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Abgtract

Taro (Colocasia esculenta L. Schott) is an impdrznop worldwide but is of particular significan@e many Pacific Island countries
where it forms part of the staple diet and servesa export commodity. Escalating pest and disgasklems are jeopardizing taro
production with serious implications to food setyand trade. Biotechnological approaches to adsimg pest and disease problems,
such as somatic embryogenesis and transgenesiqaeatially viable options. However, despite hibtgological advancements in
higher profile agronomic crops, such progress ifatien to Colocasia esculenta var. esculenta hasnbglow. This paper reviews taro
biology, highlights the cultural and economic sfgr@nce of taro in Pacific Island countries anddisses the progress made towards
the molecular breeding of this important crop tdela
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. dasheen type. In places where taro is grown priynéot
1. Introduction ato Taro-a Monocotyledonous leaves, C. esculenta var. antiquorum is preferred
Root Crop (O’Sullivan et al, 1996).

Taro is an important staple food crop grown thraugh Chromosome numbers reported for taro from various
many Pacific Island countries, parts of Africa, #aind the regions include 2n = 22, 26, 28, 38 and 42 (Onwyeme
Caribbean for its fleshy corms and nutritious leavim  1978). The most commonly reported chromosome
addition to contributing to sustained food secuiitythe  numbers are: diploids 2n = 28 and triploids 3n = 42
domestic market, it also brings in export earniggsuvill (Kuruvilla and Singh, 1981; Wang, 1983; Lebot and
et al, 2005). The plant can fit well into tree crop eagto  Aradhya, 1991; Lee, 1999). Furthermore, plants Bith=
forestry systems and some types are particularlyl we42 are referred to adowane(male, large plant) and those
adapted to unfavourable land and soil conditiorshsas  of 2n = 28 are referred to adokine (female, short plant)
poor drainage. As such taro is grown under intensivby Solomon Island farmers (Jacksehal, 1977; Wang,
cultivation as a starch crop (Jianabual, 2001). 1983).

2. Morphology, Botany and Genetics 3. Origin and Distribution

Taro (Colocasia esculenjais an herbaceous plant, Taro is thought to have originated in North Eastern
which grows to a height of 1-2 m. The plant cossifta India and Asia (Kuruvilla and Singh, 1981; Hansard a
central corm lying just below the soil surface,wiéaves Imamuddin, 1983; Ivancic, 1992) and gradually sgrea
growing from the apical bud at the top of the cand  worldwide by settlers. As such, it is now cultivdtén
roots growing from the lower portion. Cormels, datey  more than 65 countries worldwide (USDA, 2001). \dsin
corms and runners grow laterally. The leaf is pejtthe isozyme analysis, Lebot and Aradhya (1991) repotted
root system is fibrous and lies mainly in the to anetre  existence of two gene pools for cultivated tarce anAsia
of soil. The corm is a nutrient storage organ dmfes the and the other in Pacific. Studies with SSR mark8mple
following characteristics with food storage orgams  Sequence Repeats) (Noyral, 2003) and AFLP markers
carrot, sweet potato and manioc: abundance of genid (Amplified Fragment Length Polymorphism) (Kreiket
food storage in large, thin-walled parenchymatoeisc al., 2004) have confirmed the existence of these two
poorly developed vascular bundles that are fewurmlver,  distinct gene pools. This indicates that taro was
presence of latex cells, mucilage cells and ergastidomesticated in Asia as well as in the Pacificrefare, it
substances such as druses and raphides (Miyd<giia). can be considered as a native plant of the Pacific.

