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1 Chapter 9
2 Somatic Embryogenesis in Cherry
3 (Prunus sp.)

4 Kaouther Ben Mahmoud, Yordan Muhovski, Fabienne Delporte,
5 Ahmed Jemmali and Philippe Druart

6 9.1 Introduction

7 Cherry is a member of the Rosaceae family, subfamily Prunoideae, subgenus
8 Cerasus. It is the common name of several Prunus species such as P. avium,
9 P. cerasus, P. mahaleb, P. serotina, P. serrulata, P. incisa and many interspecific

10 hybrids (P. canescens x P. incisa, P. avium x P. cerasus, P. incisa x serrula, etc.).
11 Cherry is one of the economically important species used for direct fruit production
12 or as rootstock for many cherry varieties (Brown et al. 1996). The estimated world
13 annual production of cherries is over 3 million tons, and has increased steadily since
14 1990. Turkey is the leading producer of cherries, followed by the USA and Russia
15 (Jayasankar and Kappel 2011).
16 Cherry can be propagated by seeds only for breeding, as this leads to genetic
17 segregation due to its heterozygous nature. Therefore, for better homogeneity, this
18 species can only be multiplied by vegetative means. Although vegetative propa-
19 gation by conventional methods does not guarantee the phytosanitary status of the
20 results, in vitro tissue culture could be considered as an alternative method. Among
21 tissue culture techniques, somatic embryogenesis is preferred, especially for woody
22 plants that have a long life cycle and are difficult to propagate by conventional
23 methods (Isah 2016). Compared to organogenesis, somatic embryogenesis may
24 offer many advantages for breeding programs thanks to the single-cell origin of the
25 regenerated embryos, as well as for large-scale production of embryos in

K. B. Mahmoud (&) � A. Jemmali
National Institute of Agronomic Research of Tunisia, Rue Hédi Karray,
2049 Ariana, Tunis, Tunisia
e-mail: kaoutherbenmahmoud@gmail.com

Y. Muhovski � F. Delporte � P. Druart
Walloon Agriculture Research Centre, Chaussée de Charleroi, 234,
5030 Gembloux, Belgium

Layout: T1_Standard Book ID: 434730_2_En Book ISBN: 978-3-319-79086-2

Chapter No.: 9 Date: 9-4-2018 Time: 6:28 am Page: 1/15

© Springer International Publishing AG, part of Springer Nature 2018
S. M. Jain and P. Gupta (eds.), Step Wise Protocols for Somatic Embryogenesis
of Important Woody Plants, Forestry Sciences 85,
https://doi.org/10.1007/978-3-319-79087-9_9

1

A
u

th
o

r 
P

ro
o

f

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-79087-9_9&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-79087-9_9&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-79087-9_9&amp;domain=pdf


U
N
C
O
R
R
EC

TE
D
PR

O
O
F

26 bioreactors (Giri et al. 2004). Moreover, somatic embryos have a bipolar structure
27 (stem and root) that allows them to regenerate directly as rooted plantlets
28 (Von Arnold et al. 2002).
29 However, the application of somatic embryogenesis in a wide range of woody
30 plants is limited by many difficulties. First of all, the ability of cells to acquire
31 embryogenic capacity depends on whether the genotype is competent or recalcitrant
32 (Verdeil et al. 2007; Isah 2016). Complete recalcitrance to somatic embryogenesis
33 is encountered in various groups, families and genera such as Prunus (Druart 1999).
34 Even competent genotypes may show some limitations during the different steps of
35 the embryogenic process. Among these limitations, the poor conversion rate of
36 induced embryos to plantlets constitutes the major problem. These embryos tend to
37 show a variety of morphological abnormalities, including variation in size, in shape
38 and in number of cotyledons in later stages. These abnormalities hamper their
39 further development in the used culture media, as there generation of somatic
40 embryos depends on induction conditions, among which hormonal balance in
41 culture media has a primary role (Feher et al. 2003). Moreover, other medium
42 components such as carbohydrates are known to influence somatic embryo
43 induction and expression. In this regard, it is well documented that specific car-
44 bohydrates may have differential effects on morphogenesis in Prunus genera, such
45 as Prunus persica (Raj Bhansali et al. 1990), Prunus avium (Reidiboym-Talleux
46 et al. 1999) and Prunus incisa x serrula (Druart 1999). Also, modification of MS
47 salt solution has been reported to influence embryogenic induction and embryo
48 quality (Lee et al. 2001; Samson et al. 2006).
49 This chapter focuses on the study of differential reactions to somatic embryo-
50 genesis in recalcitrant genotype CAB 6P and competent genotype No 131 at the
51 morphological and molecular levels. CAB 6P (Prunus cerasus) is a dwarfing cherry
52 rootstock. Genotype 131 (Prunus incisa) is a parental genotype of cherry dwarfing
53 rootstock ‘Inmil’ (P. incisa x serrula) and is known for its embryogenic capacity. It
54 has therefore been used as a positive control.

