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ABSTRACT KEYWORDS
Ethiopiaisthe second most populous nation where 80% of itsinhabitants Ethiopig;
acquire their livelihood from agriculture. However, the long-lasted Tissue culture;
subsistence agricultural mode of production of the country could not Biotechnology;
enabled the population to increase agricultural productivity and boost Micropropagation;
the national economy. In this regard, plant tissue culture technology is Agriculture;
thelikely opportunity for Ethiopian agricultural system towardsimproving Explants;
agricultural yields. Indeed, so far, conventional breeding and selection of GMOs.

plants and animals played a vital role in agricultural productivity. Yet,
unlike many developed nations, Ethiopian is at initial stages of getting
benefitsfrom modern biotechnological products. But, nowadays, Ethiopian
government isgiving due attention towards designing and implementation
of policies and strategies related to biotechnology, particularly in
agricultural sectors. Infact, it remained difficult to use suchtoolsto obtain
solutionsfor major agricultural problemsdueto lack of resourcesand well
skilled personnel. But, state universities and research institutes, and some
private enterprises, are playing a promising role in conducting research
and producing skilled manpower in the area of biotechnology. In this
regard, Ethiopian Institute of Agricultural Research (EIAR) and Addis
Ababa University take the leading role in doing researches related to
plant tissue culture biotechnology in agricultural sectors so asto produce
drought and diseases resistant crop varieties. Though biotechnology and
genetic engineering has a significant contribution by addressing
environmental and food safety concerns with rigorous bio-safety
regulations, it could also cause hazardous problems upon human health
and the ecosystem when it is applied irresponsibly and unsafely.
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INTRODUCTION Ethiopian agricultural systemispredominantly charac-

terized by highlevel of subsistenceproductionand low

Ethiopiaisthe second most populated nationin  improvement of traditiona farming practicesresulting
Africawhereagricultura sector istheleadingnational  indeclining of agricultural productivity. Infact, perss-
income supporting morethan 80% of thepopulation¥l.  tent dependency onrainfall and frequent occurrence of
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drought and other natural calamities add up for low
agricultura production.

Hence, application of tissue culture biotechnol ogy
inthefield of agriculture seemsvery crucial soasto
increase agricultural productionsfor the purposes of
feeding theppopulation with no need of internationd ads.

Tissuecultureisaninvitro cultureof cdls, tissues,
organsor thewhol e plant parts under aseptic and con-
trolled nutritiona and environmental conditionsoftento
produce the clone of plants. Nowadays, plant tissue
cultureisglobally beingwiddy used for largescdeplant
propagation and improvement aswell asproduction of
secondary metabolites™.

In Ethiopia, application of tissue cultureisprema
ture. At thistime, conventiona plant and animal breed-
ing and sel ection techniques arewidely used asmajor
toolsfor increasing agricultural productivity™. Until
recently, research guidelinesrelated to genetic engineer-
ing do not exist in the country discouraging Ethiopian
scienti stsfrom conducting projects of genetic engineer-
ing and consequently significantly hamperstheresearch
and capacity building processin modern biotechnology
research and devel opment in the country. But, nowa
days, thegovernment has approved biosafety law that
encourages genetic engineering and marketing of its
productsin the country. Inthisregard, awiderange of
crop production problemsthat are either difficult to
addressusing conventiond researchtechniquesarelikedy
to be solved using cropsgeneticaly engineered for spe-
cifictraitsand adapted tolocal conditions.

Historical development of tissueculturetechnol-
ogy

The scienceof plant tissue culturetakesitsroots
from thediscovery of cell followed by setting out the
cell theory. In 1838, Schleiden and Schwann proposed
that cell isthebasic unit of al living organisms. They
hypothesized that cdll iscapable of autonomy and there-
foreiscapable of regenerating or differentiating into
wholeorganisms(plants, animasor microorganisms) if
given an appropriate environment to grow. Based on
thispremise, in 1902, Gottlieb Haberlandt, aGerman
physiologist, attempted to cultureisolated single pali-
sade cellsfrom leavesin knop’s salt solution enriched
with sucrosefor thefirst time. Thecdllsremained adive
for up to one month, increased in size, accumul ated
garch but failled to divide. Though he was unsuccessful

but laid down thefoundation of tissue culturetechnol -
ogy for which heisregarded asthefather of plant tissue
culture. After that some of thelandmark discoveries
took place in tissue culture are summarized under
TABLE 1 below.

