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ABSTRACT 
 
Cedrela odorata L. (Meliaceae) is a timber tree of high economic value. Currently, this 
species faces serious problems due to selective cutting and environmental degradation, 
which together have contributed to the decline of C. odorata populations. Establishment of 
C. odorata commercial plantations on a large scale could alleviate the pressure on natural 
populations of this species. However, C. odorata plantations are limited due to the 
susceptibility to the mahogany shoot borer (Hypsipyla grandella Zeller). H. grandella 
destroys the apical meristems and shoots causing malformations in the stem and 
subsequently the death of the plant. Genetic improvement of C. odorata by conventional 
methods is a slow process due to several factors associated with its biology: a long life cycle, 
recalcitrant seeds, large tree size, low genetic diversity and sexual incompatibility. 
Therefore, in vitro propagation is the best option for clonal multiplication and assistance to 
breeding programs of this species. In this review, we present the advances in in vitro tissue 
culture and genetic transformation of C. odorata. The review includes our own experiences 
and data obtained in our laboratory. The low reproducibility and regeneration efficiency 
suggests the recalcitrance of C. odorata. We have established a protocol of somatic 
embryogenesis (SE) from shoots cultured on WPM medium with 2 mg/L of zeatin. Shoots 
were placed on different media with zeatin to generate embryogenic callus (80%). 
Histological analysis revealed the formation of undifferentiated cells, cell clusters with a 
high rate of mitosis, and the gradual formation of pro-embryonic masses and globular 
embryos. Transient genetic transformation through Agrobacterium tumefaciens achieved 
efficiencies of 6.25 to 8.5%. In addition, 250 mg/L of kanamycin was found to be the 
inhibitory dose to select T0. Despite this progress, it is necessary to optimize the process of 
somatic embryogenesis for C. odorata. An optimized protocol will allow the development of 
conservation strategies and synthetic seed technology, the commercial mass propagation, 
genetic improvement and production of secondary metabolites for C. odorata. 
 
Key words: In vitro propagation, somatic embryogenesis, genetic transformation, 
cryopreservation, phytotoxicity. 

 
Abbreviations: 2,4-D: 2,4-dichlorophenoxyacetic acid; BAP: 6- benzylaminopurine; NAA: Naphthaleneacetic acid; IBA: 
Indolebutyric acid; IAA: Indoleacetic acid; GA3:    Gibberellic acid; ABA: Abscisic acid; ZEA: trans-zeatin; PPT: 
phosphinothricin; PIC: picloram; KIN: Kinetin; SE: Somatic embryogenesis; 2-iPN6: (2-Isopentenyl)adenine. 
 
 
INTRODUCTION 
 
Cedrela odorata, known as Bitter cedar (in Costa Rica), 
Spanish or Red cedar (in Mexico) (Patiño, 1997; Gonzales et 
al., 2013), is one of the most representative species in the 
Meliaceae family (Patiño, 1997; Valverde-Cerdas et al., 
1998; Navarro et al., 2002; Gómez et al., 2007). In the 
Americas, C. odorata can be found from the north of Mexico 
to the north of Argentina. It is also found in the Caribbean 

islands. C. odorata tolerates a wide range of climate 
conditions, but it is more common in regions with well-
defined annual dry season and in altitudes ranging from 0 
to 1200 masl (Navarro et al., 2002). This tree is highly 
valued in the wood industry for its hardness and aroma. It 
is used in the construction and furniture industries 
(INIFAP, 2005). It is also used to provide shade in coffee 
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plantations and in traditional medicine to treat malaria and 
diabetes (Martins et al., 2003). The value of C. odorata wood 
is only surpassed by the value of mahogany (Swietenia 
macrophylla King) wood but C. odorata wood can reach up 
to five times more the value of coniferous wood (ITTO, 
2009). 

Degradation of the natural habitat of C. odorata has 
reduced the density of this species in natural forests. 
Selective felling has generated small fragmented forests 
with few remaining individuals of C. odorata (Patiño, 1997). 
The establishment of C. odorata plantations is limited due 
to problems of propagation, such as short seed dispersion 
zones, seasonally dependent seed dispersion, a low seed 
germination rate, and attack by the mahogany shoot borer, 
Hypsipyla grandella (Zeller). The mahogany shoot borer 
larvae feed on tree shoots causing damage to apical 
meristems and detriment to the stem, thereby affecting the 
economic value of the tree (O'Neil et al., 2001). For these 
reasons, C. odorata is part of Appendix III of CITES and of 
the red list of the Official Mexican Standard (NOM-059-
SEMARNAT-2010), as a specially protected species 
(SEMARNAT, 2010). Conservation, propagation and 
sustainable use actions are required for this species. 