55 9.2 Somatic Embryogenesis Protocols

56 9.2.1 Plant Material and Culture Conditions

57 Genotype CAB 6P belongs to the Prunus cerasus collection located in the Emilia
58 Romagna region of Italy. It was introduced by the Laboratory of Plant
59 Biotechnology and Physiology of the National Agronomic Research Institute of
60 Tunisia (INRAT) as a dwarfing cherry rootstock. Genotype 131 (Prunus incisa)
61 belongs to a Prunus collection established by the Wallon Agricultural Research
62 Centre (CRA-W) in Gembloux (Belgium). Plant materials from these two geno-
63 types CAB 6P and 131 were introduced in vitro through meristem culture and
64 proliferated through axillary branching according to methods and culture conditions
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65 described elsewhere for fruit tree micropropagated (Druart 2003). Cultures of
66 mother shoots were obtained in a growth chamber under a 16-hour photoperiod
67 provided by a fluorescent light (Sylvania Grolux F36W) and at a constant tem-
68 perature of 23 ± °C. Roots and leaves derived from in vitro plantlets were used as
69 explants for induction of somatic embryogenesis and incubated in Petri dishes
70 (9 cm Ø) containing 25 ml of culture media. Before culturing, leaf explants were
71 wounded at three equidistant sites on the adaxial blade surface across the midrib.

72 9.2.2 Somatic Embryogenesis in Genotype CAB 6P

73 9.2.2.1 Protocol 1

74 Explants consisting of roots and leaves were cultured in the dark for 4 weeks, at a
75 temperature of 23 ± °C, on MS (Murashige and Skoog 1962) medium containing
76 87.6 mM sucrose with added AIA or 2,4-D at different concentrations (1, 2 or
77 5 lM) combined with 0.2 lM BAP. These cultures were then transferred to light
78 on MS medium containing 0.4 lM BAP and 0.05 lM ANA.
79 No embryogenic reaction was obtained. These explants were limited to forming
80 amorphous compact calli without any morphogenic reaction.

81 9.2.2.2 Protocol 2

82 In the absence of any embryogenic reaction under the preceding conditions, we
83 tested the following protocol inspired by the work of Druart (1999), which has
84 proved favourable for other species such as Prunus incisa. Root and foliar explants
85 were subjected to a pretreatment for 15 days at a low temperature (4 °C) in a
86 solution which was poor in nutrients but highly concentrated in sugar (2.5 mM
87 NH4NO3, 2 lM 2.4-D and 175.2 mM sucrose). These explants were then trans-
88 planted onto a medium containing 87.6 mM sucrose with the addition of 1 lM
89 ANA in combination with BAP at different concentrations (2.2, 4.4 or 8.8 lM). The
90 genotype never expressed any embryogenic reaction and then displayed recalcitrant
91 behaviour which consists in the formation of the compact callus. However, some
92 calli that had neoformed from root explants gave rise to budding nodules (Fig. 9.1).

