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Abbreviations

2,4-D – 2,4-diclorophenoxyacetic acid
2iP – N6‑(2‑isopentenyl) adenine
AdS – adenine sulphate
BA – 6-benzyladenine
IAA – indole-3-acetic acid
Kin – kinetin
MS – Murashige and Skoog medium
NAA – α-naphthaleneacetic acid
N-69 – Nitsch & Nitsch basal medium
PGR – plant growth regulator
SIM – shoot induction media
TDZ – thidiazuron
TCLs – thin cell layers

Introduction

The tissue culture of members of the 
genus Cyclamen L. (Primulaceae), geophytes 
(perennial, herbaceous, with a over- or 
underground storage organs) that are 
widespread in countries surrounding the 
Mediterranean, is well explored ( Jalali et al. 
2012). This mini-review aims to look at three 
in vitro processes related to the tissue culture 
of Cyclamen species, focusing primarily on 
C.  persicum  Mill., or Persian cyclamen: shoot 
induction (caulogenesis), root induction 
(rhizogenesis), and microtuber formation 
(microtuberization). These processes are 
examined in detail, but explored from a 
historical perspective. Callogenesis and somatic 

embryogenesis, which are closely related, 
but which were recently covered elsewhere 
(Tagipur et al. 2016), will not be discussed in 
this manuscript.

The first two decades (1950s – 1970s)

The earliest known study on the in  vitro 
culture of C.  persicum was published by 
Mayer‑Hörster (1956) in which cubes 
from tubers (but referred to incorrectly as 
corms) including cambial tissue were induced 
to form callus in the presence of 0.08 mg/L 
α-naphthaleneacetic acid (NAA) or 40 mg/L 
adenine sulphate (AdS) and 0.2 mg/L NAA on 
White’s (1963) basal medium or only roots 
in the presence of 1 mg/L NAA. Stichel 
(1959) capitalized upon those initial findings, 
showing how only NAA up to 0.3 mg/L 
could induce shoots while an initial pulse of 
0.3‑0.5 mg/L NAA, followed by transfer onto 
medium with AdS induced both adventitious 
shoots and roots. Loewenberg (1969) also 
used tubers to prepare 4 mm3 explants after 
surface disinfecting whole tubers in 0.03% 
mercuric chloride (HgCl2) overnight, rinsing 
in 1% sodium hypochlorite (NaOCl) and 
then trimming away the outer layers. Using 
modified White’s medium with 10 mg/L NAA, 
Loewenberg induced callus in the dark at 
25  °C although indole-3-acetic acid (IAA) or 
2,4-dichlorophenoxyacetic acid (2,4-D) could 
also induce callus. Tuber explants formed only 
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a very small amount of callus on medium free of 
plant growth regulators (PGRs). Loewenberg 
(1969) also found that White’s medium was 
more conducive to callus induction than Heller 
(Gautheret 1954), Miller (1961), Nitsch 
(1969), and Murashige & Skoog  (1962) 
basal  media. The  1969  Loewenberg in vitro 
trials also revealed that 6% sucrose produced 
more callus than 0.7% or 2% sucrose, and that 
sucrose induced more callus than fructose, 
galactose, glucose, maltose, glycerol or mannitol 
as a carbon source. Finally, Loewenberg showed 
that while AdS stimulated callus, asparagine and 
glutamic acid inhibited its formation. Curiously, 
in the same year, but on the other side of the 
world, Okumoto & Takabayashi (1969) 
surface disinfected two-year old tubers that 
had just completed flowering by rinsing them 
in lukewarm water, dipping them in a solution 
of 14% NaOCl for 30 min, repeating the entire 
process, peeling away outer layers, and using 
explants 10 mm in diameter and 10 mm long 
from the core of surface disinfected tubers to 
induce root or shoots in the presence of 1 or 
0.1  mg/L NAA, respectively when cultured in 
MS basal medium at 20 °C/10 °C (day/night). 
At this temperature, contamination and explant 
necrosis were reduced by about 10% relative to 
untreated (i.e., not surface disinfected) controls. 
Shoot buds could also be induced to form from 
tuber tissue when 1  mg/L NAA was combined 
with 20 or 100 mg/L AdS. As many as 30 shoot 
buds/explant could be induced. The surface 
disinfection process negatively affected organ 
formation (Okumoto & Takabayashi 1969; 
Pierik 1975). Even the use of achromycin, an 
antibiotic, by Stichel (1959) was able to control 
bacterial infection. Geier (1977), however, 
controlled 75% or 100% contamination when 
50 and 100  mg/L achromycin were used in 
medium. Prior to that, Geier surface disinfected 
tubers, leaves, petioles and closed flower buds 
from 12-18 month old plants by immersing 
them in 3% NaOCl for 5-10 min, rinsing three 
times with sterile water, peeling outer tissues 
then leaving explants to soak in 0.03% HgCl2 
overnight, as suggested by Loewenberg 
(1969). After three rinses with sterile water, 
tubers were cut into 8 mm3 explants, anthers 

