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tionGeneti
 modi�
ation (GM) is an important new te
hnology that has already seen widespreadimpa
t and 
ontroversy in a variety of appli
ations. Here the possibilities and pitfalls of the useof GM in agri
ulture will be 
onsidered.
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2 GM te
hnologyGM is the modi�
ation of geneti
 material in living organisms. The easiest and most 
om-mon modi�
ation is gene insertion. First the target gene must be identi�ed and isolated, thenin
orporated into the organism.2.1 PlasmidsPlasmids are small 
ir
ular se
tions of DNA found in prokaryotes. They 
ontain genes and anorigin of repli
ation and are reprodu
ed and expressed along with the main 
hromosome. Be
auseof their small size and the fa
t that multiple 
opies of a plasmid may be found in a single 
ell,they are very useful for geneti
 engineering. (Walker & Gingold, p.24)2.2 Restri
tion enzymesRestri
tion enzymes 
leave the DNA strand at spe
i�
 
ombinations of bases (see Figure 1). Manysu
h enzymes are known, ea
h re
ognising a unique nu
leotide sequen
e typi
ally between 4 and8 bases long and 
leaving it either symmetri
ally (�blunt ends�) or asymetri
ally (�sti
ky ends�).Sti
ky-ended DNA fragments have the useful property of spontaneously hydrogen bonding withanother, 
omplementary sti
ky-ended fragment to form a single stret
h of double-stranded DNA,a pro
ess 
alled annealing. DNA ligase 
an then be used to reform the phosphodiester bondsne
essary for ba
kbone stability. (Walker & Gingold, p.26; Al
amo, p.77)It is thus possible to join two sets of DNA fragments from di�ering sour
es into a single length ofDNA, 
alled re
ombinant DNA. Typi
ally this is used to insert geneti
 material into a plasmid,whi
h 
an then be introdu
ed easily to a prokaryoti
 
ell (e.g. a ba
terium) and repli
ated severalmillion times.2.3 Gene isolationRestri
tion enzymes 
an also be used to lo
ate spe
i�
 genes by fragmenting DNA and testingwhi
h fragments result in the expression of the gene. This is a tedious pro
edure, as the numberof possible fragments is extremely large. (Walker & Gingold, p.35)Alternatively, 
ells 
an be indu
ed to express the gene, and the trans
ribed mRNA 
olle
ted andisolated. Conversion of mRNA ba
k to double-stranded DNA is a
hieved �rst by employing re-verse trans
riptase to produ
e a 
omplementary single strand of DNA (
DNA), followed by DNApolymerase to reform the double helix. The DNA thus produ
ed 
ontains only the translatedregion of the gene, and is missing upstream regulatory elements and introns. (Walker & Gingold,pp.36-40; Al
amo, pp.98-100)2.4 Gene in
orporation: dire
t methodsWhile indu
ing DNA uptake into prokaryotes is relatively straightforward, eukaryoti
 
ells su
has plant 
ells present a mu
h more 
hallenging proposition. The te
hnique of mi
roinje
tion �simply inje
ting DNA into 
ells with a small syringe � has a low su

ess rate due to the relativevolumes of a eukaryoti
 
ell and its DNA-
ontaining nu
leus.2



Figure 1: Outline of the operation of the restri
tion enzyme E
oRI, whi
h re
ognises the nu-
leotide sequen
e GAATTC and 
leaves it asymmetri
ally. Note that the re
ognition sequen
eis palindromi
, thus both strands are 
leaved.Another primitive te
hnique, biolisti
s, involves �ring DNA-
oated metal parti
les at 
ells from a�gene gun�. This also has a very low su