93 9.2.2.3 Protocol 3

94 The recalcitrant behaviour of CAB6P to somatic embryogenesis was confirmed
95 during this last trial based on the comparison of CAB 6P with the embryogenic
96 control cherry genotype 131 of Prunus incisa, both cultured under the same con-
97 ditions. In this experiment, leaves were used as explants, and cultured for 10, 20, 30
98 and 40 days in the darkonto MS medium with added picloram at different
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99 concentrations (0, 2, 4 and 6 µM). Picloram, which is known for its auxin-like
100 activity, could be more effective than other auxins such as 2,4-D at inducing
101 somatic embryogenesis (Steinmacher et al. 2007). After the induction phase, these
102 explants were transplanted onto MS expression medium supplemented with 0.4 lM
103 BAP and 0.05 lM ANA.
104 The results confirmed those of the previous protocols concerning the recalci-
105 trance of the CAB 6P genotype to somatic embryogenesis process; this genotype
106 was unable to express any embryogenic reaction. Conversely, genotype 131 con-
107 firmed its embryogenic ability and started to produce embryogenic callus after
108 approximately four weeks of culture (Fig. 9.2). The highest rate of embryogenesis
109 was registered in explants cultured for 30 days (D3) with the addition of 4 lM
110 picloram (Table 9.1). Moreover, the results highlighted a tendency for the duration
111 of induction to be inversely correlated with the concentration of picloram.

112 9.2.3 Protocols of Somatic Embryogenesis in Genotype 131

113 9.2.3.1 Protocol 1

114 In this first protocol, leaf explants were cultured for 30 days on inductive medium
115 consisting of MS base medium supplemented with 4 µM picloram but varying car-
116 bohydrate sources. We used sucrose (S), glucose (G), fructose (F) or maltose (M) at
117 different concentrations: 58.4 (C1), 87.6 (C2) or 116.85 (C3) mM. Explants were
118 incubated in the same conditions as described above. The expression step of somatic
119 embryogenesis was realized by the transfer of the obtained calli into MS medium
120 supplemented with 0.44 µM BAP and 0.005 µM NAA, and their exposure to a
121 16-hour photoperiod provided by a fluorescent light (Sylvania Grolux F36W) at
122 23 ± 1 °C.

Fig. 9.1 Nodules observed
on root explants of genotype
CAB 6P(Prunus cerasus)
pretreated at 4 °C in a
solution composed of 2.5 mM
NH4NO3, 2 lM 2.4-D and
175.2 mM sucrose for
15 days, and then cultured
onto MS medium containing
87.6 mM sucrose with the
addition of 1 lM ANA in
combination with BAP at
different concentrations (2.2,
4.4 or 8.8 lM)
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(a) (b) (c)

(d) (e) (f)

Fig. 9.2 Morphogenic responses of CAB 6P (P. Cerasus) (a, b, c) and 131 (P. incisa) (d, e, f) leaf
explants cultured on MS medium containing 4 µM picloram: a swelling of the midrib vein of leaf
on 10th day of culture, b callus formation at petiolar site of leaf on 15th day, c amorphous callus
invades leaf on 25th, d swelling of the midrib vein of leaf, e callus formation at wounded sites of
leaf on 15th day, f differentiation of proembryos (arrows) on 25th day of culture

Table 9.1 Effect of the interaction between duration of induction and picloram concentration on
the frequency of embryogenic leaves in two genotypes CAB 6P and 131

Frequency of
embryogenic leaves (%)

Interaction duration of induction*picloram concentration CAB 6P 131

D1*P1 – –

D1*P2 – 0.8e

D1*P3 – 5e

D1*P4 – 5e

D2*P1 – –

D2*P2 – 3.3e

D2*P3 – 6.7e

D2*P4 – 22.5b

D3*P1 – –

D3*P2 – 2.5e

D3*P3 – 32.5a

D3*P4 – 15.8c

D4*P1 – –

D4*P2 – 13.3c, d

D4*P3 – 7.5d, e

D4*P4 – 7.5d, e

D1: 10 days; D2: 20 days; D3: 30 days; D4: 40 days; P1: pic (0 µM); P2: pic (2 µM); P3: pic
(4 µM) and P4: pic (6 µM)
Means in the same column followed by the same letter are not significantly different at P < 0.05
according to the Newman-Keuls test
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123 The results showed that callogenesis was the first response of the leaves cultured
124 in picloram-containing medium supplemented with sucrose, glucose and fructose.
125 However, no callus appeared in the presence of maltose. Somatic embryogenesis
126 has shown to be affected by various carbohydrate kinds and concentrations. It was
127 induced in picloram-containing medium supplemented with all the sugars used, but
128 at different rates. Frequencies (%) of embryogenic explants were significantly
129 affected by carbohydrate sources and concentrations (Table 9.2). Two interactions
130 (F*C1 and F*C2) were significantly superior to all other combinations for this
131 parameter. This result is in agreement with findings in Citrus (Tomaz et al. 2001)
132 and Coffea canephora (Fuentes et al. 2000), where fructose has also been found
133 efficient for somatic embryogenesis. Control represented by the interaction S*C2