Cultivated taro is classified &olocasia esculentébut .
the species is considered to be polymorphic (Ploseg 4. Nutrition
1972). There are eight recognized variants within Taro corm is an excellent source of carbohydrdte, t
Colocasia esculenfa of which two are commonly majority being starch of which 17-28% is amylosed éhe
cultivated (O’Sullivanet al, 1996): i)Colocasia esculenta remainder is amylopectin (Oke, 1990). The sizeawbt
(L) Schott var. esculenta which possesses a large starch grains is one-tenth that of potato and their
cylindrical central corm and only few cormels (FiguA); digestibility has been estimated to be 98.8%. Beeaii its
agronomically it is referred to as the ‘dasheepetypf taro ease of assimilation, it is suitable for personghwi
and ii) Colocasia esculenta (L.) Schotar. antiquorum  digestive problems. Taro is especially useful tope
which has a small globular central corm with seleraallergic to cereals and can be consumed by childreo
relatively large cormels arising from the corm (Fig 1B); are sensitive to milk, and as such taro flour isduin
agronomically this variety is referred to as thedee’ type  infant food formulae and canned baby foods (Le©9]9
of taro (Purseglove, 1972; Lebot and Aradhya, 1991 Taro corm is low in fat and protein; however, thetpin
Most of the taro grown in Asia Pacific region is te  content of taro corm is slightly higher than thatyam,
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cassava or sweet potato. The protein is rich in esomwhen taro is used in feasts and ceremonies. Yoarg t

essential amino acids, but is low in isoleucingptiophan

leaves are used as a main vegetable throughounbkita

and methionine (Onwueme, 1978). Taro leaves contaiand Polynesia where they are usually boiled or e

higher levels of protein and are also excellentre®of
carotene, potassium, calcium, phosphorous,
riboflavin, thiamine, niacin, vitamin A, vitamin @nd

with coconut cream, wrapped in banana or breadfruit

ironleaves and cooked on hot stones. The processed and

storable form of taro is the taro chip and Poi.olahips

dietary fibre (Onwueme, 1978; Lambert, 1982; Hansorare prepared by peeling the corm, washing, slidimg
and Imamuddin, 1983; Bradbury and Holloway, 1988;thin pieces and blanching; the pieces are thed frieoil,
Opara, 2001). They also contain greater amounts ddllowed to cool, then drained and packed. Poi soar

vitamin B-complex than whole milk (Lee, 1999) ane a
higher in protein and other nutrtients, except dlilan
tannia (new cocoyamXanthosoma sagittifolium The
fresh taro leaf lamina and petiole contain 80 % @4do
moisture, respectively.

5. Economical Importance and Usesof Taro

In Pacific Island countries such as Fiji and paots
Africa, taro is a staple food crop (Lebot and Argalh

paste made from boiled taro and its production and
utilization is quite limited — mainly in the Hawaii
Islands.

Griffin  (1982) has emphasized other important
economic uses of taro. For example, the developroént
taro silage and its use as animal feed especiallgWine,
the potential of taro alcohol as a fuel for remisfands
and the potential of taro starch as a raw matdrial
cosmetic and plastic manufactufaurthermore, taro flour

1991; Opara, 2001). In Tonga, for example, tubersind other products are used extensively for irflambulae

represent almost half the nations’ calory intakenbich

in the United States and have formed an important

about 40% is contributed by taro. Similarly, in the constituent of proprietary canned baby foods (L1€89).

Solomon Islands, about 10% of people’s dietary rieo
come from taro and 30% from other tubers. Moreoirer,
Samoa, prior to a devastating spread of taro Idghtb
(TLB), virtually all the populations’ dietary intakfrom
tubers (one-fifth of the overall diet) came fromotgCTA,
2003). Taro is one of the few major staple foodemh
both the leaf and underground parts are importarthé
human diet (Lee, 1999). As such,
considerable economic importance as a fresh cropainy
large islands in the region such as Samoa, Fiji @hérs
(Hanson and Imamuddin, 1983). It is now becoming o
of the major export commodities providing substnti
foreign exchange to some Pacific Island countries.
Large quantities of taro are produced in Asia/Racif
region, with the corm being boiled, baked or friedd
consumed with fish and coconut preparations. A fitero
and peculiarly Pacific way to prepare taro is tastat on
hot stones in dug-out earth ovens. This is quiteraon

