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Abbreviations
ABA	� Abscisic acid
AC	� Activated charcoal
AS	� Ascorbic acid
BA	� 6-Benzyladenine
CIT	� Citric acid
Cys	� Cysteine
GA3	� Gibberellic acid
KIN	� Kinetin
ME	� Malt extract
MS	� Murashige and Skoog
NAA	� α-Naphthaleneacetic acid
PVP	� Polyvinyl pyrolidine
tTCL	� Transverse thin cell layers
TP	� Turmeric powder
YA	� Yasuda

Introduction

The genus Rubus (Tourn) L. comes from the Rosaceae fam-
ily that includes raspberries, blackberries, hybrids of the 
berries and others species (Jennings 1988). Blackberries 
(Rubus L. subgenus Eubatus Focke.) are prevalent crops in 
North America and Europe (Crandall 1995).

Thin cell layers (TCLs) technique is a simple and sig-
nificant biotechnological technique in plant science. The 
tissue culture regeneration protocol is already developed 

Abstract  The present study is the first to report somatic 
embryogenesis (SE) based on a plant regeneration proto-
col for blackberry. It uses transverse thin cell layer tech-
nique (tTCL). Two blackberry genotypes, ‘High prickle’ 
(Rubus sanctus) and ‘Low prickle’ (Rubus hirtus) were 
used as explants. The explants were soaked in ascorbic and 
citric acids (60  mg  l−1  each) solution prior to culture on 
Murashige and Skoog (MS) medium containing 2.32  μM 
kinetin (KIN), 2.69  μM α-naphthaleneacetic acid (NAA) 
and 8.88 6-benzyladenine (BA). This not only reduced 
the phenolic compounds (in ‘High prickle’), but also pro-
duced friable and yellow-pale green calluses. The highest 
level of embryogenic callus initiation in both genotypes 
occurred in half strength MS medium containing 60 g  l−1 
sucrose, 9.76 μM KIN and 7.99 μM BA. The MS medium 
fortified with 7.57 μM abscisic acid (ABA) and malt extract 
(700 mg l−1) or glutamine (400 mg l−1) encouraged the for-
mation and development of embryos on calluses originat-
ing from dermal parts of ‘High prickle’ explants. Yasuda 
(YA) medium enrichd with 8.88 μM BA, 10.84 μM NAA 
and glycerol (2%) promoted embryo development and 
shoot regeneration on calluses originating from dermal 
parts of ‘High prickle’ and ‘Low prickle’ explants respec-
tively. Germination of embryos and growth of normal 
plantlets occurred on half strength MS medium containing 
4.88 μM BA, 2.02 μM gibberellic acid (GA3) and 0.05 μM 
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concerning several dozen species of crop in which the 
TCLs are generated from different explant sources. 
TCLs are divided into two categories. The first group 
is the transverse TCL (tTCL) which is the most com-
mon type and which ranges from 100 µm to 1–2 mm in 
thickness. The second category is the longitudinal TCL 
(lTCL) which targets very specific layers of cells with 
the same thickness but with different lengths. By TCLs, 
it is systematically convenient to control morphogenetic 
characteristics and the development of specific organs, 
obtained from other specific or non-specific cells, tis-
sues or organs. The TCL technique also provides a great 
experimental opportunity to evaluate the differentiation 
and totipotency in cells, tissues and organs of plants. It 
also makes possible the mass production of economi-
cally important species, and has great profitable advan-
tages (Da Silva 2003).