were excised from closed buds and plated 
intact, 40 mm2 (8 × 5 mm) leaf explants with 
midrib tissue were placed abaxial side down 
on medium while 8 mm long petioles were also 
plated on Nitsch basal medium. This protocol 
resulted in 100% contamination-free cultures. 
Although all cultures were initially placed in 
the dark at 24 °C, when roots or shoots formed, 
cultures were placed in a 15-h photoperiod at 
10000-15000 lux. When tubers served as the 
explant, NAA at 0.5 or 2.5  mg/L with 0.5 or 
1 mg/L kinetin (Kin) formed primarily callus, 
IAA at 0.1 or 0.5  mg/L with 0.5  mg/L Kin 
formed shoot buds, or shoot buds and roots 
when 2.5 mg/L IAA and 0.5 or 1 mg/L Kin were 
applied, while 0.1 mg/L 2,4-D with 0.5 mg/L 
Kin induced shoot buds. In several of these 
cases, organogenesis was possible in 100% of 
explants. Leaves, petioles and anthers were not 
as responsive as tuber tissue, although shoots 
could be induced from anthers with 1-5 mg/L 
IAA and 1-2.5 mg/L 6-benzyladenine (BA; 
see notes in Teixeira da Silva 2012) in 25% 
of explants, but also formed petaloid organs 
and anther-like structures. In the same study, 
callus could be induced from somatic anther 
tissue by 1 mg/L each of NAA and Kin, while 
organogenesis from leaves was always indirect, 
i.e., via intermediate callus formation. Although 
Geier (1977) claimed to test three varieties, he 
did not describe the response of each variety 
in  vitro.

The first two decades thus showed that 
in  vitro cultures could be established, albeit 
with difficulties in the control of infection, 
and that primarily corm tissue was responsive 
in  vitro, when placed in suitable basal medium 
with carefully selected PGRs.