134 recorded 39% embryogenic leaves. Sucrose has also induced embryogenesis in
135 other plant species such as Olea europea (Shibli et al. 2001), Glycin max (Omid
136 et al. 2008), Tylophora indica (Dennis 2006). Sucrose is the most commonly used
137 sugar for somatic embryogenesis and it partially acts as an essential source of
138 energy supply in tissue-cultured cells and partly as an osmoticum (Lou and Kako
139 1995). These comparable effects of sucrose and fructose are not intriguing because
140 fructose is a product of sucrose hydrolysis. The worst result was obtained with
141 maltose at all concentrations and particularly at 58.4 mM (C1), where embryoge-
142 nesis was completely inhibited. It has been found to be inhibitory to somatic
143 embryogenesis in Coffea (Fuentes et al. 2000). Its metabolism produces glucose but
144 more slowly than sucrose (Fuentes et al. 2000), and it may be suggested that this
145 sugar was not easily available for cells during the induction period.
146 In our culture conditions, the morphology of somatic embryos seemed to be also
147 affected by carbohydrate source and concentration (Table 9.3). Regenerated

Table 9.2 Effect of interaction carbohydrate source*concentration on the frequency (%) of
embryogenic leaves in genotype 131

Interaction carbohydrate source*concentration Frequency of embryogenic explants (%)

S*C1 35.71b

S*C2 39.28b

S*C3 32.09b

G*C1 28.90b

G*C2 42.85b

G*C3 38.95b

F*C1 57.14a

F*C2 53.57a

F*C3 39.28b

M*C1 0c

M*C2 4.76c

M*C3 4.16c

S: sucrose; G: glucose; F: fructose; M: maltose; C1: 58.4 mM; C2: 87.6 mM; C3: 116.85 mM
Means in the same column followed by the same letter are not significantly different at P < 0.05
according to the Newman-Keuls test
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148 embryos showed some teratological abnormalities such as mono (Fig. 9.3a) or
149 polycotyledonary embryos (Fig. 9.3b). In some cases, abnormal embryos showed
150 fused or thickened cotyledons (Fig. 9.3c). It may be noted that the interaction G*C2

151 registered a significantly higher rate of abnormal embryos (Table 9.3). Conversely,
152 the interaction S*C1 reduced the frequency of abnormality. Likewise, qualitative
153 variation in somatic embryos has been observed in other Prunus species such as
154 P. incisa x serrula (Druart 1999) and P. avium (Reidiboym-Talleux et al. 1999).
155 Inadequate culture conditions were presumed to be the origin of these
156 abnormalities.

Table 9.3 Effect of interaction carbohydrate source*concentration on the frequency (%) of
abnormality and developmental stage of somatic embryos in genotype 131

Interaction carbohydrate
source*concentration

Frequency of
abnormality (%)

Developmental stage

% Glo-Heart % Tro-Cot

S*C1 19.73e 65.00a, b 35.00d, e

S*C2 43.19c, d 62.75a, b, c 37.25c, d, e

S*C3 34.21d 44.04d, e 55.96a, b

G*C1 33.42d 46.88c, d, e 53.13a, b, c

G*C2 63.02a 55.92b, c, d 44.08b, c, d

G*C3 43.90c, d 49.56b, c, d, e 50.44a, b, c, d

F*C1 41.82d 78.64a 21.36e

F*C2 51.91b, c 73.50a 26.50e

F*C3 53.68b 34.76e 65.48a

S: sucrose; G: glucose; F: fructose; C1: 58.4 mM; C2: 87.6 mM; C3: 116.85 mM
Means in the same column followed by the same letter are not significantly different at P < 0.05
according to the Newman-Keuls test