Cotyledon explants are commonly used in many 
research experiments. This includes the case of somatic 
embryogenesis in Rubus (Fiola and Swartz 1985; Gin-
gas and Stokes 1993). Generally, the main limitation of 
embryogenesis is the low rate of somatic embryo con-
version. Low levels of conversion in somatic embryos 
can be attributed to their poor quality, and also can be 
considered as a result of immaturity and tolerance to 
dehydration (Etienne et  al. 1993). Arturo et  al. (2016) 
reported that the development of callogenesis and proto-
plast cell suspensions are possible in the mass propaga-
tion of pro-embryos and micro calluses developing from 
leaf tissue. Culturing the leaves of blackberry (R. fruti-
cosus) has also been established successfully, and many 
shoots were obtained in a relevant study, using indirect 
organogenesis (Vujović et  al. 2010). In addition to its 
usefulness for cloning and vegetative propagation of a 
given individual plant, the condition of in vitro embryo-
genesis can be applied for the study of molecular, cyto-
logical, physiological and developmental features under-
lying embryogenesis in plants (Dodeman et  al. 1997). 
The development of a reliable method for induction of 
embryogenic cultures of elite Rubus and shoot regenera-
tion would be invaluable for transformation (Súkeník-
ová et  al. 2015). One obstacle in harvesting the black-
berry fruit is the prickles on the plant’s branches. Then, 
tTCL cultures can be useful for studying the processes 
of generating somatic embryos from sub-epidermal tis-
sues. These could probably regenerate the plants without 
prickles if certain measures are taken.

The objective of this research is to study the somatic 
embryogenesis of shoot tTCL explants of blackberry. 
Histological features are incorporated into the study. 
This study proves to be the first report discussing the use 
of TCL techniques in tissue culture of the genus Rubus.

Materials and methods

The nodal segments of two Iranian native blackberry gen-
otypes ‘High prickle’ (Rubus sanctus) and ‘Low prickle’ 
(Rubus hirtus) were cultured in MS medium containing 
8.88 µM BA and 2.69 µM NAA. Then, derived in vitro, 
the sterile and actively growing shoots were used as 
explant sources. Transverse thin cell layers (0.5–0.8 mm) 
were prepared from stem of micro-shoots by help of a 
sharp blade and a binocular (Zeiss, semi 2000-C) under 
an airflow cabinet (Fig. 1a, b). Then, they were cultured 
on Murashige and Skoog (1962) medium (MS) contain-
ing 2.32 μM kinetin (KIN), 2.69 μM α-naphthaleneacetic 
acid (NAA), and 8.88 μM 6-benzylaminopurine (BA) as 
callus induction medium. In the first assay, in both gen-
otypes, due to the high amount of phenolic compounds 
and being oxidized at the surfaces of explants tissue, the 
explants became brown and died (Fig. 1c). In order to pre-
vent phenolic compound exudation, different treatments 
were used. Such as, control (no treatment), 0.1% turmeric 
powder (TP) W/V, 0.2% W/V activated charcoal (AC), 
10  mg  l−1 cysteine (Cys), 500  mg  l−1 PVP, 100  mg  l−1 
citric acid (CIT) and 100  mg  l−1 ascorbic acid (AS) 
which were included in callus induction medium. Two 
explant pretreatments were also applied. One included 
submerging tTCL sections in a solution of ascorbic and 
citric acid (60 mg l−1 each) for 25 min, and another treat-
ment had the shoots (source of tTCL explants) at 4 °C 
under dark and sterile conditions for 24  h. Then, they 
were transferred to callus induction medium. After 10 
and 40 days following the first culture, concentration of 
phenolic compounds in culture media (Sharma 1994) and 
the rate of callus formation on dermal and central parts 
of the explants were measured (using 1 mm graph paper), 
respectively (Fig. 1d and e).

Total phenol content in extracts was obtained based on 
the Folin Ciocalteu method. After removing the explants 
from the culture vessels, the media (20 ml) were decanted 
into centrifuge tubes and 10  ml of solvent (methanol, 
80%) was added to each tube and were shaken for 30 min. 
Tubes were centrifuged (4000 rpm, 30 min), and the lim-
pid supernatant was collected and again 10 ml methanol 
80% was added to it. Then, 100 µL of each sample was 
poured into the test tube, and 500  µL of the Folin–Cio-
calteu reagent along with 2  M and 400  µL of sodium 
carbonate (7.5%) were added. The tubes were mixed 
and allowed to stand for 2  h in the dark. Absorption at 
765  nm was determined (PG instrument T60U spectro-
photometer, England). The total phenolic content was 
shown as gallic acid equivalents (GAE) in μg gallic acid 
per milliliter of medium.
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Embryogenic callus induction

The calli produced from the above experiment were trans-
ferred to half strength MS medium enriched with combi-
nations of BA (μM) and KIN (μM) as fallow: IEM1- BA 
7.10 + KIN 7.90; IEM2- BA 7.10 + KIN 8.83; IEM3- BA 
7.10 + KIN 9.76 ; IEM4- BA 7.99 + KIN 7.90; IEM5- BA 
7.99 + KIN 8.83; IEM6- BA 7.99 + KIN 9.76; IEM7- BA 
8.88 + KIN 7.90; IEM8- BA 8.88 + KIN 8.83; IEM9- BA 
8.88 + KIN 9.76 (µM).