6. Cultural Importanceof Taro

Taro has evolved with the cultures of the peoplehef
Asia and Pacific region; therefore, it has acquired
considerable socio-cultural importance. It is cdased a
prestige crop and the crop of choice for royaltifi- g
giving, traditional feasting and the fulfillment afocial

it has attainedbligations. It features prominently in the follkéoand oral

traditions of many cultures in Oceania and Soust-ea
Asia. Samoa and Tonga each have prominent depsctibn
taro on their currencies (Onwueme, 1999). Moreoirer,
Hawaii, images of taro and taro farmers can be doun
throughout the islands, in murals, posters, origamts and
other visuals, where its symbolic importance refleits
continuing role as a common food and common elenment
the agricultural landscape (Matthews, 1998). Theicso
cultural attachment to taro has meant thatitaeif has

Figure 1. (A) C. esculentavar.esculentadasheen) has a large central corm anddB3sculentarar. antiquorum(eddoe) has a small
central corm with multiple relatively large cormels




become a symbol of cultural identification, suchttthe
people of Pacific Island origin continue to consutae
wherever they may live in the world. This is onetloé
means of maintaining links with their culture;
consequently, this cultural attachment to taro $pswvned
a lucrative taro export market to ethnic Pacifianslers
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Solomon Islands after World War Il resulted in
permanent shift in some parts of the country awaynf
taro to sweet potato and cassava production (Caolezha
al., 2003). TLB disease struck American Samoa and
Western Samoa in 1993-1994. Since all Samoan auitiv
were susceptible to this pathogen, production was

a

living in Australia, New Zealand and western North devastated. Disease resistant cultivars were maidaced
America (Onwueme, 1999). Taro is also used as antil early 1997, after export from Samoa had ditézcaly
traditional medicine with root extract used to trea reduced causing many millions dollars losses (USDA,

rheumatism and acne, while leaf extract is usedldod
blood at wound sites, neutralize snake poison and a
purgative medicine (Thinh, 1997).

7. Diseasesand Pestsof Taro

2001). In 2002 the blight reduced production sigfitly

in the Morobe Province in PNG such that food aids wa
requested. A number of the Pacific Island countries
namely Fiji, Tonga, Cook Islands and Vanuatu are
considered susceptible to an outbreak as they ghare

In many countries taro is being replaced by sweetommon blight-enhancing conditions of rainfall deza
potatoes and cassava largely due to pests andseiseahan 2,500 mm annually which is spread relativelgrgy

problems, which are becoming a limiting factor faro
production (lvancic, 1992).

throughout the year (Colemast al, 2003). This shows
that TLB constitutes a significant threat to focetsrity

Viruses are one of the most important pathogenk witand economy in those Pacific Island countries which

some infections resulting in severe yield reducti@nd
plant death. The main effect of virus infection as
reduction in corm size and quality, with yield lessof up
to 20% being reported. There are currently fiveus@s
reported to infect taro with varying distributidmréughout
the Pacific Islands. Dasheen mosaic virus (DsMVxais
potyvirus with flexuous, rod shaped virions, whicdfects
both the edible and ornamental aroids and is tritegrby
aphids.It is characterized by chlorotic and feathery mosai
patterns on the leaf, distortion of leaves and tetiplant
growth. There is some evidence that it decreaseyidid.
Taro bacilliform virus (TaBV) is a badnavirus. lofen
with TaBV alone is thought to result in a rangenafd
symptoms including stunting, mosaic and down cgrlrf
the leaf blades. Colocasia bobone disease viruD{GBs

a cytorhabdovirusAlone, CBDV causes bobone disease.

not have resistant varieties and where taro isjarnstaple
and an export commodity.