Fig. 9.3 Morphological variability within somatic embryos regenerated from P. incisa leaves
cultured on MS medium containing 4 µM picloram: a abnormal embryo showing one cotyledon,
b abnormal embryo showing several cotyledons, c cluster of fused embryos with thickened
cotyledons
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157 Concerning the development stage of embryos, the initiation of somatic embryos
158 was not synchronous, and embryos could simultaneously be found at different
159 stages ranging from the globular to the cotyledonary stage (Fig. 9.4). This mor-
160 phological variability was more or less affected by the interaction carbohydrate
161 source*concentration.
162 Data recorded after 30 days of the expression phase revealed that the interactions
163 S*C1, S*C2, F*C1 and F*C2 were less favourable to the development of embryos
164 into the ultimate cotyledonary stage than S*C3 and F*C3 (Table 9.3). We found that
165 increasing the fructose or sucrose concentration in the culture medium helped
166 embryos to reach the cotyledonary stage. Similar results have been reported for
167 Prunus avium (Reidiboym-Talleux et al. 1999) and Daucus carota (Lee et al.
168 2001). This could be attributed to the increase in medium osmolarity which is
169 required for production of cotyledonary-stage embryos (Stasolla et al. 2002).

170 9.2.3.2 Protocol 2

171 In this protocol, we carried out modifications in the macro-elements concentration
172 of MS medium. Full strength (MS), double strength (MS � 2) and diluted strength
173 (MS/2, MS/4) of MS macro-elements were tried. The results showed significant
174 variability in the embryogenic response of leaf explants. All tested media improved
175 the percentage of embryogenic leaves of genotype 131, except MS � 2 (Table 9.4).
176 MS/2 medium allowed us to obtain a higher frequency of embryogenes is than the
177 control. Double strength MS salts (MS � 2) inhibited the embryogenic process and

g

h

cot

callus

Fig. 9.4 Somatic embryos at different developmental stages: globular (g), heart-shaped (h) and
cotyledonary (cot) arising on callus
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178 gave the lowest level. Similar results have been found with different Coffea species
179 (Samson et al. 2006) and carrot (Lee et al. 2001), in which embryogenic response
180 increases with the dilution of the MS salt solution. This could be attributed to the
181 reduction of total nitrogen content (Lee et al. 2001) or nitrate content (Das et al.
182 2001). The reduction in nitrate concentration may result in the accumulation of
183 reserves and then trigger induction of embryogenesis (Tapan et al. 2001).
184 Concerning the effects of MS macro-elements concentration on quality of so-
185 matic embryos, we found that MS/2 and MS/4 media lead to an increase in typical
186 embryos (Table 9.5). This beneficial effect on embryo quality could be correlated to
187 stress caused by manipulations in MS media. It has been reported that stress is an
188 important factor for the increased production of high-quality somatic embryos (Lee
189 et al. 2001).
190 In addition, differences in the developmental stages of embryos were detected
191 among different MS culture media (Table 9.5). MS/2 produced more embryos at
192 advanced stages than at early stages. About Lee et al. (2001), MS dilution increased
193 the percentage of cotyledonary embryos. Lowering total nitrogen by diluting the
194 MS medium favoured the development of induced somatic embryos. The highest
195 frequency of cotyledonary embryos was obtained with MS/2 medium. No cotyle-
196 donary embryos were formed with MS � 2 medium. High concentration of
197 nitrogen seems to hamper the subsequent development of somatic embryos.

Table 9.4 Effect of MS macro-elements concentration on the frequency (%) of embryogenic
leaves in genotype 131

Medium Frequency of embryogenic leaves (%)

MS 37.33b

MS/2 50.67a

MS/4 41.00b

MSX2 29.67c

Means in the same column followed by the same letter are not significantly different at P < 0.05
according to the Newman-Keuls test

Table 9.5 Effect of MS macro-elements concentration on the frequency (%) of abnormality and
developmental stage of somatic embryos in genotype 131

Medium Frequency of abnormality (%) Developmental stage

% Glo-Heart % Tro-Cot

MS 36a 44.83c 55.17b

MS/2 15.17b 33.14d 66.87a

MS/4 23b 55.43b 44.57c

MSX2 32a 84.25a 15.75d

Means in the same column followed by the same letter are not significantly different at P < 0.05
according to the Newman-Keuls test
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198 9.3 Molecular Study