Two concentrations of sucrose 30 and 60 g l−1 were used 
separately. After about 30 days following the first culture, 
the percentages of embryogenic callus (granular and friable 
structures) were recorded.

Embryo development medium

In order to induce the production of embryos from embry-
ogenic callus, two different media were used. These were 
the MS medium containing 7.57 μM abscisic acid (ABA) 
or the YA (Yasuda et al. 1985) containing 8.88 μM BA and 
0.11 μM NAA. In both media, the effects of different treat-
ments and the control were studied, including treatments of 
10 ml l−1 modified Staba vitamins (Skirvin and Chu 1979), 
400  mg  l−1 glutamine, 700  mg  l−1 malt extract (ME), 
15 g l−1 maltose or 2% v/v glycerol on the development of 
embryos. The embryogenic calluses were subcultured onto 

these media. After 15 to 20  days following the culturing, 
the presence or absence of embryos was recorded.

Embryo germination medium

The embryos were subcultured on half basal salt MS media 
enriched with 0, 3.99, 4.88, or 5.77 μM of BA in combi-
nation with 0, 2.02, or 4.04 μM of gibberellic acid (GA3). 
These combinations were experimented to find the most 
suitable medium for embryo germination. Finally, plant-
lets derived in  vitro were subcultured on PGRs-free MS 
medium.

Culture conditions

The incubation of cultures was done at 25 ± 2 °C under a 
16/8  h (light/darkness) photoperiod and light intensity of 
approximately 45 µmol m−2 s−1 photosynthetic photon flux 
density (PPFD) emitted by cool-white fluorescent tubes in 
35% relative humidity.

Histological analysis

Histological examination of embryogenic calluses and 
the different stages of embryo formation were performed. 
After the samples were situated in a fixative solution 
(formaldehyde:pure acetic acid:alcohol 8:1:1), they were 

Fig. 1   From tTCL prepara-
tion to callus proliferation: a, b 
tTCL size (0.5 mm in ‎thick-
ness); c phenol secretion and 
dead of explants; d callus induc-
tion on dermal and ‎central parts; 
e callus proliferation of dermal 
and central parts
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treated with graded ethanol so as to be dehydrated, and 
were then infiltrated and embedded in paraffin wax. Thin 
Sections (12  μm) of the samples were cut by the help of 
a microtome device (model Spenser 820, AMERICAN 
OPTICAL COMPANY) according to Johansen’s method 
(1940). Subsequently, they were stained with haematoxy-
lin and eosin and observed with Letiz (wetzlab, SM-LUX) 
optical microscope and were photographed by Canon EOS 
600D camera.

Acclimatization

After 6 weeks, all of the plantlets were moved into paper 
teacups containing autoclaved peat and perlite by a ratio 
of 1:1 v/v. The cultures were placed in a growth chamber 
at 25 ± 2 °C under a 16/8 h (light/dark) photoperiod, light 
intensity of approximately 45 µmol m−2 s−1 PPFD emitted 
by cool-white fluorescent tubes and 80% relative humid-
ity. Subsequently they were transferred in a greenhouse at 
30 ± 4 °C, natural light and 50% relative humidity. Initially, 
they were maintained under plastic film and then gradu-
ally exposed to greenhouse conditions. After a few weeks 
(about 45 days), all surviving plants were relocated to pots 
ex vitro.

Statistical analysis

The study was on a factorial layout based on a completely 
randomized design with five replications. Each step of the 
experiments was repeated twice and data pertaining to the 
average of five explants were used as the value of each rep-
lication. Data were analyzed using SAS statistical software 
version 9.0, and the mean values were compared using the 
least significant difference (LSD) test at a 5% level of sig-
nificance (P ≤ 0.05).

