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Abstract Experiments were conducted to study plant regeneration through direct
somatic embryogenesis using mature zygotic erabryo and cotyledonary explants
from seeds of Melia volkensii stored for <3 and >" 2 months. Explants were cultured
on Murashige and Skoog (MS) medium supplem:nted with BAP, NAA and 24-D
(0.5, 1.0 and 2.0 mg I"') alone, and BAP (0.5, 1.0, 2.0 and 4.0 mg 1') in combination
with 24-D or NAA (0.2 and 0.5 mg I""). After 4 weeks in culture, up to 60% of
cotyledonary explants from the seeds stored for <3 months produced direct somatic
embryos on BAP (0.54.0 mg I'') in combinaton with 2,4-D (0.2 mg 1""). The
number of somatic embryos ranged from 35 1o 14 pzr explant in BAP (0.5 mg I"!) and
24-D (0.2 mg1™') combination. Only 20% of cotyledonary explants from seeds
stored for >12 months produced somatic embryos Mature zygotic embryos failed to
produce any somatic embryos. Subcultures of so natic embryos from cotyledonary
explants of seeds stored for <3 months formed clusters of shootlets on semi solid MS
and 1/2 MS media. After 6 weeks of subculture on multiplication MS media aug-
mented with BAP (0.5 mg I'') and IAA (0.2 mg '), 70% of the shoot tips formed
4-7 shoots per explant. Up to 33% of the mulliplied shoots were rooted in MS
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medium supplemented with 2.0 mg 1" IBA. Plantlets developed normally into
seedlings in the greenhouse.

Keywords Cotyledon - Mass-propagation - Sc<ed storage - Somatic embryos -
Zygotic embryos

Introduction

Melia volkensii Giitke (Meliaceae) is among the most popular indigenous multi-
purpose tree species endemic to the arid and semi arid lands (ASALs) of East
Adfrica. It is fast growing, tolerant to dry conditions and used for dryland agroforestry
in Kenya (Stewart and Blomley 1994; Broadhead et al. 2003). The species has
problems of propagation by seed due to difficulties in extraction, poor germination
and high post-germination mortality. However, seed germination rate of up to 60%
under laboratory conditions has been reportel. Rooting of stem cuttings has also
been reported to be difficult and erratic (Stewart and Blomley 1994).

Plant regeneration through somatic embrvogenesis has been recognized as a
powerful tool for multiplication and improvemznt of forest tree species (Komamine
et al. 1992). This method has great potential especially for woody species having
propagation constraints similar to those described for M. volkensii. Somatic
embryogenesis has been achieved in tree species using a wide range of explant
sources such as cotyledons. zygotic embryos, leaves and internodes (Vila et al. 2003;
Ipekei and Gozukirmizi 2004; Amoo and Ayisire 2005). For example, Sawara cypress
(Chamaecyparis pisifera Sieb. Et Zucc., Cupressaceae) has been multiplied via
adventitious shoot bud production from somatic embryo cultures (Murayama ct al.
2003). Additionally, somatic embryos can also provide opportunities for in vitro
conservation of plant germplasm (Toribio et al. 2004) and target tissue during
genetic transformation (Escobar et al. 2000).

The development of a robust and reliable somatic embryogenesis protocol is
therefore crucial for multiplication, genetic transformation and in vitro conservation
of woody plants. However, there are no protccols currently available for M. volk-
ensii. This paper reports for the first time results on regeneration of M. volkensii
through direct somatic embryogenesis using mature zygolic embryo and cotyle-
donary explants.

