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Abstracts

Genetic engineering, also known as genetic modifinais the process of manually adding new DNAato
organism. The goal is to add one or more new tth#tare not already found in that organism. Agaorsm that

is generated through genetic engineering is coreiddéo be a genetically modified organism (GMO).
Recombinant technology is helpful in solving theiagtural problems arising due to biotic and almigtresses.
Cognizant of this potential, the Ethiopian governtrigas made significant investment in modern blmtetogy
capacity building and the parliament also amend€OdMv to allow Ethiopian research partnershipgatijt on
non-edible items that was previously said to bmgént. After many years of fighting against theheology,
Ethiopia is poised to become one of the few Africmuntries to commercialize and produce at least on
genetically-engineered crop.
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1. Introduction

Genetic engineering, also known as genetic modifinais the process of manually adding new DNAato
organism. The goal is to add one or more new tthés are not already found in that organi@mimrose and
Twyman, 2013). Creation of genetically engineered/modified om&genic organisms requires recombinant
DNA. Recombinant DNA is a combination of DNA froniffdrent organisms or different locations in a give
genome that would not normally be found in natéwegording to(Singh and Singh, 2014)

An organism that is generated through genetic emging is considered to be a genetically modified
organism (GMO). The first GMOs were bacteria getegtdan 1973 and GM mice in 1974. Insulin-producing
bacteria were commercialized in 1982 and geneticaibdified food has been sold since 1994.Genetic
engineering techniques have been applied in numefaids including research, agriculture, industria
biotechnology, and medicine. Enzymes used in launidtergent and medicines such as insulin and human
growth hormone are now manufactured in GM cellpeednental GM cell lines and GM animals such asemic
or zebra fish are being used for research purposesl genetically modified crops have been
commercializedBlake etal.,2013)

Genetic engineers have developed genetic recondninéchniques to manipulate gene sequences in
plants, animals and other organisms to expressfi&peaits. Applications for genetic engineeringeancreasing
as engineers and scientists work together to ifjetite locations and functions of specific geneshe DNA
sequence of various organisms. Once each genassifiéd, engineers develop ways to alter themréate
organisms that provide benefits such as cows tlatyece larger volumes of meat, fuel- and plastiesegating
bacteria, and pest-resistant cropsguaah , 2007

According to(James,2013 and Khan and Hakeem , 2015) Commercialization of first genetically engineered
crop started back in 1996 and since then it hasheshnew heights in its application and wide adafita to
various sectors of modern agriculture. Since 199813 there has been tremendous increase in tbagacof
genetically engineered crops. Between 1996 and #8@ has been more than 100 fold increase ia¢heage
of genetically engineered crops. Recombinant teldgyois also helpful in solving the problems argsidue to
biotic and abiotic stresses. Research has alreathonstrated the potential to develop crops witheiased
nutrient-use efficiency, greater drought and flogdiesistance, stronger disease and insect resistard higher
nutritional content and yieldnsect-resistant crops have been one of the majocesses of applying plant
genetic engineering technology to agriculture; amt{Gossypium hirsutum) resistant to lepidopteran larvae
(caterpillars) and maize (Zea mays) resistant th kepidopteran and coleopteré@atehouse,2008

In addition to genetic engineering helping GMOnpéaand crops thrive in a variety of conditionsalgo
has many benefits to human society. However ribisset to replace conventional plant breedingsatmodern
tool for use of plant breeders to fasten the bregdgirogramme. Transgenic technology yielded gealbtic
modified (GM) crops having novel genes with favdileacharacteristics like higher yields, herbiciésistant,
insect and disease resistant, drought resistdintitgaesistant and the othef$ester and Langridge, 2010).

According to Abraham, 2014) cognizant of this potential, the Ethiopian gowaemt has made significant
investment in modern biotechnology capacity buigdim the last decade. There has also been spat#iest by
cotton sector to boost its productivity by adoptingect resistance (Bt) technologies. The previposlamation
was said to be stringent and did not allow the ivexment of local researchers in partnership witierimational
researchers as it required full responsibility hg €&xporting country’s competent national authofiy the



Advances in Life Science and Technology www.iiste.org
ISSN 2224-7181 (Paper) ISSN 2225-062X (Online) “_'i"
Vol.60, 2017 IIS E

completeness and accuracy of the information pea/idith the informed agreement. However, since @y
2015 Parliament Amends GMO Law to Allow Ethiopiaesearch Partnerships initially on non-edible items.
“Now we have the chance to exercise research on &&@ work on GMOs imported from abroad” Fantahun
Mengistu (PhD), Director General of the Ethiopiastitute of Agricultural Research (EIAR) told FareuThe
objective of thisreview is to assess recent progress of researapplication of genetic engineering to crop
improvement and to see the gap those need furtipoivement in Ethiopia.