The 1980s

Many important basic findings of the 
response of different explants to in  vitro culture 
were examined in the first three decades of 
Cyclamen tissue culture, focusing primarily on 
disinfection and explant responses to PGRs, 
but the 1980s and 1990s saw a few additional 
new ideas and progress in this field. Most 
likely the most obvious one was the discovery 
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by Wicart et al. (1984), following a detailed 
histological analysis, that microtubers do 
not share any vascular continuity with the 
explant tissue, similar to somatic embryos (i.e., 
bipolar structures), and unlike shoot buds or 
adventitious roots (unipolar structures). Given 
the variable terminology that has emerged to 
describe different structures that have formed 
from Cyclamen explants in  vitro, histological 
verification in in vitro studies is essential. 
Ando & Murasaki (1983) induced shoots of 
cv.  ‘Vuurbaak’ from ~75% of etiolated petioles 
(distal half of 10-cm long petioles) in the 
dark on third-strength MS medium (⅓  MS) 
containing 500 µM adenine hydrochloride 
and 10 µM each of NAA and BA although the 
number of shoots formed per explant was not 
quantified. Despite the use of a simple explant 
disinfection procedure that involved rinsing in 
running tap water and dipping in 1% NaOCl for 
15 min, the authors reported 0% contamination 
unlike 12.5% and 83% contamination in 
normal petioles and tubers, respectively. 
Expanding on that earlier protocol, Murasaki 
& Tsurushima (1988) transferred shoots that 
formed from etiolated petioles on ⅓  MS with 
0.037 mg/L NAA and 0.23 mg/L BA to a 16-h 
photoperiod at 2500 lux. Сv.  ‘Vuurbaak’ was 
more receptive than cv.  ‘Victoria’, with 74% vs 
63% of explants forming shoots, respectively. 
Roots formed on 70% of explants and 95% 
of resulting plantlets that were transferred to 
the greenhouse survived. Fukui et al. (1988), 
without providing any surface disinfection 
protocol, and also using cv.  ‘Vuurbaak’, 
induced most and largest microtubers (which 
the authors referred to as tuber-like-organs) 
on ½  MS medium supplemented with 10  µM 
NAA or BA from shoot tips, pedicels and apical 
tuber sections, the latter referred to incorrectly 
as bulbs, although the range of 0.1 to 1 µM of 
either NAA or BA also resulted in the formation 
of microtubers; even the control treatment, i.e., 
the lack of any PGRs, resulted in the formation of 
microtubers. However, the authors also claimed 
the formation of callus and somatic embryos 
at the same concentrations and from the same 
explants, but did not provide any histological 
proof. Schwenkel & Grunewaldt (1988) 

surface disinfected leaves, petioles and 
peduncles by dipping them for 1 min in ethanol, 
20  min in 2.6% NaOCl, and then washed them 
with autoclaved tap water. Cutting leaves into 
8  mm2 explants and petioles and peduncles 
into 6 mm long explants, the authors claimed 
the formation of shoots and callus from 
peduncles, and even the formation of plantlets, 
but many aspects of the study were unclear, and 
high levels of contamination (as much as 50% 
of explants) occurred. Using the Wainwright 
& Harwood (1985) protocol for establishing 
tissue culture from aseptic seedlings, Hawkes 
& Wainwright (1987) induced more 
adventitious leaves from cotyledons and tubers 
than from petioles and root explants derived from 
aseptic cv.  ‘Rosamunde’ seedlings (0.62, 0.53, 
0.22, 0.16 leaves/explant for cotyledons, tubers, 
petioles and roots, respectively) when cultured 
in light on ½  MS medium supplemented with 
1  mg/L BA and 1 mg/L NAA. Subculture of 
leaves on ½  MS medium with 1 or 2.5  mg/L 
BA could not induce adventitious shoots.