Spanish cedar can also potentially mitigate the effects of 
climate change, given its adaptability, rapid growth and 
valuable timber. These characteristics make C. odorata a 
tree suitable for wood production (Estrada-Contreras et al., 
2016). One of the disadvantages of propagating C. odorata 
through cuttings is that the plants obtained cannot continue 
to be multiplied in successive generations. In addition, not 
all C. odorata lines produce sprouts. For these reasons, 
biotechnological techniques are a valuable tool for clonal 
multiplication and genetic improvement programs for this 
species. 

This document compiles information related to the in 
vitro culture and genetic transformation of the Spanish 
cedar. It also includes data and experiences generated in 
our laboratory. Evidence confirms C. odorata as a 
recalcitrant species similar to other species in the 
Swietenioideae (Meliaceae) sub-family (Cameron, 2010). In 
the context of this article, a recalcitrant plant is defined as 
the inability of cultured tissues to respond to in vitro 
manipulations (Solís-Ramos et al., 2012). In broader terms, 
recalcitrance to tissue culture also refers to the decrease 
and/or loss of morphogenetic competence and totipotency 
over time (Benson, 2000). Efficient protocols to clonally 
propagate C. odorata through organogenesis or 
embryogenesis are essential for the genetic improvement, 
germplasm conservation and widespread propagation of 
this species (Peña-Ramírez et al., 2010). 
 
 
MICROPROPAGATION 
 
The first report of micropropagation of Spanish cedar 
(Maruyama et al., 1989) showed the sprouting from 5- 

 
 
 
months-old apical meristems (1.5 to 2 cm in length). 
Maruyama et al. (1989) utilized WPM medium (Lloyd and 
McCown, 1980) with 0.2, 2 and 20 mg/L of BAP. After 1 
month of culture the explants were placed on 0.2, 2 and 20 
mg/L of BAP and produced shoot/explant ratios of 3.5 (5.1 
cm length); 3.9 (2.9 cm length); and 3.0 (1.5 cm length), 
respectively. Rooting of C. odorata shoots was achieved by 
decreasing by half the concentration of WPM and sucrose, 
and adding 0.5 mg/L of IBA and 0.05 mg/L of NAA. 90% of 
the shoots were rooted after 30 days on this rooting 
medium (on average 4.2 roots/explant). 

Another study on C. odorata propagation was published a 
decade later (Valverde-Cerdas et al., 1998). C. odorata buds 
were induced from hypocotyls (10 to 15 days old) of 1.5 cm 
length. MS medium (Murashige and Skoog, 1962) 
supplemented with BAP (1, 2, 3 and 4 mg/L) and NAA (0, 
0.5, 1 and 2 mg/L) in factorial arrangement was tested. 
After 40 to 45 days, the culture medium supplemented with 
4 mg/L of BAP and 3 mg/L of NAA showed the best results. 
This treatment resulted in 5 shoots per explant (Valverde-
Cerdas et al., 1998). 

Buds were also induced from 3 cm long nodal segments 
obtained from 45 to 60-day-old plants. MS medium with 5 
mg/L of 2-iP was used in this case (Pérez et al., 2002). 
Developed buds were then placed on culture medium 
supplemented with 0.5, 1.5, 3 and 4.5 mg/L of BAP, KIN and 
2-iP to evaluate the individual effect on multiplication, 
respectively. For KIN, the concentration that produced the 
most sprouting (33%) was 0.5 mg/L (0.77 average 
shoot/explant). For 2-iP, the concentration that produced 
the most sprouting (27.5%) was 3 mg/L (0.77 
shoots/explant). For BAP, the first trial showed that 
medium with 1.5 mg/L BAP produced the highest sprouting 
(60.8%). In a second trial, the concentration that produced 
the most sprouting (100%) was 0.5 mg/L BAP (average of 4 
shoots/explant). In both cases the average shoot length was 
0.7 cm. 

Rodríguez et al. (2003) induced sprouts on MS medium 
supplemented with 0.25, 0.50, 0.75 and 1 mg/L, 
respectively of BAP from plants germinated in vitro. An 
average of 2.5 shoots per explant was obtained after 45 
days on medium supplemented with 0.50 mg/L BAP. For 
rooting, Rodríguez et al. (2003) used MS medium 
supplemented with 0.50, 1 and 1.50 mg/L of IBA. They 
obtained about 4 roots per explant with similar lengths (3.9 
cm) for the three concentrations. 

Sprouts were induced from nodes of plants germinated in 
vitro. After 30 days of cultivation, MS medium 
supplemented with 0.1, 0.3, 0.5, 0.7, 1.0, and 1.5 mg/L of 
BAP resulted in 1.1, 2.1, 2.0, 2.3, 1.6, and 1.2 
shoots/explant, respectively (Valverde-Cerdas et al., 2008). 
According to these authors, there were no significant 
differences between the six treatments, but the sprouts 
obtained in the 0.3 mg/L concentration of BAP had the best 
appearance. For rooting, 1.0, 2.0 and 3.0 mg/L of IBA were 
used. Totals of 3.8 (70%), 6.5 (65%), and 4.2 (70%) 
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roots/explant (explants with root) were obtained, 
respectively. 