Other taro diseases include the taro soft rot, kwisc
caused by several speciesRyfthium which is soil borne
and attacks the roots and corm. Infected plantplaiis
wilting and chlorosis of the leaves as well as ifechtion
of roots at the base of the shoot; the corm becosnés
and putrid and the plant often dies. Sclerotium it
caused bySclerotium rolfsii which causes stunting of the
plant, rotting of the corm and formation of numesou
spherical sclerotia in the cornCladosporium leafspot is
caused byCladosporium colocasiaevhere brown spots
appear on the older leaves.

Amongst the pests, taro beetle belonging to theigien
Papuanais of great concern. The adult beetles which are
black, shiny and 15-20mm in length fly from the dxtang

A complex of at least two viruses, CBDV and TaBV sites to the taro field and tunnel into the saitt jat the base

thought to result in the lethal alomae disease.f@yms of
alomae disease first start as a feathery mosaichen

of the taro corm. They further proceed to feed ba t
growing corm leaving large holes that reduce thental

leaves; the lamina and veins become thick, the gounmarket quality. Further, the wounds they create lavhi

leaves are crinkled and do not unfurl normally, levithe
petiole is short and manifests irregular outgrow(ells)
on its surface; therefore, the entire plant is t&dnand
ultimately dies. The symptoms of bobone are simibeut
the leaves are more stunted and the lamina isccupeand
twisted. However, complete death of entire plaresdnot
usually occur with bobone. Taro vein chlorosis siru
(TaVCV) is a nucleorhabdovirus, which causes disive
veinal chlorosis symptoms. Taro reovirus (TaRV) basn
recently discovered. It has been detected in a&togi
with other viruses, yet no symptoms have been tijrec
attributed to TaRV infection (Revilet al, 2005). The
presence of taro viruses currently restricts theriational
movement of taro germplasm. This has
implications since many countries are denied acc¢ess
agronomically elite lines including selected trauial
cultivars.

The Oomycete water moul®hytophthora colocasiae
is a significant pathogen as it causes taro leghb(TLB).
The pathogen causes circular, water soaked, neatits
on the leaves, followed by the collapse of the pldahB

has been present in Papua New Guinea, Federateb Sta

of Micronesia, Northern Mariana Islands, Palau &mel
Solomon Islands for over 50 years. An outbreakhe t

feeding promote the attack of rot-causing organisiie
feeding activity can cause wilting and even dedtlthe
affected plant. Other insect pests include taréhtgaper
(Tarophagus proserpinawhich transmits viruses and may
also cause wilting and death of the plant in heavy
infestations and the sweet potato hawk-moth whas&aé
defoliate the plant and the armyworm or clusteegaliar,
which also do extensive damage to the leaves. These
diseases and pests are becoming a threat to @ustig in

the Pacific. Thus generating substantial numbers of
disease-free planting material and/or breedingstasi
taro varieties are necessary.

seriouS: Sexual Reproduction

Taro is mainly vegetatively propagated (Shaw, 1975;
Strausset al, 1979), but may also reproduce sexually
(lvancic, 1992). Due to vegetative/clonal propawati
there is almost no genetic variation within thetigars,
although somatic mutations do occur, thus increptieir
vulnerability to pest and diseases or changes imatic
conditions (lvancic, 1992).

Sexual hybridization of taro is well documented and
techniques for pollinating and growing seedlingsveha
been established (Wilson, 1990; Tyagial, 2004). Sexual



hybridization is one way to generate new cultivesigh
improved qualities (Strausset al, 1979). Extensive
breeding programs (sexual propagation) have beeieda
out in Samoa, Papua New Guinea and Hawaii to pedu
cultivars with resistance to Taro Leaf Blight (TLB))d
high yields (Lebot and Aradhya, 1991; TaroGen, 1999
Singhet al, 2001). From this breeding program, promising
taro cultivars resistant to TLB have been produded
Hawaii (Trujillo et al, 2002), PNG and Samoa (SPC
2002).

