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Summary

Primula veris L. (Primulaceae) is a well-known medicinal herb. The callus induction response
of three explant types: roots, cotyledons, and hypocotyls of four-week-old cowslip seed-
lings were evaluated. The highest statistically different callus induction rate was 93.6%
and was obtained from root explants on MS medium supplemented with 0.1 mg/l BA and
5.0 mg/l PIC. Calli also appeared on 83.3% of cotyledon explants on MS medium supple-
mented with 1.0 mg/l BA and 3.5 mg/l 2,4-D and on 81.0% of root explants on MS medium
supplemented with 0.1 mg/l KIN and 2.0 mg/l 2,4-D. These values were not statistically
different. The average time required for callus initiation was 4 to 6 weeks, however, it
depended on the explants type. The most suitable condition for callus proliferation and
growth was MS medium with 0.5 mg/l TDZ and 0.1 mg/l NAA, and with 1.0 mg/l BA and
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2.0 mg/l or 3.5 mg/l 2,4-D. No light conditions proved to be more favourable for cowslip
calli induction and growth.
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INTRODUCTION

Primula veris L. (Primulaceae) is a source of valuable pharmaceutical raw materials
that are used for the production of expectorant and diuretic drugs because of its
high content of triterpene saponins and phenolic glycosides in its rhizomes and
roots. The presence of several methoxyflavones in its flowers and leaves was also
reported [1-5]. Presence of similarly rare flavones from the glandular leaf exudates
of P. elatior was reported as well [6]. Some of them have cytostatic, antimutagenic,
and anticarcinogenic activities [7-10]. Extracts of lipophilic flavones derived from
the leaves of P. veris were found to influence the viability and migration of HelLa
cells that are overexpressing constitutively active PKCe [11-12]. Its main component,
zapotin, was found to be an antiproliferative compound, which may provide promis-
ing results in the treatment of cancer with overexpressed levels of PKCe [13].

Primula veris is a rare species in many countries and is protected by law. Ad-
ditionally, collection of cowslip raw materials from natural resources does not
guarantee high quality, as concentrations of the biologically active compounds,
similarly to many other medicinal plants, are very often not stable [14-15]. Plant
tissue cultures are an alternative and effective way to obtain high quality raw
materials. Hitherto, Primula vulgaris, [16-17], P. elatior, [16], P. obconica, and P. mala-
coides [18] have been successfully propagated from calli. In vitro regeneration of P
veris from a seedling soot apex was also described [19] .

The aim of our study was (1) to investigate the effect of plant growth regulators
and explants type on calli induction and (2) to develop an efficient protocol for the
production of high frequency calli of P. veris.

MATERIALS AND METHODS

The origin of cowslip seeds, as well as the protocol of sterilization and germi-
nation of the seeds from which the seedlings were cultured in vitro, have been de-
scribed [19]. Cotyledon, hypocotyl and root explants of four-week-old seedlings
have been used. The sterile explants were placed on 20 ml of MS medium [20]
or B5 medium [21] in 6 cm diameter 100-ml Erlenmeyer flasks. Six plant growth
regulators (PGRs), benzyladenine (BA), kinetin (KIN), thidiazuron (TDZ), 2,4-dichlo-
rophenoxyacetic acid (2,4-D), picloram (PIC), and 1-naphthaleneacetic acid (NAA)
in different concentrations were tested (tab. 1). The callus induction response was
evaluated for 60 explants of each type and was examined in three replications.
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Table 1.
Callus induction rate (%) in dependence of explant type and the applied medium
Medium number Medium/PGR [mg/l] Seedling explants
Cotyledons Hypocotyls Roots
1 MS-1/KIN 0.1 15.4 ij* 23.5 hi 81.0b
2,4-D 2.0
2 MS-2/BA 0.1 18.5 ij 71.4 bc 93.6a
PIC 5.0
3 MS-3/BA 0.1 8.5] 49.0 ef 71.4 bed
2,4-D 10.0
4 MS-4/BA 1.0 47.2 efg 45.0 efg 67.5 cd
2,4-D 2.0
5 MS-5/BA 1.0 58.3 cde 45.0 efg 33.3 gh
2,4-D 3.0
6 MS-6/BA 1.0 83.3b 57.1 def 50.0 ef
2,4-D 3.5
7 B5/TDZ 2.0 12,5 ij 1431 429fg
2,4-D 4.0

*— means followed by the same letters are not significantly different at p=0.05

All media were supplemented with 3.0% sucrose and were solidified with 0.8%
Difco Bacto Agar. Medium pH was adjusted to 5.6 before autoclaving at 121°C for
20 min. Cultures were maintained in the growth chamber in darkness or under
a 16-h photoperiod (cool-white fluorescent light lamps, 60 uM m? s') at 21+2°C.