199 In this section, we aim to discover the relationship between morphological reactions
200 and molecular events that occur during the embryogenesis process in competent
201 (131) and recalcitrant (CAB 6P) genotypes. Molecular investigations were based on
202 the expression of genes known for their involvement in cellular response to auxin
203 (PiABP19) (Tromas et al. 2010), cell cycle regulation (Picdc2) (Malumbres 2014)
204 and somatic embryogenesis process (PiSERK3) (Salvo et al. 2014).
205 For molecular analyses, samples consisted of leaf explants of these two geno-
206 types cultured for 30 days on MS medium supplemented with 4 µM picloram. The
207 samples were taken every 5 days of culture and kept at −80 °C for subsequent total
208 RNA (ribonucleic acid) extraction according to the protocol described by Ben
209 Mahmoud et al. (2013). These samples consisted of leaves (on the 5th and 10th
210 days), derived calli(on the 15th and 20th days), embryogenic calli in the case of
211 genotype 131 or non-embryogenic calli in the case of genotype CAB 6P (on the
212 25th and 30th days) (Fig. 9.2). The specific primers were based on expressed
213 sequence tags (EST) available from Prunus persica, as well as ABP, cdc2 and
214 SERK genes functionally characterized in other plant species (Ben Mahmoud et al.
215 2013). The 18S rRNA gene was used as a control for RNA loading and normal-
216 ization. PCR (polymerase chain reaction) amplifications were carried out with 30
217 cycles of the following conditions: denaturation at 94 °C for 30 s, annealing for
218 45 s (at 55 °C for SERK and cdc2, 58 °C for ABP19 and 55 °C for 18S rRNA),
219 elongation at 72 °C for 1 min and final extension at 72 °C for 7 min. All reactions
220 were performed with iCycler (Bio-Rad). The amplified cDNA (complementary
221 deoxyribonucleic acid) fragments were of the expected sizes based on sequence
222 information data from homologous sequences. Each PCR amplification was repe-
223 ated three times. The amplified PCR products were electrophoresed on a 1% (w/v)
224 agarose gel and visualized by staining with ethidium bromide. ABP19, cdc2 and
225 SERK partial cDNAs were cloned, sequenced and submitted to GenBank as newly
226 identified partial transcripts named PiABP19, Picdc2 and PiSERK3 (Ben Mahmoud
227 et al. 2013).
228 Semi-quantitative RT-PCR was used to monitor the relative expression of
229 PiABP19, Picdc2 and PiSERK3 in freshly excised leaf explants (day 0) and
230 throughout the culture period of 30 days in competent (131) and recalcitrant (CAB
231 6P) cherry genotypes.
232 In the case of gene PiABP19, similar expression patterns were registered in the
233 two genotypes (Fig. 9.5). The highest transcript levels were recorded in samples
234 before culture induction (day 0). This gene has been postulated to mediate cell
235 expansion (Chen et al. 2001; Tromas et al. 2009). During the culture period,
236 PiABP19 transcripts recorded a significant decrease that could be attributed to the
237 cell divisions, which leads to subsequent callogenesis observed from the 5th day of
238 culture.
239 In contrast, Picdc2 (Fig. 9.6) and PiSERK3 (Fig. 9.7) showed differential and
240 distinctive expression profiles between embryogenic and recalcitrant genotypes.
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Fig. 9.5 Expression profile of PiABP19 during induction period of somatic embryogenesis in
embryogenic genotype 131 (P. incisa) and recalcitrant genotype CAB 6P (P. cerasus) from leaf
explants cultured in picloram-containing medium for 30 days. RT-PCR amplification data were
normalized to the housekeeping gene, 18S rRNA. Data are reported as mean values ± SDM,
n = 3. Different letters denote significant differences (P < 0.05) according to the Newman-Keuls
test
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embryogenic genotype 131 (P. incisa) and recalcitrant genotype CAB 6P (P. cerasus) from leaf
explants cultured in picloram-containing medium for 30 days. RT-PCR amplification data were
normalized to the housekeeping gene, 18S rRNA. Data are reported as mean values ± SDM,
n = 3. Different letters denote significant differences (P < 0.05)
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241 Regarding Picdc2, transcript levels recorded in genotype 131 were stable at the
242 beginning of the culture up to the 10th day and then increased gradually to reach a
243 peak at day 25 (Fig. 9.6) when embryogenic structures could be observed
244 (Fig. 9.2). They then decreased nearly twofold at the end of the culture period
245 (Fig. 9.6). During the first ten days, declining transcript levels of this gene seem to
246 correspond to the cell dedifferentiation process confirmed by anatomical observa-