Results and discussion

Control of phenolic compounds and callus induction

The excessive exudation of phenolic compounds, as an oxi-
dized form, under conditions of in  vitro culture for some 
plant species causes the browning and death of explants, 
and therefore preventing this process could improve the 
percentage of explant survival. The analysis of variance 
showed a high interaction between different treatments and 
genotypes in reducing phenolic secretion into the media. In 
‘High prickle’, all treatments significantly reduced phenolic 
exudation in media (Table  1). However, in ‘Low prickle’, 
AC and CIT significantly increased phenolic secretion. In 
all treatments (except in the AC), callus was initiated from 
both dermal and central parts of tTCL explants with reduc-
tion of phenolic compounds. Soaking the explants in a 
solution of ascorbic and citric acids (60 mg l−1 each) prior 
to culture produced friable and fresh callus. As a result, this 
treatment was applied to prevent phenolic exudation in cul-
ture media in other experiments.

Efforts have been done for minimizing the “phenoli-
zation” of cultures in order to reduce in  vitro explant 
browning, mostly by adding antioxidants such as ascor-
bic acid, citric acid or by absorbing polymers like poly-
vinylpyrrolidone (PVP) (López Arnaldos et  al. 2001). 
In this experiment, pre-culturing treatments were per-
formed for 24  h at 4 °C which reduced phenolic com-
pounds in culture medium. This finding is in agreement 
with the results obtained by Poudyal et al. (2008) which 
claimed that treating explants for 12  h with a tempera-
ture of 4 °C prior to explants’ sterilization seems to 
be the best approach for controlling browning. This 
was claimed to increase the survival of explants of the 
Yali pear. It has already been mentioned that soaking 
the explants in a solution of citric and ascorbic acids 
not only diminishes phenolic exudation but also pro-
duces friable and good-looking callus. Citric acid is a 
weak organic acid (Anthony et  al. 2004) and it acts as 
an excellent cleaning and chelating agent of phenolic 

Table 1   Effects of different 
treatments on phenol secretion 
in tTCL explants of blackberries 
(μg gallic acid per ml medium)

Means followed by the same letters (capital letters for main effects and small letters for interactions) are not 
significantly different at P < 0.05 according to LSD’s multiple range tests.
Ctr control, TP turmeric powder, AC activated charcoal, Cys cysteine, CIT citric acid and AS ascorbic acid, 
C&D cold and dark, AA&CIT soaking in ascorbic acid and citric acid

Genotype Treatments

In medium Pre culturing

Ctr AC AS CIT PVP Cys TP C&D AS & CIT Mean

High prickle 7.50 b 6.05 c 6.40 c 6.30 c 6.45 c 6.15 c 6.35 c 6.15 c 6.25 c 6.40 B
Low prickle 6.15 c 8.45 a 6.20 c 7.60 b 6.20 c 6.45 c 6.10 c 6.30 c 6.05 c 6.60 A
Mean 6.85AB 7.25 A 6.30 C 6.95 A 6.35 B 6.30 B 6.20 C 6.25 C 6.15 C
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components. Both ascorbic and citric acids are involved 
in cell division and elongation (Smirnoff 1996). Acti-
vated charcoal serves to be an efficient adsorbent that 
can adsorb toxic substances (Zhou et  al. 2010). In this 
study, it seems that the AC could adsorb many compo-
nents (polyphenols and PGRs) and therefore the explants 
remained fresh for a longer duration and survived.

Embryogenic callus induction

The interaction between sucrose, BA and KIN signifi-
cantly affected the embryogenic callus induction (Fig.  2). 
The highest percentage of embryogenic callus (80%) was 
obtained on IEM6 (MS/2 medium, 7.99  μM BA, and 
9.76 μM KIN) containing 60 g l−1 sucrose, while the mini-
mum percentage of embryogenic callus induction (0%) was 
observed in the IEM2 with 60  g  l−1 sucrose, IEM9 with 
30 g l−1, IEM5 and IEM8 enriched with 30 and 60 g l−1.

