Pinus uncinata DC. subsp. uliginosa (Neumann) Businsky, semena, organogeneze, somatickd embryo-
geneze
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