Materials and methods

Mature seeds of M. volkensii from Nuu provenance (Kitui district, Kenya), which had
been in cold (4°C) storage for <3 and >12 months with laboratory germination rates of
65 and 43%, respectively, were used in this study. The outer and inner seed coats were
removed, followed by separation of zygotic enibryos and cotyledons. The explants
were surface sterilized for 10 min with a solut:on of 6% sodium hypochlorite con-
taining two drops of Tween® 20 detergent and then rinsed in three changes of sterile
distilled water. The cotyledons were split longiludinally into two and rinsed again in
three changes of sterile distilled water, The explants were placed with abaxial surface in
contact with the embryo induction medium containing MS (Murashige and Skoog
1962} vitamins, micro- and macro-elements, 30 g 1" sucrose, and supplemented with
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plant growth regulators {(PGRs) either alone or in combination. The pH of the for-
mulations was adjusted to 5.8 using 1 M NaOH or HCl, prior 1o the addition of 0.8%
agar, and sterilized at 121°C and 1.06 kg cm? for 15 min. Approximately 25 ml of
sterile embryo induction medium was dispensed fer sterile plastic Petri dish (& 9 cm),

Two experiments were conducted to evaluate the response of mature cotyle-
donary and zygotic embryo explants on induction of direct somatic embryos. In the
first experiment the cffects of MS medium supplemented with PGRs using explants
from seeds stored for <3 months were evaluated as follows: BAP, NAA and 24-D
(0.5, 1.0 and 2.0 mg Iy alone, BAP (0.5, 1.0, 2.0 : nd 4.0 mg 1) combined with NAA
(0.5 and 0.2 mg I"'), and BAP (0.5, 1.0, 2.0 and 4.0 mg 1) combined with 2,4-D (0.5
and 0.2 mg I"1). In the second experiment, BAP (0.5, 1.0, 2.0 and 4.0 mg 1) com-
bined with 2.4-D (0.5 and 0.2 mg ') were evaluated on explants from seeds stored
for >12 months. All control treatments were devoid of PGRs. Two explants were
placed in each dish as a replicate. After 4 weeks of culture, sections of cotyledonary
explants containing direct somatic embryos werz excised and subcultured on semi
solid MS and 1/2 MS (micro- and macro-elements) without PGRs. Shoot tips har-
vested from the clusters of shootlets formed on MS and 1/2 MS media were used for
shoot multiplication on semi solid MS media supplemented with BAP (0.5 mg I")
and 1AA (0.2 mg I'") for 6 wecks. Shoots of ~3-5 cm long were subcultured on MS§
media supplemented with IBA (0.5, 1.0, 2.0 and 5.0 mg ') for rooting,

For histological studies, pieces of cotyledonary tissues containing somalic
embryos at different developmental stages were fixed in formaldehyde/ glacial acetic
acid/ ethanol (FAA, 5/5/90, v/v/v) for 24 h. The tissues were dehydrated in ethanol
scries then followed by xylene series each for 3 h, infiltrated and embedded in
paraffin wax. Tissues were then scctioned (transverse) to 6 pM with a rotary
microtome, mounted on glass slides. stained with 1% (v/v) safranin and excess stain
washed with watcr. Excess wax was removed with xylene prior to making permanent
slides. Photographs were then taken with a binocular Nikon compound microscope
with a Nikon camera (Model FX-35DX, Japan)

All cultures in this study were incubated in a growth chamber (NK SYSTEM
BIOTRON L.H-200, Nippon Chemical Instrument Co., Ltd, Osaka, Japan) maintained
at 28 + 2°C under a 16:8 h photoperiod with coo white fluorescent lamps providing
light intensity of 70 pmol m 2 s™'. The somatic embryo induction experiments con-
sisted of 10 replicates (20 explants) per treatment, while the rooting experiment con-
sisted of three replicates each consisting of five shoots. Each experiment was laid out in
the growth chamber in a completely randomized design. Data on percentage (%)
somatic embryogenesis and rooting, number of enbryos per explants and callus for-
mation were assessed after 4 weeks in culture. The data were analyzed by ANOVA
and means compared using the Newman-Keuls Test (P < 0.05). The number of cm-
bryos per explant, percentage somatic embryogenesis and rooting were transformed
[X” = V(X + 0.5)] prior to the statistical analysis { Zar 1974).