Even though sexual hybridization of taro is promsi
it is a labor intensive and lengthy process in teohfield
preparation, planting of parents, induction of feoimg,
pollination, development and maturation of fruiatde and
seed harvesting. In addition, the germination aladtmg
of seedlings and screening processes take seeaa. Yt
often takes 10 years or more from the time you make
pollination, until the new, improved -cultivar firthal
reaches a large number of farmers” (Wilson, 1990)
Further, viable seed production depends on thdaditity
and sexual compatibility between resistant gernmaas
well as the vagaries of weather and pests ands#isea

9. Micropropagation

Intensive clonal propagation of axenic and disdese-
taro through tissue culture is another option wuoe the
spread and impact of pests and disease (Jackksan,
1977). This involves excising taro apical and axillbuds,
decontaminating them and culturirig vitro in sterile
nutrient medium. The cultured bud can then be grovim
a plantlet, and intensive sucker production induigdhe
application of plant growth regulators. Tuia (1997)
developed an efficient taro multiplication protoasing
Murashige and Skoog (1962) medium with 30 g/L ssero
7.75 g/L agar and the growth regulators, TDZ andPBA
Multiplication is done in three stages: (I) 0.5 mg@DZ
for four weeks, (1) 0.8 mg/L BAP for three weeksda
(i) 0.005 mg/L TDZ for three weeks. Following
multiplication, small suckers are allowed to depelato
larger plantlets by first culturing individual swk in
hormone-free liqguid MS medium for two to four weeks
followed by culturing in agar-solidified MS mediuwith
monthly subcultures. If the meristem is culturetthea than
the whole bud, it is possible to eliminate virusghjch are
particularly problematic in vegetatively propagatedps.

10. Protoplagt Culture

Protoplast fusion offers the potential of fusingofw
possibly sexually incompatible, cultivars. Before
protoplast fusion can be attempted, a method o
regenerating plants from protoplasts must be dstedl.
Regeneration of taro plants from protoplasts hasnbe
reported inC. esculentavar. antiquorum(Murakamiet al,
1995). The frequency of regeneration has been teghdo
be very low and the process lengthy. Protoplaiuieu
has not been reported i€. esculentavar. esculenta
possibly due to the lack of an efficient regenerati
process. Currently, there have been no reportshef t
generation of taro somatic hybrids. In addition the
combination of traits from the protoplast donortiwalrs,
somatic hybrids may have increased ploidy whichladtou
result in useful new traits such as increased size.

©2004; Deoet al, 2009).
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11. Organogenesis and Somatic Embryogenesis

De novoregeneration irColocasia esculenthas been
reported (Yamet al, 1991; Thinh, 1997; Vermat al,
Initiation of highly regenerable
callus is the first step towards an efficient regation
system. Callus initiation protocols have been well
established in Colocasia esculentavar. antiquorum
(Jacksonet al, 1977). However, these protocols do not
appear to be suitable for cultivars belongingCmocasia
esculentavar. esculenta.Researchers that have worked
with Colocasia esculentaar. esculentafor many years
have not reported callus formation as easily actby
(M.Taylor pers.comm.).

In a small nhumber of cases, induction of organageni
callus in Colocasia esculentavar. esculentahas been
reported. Yamet al. (1990, 1991) reported some success
using axillary buds, half-strength MS macronutrierdne
tenth-strength  MS micronutrients, full-strength MS
vitamins, 25 ml/L taro corm extract (TE) and thearmil
growth regulator 2,4,5-trichlorophenoxyacetic a(2#,5-

T). This suggests that full-strength mineral nutrseare
not conducive to callus formation in taro. Thisdiimg has
been further substantiated by the work of @eal(2009).
Further, it has been suggested that TE is an irapbrt
requirement for callus initiation. However, TE i1 a
undefined component of a culture medium and s® fitat
possible to achieve consistency in both the contioina
and concentration of components in each “indivitlitarlo
extract. In addition, the active components in frie
responsible for callus initiation have not beemided.