The 1990s

Ishizaka & Uematsu (1992) ushered in 
the 1990s with a study in which ovules derived 
from interspecific hybrids of C. persicum and 
C.  hederifolium Aiton 30 days after pollination 
were cultured on either MS, White’s or Nitsch 
(1951) basal media at 25°C in the light (16‑h 
photoperiod, 3000 lux). In their study, ovaries 
were first disinfected with 70% ethanol for 
60  s, 2% NaOCl for 30 min, then rinsed twice 
in sterilized water. After peeling off the ovary 
wall, the ovules with placenta attached served as 
the explants. Plantlets were obtained in 17.8% 
of excised ovules when 6% sucrose was used 
in MS medium although 3-10% sucrose also 
supported lower levels of plant regeneration 
(0.4-16.5%) while plantlets could not form on 
White’s or Nitsch basal media containing any 
sucrose concentration, nor could the addition of 
coconut milk improve regeneration percentage. 
The technique of ovule culture by Ishizaka & 
Uematsu (1992) is very important because 
the authors showed that all embryos in the 
ovules had degenerated by 43 days after 
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pollination when diploid C. persicum was used 
in the cross (and by 35 days when tetraploid 
C.  persicum was used), with 0% seed set, so 
ovule culture serves as a valuable method to 
rescue valuable hybrid Cyclamen material when 
hybridizations are unsuccessful. Takamura et 
al. (1993) established callus and shoot cultures 
from seedling tissues of an F2 cross between 
cv.  ‘Pure  White’ and a yellow variety. Seeds 
were washed in 2% NaOCl for 10 min, rinsed 
three times with sterile distilled water (SDW), 
then plated on PGR-free ⅓  MS with 3% sucrose 
for 21 days in the dark and then a further 21 days 
in light (12-h photoperiod; 30 µmol · m-2 · s-1; 
Takamura & Miyajima 1997). Cotyledons, 
leaf petioles, tubers and roots were isolated from 
seedlings and plated on ⅓  MS with 1  µM  BA 
and 0.1 µM NAA in the dark for 35 days and 
then in a 16-h photoperiod. At most, 70% of 
cotyledons formed shoots (3.8/explant) while 
93.8% of petioles or tubers formed shoots (6.0 or 
6.8/explant, respectively) but no photographic 
evidence of in vitro organogenesis was provided. 
Dillen et al. (1996) induced callus from young 
leaf explants after surface disinfecting 45 mm × 
60 mm leaves in 70% ethanol (brief dip), 1.5% 
NaOCl for 15 min and four rinses in sterile 
water. Leaf explants (1 cm2), when plated on 
MS basal medium with 3-4 mg/L BA, 3-4 mg/L 
Kin and 2 mg/L NAA, callus formed after 17 
weeks in the dark. Callus was cut into 1  cm3 
pieces and subcultured three times on the same 
medium for 8, 9 and 10 weeks, then subcultured 
five times (6-7 weeks each subculture) on MS 
basal medium with 4 mg/L BA, 4 mg/L Kin 
and 3 mg/L NAA, forming etiolated shoots 
(12/explant). In Nitsch-based medium, 88% 
of shoots rooted after 4 weeks while only 53% 
of shoots rooted on MS medium in the light 
(5000-6000 lux), but the latter needed 6% 
sucrose. Dillen et al. (1996) then conducted a 
scaled-up trial, acclimatizing 1200 rooted shoots 
(i.e., plantlets) from 18 genotypes, showing 90% 
rooting and 78% acclimatization, although the 
substrate used was not defined. Also, in a bid 
to assess the cytological stability of regenerants 
after two-year callus culture, as much as 10-20% 
of plants in three genotypes showed variations 
in ploidy. Bach et al. (1998) were able to 

induce shoots directly from 35-38% of leaves 
and hypocotyls derived from aseptic seedlings 
of C.  persicum F1 cv.  ‘Medium’ in the presence 
of 50 µM 2,4-D and 4 µM N6‑(2‑isopentenyl) 
adenine (2iP) when placed on MS basal medium 
and maintained at 25 °C in the dark. When basal 
medium contained 2.5 µM NAA and 25 µM 2iP, 
75% of leaf explants, 30% of hypocotyls and 
45% of root explants formed shoots.