Callus formation frequency was calculated after 6 weeks of culture inoculation.
The obtained data were submitted to two-way ANOVA. Prior to statistical analysis
the obtained percentage data were arcsine transformed (Z=asin (X)), where X was
the percentage of callusing explants in each sample, and submitted to Lilliefors
(p>0,05) and Levene (p>0,05) tests to assess the ANOVA assumptions of normal-
ity and homoscedasticity. Mean separation was conducted by post-hoc Tukey’s
test (p=0.05).

RESULTS

The average time required for the callus induction from the examined explant
types was 4 to 6 weeks of culture in darkness. The callus induction rate differed
depending on the explant types, hormone combinations, and their interactions
(tab. 1, 2). ANOVA showed that the combination of 0.1 mg/l BA and 5.0 mg/l PIC
(MS-2) prompted the highest percentage of callus induction (93.6%) from roots and
that response was significantly different from those on other several media. The
high rate of callus induction from the root explants was recorded on KIN 0.1 mg/l
and 2,4-D 2.0 mg/l in MS-1 medium (81.0%). The callus could also be induced from
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hypocotyls and cotyledons in media containing different concentrations of BA and
PIC or 2,4-D (MS-2 and MS-6), the frequency was from 71.4% to 83.3% and these
responses were significantly different from almost all other media. Significantly
lower callogenesis potential expression (12.5-14.3%) was noticed for cotyledon
and hypocotyl explants cultured on 2.0 mg/l TDZ and 4.0 mg/l 2,4-D in Gamborg
B5 medium (MS-7) (tab. 1).

Table 2.

Effect of medium, plant growth regulators composition and explant types on the average
callus induction rate

Source SS DF MS F p-value
Medium 1.3070 6 0.2178 91.0995 p<0.001
Explant 1.1242 2 0.5621 235.0675 p<0.001
Interaction 2.4004 12 0.2000 83.6556 p<0.001
Error 0.1004 42 0.0024
Total 4.93197 62

Callus morphology varied depending on each explant origin. The earliest cal-
lus tissue, which looked almost white and transparent, appeared after 4 weeks
on root explants that were cultured on 0.1 mg/l KIN and 2.0 mg/l 2,4-D in MS-1
medium (fig. 1a). At the same time, callus was formed on root explants on MS-2
medium supplemented with 0.1 mg/l BA and 5.0 mg/l PIC and it was yellowish
and of loose structure (fig. 1b). Callus induction from hypocotyls was observed
on MS-2 medium after 6 weeks of culture, and conditions with light turned to be
more effective in that combination (fig. 1c¢).

The obtained primary calli were subcultured every 4 weeks, however, calli did
not always grow on the same media as those used for its induction. Abundant
callus tissue induced on root explants on MS-1and MS-2 media turned brown and
failed to thrive after 2 weeks from the first passage on the same types of media.
The permanent callus cultures were obtained from roots on 1.0 mg/l BA and 2.0
mg/l 2,4-D (MS-4) (Fig. 1d), from hypocotyls on 1.0 mg/l BA and 3.0 mg/l 2,4-D
(MS-5) (fig. 1e), and from cotyledons on 1.0 mg/l BA and 3.5 mg/l 2,4-D (MS-6)
after several passages on the same media (fig. 1f). A highly efficient proliferation
and growth of calli was observed when calli induced on root explants were trans-
ferred onto MS medium supplemented with 0.5 mg/l TDZ and 0.1 mg/l NAA and
subcultured every 4 to 6 weeks (fig. 1g). The conditions without light proved to
be more suitable for initiation of calli and for its proliferation and growth. Callus
tissue regenerated from roots on MS medium supplemented with 0.5 mg/l TDZ
and 0.1 mg/l NAA when transferred to light conditions after three passages on
the same type of medium, differentiated well into numerous shoots (fig. 1 h).
Obtained shoots passaged onto a medium with no plant growth regulators grew
and rooted successfully.
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Figure 1.

Callus induction, proliferation and shoot regeneration in Primula veris:

a: white-transparent callus induced from roots on MS-1 medium with 0.1 mg/l KIN and 2.0 mg/l 2,4-D;

b: callus formation on roots on MS-2 medium with 0.1 mg/l BA and 5.0 mg/l PIC;

c: yellow-green callus obtained in light from hypocotyls on MS-2 medium with 0.1 mg/l BA and 5.0 mg/l PIC;

d: stabilized callus culture regenerated from roots on MS-4 with 1.0 mg/l BA and 2.0 mg/l 2,4-D;

e: dark-green compact stabilized callus regenerated in light from hypocotyls on MS-5 medium with 1.0 mg/ BA and 3.0
mg/l 2,4-D;

f: yellow-brown calli obtained from cotyledons on MS-6 with 1.0 mg/l BA and 3.5 mg/l 2,4-D;

g: white-cream abundant stabilized callus regenerated from roots on MS medium with 0.5 mg/l TDZ and 0.1 mg/l NAA; h:
shoot regeneration on callus transferred into the regeneration medium with 0.5 mg/l TDZ and 0.1 mg/l NAA.