Peña-Ramírez et al. (2010) induced adventitious shoots 
from segments of hypocotyls (9 mm) of 2 weeks of age. 
Segments were placed on different concentrations of dicamba 
(0, 1 and 3 mg/L) and coconut water (0, 5, 10, 20, and 50%), 
respectively. Both concentrations of dicamba (1 and 3 mg/L) 
combined with 20% coconut water produced approximately 
4.5 shoots per explant. The average number of shoots per 
explant in the absence of dicamba was close to 4. In another 
trial, Peña-Ramírez et al. (2010) placed hypocotyl segments in 
WPM medium supplemented with 1, 3, 10 mg/L of BAP, 2-iP or 
ZEA, with or without 20% coconut water. After six weeks, the 
best treatment for micropropagation of C. odorata was with 3 
mg/L of BAP (without coconut water), followed by the same 
concentration of ZEA. Media with growth regulators (BAP, 
ZEA, 2-iP) and coconut water did not increase the number of 
shoots per explant (which was around 4.4 for all treatments 
except for the 10 mg/L concentration). 

Peña-Ramírez et al. (2010) also induced shoots from two-
weeks-old hypocotyl segments (9 mm). They used WPM 
medium supplemented with 3 mg/L of BAP and different 
concentrations of dicamba (0, 1 and 3 mg/L), each with and 
without 20% coconut water. The best treatment consisted of 3 
mg/L of dicamba and coconut water (4.5 shoots per explant), 
although it did not significantly differ from the results 
obtained with dicamba and coconut water without BAP. Both 
BAP and dicamba increased the number of shoots per explant 
on a small scale while the use of coconut water was essential 
for the optimization of the culture medium (Peña-Ramírez et 
al., 2010). 

Adventitious buds, obtained by Peña-Ramírez et al. (2010), 
were placed in temporary immersion bioreactors (BioMINT) 
for elongation. The medium consisted of MS at half its ionic 
strength (MS/2), supplemented with different concentrations 
of GA3 (0, 1.5, and 3 mg/L) and sucrose (15, 30 and 40 g/L), 
respectively. The explants were immersed at a frequency of 1 
min every 6 h and incubated at 28°C. The treatment with 3 
mg/L of GA3 and 30 mg/L of sucrose produced greater 
elongation of stems. After 6 weeks, the explants were 
transferred back to the bioreactors, which had rooting medium 
with 0.3 mg/L IBA. This medium resulted in a 4-fold increase 
in the elongation of roots (in comparison with a semi-solid 
medium with the same conditions). 

García-Gonzales et al. (2011) induced the formation of 
shoots from 12-weeks-old nodal segments (5 mm). Disinfected 
segments were placed on MS medium supplemented with 2 
mg/L of BAP and three concentrations of 1, 2 and 3 mg/L of 
IAA or NAA, respectively. Two months later, the number of 
nodal segments, leaf emission, and stem height were recorded. 
According to the authors, the use of 2 mg/L of BAP with 3 
mg/L of NAA induced 100% sprouting in the nodal segments 
with an average shoot height of 3.9 cm. The newly formed 
shoots were transferred to fresh media with the same 
treatments used in the previous stage. The treatment with 2 
mg/L of BAP and 3 mg/L of NAA induced the formation of 3.9 
roots per shoot after 6 weeks. García-Gonzales et al. (2011) did 
not report the average number of shoots obtained per nodal 
segment. 

 
 

 
Huamán et al. (2012) micropropagated Spanish cedar using 

nodal segments from plants germinated in vitro. Half-strength 
MS medium supplemented with activated charcoal and 
combinations of BAP and NAA were tested. After 5 weeks of 
cultivation, the treatment with 0.5 mg/L of BAP and 0.5 mg/L 
of NAA resulted in plants with 4.82 cm of height, 2.87 
nodes/plant, 100% rooting, 8.13 roots/explant and roots with 
10.43 cm of length. Huamán et al. (2012) did not report the 
multiplication rate but rather conversion success from nodal 
segment to plant. All combinations of BAP and NAA produced 
more than 4 leaves and 3 nodes per plant. 

Oliver (2013) induced sprouts from hypocotyls (1 cm) using 
MS culture medium supplemented with 0.5, 1.0, 2.0 or 4.0 
mg/L of BAP, KIN or 2-iP. The treatment with 0.5 mg/L KIN 
showed the best results with 2 shoots per explant. The 
elongation and multiplication of sprouts were obtained on MS 
medium supplemented with 0.5 mg/L of BAP. Rooting was 
obtained on MS medium with half of the vitamins (0.5X) and 
0.5 mg/L of IBA. 