There are three reports of somatic embryogenesis in
taro (Thinh, 1997; Vermat al, 2004; Deoet al, 2009).
Using MS medium Vermat al(2004) developed a two-
step protocol (initially on medium supplementedhn.2
mg/L 2,4-D and 0.44 mg/L TDZ followed by a culture
phase with 1.1 mg/L TDZ) to regenerate somatic ewgor
from petiole explants, with a maximum of 25-30 stima
embryos generated per explant. Thinh (1997) induced
somatic embryos from the petiole fourth from thecalp
dome using MS medium containing 1.0-2.0 mg/L TDZ.
Both reports describe direct somatic embryogengsish
(1997) stated that the somatic embryos were olddimen
C. esculentavar. antiquorumhowever, Vermat al. (2004)
did not state whether the variety wassculenta or
antiquorum To date, therare two reports oén efficient
protocol for indirect somatic embryogenesis (tlsatia an
intervening callus phase) €. esculentavar. esculenta
one with callus cultured on solid medium (Deb al,
12009) and one in liquid medium (Debal, in press). Both
reports included an effective regeneration protofml
somatic embryos in particular for liquid culture thvi
somatic embryos formation efficiency at a rate of
approximately 500-3000 per mL settled cell volurS€Y)
and 80-100 per gram solid media-derived callus with
embryo conversion rate into plants of approxima6lyo.