The 2000s

Karam & Al-Majathoub (2000a) 
regenerated shoots directly from the leaves of 
wild Jordanian C.  persicum in  vitro seedlings 
on ½  MS medium with 0.22 mg/L thidiazuron 
(TDZ) and 0.1 mg/L NAA in the dark. The 
authors also tested different explant sizes and 
locations of in  vitro-derived leaves (wounded 
blades, blades with midrib, blades without 
midrib, central lamina, and petiolated lamina), 
noting that blades with a midrib showed the 
highest shoot induction ability (88% vs 81%, 
44%, 34% and 0% from wounded blades, central 
lamina, petiolated lamina, and blades without 
midrib, respectively), forming a maximum 
of 2.9 shoots/explant. Also within the same 
study, the authors studied the influence 
of explant type (in  vitro seedling-derived 
tuber, petiole, cotyledon, and root) on the 
outcome of microtuberization, noting that root 
explants showed highest tuberization (42% of 
explants) in response to 1 mg/L BA in ½  MS 
medium (relative to 4% in cotyledons and 0% 
tuberization from tubers and petioles). Optimal 
sucrose concentration was 3%, decreasing when 
6, 9 or 12% were tested, forming microtubers 
in 100% of explants and 6 mictotubers/explant 
with roots in response to 3% sucrose, and 37.5% 
of explants and 1.63 mictotubers/explant when 
6% sucrose was used). In a separate paper by 
the same authors (Karam & Al‑Majathoub 
2000b), the shoot inductive ability of other 
explants (leaf discs, petioles, petals, and 
peduncles) derived from wild ex  vitro plants 
at the flowering stage was tested. Unlike their 
other study (Karam & Al-Majathou  2000a), 
here they used ⅓  MS with 3% sucrose and 0.1 
mg/L NAA as the basal medium, noting that 
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peduncles formed most shoots (2.13 shoots/
explant in 54% of explants) in this basal medium 
supplemented with 0.022 or 0.22 mg/L TDZ 
while petals formed most shoots (1.07 shoots/
explant in 38% of explants) when 0.022 mg/L 
TDZ was applied; the values for petioles were 
0.16 shoots/explant in 7% of explants while 
leaf discs did not form any shoots, in sharp 
contrast to their previose findings (Karam 
& Al-Majathoub 2000a) where in  vitro-
derived shoots from seedlings were found to be 
most productive. Callus formed in peduncles, 
petals and petioles at all concentrations of TDZ 
tested. A separate trial in that study showed that 
etiolated leaf petioles formed more shoots (0.86 
shoots/explant in 32% of explants) than non-
etiolated leaf petioles (0.16 shoots/explant in 
7% of explants).

The explant disinfection protocols used 
in the Karam & Al-Majathoub (2000a, 
2000b) studies deserve special mention due 
to their precision and detail. In Karam & 
Al‑Majathoub (2000a), seeds were extracted 
from mature fruits, washed with water for 
15  min, dipped in 70% ethanol for 1 min, added 
to 20% NaOCl for 20 min, then rinsed in SDW. 
Surface-disinfected seeds were plated in the dark 
at 15 °C until germination, and then transferred 
to light conditions (16-h photoperiod and 50-
60  µmol · m-2 · s-1) at 22  °C. In their other 
study (Karam & Al-Majathoub 2000b), 
they first washed explants in water for 10 min, 
dipped them in 70% ethanol for 30 s, added 
them to 4% NaOCl for 15 min, then rinsed 
them in SDW. All explants were placed in the 
dark at 22  °C. Unlike most Cyclamen in  vitro 
studies from the 1950s – 1990s, these two 
studies did not (regrettably) report on the level 
of explant or culture contamination. Using the 
same surface disinfection procedure as Karam 
& Al‑Majathoub (2000a), Mohannad & 
Karam (2000) tested the shoot induction 
ability of in  vitro seedling-derived tubers, 
petioles, cotyledons, and roots in response to 
BA when placed on MS basal medium. Most 
shoots formed from tuber segments in response 
to 2 mg/L BA and 0.1 mg/L NAA (3.4 shoots/
explant in 54% of explants) although both 
shoots and roots also formed from the other 

three explant types, but with lower shoot 
induction ability. Shoots were proliferated in 
the presence of 2 mg/L BA, forming 7.4 shoots/
shoot, and individual shoots were rooted in 
0.5 or 1 mg/L NAA in 80-100% of explants, 
although IBA was just as effective as NAA. 
Plantlets were acclimatized in a peat + perlite 
(1:1, v/v) substrate and no visible abnormalities 
were observed.

Abu-Qaoud (2004) tested the ability 
of tuber sections and petioles from in vitro 
cv.  ‘Concert’ seedlings to form shoots. Seeds 
were initially surface disinfected in 5% NaOCl 
for 10 min, rinsed three times in SDW, then 
germinated on MS basal medium at 22‑24  °C 
and cultured in a 16-h photoperiod at 
50  µmol · m-2 · s-1. While no shoots formed on 
petioles, 58.3% of tuber explants formed shoots 
(10.8/explant) in response to 5.4 µM NAA and 
4 µM TDZ. Even though the author claimed 
successful acclimatization with 30% normal 
flowering, no visual or quantitative proof was 
provided.