In our laboratory, shoots were induced from apical 
meristems. Apical meristems (1 cm) were excised from 1-
month-old plants germinated in vitro. The meristems were 
placed on MS medium supplemented with 0, 0.3, 0.5, 0.7 and 1 
mg/L of BAP, respectively. The treatments 0.3 and 1 mg/L of 
BAP produced on average 2 shoots per explant, while 
treatments with 0.5 and 0.7 mg/L of BAP produced 2.5 and 3 
shoots per explant, respectively. However, differences among 
treatments were not significant (F = 0.575, p> 0.05). This 
result is similar to that obtained by Valverde-Cerdas et al. 
(2008). We also tested the effect of WPM medium 
supplemented with BAP (0.3 and 2.25 mg/L) and 2 mg/L of 
ZEA on C. odorata micropropagation using the same explants 
(apical meristems). Medium supplemented with 0.3 mg/L of 
BAP resulted in 1 shoot per explant (average), while medium 
supplemented with 2.25 mg/L of BAP and 2 mg/L of ZEA 
resulted in 3 shoots per explant. Maruyama et al. (1989) used 
5-months-old explants with a length of 1.5 to 2 cm for C. 
odorata micropropagation. These authors obtained 3.5 and 3.9 
shoot per explant using 0.2 and 2 mg/L of BAP, respectively.  

In our second trial of experiments, the concentrations of 
2.25 mg/L of BAP and 2 mg/L of ZEA showed better results 
than all treatments without coconut water evaluated by Peña-
Ramírez et al. (2010): hypocotyl, leaf, root, epicotyl, BAP, 2-iP 
and ZEA at concentrations of 0, 4.5, 13 and 45 mg/L. To date, 
the best culture medium to propagate Spanish cedar is the one 
reported by Peña-Ramírez et al. (2010), where hypocotyls (2 
weeks, 9 mm) were cultured on WPM medium supplemented 
with 20% coconut water and 3 mg/L BAP or dicamba (Table 
1). 
 
 

SOMATIC EMBRYOGENESIS (SE) 
 

Somatic embryogenesis has a high production rate of 
propagules for each induction event (Yildirim et al., 2002) 
and reduces the frequency of somaclonal variation (Henry, 
1998). SE allows plant rejuvenation (Ravindra and 
Nataraja, 2007) which is a process that does not occur with 
propagation by cuttings (Villalobos and Thorpe, 1991). SE 
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Table 1: Summary of results for in vitro organogenesis for Spanish cedar. 
 

Explants Age/Length Salts Supplements Hormones 
Average 

shoots/explant 
References 

Apical meristems 5 months/1.5-2 cm WPM  2 mg/L BAP 3.9 (Maruyama et al., 1989) 

 

Seedlings - MS  4 mg/L BAP y 1 mg/L NAA - (Valverde-Cerdas et al., 1998) 

 

Sprouts 

- MS 

 0.5 mg/L BAP 4.06 (Pérez et al., 2002) 

Seedlings  0.5 mg/L BAP 2.5 (Rodríguez et al., 2003) 

Nodal segments  0.3 mg/L BAP 2.1 (Valverde‐Cerdas et al., 2008) 

 

Hypocotyl 2 weeks/9 mm WPM 20% coconut water 3 mg/L BAP or 3 mg/L dicamba 4.6 (Peña-Ramírez et al., 2010) 

Nodal segments 12 weeks/ 5 mm MS  2 mg/L BAP  3 mg/L NAA - García-Gonzales et al., 2011 

Nodal segments - MS/2 Activated charcoal 0.5 mg/L BAP y 0.5 mg/L NAA - (Huamán et al., 2012) 

Hypocotyl 1 cm MS  0.5 mg/L KIN 2 (Oliver, 2013) 

Apical meristems  4 weeks/ 1 cm WPM  2.25 mg/L BAP or 2 mg/L ZEA 3 This scientific article 

 
 
also allows the creation of artificial seeds (Aquea et 
al., 2008) and cryopreservation (Park, 2002). SE is 
desirable for the regeneration of transformants 
since transformation through SE reduces the 
presence of chimeras (Henry, 1998; Zakizadeh and 
Stummann, 2010). 

In Cedrela fissilis, SE was induced from immature 
zygotic embryos of 1 to 2 mm of length. The media 
utilized was MS culture medium supplemented with 
either 2, 5, 10 and 20 mg/L of 2, 4-D or 2, 5, 10 and 
20 mg/L of PIC, or by a combination of either of 
these two hormones with 0.1 mg/L of BAP (Vila et 
al., 2009). The culture medium that induced the 
most desirable SE contained 10 mg/L of 2, 4-D. In C. 
montana, SE was induced using 4 mg/L of 2, 4-D 
from seeds without testae (Santamaría, 2012).  