2. Literature Review

2.1 Crop Improvement and GM O Development

Crop improvement is the continuous endeavor to awpruseful traits of crop plants by using genetidation
(Tester and Langridge, 2010). Until the end of the Nineteenth century, shifistihe genetic makeup of crops
mainly occurred through time-consuming phenotygteation in the field without further knowledge tife
underlying mechanisms of inheritance or the gerstgpphenotype connection. Since the birth of tiseigline

of genetics and the advent of modern plant breettioggh, breeders have used various scientific oastho (1)
increase the available genetic variation, and @hn g higher level of control between deliberataegie
alterations and the resulting phenotypic traitstdfions induced by radiation or chemicals enableevalution

in the first mentioned, and has provided the wavith at least 3240 improved varieties of all ourjonarops
(Eriksson and Ammann., 2016), whereas more recehinigues for genetic modification (GM) and genome
editing have greatly enhanced the capacity botfet@rate genetic variation and exercise contrtiierbreeding
process.

Once the science of genetics became better unddrgitant breeders used what they knew about thesge
of a plant to select for specific desirable traithis type of genetic modification, called traditad plant
breeding, modifies the genetic composition of @alny making crosses and selecting new superiortge®o
combinations. Traditional plant breeding has beeimgyon for hundreds of years and is still commoudgd
today. Plant breeding is an important tool, but l@stations. First, breeding can only be done hsgw two
plants that can sexually mate with each other. Titngs the new traits that can be added to thbs¢ already
exist in that species. Second, when plants arednéteossed), many traits are transferred along thi¢ trait of
interest including traits with undesirable effestsyield potentia(Tester and Langridge, 2010).

Genetic engineering is the direct modification nfaganism’s genome, which is the list of spedifaits
(genes) stored in the DNA. Changing the genome lesaingineers to give desirable properties to mdiffe
organisms. Organisms created by genetic engineeniagcalled genetically modified organisrifcquaah |,
2007).

All genetic changes affect the protein synthesitheforganism. By changing which proteins are pceduy
genetic engineers can affect the overall traitghef organism. Genetic modification can be compldigda
number of different methods such as inserting newetic material randomly or in targeted locatiodisect
replacement of genes (recombination) ,removal akgeand Mutation of existing genes accordinfSingh and
Singh, 2014).

2.2 Process of Plant Genetic Engineering

Genetic engineering is a new type of genetic meatifon. It is the purposeful addition of a foreigane or
genes to the genome of an organism. A gene hofdsmation that will give the organism a trait. Géae
engineering is not bound by the limitations of ttiadal plant breeding. Genetic engineering physia@moves
the DNA from one organism and transfers the gerfe(s)ne or a few traits into anoth@han etal.,2013). Since
crossing is not necessary, the 'sexual' barrievdet species is overcome. Therefore, traits frogn lamng
organism can be transferred into a plant. This oteth also more specific in that a single trait baradded to a
plant.The process of genetic engineering requinessuccessful completion of a series of five St&usSA
extraction is the first step in the genetic engiimgeprocess. In order to work with DNA, scientistsist extract
it from the desired organism. A sample of an organcontaining the gene of interest is taken thraughries of
steps to remove the DNA. The second step of thetgeangineering process is gene cloniBgr§ and Mertz,
2010)

During DNA extraction, the entire DNA from the orgsam is extracted at once. Scientists use genéngjon
to separate the single gene of interest from teeakthe genes extracted and make thousands edscopit.
Once a gene has been cloned, genetic engineens thegthird step, designing the gene to work onsidée a
different organism. This is done in a test tubecbifing the gene apart with enzymes and replacamg gegions
that have been separated. The gene can be isolsitegirestriction enzymes to cut DNA into fragmeauts gel
electrophoresis to separate them out accordingngth (Alberts , etal.,2002). Polymerase chainti@a¢PCR)
can also be used to amplify up a gene segmenthwdda then be isolated through gel electrophoréfstae
chosen gene or the donor organism's genome hasamkestudied it may be present in a genetic liprdi the
DNA sequence is known, but no copies of the gemeaamilable, it can be artificially synthesizédang
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etal.,2011).