Scale bar = 1.0 cm.
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DISCUSSION

There are only a few reports about successfully establishing callus cultures
for Primula plants [16-18]. According to Mizuhiro et al. [18], the friable callus
was induced from petioles of P. obconica and from leaf fragments of P. malacoides
on MS medium supplemented with 0.1 mg/l BA and 5.0 mg/l PIC, as well as on
MS medium supplemented with 0.1 mg/l BA and 10.0 mg/l 2,4-D. Our results
confirmed the same combinations of plant hormones to be highly effective for
callus initiation from P. veris root and hypocotyl explants. In addition, our results
proved that 0.1 mg/l KIN or 1.0 mg/l BA combined with 2.0 mg/l and 3.5 mg/l
2,4-D, respectively were the best cytokinins for callus induction on root or coty-
ledon explants and that the time needed for calli induction was 3 to 4 weeks
of culture. In his studies on P, veris, Okrslar et al. [22] observed effective callus
induction from root explants on Anderson medium with KIN (4.5 uM) and 2,4-D
(45.0 uM ), and on MS medium with BA (4.5 uM) and NAA (45.0 uM), but after
a much longer time of 2 to 6 months. In turn, Schween and Schwenkel [16]
reported callus induction on hypocotyl and leaf explants from seedlings of P.
vulgaris and P. elatior on MS medium with various concentrations of TDZ and
2,4-D, after only 1 to 3 weeks. They also found that 2.0 mg/l TDZ or 2.0 mg/I KIN
combined with 2.0 mg/l and 4.0 mg/l 2,4-D or 8.0 mg/l PIC, respectively, were
the best cytokinins for callus induction on hypocotyl and leaf explants. In our
study, 0.1 mg/l KIN combined with 2.0 mg/l 2,4-D was also very effective in cal-
lus initiation from cowslip root explants but we did not confirm the high TDZ
effectiveness in callus induction from tested P. veris seedling explants. However,
unlike low efficiency of 2.0 mg/l TDZ combined with 2.0 mg/I-3.5 mg/l 2,4-D in
callus induction (unpublished data), it was found in our work that 0.5 mg/l TDZ
combined with 0.1 mg/l NAA or 1.0 mg/l BA combined with 2.0 mg/l or 3.5 mg/I
2,4-D were the most effective cytokinins for proliferation, growth, and success-
ful establishment of cowslip permanent callus cultures.

CONCLUSIONS

In conclusion, an efficient protocol for inducing and obtaining permanent cal-
lus cultures of Primula veris was developed. Three types of seedling explants were
examined and their roots proved to be the most suitable for callus induction and
its growth. BA combined with PIC was the most effective plant hormone com-
bination inducing calli, while effectiveness of BA combined with 2,4-D in callus
induction depended on hormone concentrations and explant types. TDZ com-
bined with NAA proved to be the most effective for proliferation and establishing
permanent culture of cowslip callus.
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Streszczenie

Primula veris L. (Primulaceae) to znana roslina lecznicza. Opracowano metode otrzymywania
in vitro tkanki kalusowej z trzech rodzajéw eksplantatow: korzeni, licieni i hypokotyli
z czterotygodniowych siewek pierwiosnka lekarskiego. Najwyzszy, istotny statystycznie
i wynoszacy 93,6% indukgji tkanki kalusowej uzyskano z eksplantatow korzeniowych na
podtozu Murashige i Skooga (MS) zawierajacego 0,1 mg/l BA i 5,0 mg/l PIC. Indukcje kalusa
obserwowano takze na 83,3% eksplantatow liscieniowych na pozywce MS uzupelnionej
1,0 mg/l BA i 3,5 mg/l 2,4-D oraz na 81,0% eksplantatéw korzeniowych na pozywce MS
zawierajacej 0,1 mg/l KIN i 2,0 mg/l 2,4-D. Sredni czas potrzebny do inicjacji kalusa wynist
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4 do 6 tygodni i zalezat od rodzaju eksplantatu. Podloza MS uzupetnione 0,5 mg/l TDZ
i 0,1 mg/l NAA oraz 1,0 mg/l BA i 2,0 mg/l lub 3,5 mg/l 2,4-D okazaly sie najodpowiedniej-
szymi dla dalszego rozwoju i wzrostu zregenerowanej tkanki kalusowej. Warunki bez
dostepu $wiatfa byly korzystniejsze dla indukcji i wzrostu tkanki kalusowej pierwiosnka
lekarskiego.

Stowa kluczowe: pierwiosnek lekarski, roslinne substancje wzrostowe, indukcja kalusa, proliferacja
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