In a second study with C. montana, SE was 
induced from hypocotyls, cotyledons and immature 
zygotic embryos using 1 and 2 mg/L of 2, 4- D (Díaz, 
2012). In the latter case, the author reported that 
embryos did not advance from the globular stage. 
Díaz (2012) also reported SE from immature zygotic 

embryos using 3 mg/L of 2, 4-D along with 0.5 mg/L 
of dicamba or by using only 2 mg/L of dicamba. 

González-Rodríguez and Peña-Ramírez (2007) 
applied 3 mg/L of dicamba to root segments to 
induce SE. Pro-embryogenic callus was obtained 
after 7 subcultures every three weeks. The pro-
embryogenic callus was subcultured on 3 mg/L of 
TDZ and 0.01 mg/L of ZEA. This resulted in somatic 
embryos after two subcultures every three weeks 
(Table 2).  

In our laboratory, positive results were obtained 
when replicating the protocol of Gonzalez-
Rodríguez and Peña-Ramirez (2007) with some 
modifications. Three-week-old root segments (1 
cm) were placed on MS medium supplemented with 
0.5, 1 and 3 mg/L of dicamba. The pH of each 
medium was adjusted to both 5.7 and 7.5. All 
treatments, except for the concentration of 0.5 
mg/L of dicamba, caused changes in the explant 
within a few weeks of induction. Pro-embryogenic 
callus was only observed in the medium composed 
of 1 mg/L of dicamba with a pH of 7.5. The pro-

embryogenic callus was subcultured on WPM 
medium with 30 g/L sucrose, 100 mg/L citric acid, 
100 mg/L ascorbic acid, 3 mg/L of TDZ and 0.01 
mg/L of ZEA (González-Rodríguez and Peña-
Ramirez, 2007). Histological analysis of pro-
embryogenic callus placed on ZEA and TDZ indicate 
the presence of embryogenic cells after PAS-N 
staining (Fisher, 1968) (Figure 1). 

Cameron (2010) reported SE for Spanish cedar. 
Cameron (2010) used 11 mg/L of 2, 4-D and 1.1 
mg/L of BAP on mature zygotic embryos that 
received a thermal shock (42°C, 4 h). Green and 
pubescent clusters were obtained after 7 
subcultures performed every three weeks. After 
several months, the third part of these clusters 
develop embryogenic callus when kept on the DKW 
culture medium (Driver and Kuniyuki, 1984) 
without growth regulators. Somatic embryos were 
then placed on DKW medium without regulators. 
Cameron (2010) did not report the conversion 
efficiency of somatic embryos to plants, but did 
indicate that 10% of the embryos produced roots 
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Table 2: Medium, plant hormones and explants for SE for the Cedrela genus. 
 

Species Salts 
2,4-D 

(mg/L) 
Other plant 
hormones 

Explants Efficiency (%) References 

C. odorata WPM  3 mg/L Dicamba Roots - 
(González-Rodríguez and 
Peña-Ramírez, 2007) 

C. fissilis MS 10 - Immature zygotic embryos 20 (Vila et al., 2009) 

 

C. odorata 

DKW 11 1.1 mg/L 
Cotyledons from mature 
zygotic embryos* 

25.9 (Cameron, 2010) 

MS - 
Dicamba 

3 mg/L 
Immature zygotic embryos 20 (Peña-Ramírez et al., 2011) 

 

C. montana MS 

4 - Mature zygotic embryos 55 (Santamaría, 2012) 

1 - Hypocotyls, cotyledons  70 

(Díaz, 2012) 
2 - Immature zygotic embryos 90 

3 0.5 mg/L Dicamba Immature zygotic embryos 100 

- 2 mg/L Dicamba Immature zygotic embryos 100 

 

C. odorata MS 
0.5 20% Agua de coco Immature zygotic embryos 28 (Jerónimo, 2014) 

- 2 mg/L ZEA 1-month-old shoots 25 This scientific article 
 

*Thermal shock (42°C, 4 h); +Six months of cultivation. 

 
 

 
 

Figure 1: Sprouts and callus obtained in BAP and ZEA. A) Sprouts obtained in 2 mg/L of ZEA and maintained for 2 weeks 
in 2 mg/L ZEA; widening of the stem and callus formation are present; B) Compact callus that grows at the lower end of 
the shoot; C) Nodular callus that grows throughout the sprout; arrows point to separate buds separated from one explants; 
D) Nodular callus kept in ZEA for 4 months; E: Sprout, separated from the original explant, cultured on ZEA for 4 weeks; 
Bars: A-D: 1 cm, E: 0.5 cm. 

 
 
spontaneously. The protocol described by Cameron (2010) 
was used in our laboratory, but no successful results were 
obtained. 