The modified gene is now ready for the fourth dtefhe process, transformation or gene insertiomces
plants have millions of cells, it would be impodsiko insert a copy of the transgene into every; @élerefore,
tissue culture is used to propagate masses offarglitiated plant cells called callus (Byrne, 20I®)ese are
the cells to which the new transgene will be adddd new gene is inserted into some of the cellsggugarious
techniques. Some of the more common methods incthdegene gun, agrobacterium, microfibers, and
electroporationJames, 2013).

Gene gun: In this method, microscopic pellets dflg tungsten are coated with the transgene fragme
and shot at high velocity into plant cells or tissuln a small proportion of cases, the pellet palés through the
cells and the DNA fragment will remain behind aretdme incorporated into a plant chromosome in #ie c
nucleus Byrne, 2014).

Agrobacterium tumefaciens: This method utilizes a biological vector, the Isdivelling bacterium
Agrobacterium tumefaciens, which in nature transfers part of its DNA int@apis and causes crown gall disease.
Genetic engineers have taken advantage of this DBidsfer mechanism while disarming the diseasehogus
properties. Plant and bacterial cells are co-caiitig in a petri dish under conditions that fad#itgene transfer.
This allows incorporation of genes in a more cdigtbmanner than with the gene gun; however, itsdoat
work equally well in all plant speciedafmes, 2013).

Insertion of transgenes is generally an inefficigriicess, with only a few percent of plant celldissues
successfully integrating the foreign gene. Variaisategies are used to identify the small percentaf
cells/tissues that have actually been transforriéé. next step is to develop those cells or tissnswhole
plants capable of producing seed. This is doneutiira process called tissue culture, that is, grgyilants on
agar or a similar medium in the presence of plantients and hormones under controlled environnenta
conditions Byrne, 2014).

The main goal of each of these methods is to pamshe new gene(s) and deliver them into theeusbf
a cell without killing it. Transformed plant celise then regenerated into transgenic plants. Hmsgenic plants
are grown to maturity in greenhouses and the demdproduce, which has inherited the transgenegliscted.
The genetic engineer's job is now complete. Hevghédiand the transgenic seeds over to a plantdeewho is
responsible for the final stePérbani etal.,2008).

The fifth and final part of producing a geneticadiggineered crop is backcross breeding. Transgsuits
are crossed with elite breeding lines using tradal plant breeding methods to combine the dednats of
elite parents and the transgene into a single Tihe. offspring are repeatedly crossed back to lite lee to
obtain a high yielding transgenic line. The resuilt be a plant with a yield potential close to mt hybrids
that expresses the trait encoded by the new traesf@arbani etal.,2008) . The entire genetic engineering
process is basically the same for any plant. Thgtleof time required to complete all five stepsnfrstart to
finish varies depending upon the gene, crop speeielable resources and regulatory approvalait @ke
anywhere from 6-15+ years before a new transgeybicidhis ready for release to be grown in productields
(khan etal.,2013).

2.3 Application of Genetic Engineering to crop improvement.

The early and most cost-reward producing use ofh@Ebeen in the development of insecticide andqgodst
resistance in field crops. A great deal of interbas currently been shown in incorporating tolecata
environmental stresses in crop cultivars in ordestabilize the yield under fluctuating environnamonditions.

In addition, as enhanced nutritive value of crop reth@red much interest to combat malnutrition inedieping
countries and to meet the food preference of nkdtsaseveral transgenic cultivars with fortifiedtritive
values have been released. Some degree of sucassaldo been accomplished in developing crops with
chemical

constituent of industrial value and the use of dags hosts for pharmaceutical produ@mngh and Sngh,
2014).