Prange et al. (2008) were determined to 
induce shoots from C.  mirabile Hildebrand, 
C.  coum Miller, C.  graecum Link and 
C.  hederifolium from three explant types 
(cotyledons, tubers and roots) derived from 
aseptic seedlings using two shoot induction 
media (SIM): SIM I, with 0.5 mg/L NAA 
and 1 mg/L BA; SIM  II, with 0.5 mg/L IAA, 
1 mg/L BA, 1 mg/L 2iP and 1 mg/L Kin. 
Seed germination and shoot induction were 
conducted in the dark at 20  °C. After 8 weeks, 
C.  mirabile tubers formed shoots in 22% of 
explants on SIM I, 20% of C.  coum cotyledons 
in SIM II, 58% of C.  graecum cotyledons on 
SIM  I, and 43% of C.  hederifolium cotyledons 
on SIM  I. Values pertaining to the success of 
shoot induction differed considerably depending 
on whether explants were rated after 4, 8 or 16 
weeks, an important issue in plant tissue culture 
(Teixeira da Silva & Dobránszki  2013a).

Yamaner & Erdag (2008) were able to 
induce shoots from in vitro tubers of C.  mirabile 
Hildebr., an endemic Turkish species, on a wide 
range of basal media (Bourgin & Nitsch 
1967, MS, ½  MS, Linsmaier & Skoog 
1965, and Loewenberg 1969) containing 
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0.1  mg/L IAA or 0.5 mg/L NAA and 0.5 mg/L 
Kin. Initially, seeds from mature fruits were 
washed in running tap water for 1 h, dipped in 
70% ethanol for 10 min, added to 4.5% NaOCl 
for 25  min, then rinsed in SDW 3-4 times for 
10  min. Disinfected seeds were germinated in 
the dark at 15  °C on PGR-free ½  MS or MS 
medium with 3% sucrose, and once seedlings 
had germinated, these were transferred to 
light conditions (16-h photoperiod) at 24  °C. 
A  maximum of 53.3% of seeds germinated 
on ½  MS medium after 10 weeks, while only 
41.6% at most germinated on MS medium in the 
same period. Leaf lamina, petioles, roots, intact 
tubers and tuber segments were prepared from 
8-week-old seedlings. Callus was induced from 
petioles in ½  MS medium with 2 mg/L NAA, 
but callus could not be induced to differentiate 
and no regeneration was possible from leaf or 
root explants. The most responsive explant 
were intact tubers, forming 12.2 shoots/explant 
and 6 microtubers/explant in the presence of 1 
mg/L BA with 0.1 mg/L NAA and 2 mg/L BA 
with 0.1 mg/L NAA, respectively. No additional 
plantlet formation beyond microtuberization 
was reported.

Bürün & Şahin (2009) germinated 
C.  alpinum Sprenger seeds in  vitro that had 
been stored for 8 months by surface disinfection 
in 4.5% NaOCl for 10 min, 5-6 rinses with 
SDW, and then plating on PGR-free MS 
medium. Seeds stored in capsules at 15  °C or 
20  °C showed a lower germination percentage 
than seeds that were first excised from capsules 
prior to storage (60% vs 70%, respectively), but 
in  vivo germination in Petri dishes was superior 
to in  vitro germination trials (92% from seeds 
stored in capsules, 54% of seeds excised from 
capsules prior to storage).

Seyring et al. (2009) attempted to 
induce shoots in several Cyclamen species 
(C.  africanum Boiss. et Reut., C.  cilicium Boiss. 
et Heldr., C.  coum Mill., C.  hederifolium Ait., 
C.  persicum  Mill., and C.  purpurascens Mill.). In 
all cases, explants were derived from young leaves, 
petioles, flower buds and peduncles of adult 
greenhouse-derived plants. Leaves with petioles 
were disinfected for 3 min in 0.8% AgNO3 (silver 
nitrate) and rinsed three times (5 min each time) 