Peña-Ramírez et al. (2011) obtained embryogenic callus 

using 3 mg/L of dicamba on immature zygotic embryos 
during 7 subcultures every three weeks. They obtained 
Spanish cedar seedlings from somatic embryos placed on a 
medium with 1 g/L of ABA (12% conversion of somatic 
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Figure 2: Somatic embryos obtained from nodular callus which was formed in an explant obtained in 2.25 mg/L 
BAP. A) Germinated somatic embryo; B) Histological section of late somatic embryo; C) Histological section of the 
germinated somatic embryo. Arrows point to secondary somatic embryos; D) Apparent somatic embryo. Arrow 
points at secondary somatic embryo; E) Secondary somatic embryo in octant stage; F) Secondary somatic embryo in 
the dermatogen stage; Bars: A: 500 μm, B: 200 μm, C: 100 μm, D: 50 μm, E and F: 10 μm. 

 
 
embryos). These authors suggest that higher 
concentrations of ABA combined with cytokinins in 
addition to other carbon sources, gelling agents, nitrogen, 
amino acids and osmotic modulators, could help in the 
conversion of somatic embryos to plants. In our laboratory, 
this protocol described by Peña-Ramírez et al. (2011) was 
replicated without successful results. 

Jerónimo (2014) induced SE from cotyledons and 
hypocotyls of plants germinated in vitro. MS or WPM 
medium supplemented with 0.5 and 3 mg/L of dicamba was 
used in this study. SE was obtained in 2% of cotyledons and 
1% of hypocotyls with the treatment of 0.5 mg/L of 
dicamba in the MS medium. In addition, Jerónimo (2014) 
used immature zygotic embryos placed on MS or WPM 
media supplemented with either dicamba or 2, 4-D (0.5 and 
3 mg/L), and coconut water (0, 10, 20 and 30%). In this 
case, the best SE induction (28%) was obtained in the MS 
culture medium supplemented with 0.5 mg/L of 2, 4-D and 
20% coconut water. 

As earlier described, shoots from apical meristems were 
obtained in our laboratory using BAP and ZEA (Table 1). 
These shoots were cultured on ZEA to induce somatic 
embryogenesis. In general, the formation of two types of 
callus was observed. The first type was compact callus and 
present at the lower end of the shoot. The second type of 
callus was nodular and present throughout the explant 
(Figure 1B and C). Around 80% of the callus obtained from 
treatments with 0.3 mg/L of BAP and 2 mg/L of ZEA were 
nodular. Callus derived from shoots obtained in 2.25 mg/L 
of BAP was compact and nodular. The histological sections 
of nodular callus (Figures 1 and 2A) showed somatic 

embryos (Figure 2B, C and D) and secondary somatic 
embryos (Figure 2E and F). The histological studies showed 
that somatic embryos had no vascular connection with the 
explant from which the embryos originated. The 
histological studies showed bipolar and advanced stage 
embryos with apical and radicular meristem. Advanced 
stage embryos contained vascular systems and showed 
typical characteristics of somatic dicotyledonous embryos. 
The aforementioned findings is in line with the results of 
Maruyama and Ishii (1999), who reported SE from sprouts 
in mahogany using 2 mg/L of ZEA. Mahogany sprouts were 
subcultured monthly and developed a cream or green 
nodular callus after 6 or more successive subcultures. 
 
 
GENETIC TRANSFORMATION 
 
Genetic transformation reports for Spanish cedar are scarce 
(Table 3). The highest transient expression of GUS and GFP 
was obtained through biolistics (Peña-Ramírez et al., 2012). 
Embryogenic callus was bombarded with a firing pressure 
of 1200 psi at 9 cm of distance from the gene gun. A total of 
10 μg of plasmid (pCAMBIA1201 and pCAMBIA1302) and 2 
mg of gold (1 μm) was utilized per bombardment (Table 3). 
The transformed explants were selected with antibiotics, 
either kanamycin or hygromycin. 

Oliver (2013) transformed 1-month-old hypocotyls with 
Agrobacterium tumefaciens C58C1/pCAMBIA1303 (Table 
3). Oliver (2013) determined that the explants survived at 
500 mg/L of cefotaxime (4 weeks of exposure). Doses of 20 
to 200 mg/L of hygromycin B were lethal. An OD600 = 0.31 
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Table 3: Genetic transformation methods for C. odorata reported in the literature. 

 

Method Genes Parameters Explants Efficiency References 

Biobalistics uidA gfp 
1200 psi, 9 cm, 10 µg of plasmid, 2 
mg of gold (1 µm) with spermidine 

Embryogenic callus 
pCAMBIA1201: 57.6 foci/100 mg of callus 

pCAMBIA1302:  67.2 foci/100 mg of callus 

(Peña-Ramírez 
et al., 2012) 

A. tumefaciens 
C58C1 

uidA hpt 
10 min of contact with bacteria 
(0.31 OD600), 72 h of cocultivation 

Hypocotyls 
pCAMBIA1303: 23.81% of formation of 
shoots 

(Oliver, 2013) 

A. tumefaciens 

C58C1 
uidA nptII 

20 min vacuum (400 mmHg) + 40 
min of agitation (120 rpm), 72 h 
cocultivation 

Mature zygotic embryos (2 
days of culture before 
transformation) 

pCAMBIA1301: 6.25% (0,8 OD600), 8.51% 
(0.5 OD600) 

This scientific 
article 

 
 
of A. tumefaciens was used for 10 min. 
Subsequently, a 3-day cocultivation period in the 
dark on MSB5 medium (2 mg/L KIN) was 
performed. Explants were placed on regeneration 
medium (2 mg/L BA and 500 mg/L cefotaxime) in 
the dark for one month. A. tumefaciens was 
eliminated with the use of cefotaxime. The 
transformed shoots were selected based on 
elongation medium (2 mg/L BA) with 10 mg/L of 
hygromycin B (Oliver, 2013). 

