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Abstract

Cassava is an important food and livestock feed crop. The effect of gamma radiation on somatic
embryogenesis and plant regeneration in cassava clones of African origin was investigated. Explants from young
leaves of cassava were cultured on MS medium, supplemented with 18.1 mM 2,4-D and 2 mM CuSO4, solidified
with 0.3% Phytagel. Compact and friable calli were observed after 10-15 days of explant culture in dark, which
produced somatic embryos in all but one clone. The somatic embryos showed morphological aberrations, such
as fused cotyledons, lack of meristematic tip, epicotyl elongation, and had low germination rate; desiccation of
embryos increased germination. Histological study showed that the somatic embryos were of multicellular origin.
Leaf explants were irradiated with doses between 4 to 38 Gy of gamma rays, and cultured on somatic embryo
induction medium. In addition, somatic embryos were irradiated with gamma ray doses from 10 to 18 Gy, and
analyzed for gemination. LD50 for embryogenic response of leaf-explants was at around 20 Gy, while that for
somatic embryo germination was ca. 10 Gy.

1. INTRODUCTION

Cassava is a multi-purpose plant and its role as a staple food and livestock feed is well
established. Traditional cross-breeding is somewhat constrained by the sporadic flowering and
the relatively low number of seeds produced. The vegetative propagation of cassava allows
retention of desirable traits obtained through sexual breeding. In many vegetatively propagated
plants, cross-breeding takes long time, and spontaneous mutations have been valuable as a
source of variation to obtain new cultivars. Somatic mutations that occurred spontaneously
among the clones of cassava may have played an important role in its domestication.
Vegetative propagation of cassava permits maintenance of high level of heterozygosity.
Mutagenic treatment may uncover recessive alleles by mutating or deleting corresponding
dominant alleles. In vegetatively propagated species, a mutation can arise either by the direct
effect of a mutagen on DNA or by disruption of a chimeric situation. A meristem is
composed of three histogenic layers (LI, L2, L3). Following mutagenic treatment, it is possible
that these layers undergo a restructuring, and genes previously masked in one layer may
express after mutagenesis in the another layer.

Mutation induction optimizes genetic variation with minimal genome disruption [1].
In cassava, mutagenesis has been successfully used to enhance the limited genetic variation
in mealiness and cooking quality [2]. However, the treatment of multicellular structures such
as buds leads to chimeric tissues. Only after shoot growth and a number of cycles of
vegetative propagation, can a stable periclinal chimera or a solid mutated tissue be obtained.
To bypass this problem, several systems have been proposed, e.g. by mutagenic treatment of
single cells. This may not necessarily require treatment of isolated cells or protoplast. It may
also include treatment of differentiated tissues coupled with tissue culture on defined media
to induce regeneration from single cells, e.g. through adventitious bud formation or somatic
embryos [3].

The objective of the present research was to study the effect of gamma radiation on
somatic embryogenesis and plant regeneration in several cassava clones of African origin.
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2. MATERIAL AND METHODS

2.1. Plant material

In vitro cultures of Mcol 22 and Mcol 1505 plants were obtained from CIAT (Centro
International de Agricoltura Tropical), Cali, Colombia. All other clones (see Table I) were
obtained from NRCRI, Umuahia, Nigeria. The plants were propagated on GA7 medium,
consisting of MS medium [4], supplemented with 3% sucrose, 1 mg/1 thiamin, 100 mg/1 myo-
inositol, 0.1 mM BAP, 0.01 mM NAA, 0.1 mM GA3, pH 5.8 and maintained on a gyrator
shaker at 60 rpm at 28 C, under continuous lighting of 270 mW dm2.

2.2. Somatic embryogenesis

For somatic embryogenesis, young leaf lobes, 4-6 mm long, were inoculated on MS
medium, pH 5.8, containing 18.1 mM 2,4-D and 2 mM CuSO4, and solidified with 0.3%
Phytagel, according the protocol of Matthews et al. [5]. The explants were incubated in dark
at 25°C. The same medium but with half the amount of 2,4-D was used to induce somatic
embryos in liquid medium. Small pieces of embryogenic callus were cultured in 100 ml flasks,
placed on a gyrator shaker (120 rpm), and observed at weekly intervals for somatic embryo
development.

2.2.1. Somatic embryo maturation

Primary, late-globular stage somatic embryos were transferred to MS medium
containing 10 mg/1 thiamine HC1, 1.5 mg/1 pyridoxine HC1, 1.5 mg/1 nicotinic acid, 2 mg/1
glycine and 100 mg/1 inositol, 3% sucrose, 0.5 charcoal and 3% Phytagel.