It has been reported that sucrose at 20–30 g l−1 is used 
as the only carbon source feeding most cases of Rosa 
spp. tissue culturing (Da Silva et  al. 2007). However, in 
this study, it was observed that a higher concentration of 
sucrose (60 mg  l−1) is more effective than having a lower 
concentration (30 mg l−1) aimed at embryo induction.

Da Silva et al. (2007) reported that 20–30 g l−1 sucrose 
is the most optimum concentration for the majority of Rosa 
spp. tissue culturing. However, based on our research, a 
high concentration of sucrose (60 mg l−1) was more effec-
tive than a low concentration (30  mg  l−1) for embryo 
induction.

High concentrations of sucrose result in osmotic stress, 
however. The resulting stress could affect in  vitro induc-
tion of somatic embryos which might cause a general stress 
response that would trigger the reorganization of chroma-
tin. Extended reorganizations of chromatin appear to result 
in random outcomes of embryogenic inductions (Fehér 
2005).

Cytokinins can act to promote embryogenesis 
(Kavathekar et  al. 1978), and Jha et  al. (1982) indicated 
that embryogenesis in celery can be facilitated under condi-
tions where high levels of kinetin are present. Arturo et al. 
(2016) reported that 2.28 μM zeatin induced embryogenic 
callus in blackberry as they posited that cytokinins are 
important for in vitro somatic embryogenesis. Our results 
are in agreement with these findings.

Embryo initiation and development media

Results show that the MS medium containing 7.57  μM 
ABA alone or in combination with malt extract (ME) or 
glutamine is effective in forming embryos (Table  2, ‘+’ 
sign) from embryogenic callus of dermal parts of explants. 
In these media, many embryos initiated and developed 
gradually, but not all of them were normal embryos. There 
were instances where it seemed that the germination of 
embryos occurred before they completed their maturities 
(globular, heart and torpedo shapes). In this medium, malt-
ose, glycerol or the modified Staba vitamins were not effec-
tive in embryo induction on the callus initiated from dermal 
or central parts of both genotypes.

Fig. 2   The effects of PGRs and different sucrose concentrations 
on percentage of embryogenetic callus from dermal part of ‘High 
prickle’ IEM1-BA 7.10 + KIN 7.90; IEM2-BA 7.10 + KIN 8.83; 
IEM3-BA 7.10 + KIN 9.76 ; IEM4-BA 7.99 + KIN 7.90; IEM5-BA 
7.99 + KIN 8.83; IEM6-BA 7.99 + KIN 9.76; IEM7-BA 8.88 + KIN 
7.90; IEM8-BA 8.88 + KIN 8.83; IEM9-BA 8.88 + KIN 9.76 (µM)

Table 2   Effect of different treatments on the formation of embryo 
or shoot on the calluses from dermal and central parts of stem tTCL 
explants of both genotypes

The ‘+’, ‘−’ and ‘++’ signs indicates ‘present’ or ‘absent’ of 
embryos and present of shoot, respectively

Treatments Embryo 
formation

Shoot 
formation

Callus sources

MS medium (with 7.56 μM ABA)
 Control + − ‘Low prickle’-dermal
 Glycerol − −
 Maltose − −
 Malt extract + − ‘High prickle’-dermal
 Glutamine + − ‘High prickle’-dermal
 M Staba vit − −

YA medium (with 8.88 μM BA and 0.11 μM NAA)
 Control − −
 Glycerol + −

++
‘High prickle’-dermal
‘Low prickle’-dermal

 Maltose + − ‘High prickle’-dermal
 Malt extract − −
 Glutamine − −
 M Staba vit. + − ‘High prickle’-central
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Akula et  al. (2000) studied the role of diverse osmotic 
elements and abscisic acid in the induction of somatic 
embryos in tea (Camellia sinensis). Abscisic acid is often 
reported to act as a “stress hormone” in plants and also 
would assist in the induction of somatic embryos in experi-
mental systems (Charrière et  al. 1999; Nishiwaki et  al. 
2000; Senger et al. 2001). The maturity of somatic embryos 
may also be achieved by the application of exogenous 
ABA (Klimaszewska and Smith 1997). In the mentioned 
research, it was reported that ABA is a suitable agent in 
assisting embryo formation from stem dermal parts of 
‘Low prickle’. However, complementary effects of glu-
tamine or ME are necessary for provoking somatic embryo-
genesis in ‘High prickle’.