Our research team developed a protocol for 
genetic transformation of C. odorata using the 
marker genes uidA and nptII. Mature zygotic 
embryos were precultured for two days and then 
exposed to a culture of A. tumefaciens (C58C1) for 
20 min under vacuum (400 mm Hg). Embryos and a 
bacterial culture were agitated for 40 min. 
Subsequently, the explants were drained and placed 
in cocultivation in the dark for 72 h. After the 
cocultivation, the bacteria was removed from the 
explants with 15 min washes with sterile distilled 
water and 45 min washes with sterile distilled 
water with 500 mg/L of timentin. Explants were 
placed on a culture medium with 500 mg/L of 
timentin. After 8 days, 50 explants were randomly 
chosen from each treatment and subjected to the 
GUS histochemical test (Jefferson, 1987). 
Transformation efficiencies for 0.5 and 0.8 OD600 
were 8.51 and 6.25%, respectively (Table 3). No 

endogenous GUS-like activity, such as that detected 
in other species, was observed in the control tissues 
(Solís-Ramos et al., 2010). For this reason, it is 
feasible to use the uidA gene as a reporter for the 
genetic transformation of embryogenic callus 
(Peña-Ramírez et al., 2012) and mature zygotic 
embryos of Spanish cedar. 
 
 
PHYTOTOXICITY 
 
Lethal doses of selective agents, such as antibiotics 
and herbicides, have to be determined before their 
use as selective agents for transformed plants. 
Peña-Ramírez et al. (2012) evaluated the effect of 
PPT, hygromycin, spectinomycin and kanamycin on 
C. odorata embryogenic callus and obtained a 
mortality of 100% from 5 μM [1 mg/L] of PPT; 20 
μM [10 mg/L] of hygromycin; 500 μM [165 mg/L] of 
spectinomycin; and 1 mM [485 mg/L] of kanamycin. 
Oliver (2013) evaluated the toxicity of hygromycin 
on C. odorata hypocotyls. A mortality of 86% was 
observed with 20 mg/L and 39% with 10 mg/L of 
hygromycin.  

Our research team evaluated the effect of 
treatments of 0 to 400 mg/L of kanamycin on 
mature zygotic embryos, while 250 mg/L of 
kanamycin resulted in 100% mortality of the 
explants (Table 4). 

CHLOROPLAST TRANSFORMATION 
 
Recently, Lopez-Ochoa et al. (2015) characterized 
the chloroplast rrn16-rrn23S region for C. odorata. 
With this sequence, they developed a 
transplastomic expression vector suitable for C. 
odorata and other members in the Meliaceae family. 
The following elements were inserted into the 
expression vector: Prrn16 promoter; aadA gene 
(resistance to spectinomycin); 3' UTR TpsbA and 5' 
UTR PG10T7 regulatory elements; gfp gene; and 3 
'UTR Trps16 regulatory element. Finally, a NotI site 
from the pCBL4 vector (which already contained 
the rrn16-rrn23S regions) was introduced into this 
new transplastomic expression vector to form the 
expression vector pCBL5. 

The amount of transgenic content in the pollen of 
transgenic plants is low because the plastids are 
mainly inherited through maternal inheritance. This 
process results in containment of the transgenes 
(Svab and Maliga, 2007).  

This characteristic substantially reduces the 
genetic flow of transgenes to wild populations 
(Brunner et al., 2007). Another advantage of the 
chloroplast genetic transformation is the high 
production of proteins due to the absence of 
silencing processes in the chloroplast; in addition, 
multiple genes can be inserted into the chloroplast 
genome (Bock, 2001). 
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Table 4: Phytotoxicity of the selective agents used in genetic transformation of Spanish cedar. 
 