Techniquesof plant tissueculture
Micropropagation

Micropropagation startswith the sel ection of plant
tissues (explant) from a healthy, vigorous mother

planti*, Any part of the plant (Ieaf, apical meristem,
bud and root) can be used as explant.

Preparation of donor plant

Any plant tissue can beintroduced in vitro. Toen-
hancethe probability of success, themother plant should
beexvitro cultivated under optimal conditionsto mini-
mize contaminationintheinvitro culture.

Initiation stage

In this stage an explant issurface sterilized and
transferred into nutrient medium. Generally, the com-
bined application of bactericide and fungicide prod-
uctsissuggested. The selection of products depends
on the type of explant to beintroduced. The surface
sterilization of explant in chemical solutionsisanim-
portant step to remove contaminants with minimal
damageto plant cellg%. The most commonly used
disinfectants are sodium hypochlorite**9, calcium
hypochlorite®, ethanol™® and mercuric chloride
(HgCl2)9, Theculturesareincubated ingrowth cham-
ber either under light or dark conditions according to
the method of propagation.

Multiplication stage

Theaim of thisphaseistoincreasethe number of
propagules®®l, Thenumber of propagulesismultiplied
by repeated subculturesuntil thedesired number of plants
isattained.

Rooting stage

Therooting stagemay occur smultaneoudy inthe
same culture mediaused for multiplication of the ex-
plants. However, in somecasesit isnecessary to change
media, including nutritiona modification and growth
regulator compositiontoinducerooting and thedevel -
opment of strong root growth.

Acclimatization stage
At this stage, the in vitro plants are weaned and
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TABLE 1: Summary of historical development of tissue culture

Years Eventsin the history of tissue culture

1902 Haberlandt proposed concept of in vitro cell culture

1904 Hannig cultured embryos from several cruciferous species

1922 Kolte and Robbins successfully cultured root and stem tips respectively

1926  Went discovered first plant growth hormone —Indole acetic acid

1934  Whiteintroduced vitamin B as growth supplement in tissue culture media for tomato root tip
1939 Gautheret, White and Nobecourt established endless proliferation of callus Cultures

1941  Overbeek wasfirst to add coconut milk for cell division in Datura

1946  Ball raised whole plants of Lupinus by shoot tip culture

1954  Muir wasfirst to break callustissuesinto single cells

1955 Skoog and Miller discovered kinetin as cell division hormone

1957  Skoog and Miller gave concept of hormonal control (auxin: cytokinin) of organ Formation

1959 Reinert and Steward regenerated embryos from callus clumps and cell suspension of carrot (Daucus carota)
1960 Cocking wasfirst to isolate protoplast by enzymatic degradation of cell wall

1960 Bergmann filtered cell suspension and isolated single cells by plating

1960 Kantaand Maheshwari devel oped test tube fertilization technique

1962 Murashige and Skoog developed MS medium with higher salt concentration

1964 Guhaand Maheshwari produced first haploid plants from pollen grains of Datura (Anther culture)
1966  Steward demonstrated totipotency by regenerating carrot plants from single cells of tomato

1970 Power et al. successfully achieved protoplast fusion

1971 Takebeet al. regenerated first plants from protoplasts

1972  Carlson produced first interspecific hybrid of Nicotiana tabacum by protoplast Fusion

1974 Reinhard introduced biotransformation in plant tissue cultures

1977  Chilton et al. successfully integrated Ti plasmid DNA from Agrobacterium tumefaciensin plants
1978 Melcherset al. carried out somatic hybridization of tomato and potato resulting in Pomato

1981 Larkin and Scowcroft introduced the term somaclonal variation

1983 Pdletier et al. conducted intergeneric cytoplasmic hybridization in Radish and Grape

1984 Horsh et al. devel oped transgenic tobacco by transformation with Agrobacterium

1987 Klien et al. developed biolistic gene transfer method for plant transformation

2005 Rice genome sequenced under International Rice Genome Sequencing Project

(adopted from Hussain et al., 2012)

hardened. Hardeningisdonegradudly fromhightolow
humidity and fromlow light intengity tohighlight inten-
sity. Theplantsare then transferred to an appropriate
substrate (sand, pesat, compost etc.) and gradudly hard-
ened under greenhouse.