Results and discussions

Zygotic embryo explants

Germination of zygotic embryo explants was observed after 3 weeks of culture in
MS media without PGRs (control) as well as these supplemented with BAP, NAA
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and 2,4-D alone at 0.5 mg 1. Similar results were also observed in BAP (0.5 mg 1"
either combined with 24-D (0.2 mg 1™') or NAA (0.2 and 0.5 mg I'"). After 4 weeks
in culture, embryo explants in all the concentrations of NAA and 2,4-D tested alonc
had formed loose friable callus. However, calliis formation was higher in 2,4-D than
NAA treatments (data not shown). The embryo explants cultured in the medium
consisting of BAP alone were furrowed and slightly callused. On the other hand, the
zygotic explants in 2.0 and 4.0 mg I”' BAP combined with either 2.4-D or NAA (0.2
and 0.5 mg 1”') had more than 60% of the explants callused with no visible signs of
direct somatic embryos after 4 weeks in culture. Callus score on the explants was not
significantly (P < 0.05) influenced by the combination of BAP with NAA or 2.4-D,
The embryo cxplants cultured in the contrel treatments germinated into small
plantlets after 4 weeks in experiments using explants from seeds stored for
<3 months. The zygotic explants from seeds stcred for >12 months responded poorly
to induction medium containing PGRs after 4 weeks in culture. They were slightly
callused and browa in color. Failure to induce direct somatic embryogenesis using
mature zygotic embryos of M. volkensii is i1 contrast with the results reported
on immature zygotic embryos of Melia azedarach Linnaeus (Meliaceae) using
0.1-3.0 mg I thidiazuron (Vila et al. 2003). In addition, Chand and Kumar (2001)
obtained direct somatic embryos on Hardwickia binata Roxb. (Leguminoseac.
Caesalpiniaceae) from scmi-mature zygotic oxplants on MS supplemented with
2,4-D (0.1-3.0 mg 17") alone.

Cotyledonary explants

The cotyledonary explants cultured in treatments consisting of 2,4-D and NAA
alone were callused after 3 weeks, and had nc visible signs of somatic embryos by
the 4th week. However, callus induced in NAA was less friable than 2.4-D. In
addition, more than 30% of NAA cultures formed roots primarily at the proximal
end of the explants. In most BAP concentrations tested alone, the explants were
swollen and slightly callused on the cut surfaces after 3 weeks in culture. On the
other hand, more than 50% of the cotyledonary explants were swollen in all com-
binations of BAP and 2,4-D treatments. Direct somatic embryos at globular stage
either singly or fused (Fig. 1a), heart shaped (Fig. 1b) and cotyledonary (Fig. 1c)
were visible on the surface of swollen cotyleconary explants in all the BAP con-
centrations when combined with (.2 mg "' 2,4-D. After 4 weeks, 30-60% of the
cotyledonary explants in BAP (0.5, 1.0, 2.0 a1d 4.0 mg I"') combined with 2.4-D
(0.2 mg 1"y had formed direct somatic embryos ranging from 3 to 14 per explant
(Table 1). Cotyledonary explants inoculated n control treatments only formed
green meristematic nodules on the cut surface after 4 weeks in culture. In this study,
BAP alone did not induce somatic embryogeesis, but only in combination with
2,4-D. Other workers have induced direct somatic embryogenesis on Azadirachta
indica A. Juss. (Meliaccae) mature cotyledorary explants in MS media supple-
mented with 0.3-10.0 mg I”' thidiazuron (Murthy and Sexcna 1998). Moreover,
induction of direct somatic embryos using cytokinins alone has also been reported in
non-woody plant species. For example, Chung et al. (2005) initiated direct somatic
embryos on leaf explants of Dendrobium chiengmai (Orchidaceae), using BAP,
thidiazuron, kinetin and zeatin alone.
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Fig. 1 Direct somatic embryogenesis and plant regeneration of Melia volkensii: (a) globular somatic
cmbryos initiated on slightly callused region of cotyledorary explant (bar = 0.5 mm); (b) heart
shaped (HSE) and globular shaped (GSE) somatic embryos appearing simultaneously at the
proximal end of cotyledonary explant (bar = 0.5 mmy}; (¢} cotyledonary somatic embryos on swollen
explant after 4 wecks of culture on M$ supplemented with 0.5 mg ™' BAP and 0.2 mg I"' 24-D
(bar = { mm); (d) shootlets produced when sections of cotyledonary explants containing clusters of
somalic embryos were subcultured on MS and 1/2 MS af er 4 weeks of culture (bar = 10 mm);
() shoot multiplication using shoot tip explants from the shootlets on MS supplemented with
0.5 mg I'" BAP and (1.2 mg I TAA after 6 weeks of culture (bar = 12 mm}; ([} rooted shoots on MS
supplemented with 2 mg 1! 1BA after 4 weeks of culture (tar = 12 mm)
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The production of somatic embryos on cotyledonary explants was significantly
(P < 0.0001) influenced by the concentration :nd combination of BAP and 2,4-D.
For instance, increasing the concentrations of BAP and 2,4-D reduced the number of
somatic embryos initiated per explant (Table 1). This is an indication that relatively
higher concentration of the PGRs was detrimental to direct somatic embryogenesis,
a pattern also observed by Wachira and Ogada (1995) on Camellia sinensis (L.)
O. Kuntze (Theaceae). Clusters of somatic embryos at different developmental
stages were more frequently observed at the proximal than distal ends of the coty-
ledonary explant. Somatic embryos were also formed on slightly callused regions of
the cotyledonary explants, especially on the cu. surfaces. These results suggest that
occurrence of somatic embryogenesis in M. volkensii cotyledonary explant was
direct and may have been influenced by orieniation. For example, Rancillac et al.
(1996) reported the influence of leaf explants orientation of the red Qak tree
(Quercus rubra L., Fagaceae) on occurrence of direct somatic embryos. Similarly
Vila et al. (2003) reported that somatic emsryos were frequently initiated on
hypocotyls and cotyledonary axils of immature zygotic embryo explants of M. az-
edarach. Differences in embryogenic response with respect to explant orientation
has been linked to the differences in cell structure and physiology (Choi et al. 1997).