Achieving sustainable agriculture and producingugitofood for the increasing global population will
require effective strategies to cope with harshrenments such as water and nutrient stress, leigipératures
and compacted soils with high impedance that dralfi reduce crop yield. Recent advances in the
understanding of the molecular, cellular and epigjenmechanisms that orchestrate plant responsabitic
stress will serve as the platform to engineer impdocrop plants with better designed root systechitacture
and optimized metabolism to enhance water andenifriuptake and use efficiency and/or soil penetratn
this review we discuss such advances and how therged knowledge could be used to integrate é@ffect
strategies to engineer crops by gene transfermorge editing technologiekdpez-Arredondo et al., 2015)

A limited success in producing abiotic-stress tbércultivars through genetic engineering has been
achieved. Stresses occurring simultaneously a@ranon situation for crops that results in a comsgstem
to cope with. New technologies provide opportusitie generate transgenic crops able to maintain Virejds
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under stress. More emphasis should be given toy salnotic-stress tolerant crops under field cowodisi
focusing on reproductive stage accordingRegera etal., 2012).

Recombinant DNA and transformation techniques alpdant breeders to use genes from essentially any
source as tools for crop improvement. For exantplenable rice grains to accumulate beta-carotehich is
converted into vitamin A when consumed by animals)l create the so-called “Golden Rice,” scientistsd
genes from daffodil, pea, a bacterium, and a vifuansgenic plant methods enable these four wallatherized
genes to be inserted into a transgenic plant, miadua highly specific change in only the traitioferest. In
contrast, many unknown genes are introduced whHareder uses wide crosses to transfer a desiredfgen a
wild plant into a crop plantjuslow etal.,2002).

According to khan etal.,2013) transgenic breeding enables the transfer of gexmess taxonomic
boundaries unlike conventional breeding where fidssible to transfer genes from closely relatextigs only.

It also offers new avenues of plant improvemerghorter period compared to conventional breedirdy reaw
possibility of incorporating new genes without peshs incompatibility. The following points are some
application of genetic engineering to plant bregdiaccording to khan etal, 2013 ; Naranjo and
Vicente,2008; Sngh and Singh 2014).

Herbicide resistant: herbicides normally affect processes like phattisgsis or biosynthesis of essential amino
acids. Transformation of cereal crops with Glypheseesistant gene (Glyphosate = herbicide). Heatbici
tolerant (HT) soybean and canola are releasedfoneercial cultivation.

Insect resistant: Insect-resistant crops contain genes from thelsaterium Bacillus thuringiensis (Bt). The
protein produced in the plant by the Bt gene isctéx a targeted group of insects—for example Eeappcorn
borer or corn rootworm—but not to mamméByrne, 2014). The genes which responsible for the production of
delta-endotoxin in Bacillus thuringiensis is usedb#ological insecticide. The transgene has bemmsterred to
many crops for example looper resistance in soylygaoh borer resistance in groundnut, head boréstagse in
sunflower, semi-looper resistance in castor etowsinop lectin gene from snow drop (Galanthus n§jalvas
transferred to brassica and safflower for aphidtast.

Resistance against viral infection: coat protein gene from Tobacco Mosaic Virus (TMM3s transferred to
develop resistant varieties of crop plants. Thestast varieties developed in crop plants like sab for
resistant to yellow mosaic virus, groundnut forigest to bud and stem necrosis, clump and stripgsv
resistance, whereas in sunflower, resistance deedléor bud necrosis.

Resistance against bacterial and fungal pathogens. Chitinase genes was transferred to crops like diras
Soybean, Sunflower, Sesame etc for alternaria dpaf disease, where as in case of groundnut whah w
introduced against leaf spot and alternaria blayid in castor for Botrytis resistance. Acetyl tfansse gene
was transferred for wildfire disease of tobaccosealby pseudomonas syringae.

Improvement of the nutritional qualities in crop plants: The carotene gene has been transferred from
daphoddils to rice grains (Golden Rice) for inchegsBeta-carotene content in grains and for solving
blindness in childerns. Antisense Fae 1 gene tearesf to Brassica napus and Brassica juncea forelomic
acid content and also for low linolenic acid comntencase of linseed. Antisense ricin gene tramsteto castor
for reduction of ricin content and RCA endosperntastor seeds. Antisense sterol desaturase /+haefted
into sunflower for developing high oleic acid cantag types.