Current statusof tissue culturebiotechnology in
Ethiopia

Several devel oped nationsin the Western hemi-
sphereand theAsia-Pacific region ared ready benefit-
ing significantly from modern biotechnol ogy!®. How-
ever, themgority of thedeve oping countries, including
Ethiopia, havevery little accessto thisemerging eco-
nomic sector.

Ethiopian government devel opment strategy rec-

ognizestheleading role of agricultureintheeconomy
and stipulatesthat for the country to record rapid eco-
nomic prosperity. Thesrategy identifiesinformationand
communi cation technol ogy and biotechnology ases-
sentia toolsfor rapid transformation of largely subsis-
tence mode of production to market-oriented produc-
tion enterprisesthat ultimatey lead toindustridization™.

Modernagricultura biotechnology research and de-
velopment arerecently being devel oped dongwithlong
established conventiona agriculturd researchin Ethio-
pia. Inthisregard, publicingtitutionswith significant
activitiesintheareaof biotechnology includethe Ethio-
pian Ingtitute of Agricultural Research (EIAR), Addis
AbabaUniversity, National Veterinary Institute, The
National Animal Hedlth Research Laboratory, Indtitute
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TABLE 2: Development statusof tissue culture protocolsat Ethiopian institute of agricultural research (adopted from

Abraham, 2009)
Plant Name Explant Used Main Purpose Status

Banana Shoot tips Micropropagation, Virus cleaning Completed and being scaled up
Black pepper Shoot tip Micropropagation Ongoing and in good progress
Brassica spp. Anther Double haploid line devel opment Initial stage

Cardomom Rhizome lateral bud ~ Micropropagation Completed and being scaed up
Cassava Meristem Micropropagation, Virus cleaning Initial stage

Citrus Seed Micropropagation, virus cleaning Ongoing and in good progress
Coffee Leaf Micropropagation, in vitro disease screening Completed and being scaled up
Enset Shoot tip Micropropagation Ongoing and in good progress
Garlic Meristem Micropropagation, virus cleaning Initial stage

Geranium Shoot tip Micropropagation Completed

Ginger Rhizome latera bud  Micropropagation Initial stage

Grapevine Shoot tip Micropropagation Completed

Cardamon aframomum  Rhizome laterd bud ~ Micropropagation Completed

Niger Anther Double haploid line devel opment Ongoing and in good progress
Pineapple Shoot tip Micropropagation Completed and being scaed up
Potato Node Micropropagation, virus cleaning Completed and being scaed up
Sweet potato Shoot meristem Micropropagation Initial stage

Tef Floral part Double haploid line devel opment Ongoing and in good progress

of Biodiversty Consarvation, thelnternationd Livestock
Research IndtituteandtheRegiond Agriculturd Research
Ingtitutes.

In Ethiopia, plant tissue culture hasbeen giventhe
highest priority inbiotechnologica research and devel-
opment. Thisisbecausetissue culture provideslarge
quantities of disease-freeplant materialsin short time.
Tissuecultureactivitiesfirg gartedin Ethiopiain 1980’s
at Addis Ababa University with focus on
micropropagation of indigenous forest species like
Podocarpus sp., Cordia africana, Hagenia
abyssinica and Annengeria p. that areeither difficult
to regenerate vegetatively or requirelong time propa-
gation®. Thiswasfollowed by micropropagationworks
carried out on some Ethiopian plant species like
Phytolacca dodecandral®, Eragrostistef? and Enset
ventricosum®1,