Cotyledonary explants cultured in BAP and NAA combinations at 0.5 mg I™'
formed callus on the cut surface. The callus tissue consisted of whitish nodular-like
protrusions, but without somatic embryos. Further subculturing using the same
media formulations did not induce somatic embryos or shootlets. Failure to induce
somatic embryos with BAP combined with NAA in this study, also contrasts the
results obtained with mature cotyledonary explants of Arachis hypogaea L. (Legu-
minosae) on MS supplemented with BAP (0.5-10.0 mg 1”') and 0.5 mg I"! NAA
{Venkatachalam et al. 1999). However, nodular protrusions similar to those found in
this study have previously been reporled on Coua nitida Malvales (Sterculiaceae) on
MS supplemented with 0.8 mg ™! kinetin combined with 2,4-D at 0.2 and 0.6 mg I"!
(Ombembe et al. 1999). Most of the cotyledonary explants from seeds stored for
>12 months did not respond to BAP and 2,4-D combinations, but turned yellow
instead. Direct somatic embryogenesis was otserved in only 20% of the cotyle-
donary explants on the medium consisting of 1.0 mg "' BAP and 0.2 mg I”' 2, 4-D

Table 1 The effect of BAP in combination with 2,4-D on direct induction of somatic embryos after
4 weeks in culture of mature cotyledonary explants from Melia volkensii seeds stored for <3 months

BAP: 24-D Percentage of explants Range in number of Mean number of

(mg 1Y) with somatic embryos embiyos explant™ embryos explant™
0:0 0 0 Oa*

0.5:0.2 60 5-14 6.2¢

1.0:0.2 50 4-12 5.0bc

2.0:0.2 30 5-8 2.2ab

4002 30 3-7 1.9ab

0.5:0.5 ] 4] Oa

1.0:0.5 U] 0 Oa

2.0:0.5 0 0 Oa

4.0:0.5 0 0 Oa

* Data were transformed [X* = V(X + 0.5)] prior to ANOVA (n = 20). Values in the column fol-
lowed by the same lctter are not significantly differet according to the Newman-Keuls test
(P < 0.05)
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{data not shown}. These results may indicate thai cotyledonary explants from sceds
stored for >12 months required higher levels of BAP. However, further studies are
required to evaluate the effect of storage duration and conditions of M. volkensii
seeds on induction of direct somatic embryos,