Briefly, in this protocol (Decet al, 2009) corm slices
derived fromin vitro taro plants are cultured on half-
strength MS medium containing 2.0 mg/L 2,4-D for 20
days in darkness followed by subculture on the same
medium but containing 1.0 mg/L TDZ under the same
conditions. Embryogenic callus eventuated afterddgs
and continued to do so for 100 days. Using 1.0 n2gdtD
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and 0.5 mg/L TDZ also produced embryogenic callus b frequency of transformation was achieved via
at a lower frequency than 2.0/1.0 combination. Doe Agrobacteriumwhere six stable transgenic plants were
differences in genotypes response to plant growtlgenerated.
regulators, these concentrations might be moretfteto Deo (2008) described the development of an effectiv
other taro genotypes. Callus derived from both lwmah transformation system in thesculentavariety using both
regimes was proliferated on half-strength MS conitgj ~ Agrobacterium tumefaciens and microprojectile
TDZ (1.0 mg/L), 2,4-D (0.5 mg/L) and glutamine bombardment of regenerable embryogenic suspension
(800mg/L) and upon transfer to half-strength MS itcultures. Putative stably transformed embryos esging
differentiated into embryos which germinated ondhene the gfp reporter gene with an efficiency of ~ 200 and ~ 17
medium. per mL SCV were generated using microprojectile
Cell suspension was formed by putting callus pigees bombardment and Agrobacterium tumefaciens
0.5 g) in liquid half-strength MS medium containii®Z  respectively. However, molecular characterizatioh o
(1.0 mg/L), 2,4-D (0.5 mg/L) and glutamine (100 kjg/ plants derived from thesgp expressing embryos is yet to
and agitating on a rotary shaker at 90 rpm with kisee be done. The previous research groups €Hal, 2004;
subculture (for details see Deb al, in press). Embryo 2008) used callus cultured on solid media as thgeta
formation was induced when suspension cells waate@l tissue for transformation which might have resuitetbw
on half-strength MS containing TDZ (0.1 mg/L), 4- frequency of transformation. Embryogenic suspension
(0.05 mg/L), glutamine (100 mg/L) and sucrose (H0.g cultures are considered to be an excellent targste for
Maturation and germination was achieved on ha#rgjth  genetic transformation since they (i) can be wgasil
MS containing IAA (0.1 mg/L), BAP (0.05 mg/L). proliferated and thus provide ample target tiss(ig,
Even though various parameters were studied andonsist of small cell clumps allowing maximal expesto
optimized, a large number of embryos (~40%) did nothe transforming agent thereby facilitating the
develop past the globular stage indicating thatlpetion  identification of independent transformation evewtthin
of a large number of embryos does not always tades| the dispersed cell clusters under selection aridafiow
into a high regeneration rate. Thus, further stidiee the recovery of non-chimeric transformants due he t
required to refine the parameters affecting embryainicellular origin of embryos (Aguado-Santacret al,
maturation and germination. Consequently, this2002; Sahrawadt al, 2003; ul-Haq, 2005).
regeneration system can be used for mass propagaftio Another important aspect of transgenesis is thetivel
clean planting material. activity and tissue specificity of promoters needad
. . control transgene expression. Transient activitynafize
12. Genetic Transformation polyubiquitin-1  Ubi-1) promoter, cauliflower mosaic
Production of improved plant varieties via geneticvirus (CaMV 35S) and taro bacilliform virus (TaB\0®)
transformation offers an attractive alternative topromoters has been examined in both bombarded deave
conventional  breeding.  Transformation of some(yanget al, 2003) and embryogenic suspension cultures
agronomically important monocotyledonous crops sa€h (Deo, 2008) of taro. A comparison of promoters tibsy
sugar cane (Bower and Birch, 1992), banana (Beskal,  transformed taro is required to fully assess anupzoe
2000; Khannaet al, 2004), maize (O'Kennedgt al,  the strength and tissue specificity of these premsot
2001), wheat (Jones, 2005) and rice (Reaal, 2006) has .
been achieved using bofigrobacterium tumefacierend ~ 13. Future Perspectives
microprojectile  bombardment gene transfer methods. Extensive field trials of taro plants generated via
Genetic transformation ofColocasia esculentavar.  somatic embryogenesis is required to ascertain the
esculenta however has been largely neglected possiblyrequency of somaclonal variation. In addition ssessing
due to the difficulties in developing an efficient the physical characteristics, plant vigor, pest disdase
regeneration system or the lack of focus on a ofdow  resistance and corm characteristics including sipelity
significance to developed nations where a largéiggoof ~ and taste require investigation. Interestingly, bianana,
funding and expertise resides. plants derived from tissue culture are more vigsrthan
The development of a plant transformation systenfield-derived suckers but are more susceptibleetstpand
requires a method of transferring genes into ptafls, a diseases (Smitkt al, 1998). Such factors may impact the
gene conferring the useful new trait together with uptake of micropropagated disease-free plantingeriat
promoter directing the appropriate level and pattef  Finally, the cost and feasibility of large-scaleaml
expression, an effective selective agent to suppthe  production using embryogenesis needs to be evaluate
growth of non-transformed cells and the ability toascertain whether this is commercially viable.
regenerate plants from single transformed cells ¢Hal, A further step along the path of using embryogemesi
2008). Fukincet al. (2000) reported transformation in taro for mass propagation involves synthetic seeds. I&yiat
(C. esculenta var. antiquorum callus by particle seeds are somatic embryos encased in a protecttsg
bombardment where 96 bombardments were conductdike alginate hydrogel. When planted in a suitabkdium,
and only two putative transgenic plants were amalyz the coating decomposes and the somatic embryo
Transformation inColocasia esculentaar. esculentavia  germinates like a normal seed (Saiprasad, 2001lis Th
microprojectile  bombardment (Hest al, 2004) and would eliminate the labour costs and space requrtsn
Agrobacterium tumefacier(gle et al, 2008) has also been for embryos germinateih vitro and may provide a means
reported. The efficiency of transformation via Bbts  of storing and moving germplasm. There are contrgst
was reported to be very low with only one stablyreports on the dormancy and viability of taro seeds
transformed plant generated while a slightly higherproduced by sexual hybridization (Straustsal, 1979;
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