in SDW while peduncles and flower buds were 
dipped for 30 s in 70% alcohol, for 20 min in 3% 
NaOCl, and three rinses (5  min each time) in 
autoclaved tap water. However, shoots formed 
only in 12.5% of C.  africanum petioles and in 
20-25% of peduncles, leaves and petioles of 
C.  purpurascens when explants were cultured on 
MS with 9.05 µM 2,4-D and 3.94  µM 2iP in the 
dark at 25°C. The authors also devised a second, 
more complex, protocol that involved Nitsch 
& Nitsch (N-69; 1969) basal medium that 
included 6.66  µM BA, 5.71  µM indolyl‑3‑acedic 
acid (IES) and 888.24 µM adenine for 6 weeks at 
20 °C in the dark. This was followed by 2 weeks 
under a 16-h photoperiod (46 µmol · m-2 · s-1) 
then transfer to N-69 with 4.44 µM BA, 5.71  µM 
IES and 10.74 µM 1-naphthylacetic acid. It is 
unclear if IES and 1-naphthylacetic acid refer to 
IAA and NAA, respectively. Using this second 
protocol, the following percentage of explants 
formed shoots: C.  africanum (placenta: 8.3%; 
peduncle: 6.3%; leaf: 75%; petiole: 18.8%), 
C.  hederifolium ssp. confusum (leaf: 40%; petiole: 
36.8%), C.  hederifolium cv. ‘Perlenteppich’ 
(leaf: 25%; petiole: 5%), C. hederifolium 
cv.  ‘Rosenteppich’ (peduncle: 12.5%; leaf: 8.3%; 
petiole: 6.3%), C.  persicum (peduncle: 18.8%; 
leaf: 25%; petiole: 7.1%), pink C.  persicum 
(placenta: 50%; peduncle: 45%; leaf: 25%), and 
C.  purpurascens (peduncle: 20%; leaf: 50%; 
petiole: 5.3%). Shoots did not form in C.  cilicium 
or in C.  coum, or in any explant of the other 
genotypes listed above.

Nhut et al. (2012) used thin cell layers 
(TCLs) 1 mm thick derived from peduncles to 
induce callus in 100% of explants when cultured 
on MS medium supplemented with 0.2  mg/L 
TDZ and 1.0 mg/L 2,4-D. The transfer of 8-week 
old callus to MS medium containing 0.5 mg/L 
BA and 0.7 mg/L IBA resulted in the formation of 
adventitious shoots (39.4/explant). Shoots could 
also be induced from callus in the presence of 0.5 
mg/L Kin and 0.1 to 0.7 mg/L IAA or NAA, but 
the numbers were significantly lower than the 
BA+IBA combination. These shoots (2-3 cm 
long), when cut off at the base of the callus and 
transferred to MS medium with 1.0  mg/L IBA, 
formed a robust root system. TCLs are showing 
great promise for new plant crops and for species 
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for which no effective tissue culture or in vitro 
regeneration system exists (Teixeira da Silva & 
Dobránszki 2015a; Teixeira da Silva et  al. 2015).

Conclusions

Although the production of callus or 
shoots directly in  vitro may be an attractive 
developmental model, for practical purposes, 
the production of pathogen-free microtubers for 
pot, greenhouse of field production is desirable. 
Such material can then be used to derive new 
microtubers that are free of infection which is 
a desirable form of clonal propagation since 
the initial tissue disinfection process of in  vivo-
derived tubers or other material can still result 
in heavy contamination of tissue cultures. Even 
though Cyclamen micropropagation ( Jalali 
et  al. 2012) and somatic embryogenesis 
(Tagipur et al. 2016) are well studied and 
have a rich history, several aspects still need 
to be explored, such as in  vitro flowering 
(Teixeira  da  Silva et  al. 2014), the use of 
ultrasound or sonication to induce organogenesis 
(Teixeira  da  Silva & Dobránszki 2014), 
the use of TCL to maximize organogenic 
output (Teixeira  da  Silva & Dobránszki 
2013b), or the use of magnetic fields to study 
growth and development (Teixeira da Silva 
& Dobránszki 2015b).
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