In 2000, amore comprehensiveand concerted em-
phasiswasgivenfor aprotocol of optimizationfor mass
propagation, disease cleansing and in vitro conserva
tion of economically important crop species. Thema-
jor achievementsfrom these worksincludethedistri-
bution of large number of tissue culture plants of ba-
nana, hybrid coffee, pinegppleand potatotofarmersin
various parts of the country (see TABLE 2). In addi-
tion to micropropagation and virus cleansing, invitro

techniques are also being used for production of
dihaploid plantsto reduce breeding cycleby obtaining
purelinefor further improvement in cropsliketef and
Niger™ and for in vitro screening of cropslike coffee
for resistanceto coffee berry diseases.

Challengesand opportunitiesof application of tis-
sueculturein Ethiopia

In Ethiopia, application of technologiesgenerated
by conventiond research hassgnificantly improved the
country’s agricultural productivity in the pastY.. If bio-
technology is properly integrated into these tech-
nologies, it would complement these effortsby provid-
ing opportunity to speed up such processesgiving new
solutionsto the old and emerging problemsinamore
preciseand cost-effective manner. The potentia of tis-
sueculturebiotechnology inimproving crop and live-
stock productivity isvery huge and rapid progressis
being made worldwide onits application. Inthisre-
gard, Ethiopiahasdevel oped favorablepoliciesto fa
cilitate the safe application of biotechnology inagricul-
tural sectorsin particular. Yet, nowadays, it remained
difficult to usesuch toolsto acquire solutionsto maor
agricultura problemsowingtolack of resources(infra-
structures) and well skilled personnd.

Theadvantage of tissue culturefor rapid and large
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scale multiplication of plantshasbeen widely recog-
nized inthecountry inrecent yearsand research efforts
are now being extended to other institutionsaswell.
For instance, regional agricultural research institutes
namey theAmharaAgricultural Research Ingtituteand
Southern Agricultural Research Institute have recently
deve opedtheir capacity andinitiated tissueculturework
for micropropagation of selected crops of importance
intherespective geographical area. Furthermore, pri-
vate enterpriseslike M eke e Plant Tissue Culture Labo-
ratory haverecently engaged inlarge scalemultiplica
tion and propagation of tissuecultureof cropsincluding
banana, sugarcane, grapevine and flowersto produc-
ersinnorthern Ethiopia.

Genetic engineering offers several benefitswhen
used responsi bly by addressing the environmenta and
food safety concernswith rigorous biosaf ety regula-
tions. Until recently, guiddineswith genetic engineering
research and deployment of genetically modified or-
ganisms(GMOs) do not exist inthecountry. Thissitu-
ation discouraged Ethiopian scientistsfrominitiating
geneticengineering projectsand participainginsmilar
network activitiesat regiond andinternationd level and
consequently significantly hampering theresearch and
capacity building processin modern biotechnology re-
search and devel opment in the country. Three years
back, the Ethiopian government hasapproved biosafety
law whichisexpected to encourage genetic engineer-
ing research aswell asmarketing of itsproductsinthe
country. Awiderangeof crop production problemsthat
areether difficult or impossibleto addressusing con-
ventional research techniquesarelikely to be solved
using cropsgeneticaly engineered for specifictraitsand
adapted to local conditions. For some of these con-
graints, transformation technol ogy isaready devel oped
elsawhereand commercialy available and only needs
to beintroduced and adopted to local conditionswith
minimum vaueinputs. Recently, the private sector has
expressed keeninterest inintroducing Bt cottonto boost
its production and thus sati sfying the booming textile
industry inthe countryt™.

