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24.1' INTRODUCTION

Y ou might havetried growing plantseither in small potsor in your backyard at
some time or the other. Y ou probably tried your hand at vegetable gardening too. In
thisexperience, did you encounter some common pestssuch as bugsand other
insects that destroyed alarge portion of your plants?If yes, then quite natualy you
might have either thought of writing off your gardening experiencecompletely, or
you might have tried some type of pest control. And, if you choseatoxic pesticide,
you would worry about its possible toxic effectson you and your family aswell as
to the environment. Perhaps you chose an organicpreparation, but it might have
been more difficultand expensive to use then itssynthetic counterpart. In such a
situation, you probably wished that the vegetablesor other plantshad a built-in
pest-repellent. Thiswish is something that the genetic engineersand

bi otechnol ogistshave been thinking o for many years. They havetried to find
solutionsto such problems by applyingthescience of genetics. Besidesbuilding
pest resistance, they have worked in many areasd plant improvement. Many
important breakthroughshave been made. In the following sections you aregoing to
study some important devel opments in the improvement of plants.

Objectives
After studying this unit, you should beable to:

e explain with examples, the variouskindsof improvements madein plantsby the
application d the principlesof genetics(Section 24.2).

24.2 GENETIC ENGINEERING OF PLANTS

Though plant breedingisan ancient art, it isbased on sound scientific principles
that aim at improving the economically important plants for the benefit of mankind.
The traditional methods of plant impovementinvolveselective breedingin which
parentswith superior characteristics are used. Theresultant progeny or hybrid is
superior too, asit demonstratesthe traitsof both the parents. This phenomenon
known as hybrid vigour or heterosis formsthebasisof theimprovement of many
crop plantsof which corn isawcll-known example.
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Population and Applied Genetics  Eyer since Mendel published the results of hisfamed breeding experiments in the
garden pea, in 1866, the science of geneticsdeveloped at an unprecedented pace.
And during the course it also developed several new tools and techniques. The
application of modern methods such as the recombinant DNA technology has given
anew impetusto plant improvement. Given below are some examplesof plants,
whose various qualities have been atered or modified to the desired levels by the
application of therecombinant DNA technology.

24.2.1 Regneration of Plants from Callus Tissuesand Protoplasts

Plants have a unique property, that is, totipotency which means that their cells are
ableto regenerate completenew plants. The differentiated plant cells areableto
dedifferentiateto the embryonicstate and subsequently to redifferentiate into new
cell types. Thus, there isno separation of germ line cellsfrom somatic cells asin
higher animals. |

When excised tissues from mature plants, known as explants, are placed in the
appropriate steriletissue culture conditions, notably in the presence of the plant
hormone 2,4- dichlorophenoxyacetic acid (2,4-D), cellsin thesetissue explants
often dedifferentiateand grow into highly unorganised cell masses (see Fig. 24.1)

Fig,24.1: Undifferentiatedeallus growing ou synthetic culture
medium.

called calli (or calluses, thesingular formiscallus) . If these undlfferentlated callus
cell-clumps are transferred to agrowth medium - g ‘

lacking 2,4-D, but containing growth hormones
such askinetin, in many species plantlets will
regenerate (see Fig. 24.2).

Moreover, with some plant species such as
SRR petunias, tobacco, tomato and potato, one can
By regenerate plantsfrom even isolated protoplasts.
B Thesearesingle cellsfrom which thewalls have
beeen removed by using appropriate enzymes,
Protoplasts can be used in two different ways.
Firstly, protoplasts of two different plants’can
be used to produceahybrid cell from which a
hybrid plant can be produced. This hybrid plant
may be-subjected to-conventional plant breeding

; ; : Iig.24.2: Plantlets regenerated from callus
techniques if desired. Secondly, the protoplasts tissues growing on sterile culture

can be used asrecipient cellsfor the medium,

introduction of specificgenesbeing carried on vectors, that is, they can be
transformed just asthe E.coli cells.-In this manner a range of genetically engineered
plants, including oneswith increased yield, pest resistance and herbicide resistance
can begenerated.

Thetotipotency o plant cellsis thusamajor advantagefor genetic engineering
sinceit permitsoneto regenerateentire plants from individual modified somatic
cells. y
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24.2.2 TheTi Plasmid of Agrobacterium turnefaciens

Till date, the most important tool in the genetic engineering of plants hasbeen the
Ti plasmid of the soil bacterium Agrobacterium tumefaciens. Thisbacterium causes,
crowngall diseaseof dicotyledonous plants (see Fig.24.3). Thisdisease is
characterised by development of tumoursor galls a the wounding siteswhich are
often at the crown (hence the name crown gall). Crown is the junction between the
root and the stem. Since the crown of theplant is usualy located at the soil surface,
thisiswhere a plant ismost likely to be wounded due to abrasion by soil particles
or from the plant blowing in strong wind, and infected by the bacterium. However,
A. turnefaciens can infect any part of the plant and induceformation of tumour.