2.2.2. Somatic embryo desiccation

Mature embryos, ca. 10 mm long with well developed green cotyledons were placed
in a Petri-dish, sealed with parafilm and kept under dim light at 25CC. The duration needed
to achieve ca. 20% weight loss was determined in each case.

2.2.3. Germination

Desiccated embryos were transferred to a medium containing half-strength MS major
salts, full-strength minor MS salts, 10 mg/1 thiamine HC1, 1.5 mg/1 pyridoxine HC1, 1.5 mg/1
nicotinic acid, 2 mg/1 glycine, 100 mg/1 inositol, 2% sucrose, and 2% Phytagel.

2.3. Histology

Samples were fixed in FAA solution, dehydrated gradually with ethanol-toluene series,
embedded in paraplast and cut in 10 um sections with a sliding microtome. Sections were
fixed on glass slides, and triple stained with hematoxylin, fast green and safranin.

2.4. Gamma irradiation

Two experiments were performed: 1) Radio-sensitivity of the explants, i.e. young leaf
lobes, and 2) of somatic embryos. Leaf lobes were irradiated using a 60Co source with doses
of 0, 4, 8, 12, 16, 20, 24, 28, 32, 36, 38 Gy, and cultured on somatic embryo induction
medium. After 10-15 days, the explants were screened for somatic embryo formation.

56



For the treatment of somatic embryos, explants of MCO122 were sorted according to
their developmental stage, i.e. according to the cotyledonary development, and irradiated with
gamma rays (0, 10, 12, 14, 16, 18 Gy). After treatment, all the plant material was plated on
medium for somatic embryogenesis, and analyzed for gemination.

TABLE I. RESPONSE OF CASSAVA CLONES TO FORM SOMATIC EMBRYOS

Clone

MCol22
MColl505
TMS-71173
TMS-30211
TMS-4488
ANKRA
TMS-01935
TMS-00942
TMS-30572
TMS-91934
U41044

Embryogenic
explants
(%)

90-100
90-100
15-20

0
20-30
20-30
10-15
60-70

0-20
10-20
30-40

Explants with
more than 10
pro-embryos

60-70
50-70
15-20

0
15-20
20-30

0-10
40-50

0-20
5-15

20-35

Mature embryos
harvested/
explant

4.8
0

6.7
0
0
1
2
0
0
0
0

Mature embryos
harvested
after 40 days

26
0
94
0
0
3
3
0
0
0
0

Embryos
germinated
into plants

45.55
0

23.5
0
0
0
0
0
0
0
0

3. RESULTS

3.1. In vitro somatic embryogenesis

Compact and friable calli were observed after 10-15 days of explant culture on the
induction media in dark. Induction of somatic embryos was achieved in all but one clone tested,
and ranged from 0 to 60%, e.g. 14% in TMS71173, 8% in TMS 4488, 22% in Ankra, 4% in
TMS 01935, and 0 in TMS30211. TMS30572 with 14%, and TMS00942 with 54% gave the best
response. A comparable response was obtained in liquid culture; however, no cyclic
embryogenesis was achieved in liquid medium. It is noteworthy that embryos were also
produced by friable callus. To our knowledge, this is the first report of somatic embryogenesis
in cassava from friable callus. However, in all cases, the somatic embryos obtained showed a
number of morphological aberrations, such as fused cotyledons, lack of meristematic tip, epicotyl
elongation, and low germination rate. When transferred to the regeneration medium, these
abnormal explants did not germinate. A higher germination percentage was achieved after
desiccation of somatic embryos, ca. 5 mm length, for a variable time ranging from 48 to 288
hrs on Petri dishes lined with filter paper (Table II).
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TABLE II. EFFECT OF DESICCATION TIME ON SOMATIC
EMBRYO GERMINATION OF CASSAVA (M.COL 22)

Desiccation time
(hours)

0
48
72
144

Germination
(%)

3
12
11
19

3.2. Histology

Somatic embryogenesis in relation to mutation breeding allows the possibility to produce
large populations of vegetative propagules, and of irradiating somatic tissues capable of
regenerating plants from single cells, thus overcoming the undesirable phenomenon of
chimerism. Freshly isolated leaf lobes were composed of small, regularly spaced mesophyll cells
with densely staining nuclei and poorly staining vascular tissues. After 3-4 days of culture, cells
within the leaf-lobe lamina stained even more heavily and the abaxial explant surface become
slightly swollen and glossy. By day seven, divisions were observed in some cells near to the
abaxial surface and mid-vein of the explants. After three weeks of culture, cell division
continued and globular somatic embryos developed from multiple cell budding, the abaxial cell
layer forming the embryo protoderm. After four weeks in culture, longitudinal sections revealed
the presence of bipolar structures formed by root and shoot meristems, cotyledons and
procambium. However, the normal embryogenic pathway consisting of a well defined
morphogenetic (globular, heart, torpedo and cotyledonary stage embryos) events was seldom
observed. In particular, the system used in our laboratory produced abnormal torpedo-stage
embryos without heart-stage formation. These abnormal torpedo finally developed in
"horn-shape" embryos, probably from cotyledon fusion. Longitudinal sections were not able to
differentiate this structure from normal dicotyledonary embryos. However, cross sections
revealed a circular procambial strand. Our histological study conducted at different times during
the embryo formation points out the multicellular origin of the newly formed pro-embryogenic
structures.