Explants Selective Agent 
Concentration 

(mg/L) 
Mortality 

(%) 
References 

Embryogenic callus 

PPT 1 100 

(Peña-Ramírez et al., 
2012) 

Hygromycin 10 100 

Spectinomycin 165 100 

Kanamycin 485 100 

 

Hypocotyl Hygromycin 20 86.1 (Oliver, 2013) 

Mature zygotic embryo Kanamycin 250 100 This scientific article 

 

Cryopreservation of C. odorata plant resources 
 
Rojas and Esquivel (2013) disinfected and germinated 
Spanish cedar seeds on MS culture medium. Using MS 
supplemented with 0.5 g/L of casein and 1 mg/L of BAP, 
they induced shoots from these plants. As a pretreatment, 
the shoots were placed on MS medium supplemented with 
0.3 M [102 g/L] sucrose for 24 h (in the dark). 
Subsequently, the shoots were placed in cryotubes 
containing loading solution (MS + 0.4 M [137 g/L] sucrose + 
2 M [184 g/L] glycerol) for 20 min. This solution was then 
replaced by a vitrification solution which consists of MS + 
0.3 M [102 g/L] sucrose. After 5 min, the cryotubes were 
submerged in liquid nitrogen for 17 h. Finally, the 
cryotubes were thawed in a water bath (40°C) for 2 min 
and the vitrification solution removed. To regenerate the 
treated shoots, Rojas and Esquivel (2013) used MS culture 
medium supplemented with 1 mg/L of KIN, 0.5 mg/L of 
AG3 and 100 mg/L of activated charcoal. Whatman filter 
paper was used on the surface of the culture medium. 

To evaluate the cryopreservation effect on seeds, Rojas 
and Esquivel (2013) placed groups of seeds in cryotubes 
and immersed the cryotubes in liquid nitrogen for several 
periods of time: 1 h; 24 h; 7 days; 1, 3 and 6 months. The 
researchers observed that the freezing time did not affect 
the percentage of germination, but it did affect the time of 
germination, although most of the seeds germinated after 7 
days. 
 
 
CONCLUSIONS AND FUTURE PROSPECTS 
 
The advances in in vitro cultivation of C. odorata were 
presented in this review. Organogenesis was obtained from 
diverse explants: apical meristems, hypocotyls, nodes and 
shoots. These explants were cultured on MS or WPM 
medium supplemented with BAP (0.2 to 20 mg/L) alone or 
in combination with dicamba and/or coconut water. These 
experiments resulted in the production of 2 to 4.6 shoots 
per explant. Higher sprouting was reached as the 
concentration of BAP (0.25, 0.5, 0.75 and 1 mg/L) 
increased. However, very high concentrations of BAP (20 
mg/L) delayed shoot induction and elongation (Rodríguez 

et al., 2003). Currently, the most successful report on 
organogenesis is from segments of hypocotyl (2 weeks, 9 
mm) grown on WPM medium with BAP or dicamba. In this 
case, the formation of adventitious shoots increased in the 
presence of 20% coconut water (average of 4.68 
shoots/explant) (González-Rodríguez and Peña-Ramirez, 
2007; Peña-Ramírez et al., 2010). Rooting from the 
developed shoots was achieved with different 
concentrations of IBA (0.3, 0.5, 1, 1.5, 2 and 3 mg/L), 
respectively. Rooting is essential for the survival of plants 
during the process of acclimatization and transplantation to 
the field. The combination of low concentrations of BAP 
with NAA (0.5 and 3 mg/L) was effective for the 
development of secondary roots (Rodríguez et al., 2003). 

For the induction of shoots, mature explants are less 
responsive than juvenile materials derived from seedlings. 
For this reason, rejuvenation of material is recommended 
before induction in vitro. According to García-Gonzales et al. 
(2011), the morphogenic response of Spanish cedar to in 
vitro culture is related to 3 fundamental factors: 1) 
influence of the genotype, 2) origin of explants (explants 
originated in vitro might have an affected endogenous 
hormone balance), and 3) the age of the explants. Age of the 
explants used in vitro can determine the emission of the 
oxidizing compound that affects the morphogenic response. 

In the Cedrela genus, SE was achieved using root 
segments, mature and immature zygotic embryos, buds and 
cotyledons. These explants were placed on WPM, MS and 
DKW media supplemented mainly with 2,4-D alone (0.5, 1, 
2, 4, 10 mg/L) (Vila et al., 2009; Díaz, 2012; Santamaría, 
2012; Jerónimo, 2014); 2,4-D in combination with dicamba 
(1.1 and 3 mg/L) (Cameron, 2010; Díaz, 2012); dicamba 
alone (2 and 3 mg/L) (González-Rodríguez and Peña-
Ramírez, 2007; Díaz, 2012); or zeatin alone (2 mg/L).  

There are 3 reports of genetic transformation of C. 
odorata, including that developed in our laboratory. C. 
odorata is characterized as recalcitrant to in vitro culture, 
due to the presence of endogenous bacteria and fungi, the 
oxidative response after disinfection and the low 
morphogenic response of the explants (Maruyama, 1989; 
Pérez et al., 2002). The results shown here suggest that C. 
odorata has great potential to be micropropagated in vitro. 
However, it is necessary to keep optimizing C. odorata in 
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vitro culture to obtain reproducible protocols that can be 
used on a commercial scale. 
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