ess rate, mitigated by the fa
t that an entire 
ell 
ultureis targeted rather than an individual 
ell. (Walker & Gingold, p.132; Al
amo pp.241-242)2.5 Gene in
orporation: indire
t methodsThe ba
terium Agroba
terium tumefa
iens atta
ks many spe
ies of plants to form galls. Thetumour-indu
ing (Ti) plasmid responsible 
auses a DNA fragment to be in
orporated into thehost's genome. This 
an exploited by geneti
ally modifying the plasmid to alter the in
orporatedDNA fragment, inserting the plasmid into ba
terial 
ells and exposing plants to the modi�edba
teria. (Chawla, p.227)Spe
ies that A. tumefa
iens does not atta
k 
an still be modi�ed by a similar method thatintrodu
es the Ti plasmid dire
tly into the host 
ell. (Chawla, p.253)3 Appli
ationsUse of GM in agri
ulture 
an bring bene�ts to 
rop yield and quality.
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3.1 Cold toleran
eThe �rst GM organism released into the environment was �i
e-minus�, a strain of the i
e-nu
leating ba
terium Pseudomonas syringae modi�ed to la
k the gene responsible for i
e forma-tion. When sprayed onto 
rops it 
ompeted with the wild P. syringae to redu
e the amount ofi
e formed and thus redu
e the temperature at whi
h 
rops 
ould survive before su

umbing tofrost damage. (Al
amo, p.247)3.2 Herbi
ide toleran
eGlyphosate (Roundup) is a widely-used weedkiller that inhibits the EPSPS enzyme required forsynthesis of aromati
 amino a
ids via the shikimate pathway. Some agroba
teria have a mutantenzyme that is not sus
eptible to glyphosate's inhibitory e�e
t. The gene responsible was isolatedand inserted into soybeans and other 
rops, a llowing them to survive being sprayed while weedsdied. Su
h 
rops are now in widespread use. (Al
amo, p.254)3.3 Pest resistan
eBa
illus thuringiensis (Bt) is a ba
terium that produ
es a protein toxi
 to several spe
ies ofinse
t, in
luding some responsible for widespread 
rop damage. The gene produ
ing this proteinhas been inserted into a variety of 
rops, 
onferring pest resistan
e, and large-s
ale planting ofBt 
orn and Bt 
otton 
ommen
ed in 1996. (Al
amo, p.251; Chawla, p.325)3.4 In
reased shelf lifeThe �FlavrSavr� tomato was geneti
ally engineered to fail to produ
e an enzyme that hastensrotting, polygala
turonase (PG). This was a

omplished by inserting a new gene that was the
omplement of the PG gene, whi
h when expressed as mRNA would bind to the mRNA 
odingfor the enzyme and prevent its translation. It was not a 
ommer
ial su

ess. (Chawla, p.314;Al
amo p.256)4 RisksTinkering with self-repli
ating organisms has inherent hazardous potential, and human under-standing of the ma
hinery of life is still very in
omplete. Caution has thus been the dominantapproa
h to the use of GM organisms outside the laboratory. (Smith, p.242)For example, a risk of 
rops toxi
 to pests is that pests may a
quire resistan
e to the toxin,rendering the exer
ise 
ounterprodu
tive as it would also redu
e the e�e
tiveness of the toxinitself as a pesti
ide. Another possibility is that su
h 
rops may prove toxi
 to humans also.(Smith, p.245)Biodiversity is a problem. A single strain of 
rops being used over a wide area � a mono
ulture� has the potential for being a single point of failure, in the form of sus
eptibility to disease.Horizontal gene transfer � the transfer of geneti
 material to organisms that are not o�spring (andin some 
ases not even the same spe
ies) � is a still a relatively poorly-understood phenomenon,4



and has raised 
on
erns of engineered genes �es
aping� into the e
osystem with potentially dis-astrous e�e
ts.There are groups who feel that GM is ethi
ally wrong, on the grounds that it is �unnatural�.However, arguably, GM as it applies to agri
ulture is merely an e�
ien
y improvement overthe long-established and largely un
ontroversial te
hnique of sele
tive breeding. Regulators havemostly taken the view that, for example, GM food that is �substantially equivalent� to an existingvariety warrants no extra pre
autions or labelling merely due to the use of GM te
hniques.(Smith, pp.246-248)There are groups who, regardless of the merits of GM, disapprove of the business pra
ti
es ofthe biote
hnology 
ompanies responsible.Some governments have banned the use of GM foods entirely.5 Con
lusionGM is a te
hnology still in its infan
y, but it has already shown great promise in agri
ulture,despite the risks. Publi
 awareness and understanding will hopefully in
rease over time.[1129 words℄Referen
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