Plant regeneration

The clusters of somatic embryos transferred onto semi solid MS and 1/2 MS did not
germinate into plantlets. Instead, they formed clusters of shootlets which we further
used as sources of explants for multiplication of M. volkensii (Fig. 1d). Nevertheless
during shoot multiplication, 70% of the shoot tip cultures formed 4-7 shoots per
explant on MS media augmented with BAP (0.5 mg ™) and IAA (0.2 mgl™")
(Fig. 1e). Root formation ranged from 5 to 33% ir all the IBA concentrations tested,
with 2 mg I"! producing the highest score. It was also observed that root initiation
and formation was preceded by callus formation at the base of the shoots (Fig. 1f).
Initiation of direct somatic embryos and failure to develop into plantlets on MS
media devoid of PGRs in this study is in contrast with the results obtained on M.
azedarach (Vila et al. 2003). Interestingly, our results are similar to those reported by
Puchooa (2004) for Litchi chinensis Sonn. (Sapindaceae). However success in the
development and germination of direct somatic embryos into plantlets has been
linked to various factors inctuding explant type. time of withdrawing the PGRs,
culture conditions and medium composition (Eudes et al. 2003; Ipekei and Gozu-
kirmizi 2003). For instance, Venkatachalam et al. (1999) reported failed somatic
embryo germination in A. hypogaea, which was cttributed to delayed subculturing.
On the other hand, Zhang et al. (2006) obtainad germination of direct somatic
embryos of Syngonium podophyllum Schott (Ariceae) on MS supplemented with
2.0 mg I”! BAP and 0.2 mg I"'NAA. Consequently there is need to investigate the
eifects PGRs and embryo developmental stage on maturation and germination of
M. volkensii direct somatic embryos.

In this study, both the cotyledonary and zygotic embryo explants produced callus,
irrespective of the type of auxin used. This ind cates that mature cotyledon and
zygotic embryo explants of M. volkensii may not de auxin specific in terms of callus
induction. However our results are in contrast with those obtained with cotyledonary
explants Parkia biglobosa (Jacq.) Benth. (Leguminoseae) where only 2,4-D, but not
NAA induced callus formation {Amoo and Ayisire 2005). Histological examination
of explant sections containing somatic embryos confirmed that they were directly
initiated from the epidermal and sub-epidermal cells. Relatively small and com-
pactly arranged meristematic cells led to the development of nodular structures
(Fig. 2a). Somatic embryos at cotyledonary st:ge with and without secondary
somatic embryos were also observed (Fig. 2b, c). These results further confirm that
interaction of PGRs (mainly cytokinins and auxing) may be essential for induction of
somatic embryos in woody species as outlined by Komamine et al. (1992).

Conclusions

Our success in direct somatic embryogenesis using mature cotyledonary explants
demonstrates the usefulness of mature tissues in somatic embryogenesis studies.
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Fig. 2 Histological examination of direct somatic embry sgenesis (bars = 0.5 mm): () development
of globular somatic embryos from the epidermal and su »epidermal cells of cotyledonary expalnis;
(b) primary and secondary somatic embryos (PSE and SSE): (¢) longitudinal section of somatic
embryos without SSE (shown with arrows)

Further work on the development of robust dirzct somatic embryogenesis protocol
for M. volkensii could open up opportunitics for breeding, conservation and genctic
transformation of this species. However, there is also need 1o test immature coty-
ledonary and zygotic embryo explants of M. volkensii since it has becn shown to be
successful with M. azedarach, a closcly related tree species {Vila et al. 2003). Sim-
itarly, trials with thidiazuron may also avoid the use of combinations of PGRs on
direct somatic embryogencsis with M. volkensii explants, as has also been demon-
strated with other related species (Murthy and Sexena 1998).

Finally, the positive response of shoot multiplication and rooting from shoot tip
cxplants obtained through somatic embryogencs:s has demonstrated the poltential of
this technique for applicability to mass propaga ion of M. volkensii,
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