Improvement of crop plants against abiotic stresses: transcription factor genes, structural genes, ledgry
genes were introduced into the groundnut, soybBeagsica juncea, B. napus to develop drought aliitga
tolerant types.

Development of transgenic male sterile lines: transgenic male sterile lines of safflower Braggimcea were
developed through the transfer of Barnase gene Baateria (Bacillus amyloliquefaciens). A long tegmal in
agriculture is to introduce the genes (Nif genesitrogen fixation in crop plants.

There is a need to establish reliable protocolg@nretic engineering of crop plants so that thegpscalso
could be brought under the umbrella of crops amlen&dr genetic engineering. The greatest challeimge
agriculture is to improve food grain production aedhdication of malnutrition problem in the devetap
countries and hopefully this technique will be aggito the regions where food shortage is greaBgsknowing
the present problems of farmers and also healtht pbiview, developing safe and efficient transggplants is
neededTester and Langridge, 2010). For achieving these, there is need of intensifyigsearch at national and
international levels to ensure that biotechnolagdk to second revolution in agriculture, whicthbmoductive
and sustainable. Synergy between GM breeding awitibnal plant breeding needs to be further stitegmed.

2.4 Ethiopian Perception to Genetically Engineered Crops.

Genetic engineering offers several benefits whesd ugsponsibly by addressing the environmental fand
safety concerns with rigorous biosafety regulatidsistil recently, guidelines with genetic enginegrresearch
and deployment of genetically modified organisms it exist in the country. This situation discowgdg
Ethiopian scientists from initiating genetic engiriag projects and participating in similar netwadtivities at
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regional and international level and consequentipiicantly hampering the research and capacitijding
process in modern biotechnology research & devedophim the country (Abraham, 2009).

After many years of fighting against the technglogthiopia is poised to become one of the few
African countries to commercialize and produceeast one genetically-engineered crop. In June 28ftér,
several years of internal government debate andimations, Ethiopia’s Parliament adopted an amemdrte
the Biosafety Proclamation with the express purpafskying the regulatory framework to allow farraeio
plant biotech cotton in order to meet the risingndads from the rapidly expanding textile and appseetor.
The earlier Proclamation imposed a de-facto bathermlanting of GE crops as well as biotech rese@refera,
A., 2015).

A big step taken recently by the Ethiopian governhig the approval of biosafety law by the parliaiis
expected to encourage genetic engineering resessciell marketing of its products in the countryan
responsible way. A wide range of crop productionbpems that are either difficult or impossible wdeess
using conventional research techniques are likelpe solved using crops genetically engineeredsparcific
traits and adapted to local conditions. The majop @roduction constraints in Ethiopia that caratdressed by
genetic engineering are indicatedTiable 1. For some of these constraints, transformationnelogy is already
developed else-where and commercially available anly needs to be introduced and adopted to local
conditions with minimum technical inputs (Abrahaz009).

Recently for example, the private sector has esgb&keen interest in introducil cotton to boost its
production and thus satisfying the booming textildustry in the country. These efforts will helpasb cotton
production in Ethiopia as many cotton producingrfars in western Ethiopia are abandoning their adfitlds
due to heavy boll worm infestation pressure. Bytrping with commercial companies like Monsantoghsu
technologies can be accessed relatively easilis #lso possible to use such transgenic plantsagans to
transgress the desired genes to locally preferoédrc varieties by conventional breeding. On tHeeohand, to
address constraints on indigenous crops like téfearset that are not of interest to foreign congmrthere is a
need to develop local capacity in genetic engimgetechnologies in terms of infra-structure and paaver.

3. Conclusions

Genetic engineering becomes a powerful technigatapplicable for altering the genetic make-uphef ¢rop
plants. It is achieved through transgenic or redoait DNA technology. The crop plants having so yan
desired characters but due the presence of orewoufifavorable characters makes the crop to limitsi area
and production. This makes the farmers to forcefblive to shift to other crops. And also to overeatime
malnutrition problems facing a huge mass of thepfeeof the world, transgenic technology helps itigating
this problem in an effective manner. Recombinacimelogy is also helpful in solving the problemsiaig due
to biotic and abiotic stresses.