It isalso possibleto usetransgenic plants as par-
entstotransgressthedesired genesto locdly preferred
cotton varietiesby conventiona breeding. Ontheother
hand, thereisaneed to develop local capacity inge-
netic engineering technologiesintermsof infrastructure
and manpower to address constraints on indigenous

———— Review
crops like Eragrostistef and Enset ventricosum.
Potential impactsof GMOs

Genetic engineering, if not managed safely and re-
sponsi bly, could impose some dangerous problemson
the environment and wellbeing of human. For instance,
transgeni ¢ plantsharm non-target speciesdirectly and
indirectly downthefood chain. For instance, Bt-cotton
harmsbeeswhicharemgor pallinators, Bt-maizeharms
lacewingsfed on peststhat have eaten Bt-maize, and
Bt-maize pollen a so harmslarvae of M onarch butter-
flies. Transgeni ¢ potatoeswith snowdrop lectin harms
ladybirdsfed on aphidsthat have eaten transgenic po-
tatol'?,

Transgenicvarigtiesareunstable, do not breed true,
and do not perform consistently. Herbicide tolerant
transgenic cropsareincompatiblewith sustainable ag-
riculture dependent on mixed cropping and crop rota-
tion. Broad-spectrum herbicidesharm earthwormsand
microoragnismsthat maintain natura soil fertility inor-
ganic farming. Transgeni ¢ plantswith bt-toxin under-
mine pest control for organic farming and aretoxicto
ma or pollinatorsand other beneficial insects.

Transgeniclinesareeven moregeneticaly uniform
than conventional monoculture crops and may hence
be more susceptibleto diseases and environmentd exi-
gencies. Vira resistant transgenic plantscan generate
new, often super infectious viruses. Terminator tech-
nologiesdestroy seed fertility!2.

Thehazardsareinherent to the hit or misstechnol-
ogy. Random geneinsertionsgiverandomgenetic ab-
normalities and unexpected effects. New genes, gene
congtructsand productsfrom viruses, bacteriaand non-
food speciesareintroduced into our food for which no
safety testsexist. Interaction between introduced gene
and host genesincreases unexpected effectsincluding
toxinsand dlergens. Thetechnol ogy enhanceshorizontd
genetransfer and hasthe potential to generate new vi-
ruses and bacteriathat cause diseases and spread drug
and antibiotic resistance.

Horizontal genetransfer and recombination spreed
antibiotic res sancegenesand have crested new patho-
gensinrecent years. Strains of four dangerousbacte-
ria, includingthe one causing tuberculos's, areres stant
tod|l antibioticsand henceare untreatable. Sofar, re-
portsreveled that at least 40 new viruses that cause
diseasein human beings have emerged between 1988
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and 1996. Transgenic plants were found to transfer
transgenesand antibiotic res stant marker genesto soil
microorganismsand fungi®™. Usually, DNA released
from dead or viablecellspersistsin al environments
and remaninfectious.

CONCLUSION

Biotechnol ogy isascientific technique based on bi-
ology, especially used in agriculture, food and medi-
cine, which usesliving organism or substance of organ-
ismto make or modify product, to improve plantsor
animal or to devel op microorganism for specific uses.
Thegenetic modification leading toimprovement of or-
ganismisnecessary for production of certain products.
Themaost common techniquesof biotechnology include
tissueculture, invitro regeneration, organogenesis, ge-
netic engineering (transformation) and embryogeness.

Tissueculturebiotechnology isthemost widely used
tool inagricultura sectorsfor improving and producing
disease-free plantsand animal's, and their products. In
thisregard, devel oped nations have significantly ben-
efited fromtheproduct of biotechnology ingenera and
tissue culturetechnology in particular.

Unfortunately, underdeve oped countriesincluding
Ethiopiamissed such opportunitiesso far astheresult of
lack of resourcesand required knowledge, and lack of
awareness. However, nowadays, the Ethiopian govern-
ment sarted planningandimplementing policiesand sra-
egiesrdated to biotechnology in agricultural sectors.

In Ethiopia, application of plant tissueculturebio-
technology isatinitid stage. Infact, presently, many gov-
ernment universtiesand researchinditutesaretakingini-
tiativestowardsdevel oping curricula, educating skilled
manpower and conducting problem solving researches
intheareaof biotechnology. Despitethefact that bio-
technol ogy would solvesocietd problems, irresponsible
and unsafe application and management of biotechno-
logical productscould severely harm thewellbeing of
human, hispossession and theenvironment at large. So,
application of biotechnology and its product should be
handledinaresponsibleand safeways.
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