Two conditions were used in this study to induce embryo 
formation and development that allow different cells to 
make proper dedifferentiated cells. Plant growth regulators 
and stress factors (such as osmotic shock, culture medium 
dehydration, water stress, heavy metal ions, heat or cool 
treatments, antibiotics can also be involved in the processes 
along with PGRs and chemical treatments.

According to our results, glutamine was an effective 
treatment in causing the formation of embryo in ‘High 
prickle’ which is in agreement with the result obtained by 
Rijven (1952) on Capsella bursa. Furthermore, glutamine 
is an efficient compound for embryo development (Thorpe 
1995).

The reasons for the usefulness of ME in causing embryo 
formation could be explained by that the embryos are very 
sensitive to the action of plant extracts, and they can be 
used as a tool for determining the effective substances in a 
plant. Another reason is the enhancement of growth result-
ing from plant extracts, indicating that synthetic media lack 
certain substances that can enhance growth triggered by 
plant extracts. This is specifically an indication that syn-
thetic media probably lack certain biological compounds 
(Thorpe 1995). Furthermore, it can be assumed that the 

better development of embryos obtained by a medium sup-
plemented with plant extracts is probably due to the fact 
that the composition of the medium is closer to that of the 
ovular sap (Thorpe 1995).

The YA medium containing 8.88 μM BA and 0.11 μM 
NAA was not effective in embryo formation. Nonetheless, 
enriching the medium with glycerol and maltose encourage 
the formation of embryos on callus, from dermal parts of 
‘High prickle’. The modified Staba vitamins facilitate the 
formation of embryos from central parts of the same geno-
type. Moreover, glycerol not only promoted embryo induc-
tion on YA medium (on callus of ‘High prickle’), but also 
provoked organogenesis on the callus initiated from dermal 
parts of ‘Low prickle’ (Table 2, ++ sign) (Fig. 3).

In most studied plants, it has been reported that the 
inclusion of PGRs is necessary for somatic embryogenesis. 
Auxins and cytokinins are key factors, probably because 
they strongly participate in cyclic regulations in plant 
physiology and cell division (Francis and Sorrell 2001; Gaj 
2004). However, in this research, (Table 2) BA and NAA 
alone were not beneficial for embryo development, and it 
was needed to add glycerol, maltose or the modified Staba 
vitamin into the media. Swartz et al. (1990) also reported 
organogenesis from apple and blackberry leaves by apply-
ing modified Staba vitamins in the MS medium. However, 
we showed that the modified Staba vitamins were useful 
for somatic embryogenesis in stem tTCL of blackberry. It 
has been shown that vitamins, especially of the B group, 
are important for cell division, elongation and the process 
of embryogenesis (George et al. 2008), while the modified 
Staba vitamins are a complex of B vitamins.

Exogenous sugar was prepared to be added to the cul-
ture medium since it is known to affect somatic embryo-
genesis in the genus. Maltose was found to be the best 
carbon source for the development and maturation of 
somatic embryos in Prunus incisa x P. serrula (Dru-
art 1989). Secondary somatic embryogenesis was also 

Fig. 3   Different stages of indirect organogenesis on dermal callus of ‘Low prickle’, in YA medium with 8.88 µM BA and 0.11 µM NAA and 2% 
glycerol
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promoted in Malus domestica B. by 30 and 60  g  l−1 
maltose (Daigny et al. 1996).

Strickland et al. (1987) compared maltose and sucrose 
with each other and showed that maltose is stronger 
in improving the yield and development of somatic 
embryos at equal osmolarity. They also indicated that 
the effect of maltose was mainly nutritional and not 
osmotically mediated. In this study, 15 g  l−1 from each 
of the two carbohydrate sources—sucrose and maltose—
were used for the improvement in embryogenesis. More-
over, Nørgaard et  al. (1997) noted that maltose can be 
effective in the process of causing maturation in somatic 
embryos of Abies nordmanniana. It is commonly known 
that maltose is directly obtained from the medium, while 
sucrose is hydrolyzed into monosacharides. Reidiboym-
Talleux and March (1999) demonstrated that sucrose is 
more quickly metabolized than maltose which is slower 
in molecular conversion and therefore could lead to 
hypoxia and accumulation of ethanol in cells. Thus, the 
slow metabolism of maltose would lead to sufficient 
oxygen being present in the cells to allow survival and 
subsequent somatic embryo development. In this study, 
glycerol was used as a source of carbohydrates and pro-
moted embryogenesis on stem dermal parts of ‘High 
prickle’ but also caused organogenesis on explants of 
the ‘Low prickle’ genotype. In many of Citrus genotypes 
and Cichorium (Bellettre et  al. 1999), it was seen that 
glycerol is a useful carbohydrate for morphogenesis and 
embryogenesis.