Agrobac-
terium -
tumefaciens | '

Fig.24.3: Cown gall for mation on dicolyledonous plantsafter infection
with the bacterium Agrobacterium tumefaciens.

When awound site in a dicotyledonous plant is infected by A.tumefaciens, two key
eventsoccur. One, the plant cells begin to proliferateand form tumours. Two, they
begin to synthesise an arginine derivative called an opine. The opinesynthesised is
usually either nopaline or octopine (Fig.24.4) depending on the A. tumefaciens
strain involved. These opines are catabolised and used as energy sources by the
infecting bacteria.The A. tumefaciens strains that induce the synthesis of nopaline
can grow on nopaline, but not on octopine and vice versa. Thusthe particular
bacterial strain isable to divert the metabolicresources of the host plant to the
synthesis of opines, which are of no known benfit to the host plant, but provides
sustenanceto the bacterium.

(@ Arginine
e
\NH—-—-CHz—CHg—-—CHz—?H-—-COOH
(b) Octopine NHa
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Fig.24.4: 8) Chemical siructure of the amino acid arginine, b) octopiue,
and ¢) popaline’
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The genetic information for inducing the crown gall disease in plantsiscarried on a
large, about 200,000 bp plasmid present in the A.tumefaciens cell (Fig.24.5). This

plasmid iscalled the Tiplasmid, for its tumour-inducing capacity. Two components
of the Tiplasmid are essential for the transformation of plant cells, and these are the
T-DNA and the vir region. During the process of transformation, the T-DNA (refers

Transformed plant cell

Fig.24.5: Agrobacterium tumefaciens, bearing the Ti plasmid. Cell of the plant tumour (contain (he T-DNA segment of the Ti plasmid
integrated into (he DNA of the plant chromosome.
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to transferred DNA) is excised from the Tiplasmid, and is transferred to a plant
cell. Oncein the plant cell, the T-DNA integratesinto the DNA of the plant cell. The
integration of T-DNA occurs at random chromosomal sites. The T-DNA in the
nopaline-type Ti plasmid’is about 23,000 bp having 13genes. In octopine type

Ti plasmids, there are two separate T-DNA segments. For convenience, we shall
restrict to the nopaline-type Tiplasmids whose structure i sshown in Figure 24.6.

Right terminal repeat
A

/ hY
TGACAGGATATATTGGCGGGTAAAC
ACIGICCTATATAACCGCCCATTIG

%

\ a
Left terminal repeat\\ p
A \
4
TGGCAGGATATATTGTGGTGTAAAE

ACCGTCCTATATAACACCACATITG 2
~ Ay 7

vir
region

Hg. 246 : Diagrammatic representation of the structure of nopaline
Ti plasmid, The description of symbols used in the figure are as
Tollows: Ori, plasmid orgin of replication; Twm, region containing
genesresponsible for tumeur formation or the genes coding for the
biosynthesis of phytohormones; Nos region contains genesinvolved
in nopaline biosynthesis; Noc region containing genes involvedin
catabolismd mopaline; viror the virnlence region containing (he
genesrequired for T-DNA tramsfer (From M.W. Bevar and M.D.
Chilton, “T-DNA af the Agrobacterium Ti and Ri plasmids”, Anny,
Rev. Gent, Val, 16, pp 337-384, 1982).



Someof thegeneson the T-DNA segment o the Tt plasmid encode enzymes that
catalyse the synthesisdf phytohormones such as the auxin indoleaceticacid and the
cytokinin isopentenyl adenosine. These phytohormonesresult in the devel opment of
tumourousgrowth of cellsforming crown galls. The T-DNA region isbordered by
two repeated 25 bp sequences (see Fig.24.6), which arerequired for T-DNA
‘excision and transfer. The deletion of either border sequence completely blocksthe
transfer of T-DNA to plant cells. The vir (virulence) region of the Ti plasmid
containsthe genesrequired for the T-DNA transfer process. These genesencodethe
DNA processing enzymes required for excision, transfer and integration of the
T-DNA segment. Once the T-DNA region of the Ti-plasmidof A grobacterium
tumefaciensis transferred to plant cellsit becomesintegrated in the plant
chromosomes. When thiswhole processdf transformation became clear to the
scientists, the potential use of A.tumefaciens in plant genetic engineering was
obvious. Now, it was possible to introduce foreign genesinto the T-DNA region and
thesegeneswould be transferred to the plant with the rest of the T-DNA segment.