To overcome all these problems, transgenic teclgyolelps to transfer desired characters from variou
sources to required crop plants by identificatiad &olating the gene of our interest. The techgylof genetic
modification through transgenic approach is morealed and the inserted genes can be easily fallowe
contrast to green revolution that only emphasisttoee main crops (rice, wheat and maize) and prdiuc
ambivalent results, the gene revolution represgméshnical and ethical advance and can be usetptove the
characteristics of all targeted plants with sigmfitly enhanced social impacts.

However, genetic engineering is not set to reptaesentional plant breeding but is a modern tooluge
of plant breeders to fasten the breeding programribe varieties of maize, tobacco, cotton etc.} tra
resistance to herbicide were developed by transftiom of plants with glyphosate resistant gene ugho
Agrobacterium mediated transformation. Transgestibnology yielded genetically modified (GM) crops/img
novel genes with favourable characteristics likghbkr yields, herbicide resistant, insect and deseasistant,
drought resistant, salinity resistant and the ather

Ethiopia is strongly against the hasty introduct@fnGM crops, because as a center of origin ang cro
diversity, we recognize the assets that come frdnolagically diverse, locally adapted, small-scatgiculture.
Releasing to the environment is punishable unlessdsearcher persuades the benefit of releasinGrhO to
the environment.

4. Prospects (Future Line of Work).

Genetic engineering (GE) technologies can contiltatimprove crop productivity and quality. Moreovkey
production constraints such as bacterial wilt cfetnlate blight of potato, drought stress on ctiggsmaize and
wheat, lodging resistance on tef as well as lowiting quality of native crops like enset and gress can be
addressed by strengthening GE research capacitinsrdational collaboration. Knowing of this potiah the
Ethiopian government has made significant investniemimodern biotechnology capacity building in tast
decade and recently parliament amends GMO law ltavaEthiopian research partnerships initially omno
edible items. In the future our country may alsocgss in all aspects in GMO products.
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It is evident that there are real prospects forlibeefit of biotechnology tools and products ini@pia.
However, a close look at the current situationgaé a number of constraints and gaps that cotadbto the
under development of agricultural biotechnologyfeEtive biotechnology policy directives and biosgfeystem
as well as regulatory and monitoring mechanismsl nede in place, in particular, for the introdoctj research
and release of GMOs; current applications sucha fissue culture, microbial products developmeatcine
production and diagnostics should be expandedwike utilization of the country’s biodiversity kp vitro
conservation, molecular characterization and intotidn of marker assisted breeding and isolatiopadéntially
useful genes should be promoted; there is a neelwelop a strong national capacity in recombiriaNA
research such as GMOs including containment graesghdacilities; sufficient financial resources skiobe
made available by mobilizing public and privatetee@nd from local and external sources; establgstind
sustaining institutional linkage within the countrtg well as strengthening collaboration among Biaio and
foreign institutions should be improved; policiesdancentive mechanisms should be developed tousage
private sector investment and their participatiom agricultural biotechnology, Universities offering
biotechnology courses should upgrade their laboyaito terms of manpower and facilities to acqudim
students with practical skills and produce competaanpower; and finally an active and honest imtgoa
between scientist and other society members inefutie public and decision makers should be engedra
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Table 1. The potential of genetic engineering in solving crop production constraintsin Ethiopia.

Commodity Constraints Candidate transgenes Application status
worldwide
Cotton Boll worm Insect resistance (Bt) gene Commercialized
Wheat, barley, tef  Grass weeds Herbicide resistance gene Commercialized
M aize/sor ghum Stem borer, striga, abioti Bt gene, striga resistance ger commercialized and/or
stress (drought, frost an stress genes & promotors being
salinity tolerance) attempted
Tef Lodging resistance dwarfing gene from wheat orfuture plan
rice
Tomato Tomato VYellow leaf curl Viral rep protein C1 gene being attempted
virus elsewhere
Potato Late blight Resistance genes from wildbeing attempted
potato elsewhere
Enset/banana Bacterial wilt hrap gene from bacteri being attempted
(Xanthomonas) elsewhere
Sesame Sesame seed bug Bt gene future plan
Faba bean Chocolate spot Chitinase or glucanase gene  future plan
Chickpea pod borer, stunt virus Bt gene, Viral coat protein gene being attempted
elsewhere
Sweet potato weevil Bt being attempted
elsewhere
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