3 .3 . Radio-sensitivity

Irradiated leaf lobes showed higher resistance to gamma rays than the somatic embryos
(Fig.l). A fifty percent reduction in embryogenic response from leaf-lobes was found at around
20 Gy while for somatic embryos the same reduction was observed at doses of ca. 10 Gy. For
the radio-sensitivity test, somatic embryos were divided into three class according to their size
and roughly to their developmental stage, i.e. small (< 5 mm), medium (< 5-10 mm) and large
(> 10 mm). According to our results, the somatic embryo response seemed to be concentrated
in a very limited dose range, i.e. 5-10 Gy. This is a much lower dose than recommended for in
vitro cuttings.
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4. DISCUSSION

Asexual multiplication is a unique process by which plants give rise to new individuals
identical to the parental plant. Somatic embryogenesis combines many advantages over classical
vegetative propagation, providing a framework for genetic manipulation and an efficient method
for storage and distribution of otherwise bulky planting material in vegetatively propagated
crops. Beside these, somatic embryos could be used to support mutation breeding in plants
where cross breeding is hampered either by high heterozygosity or apomixis. However,
mutagenic treatment of asexual propagules results in chimera formation and lengthy procedures
for the cleaning up of desired mutation.

Traditionally, mutation induction in cassava has been performed using cuttings or in vitro
plants. Both systems have the advantage of being cheap and easy to handle. The formation of
chimeras is unavoidable in multicellular target such as plant meristems. Further, a mutation is
a random event that occurs with a certain frequency. Hence, it is essential to irradiate an
adequate number of cells or vegetative primordia to ensure the success of the breeding
programme. Plant mutation breeding relies on an efficient system of induction, recovery and
genetic confirmation. Hence, the number of regenerant population should be high, compatible
with the final goal, with efficient mutant recovery and cleaning to overcome the chimera
problem. Such a system should be cost effective in terms of time and labour. Our results with
somatic embryogenesis in cassava and specially with the African varieties showed that only the
first pre-requisite was fulfilled, i.e. the possibility to produce a large population for mutagenic
treatment. The percentage of regenerants ranged from 54 to 8% and each explants was able to
sustain somatic embryos formation for more then 2 month. However, the high ratio of
aberrant/normal embryos, and the consequent low germination and the long time needed to
complete the cycle from explant to potted plant suggest caution with respect to the recovery and
cleaning of mutations. The same caution should be applied to the other two pre-requisites.

The histological data from the present studies do not support the single cell origin of the
somatic embryos in cassava. This fact suggests prudence and need of deeper investigation before
applying this system in breeding programme. Nevertheless, our findings, i.e. the possibility to
induce somatic embryogenesis in different African cassava clones could be considered a first
step toward a better system for mutation induction. It is necessary to define the factors that are
responsible for the blockage of the genetic and metabolic pathways leading to the correct
development of somatic embryos in order to refine the technology. Further studies are also
needed to establish a reliable protocol for induction of somatic embryos from single cell cultures
initiated from friable callus.

In conclusion, while the induction of somatic embryos does not represent a problem in
African cassava clones, the efficiency of plant regeneration is still a limiting factor. It is possible
to reculture primary somatic embryos as a source for plant regeneration and irradiation.
Abnormal embryo structures and shoot elongation is still a primary problem in our system. The
use of a desiccation step could increase and improve plant regeneration but still at a low
frequency, specially in the African clones. The origin of abnormal somatic embryos has been
discussed by Stamp and Henshaw [6], suggesting that leaf-like embryos are the result of partial
expression of morphogenetic competence. Liu et al. [7] reported that auxin polar transport is
essential for the establishment of bilateral symmetry during early embryogenesis. If for some
reason, auxin transport is blocked in the top of the globular embryos, this growth factor must
diffuse from the meristematic region towards the peripheral cells, thus stimulating the formation
of a collar like cotyledon, which ultimately forms a horn like structure.
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