Embryo germination medium

Among the combinations of BA and GA3, somatic 
embryos merely germinated on MS/2 medium contain-
ing 4.88 μM BA and 2.02 μM GA3 after 7 days of cul-
ture, and the growth of radicles were stopped. However, 
with the exogenous application of NAA (0.05  μM) in 
the same medium, the result culminated in normal root 
and shoot development (Fig. 4i). Thereafter the plantlets 
were relocated to a sterile soil mixture.

By adding growth substances to the medium at usual 
concentrations, modifications in the ontogenic pattern 
of embryos were observed, including repression of root 
growth and premature leaf expansion with kinetin, while 
longer and thinner embryos were achieved as a result of 
applying gibberellins (Raghavan 1964; Thorpe 1995). 
Our findings confirmed that BA and GA are not suitable 
for normal embryo production. The process of embryo 
germination would perform normally if NAA is added to 
the growth substances.

Fig. 4   Different stages of somatic embryogenesis in tTCL explants 
of Rubus and histological sections of these stages; a embryogenic cal-
lus with globular structure(Gl); b sections of globular embryos on the 
surface of a tTCL embryogenic callus; c heart-stage (Hs) of somatic 
embryo; d section of heart-shaped somatic embryo; e torpedo-shaped 
embryo with root primordium; f section of torpedo-shaped embryo 
with root primordia (Rp) and cotyledons (Ct); g germinated and 
growth of embryos; h section of shoot vascular tissue (Vs); i normal 
plantlet growth from embryo on half strength MS medium containing 
4.88  μM BA, 2.02  μM GA and 0.05  μM NAA; leaf (L), shoot (S), 
Root (R)
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Histological analysis

After the formation of proper meristematic cells, they 
continue to proliferate and form pro-embryonic clus-
ters. In this research, the mentioned structures were 
almost located at the surface of the tissue forming pro-
embryonic nodules. However, not all meristematic cells 
turn into embryogenic cells. Both embryogenic and non-
embryogenic regions, which can be easily distinguished 
by morphological structure, color and cellular charac-
teristics, are present in the calluses during the indirect 
somatic embryogenesis process (Carvalho et  al. 2013). 
Embryogenic zones have yellow or dark-yellow color, 
nodular features, and smooth surfaces. After 3 weeks 
of culture on induction medium, the pro-embryogenic 
nodules developed into globular embryos (Fig.  4a) and 
gradually converted to heart and torpedo shape embryos 
(Fig. 4c, e and related sections d, f). These structures are 
easily separated from the surrounding cells of calluses. 
After four more weeks, transition to the cotyledonary 
stage occurred concurrently with the inception of root 
primordium. After three more weeks, the cotyledonary 
embryos were observed to germinate which was suc-
ceeded by elongation of the radicle and shoot develop-
ment (Fig. 4g and its section h; normal plantlet, Fig. 4i).

Conclusion

In this research, we demonstrated that embryogenesis typi-
cally occurs on cells from dermal parts, in addition to the 
occurrence on cells from central parts. However, results 
pertaining to embryos derived from the pith cells are not 
conclusive, and therefore definite deductions cannot be 
made regarding that specific area. Embryogenesis on the 
dermal parts of cells can be evidently attributed to the abil-
ity of cells to initiate different developmental processes, 
such as callus production and somatic embryogenesis. 
In the end, it can be claimed that somatic embryogenesis 
and plant regeneration are generally observed to be more 
efficient in ‘High prickle’ than in ‘Low prickle’ types of 
blackberry.
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