247 tions (Ben Mahmoud 2012). After this, transcripts showed a considerable increase,
248 reaching a peak at day 25, that could be associated with activation of cell prolif-
249 eration and callogenesis observed from the 15th day and formation of embryogenic
250 structures detected since day 25 of culture (Fig. 9.2). In this context, a previous
251 study has confirmed that CDK activity is a major factor underlying cell divisions
252 (Joubès et al. 2001; Lin et al. 2014; Malumbres 2014), callus induction and in vitro
253 organogenesis (Cheng et al. 2015). However, in the case of CAP 6P, transcript
254 levels of Picdc2 that were higher than in cv. No 131 until day 5 significantly
255 decreased from the 10th day and remained low during the whole culture period
256 (Fig. 9.6). According to these observations, accumulation of Picdc2 transcripts on
257 the 5th day could stimulate mitotic activity leading to callus formation in leaves
258 from the 15th day (Fig. 9.2); but the decline of these transcripts could hamper cell
259 dedifferentiation, as proved by histological study (Ben Mahmoud 2012), and
260 consequently the embryogenic process.
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Fig. 9.7 Expression profile of PiSERK3 during induction period of somatic embryogenesis in
embryogenic genotype 131 (P. incisa) and recalcitrant genotype CAB 6P (P. cerasus) from leaf
explants cultured in picloram-containing medium for 30 days. RT-PCR amplification data were
normalized to the housekeeping gene, 18S rRNA. Data are reported as mean values ± SDM,
n = 3. Different letters denote significant differences (P < 0.05)
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261 Concerning gene PiSERK3, transcript levels were detected in these two geno-
262 types (131 and CAB 6P) and were relatively similar on day 0. During the induction
263 period, the expression profile of gene PiSERK3 in genotype 131 showed a biphasic
264 pattern marked by two peaks (Fig. 9.7). A first peak was detected on the 15th day
265 when calli were formed in different wounded sites of the leaves. A second peak was
266 recorded on day 25 in explants developing embryogenic structures (Fig. 9.2).
267 We suggest that this PiSERK3 biphasic pattern coincided with the cellular dedif-
268 ferentiation and differentiation steps occurring through the embryogenic process.
269 The first peak recorded on the 15th day of culture appears to coincide with the
270 acquisition of embryogenic competence as confirmed in other plant species (Nolan
271 et al. 2003; De Oliveira Santos et al. 2005; Shimada et al. 2005). The second peak
272 registered on the 25th day could be associated with the differentiation of embryo-
273 genic structures and proembryo formation (Ben Mahmoud 2012). The decline of
274 the SERK transcript level at the end of the culture period is also observed in carrot,
275 where DcSERK expression is characteristic of embryogenic development up to the
276 globular stage and stops thereafter (Schmidt et al. 1997). In contrast, PiSERK3
277 transcript levels in CAB 6P significantly declined from the beginning of the culture
278 and remained low throughout the whole culture period (Fig. 9.7). This reduction of
279 PiSERK3 transcript levels was accompanied by the formation of amorphous and
280 compact calli without any embryogenic reaction (Fig. 9.2).

281 9.4 Research Prospects

282 Despite the progress achieved during the last few years in understanding the
283 mechanisms involved in somatic embryogenesis, there are still many aspects that
284 are not well understood and need to be elucidated.
285 In the case of cherry, the recalcitrant behaviour of genotype CAB 6P to somatic
286 embryogenesis has handicapped the exploitation of this biotechnological tool
287 especially for its propagation and genetic improvement. Deeper investigations at the
288 molecular and cytological levels may provide more information about the rela-
289 tionship between the molecular and the cellular process in this recalcitrant cherry
290 genotype. Genes associated with somatic embryogenesis could serve as biomarkers
291 to determine embryogenic competence. In addition, data provided by proteomics
292 and transcriptomics may lead to abetter understanding of the molecular mechanisms
293 underlying somatic embryogenesis.
294 Regarding the competent genotype, the results showed that the major problem
295 consisted of the production of a relatively high number of abnormal embryos that
296 failed to convert into whole plantlets. Future research should therefore focus
297 especially on culture media composition in order to improve both the quantity and
298 quality of somatic embryos.
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