In 1986, a research team led by Roger Beachy, at WashingtonUniversity used
Agrobacterium transformation to induce cross-protection against tobacco mosaic
virus(TMV). The gene encoding the TMV coat protein was fused to the cauliflower
mosaic virus promoter, and the fused genewas inserted into aTiplasmid.
Transgenictobacco plantscreated by infectionwith the recombinant Tiplasrnid
expressed TMV coat protein. The coat protein gene was stably integrated into the
genome of the transformed plantsand was inherited in a Mendelian fashion by their
progeny. The transgenic offspring showed delayed onset of symptomsfollowing
inoculation with live TMV, and up to 60% o transgenic plants showed no
symptomsat all. This research finding showsthe tremendous potentia of the use of
Ti plasmid of Agrobacterium tumefaciens.

2423 GeneTransfer in Monocotyledonous Plants

In the earlier section you have seen how the Tiplasrnid of A.tumefaciens can be
employed asa vehicle for transferring foreign genesinto the genomeof a particular
plant. This bacterium can work on in alimited rangedf plants, thatis, the ones that
are dicotyledonous. Asso many of theeconomically important plants are
monocotyledonous, there was aneed to devel op gene transfer technology that could
be applicableto these plants. First, attemptswere meade to introduce DNA into plant
protoplastshy transiently perturbing the cell membranesso as to make them
permeableto macromoleculessuch as DNA. Based on thisa successful technique
called direct gene transfer was developed. It involved the addition o selected
marker genes together with polyethyleneglycol, which seemsto stimulate
membranefusions. A second method with slight variation was aso developed and it
was known as electroporation. It employsashort pulse of high-intensity electrical
current to disrupt cell membranesand render them temporarily permeable to DNA
mol ecules. Although by using these procedures one could get transformed
protoplastsof monocotyledonous plants but a poor percentageof these protoplasts
could regenerateinto plants.

Recently anove procedure has been developed to carry on thetransfer & DNA into
intact plant cellsby amicroprojectilegun (Fig.24.7). Thisgun is usad to shoot

DNA -coated microprojectiles, the tungsten particlesd 1 to 4 um diameter, into
plant cells. Thismethod can be used both in culture cellsaswell asdirectly on the
growing plants. This techniqueholdsgreat promisefor the future becauseof being
technically simple, and also being applicableto al the plant species, including fungi
and algee.

24.2.4 Herbicide Tolerant Plants

Herbicidesare chemical agentsthat when applied to varioustypesaof plants, result
in the death of the plant. These are used primarily to kill non-desirable plantslike
weeds, that competewith the desired plantssay crops, for space, water and

Genetics in Agriculture and
Plant Improvement
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Fig.24.7: Dingrammaticrepresentation of (hestructure of a microprojectile gun. (After T.M. Klein, ED. Wolf,
R.Wu, and J.G. Sanford. Nature Volume 327, pp 70-73,1987).

nutrients. Unfortunately, theavailable herbicidesseldom provide the degree of
specificity that isdesired, and most herbicidescontrol only certain classesof weeds
and not others. Broad-spectrum herbicidesgive good weed control, but, in so doing,
usually have deleteriouseffects on the growth of the crop plant as well. Asa result,
scientistsare now evaluating alternate approaches to weed control. The most
promising approach, being considered presently is the devel opment of
herbicide-tolerant plant varietiesfor use with broad spectrum or totally nonspecific
herbicides.

Though herbicideskill or inhibit thegrowth of the plants, but do not have any
deleterious effects on animals. They act on plants by disabling the target enzymesin
the metabolic pathways unique to plantssuch as those involved in photosynthesisor
biosynthesis of amino acids. Glyphosate (see Fig. 24.8) isone of the most potent
broad spectrum herbicidesknown, inhibits5- enol pyruvylshikimate-3 phosphate
synthase (EPSP synthase), an enzyme necessary in the biosynthesis of the aromatic
amino acids tyrosine, phenylalanineand tryptophan in the chloroplast.
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Fig.24.8: Thechemical structure of
glyphosate, an active
ingredient of many herbicides.

Presently, the major thrust isto identify and transfer herbicide resistancegenesinto
major crop plants. The following three strategies are used for attaining herbicide
resistance.

Stimulate overexpression of target protein of the herbicide, so that enough of
it will escape disablement by the herbicide.

Insert a genetically altered form o target protein that i s less sensitive to the
herbicide.

iii) Insertan enzyme that disablesthe herbicide.

Thefirstand the second approacheshave been used to produce plantsthat are
resistant to glyphosate. A resistant petunia, in which the EPSP gene is highly
amplified, wasisolated by growing cultured cellsin increasing levelsof the
herbicide. Petuniastransformedwith afusiongene linking theviral promoter toa
wild-type EPSPgeneal so show resistance. A mutant EPSP gene (aroA) isolated
from Escherichia coli 156,000 timesless sensitive to glyphosate than to the wild-
typeenzyme, but it lacksthe plant 'transit peptide’ that is needed to transport EPSP
into the chloroplast. To overcomethis, afusion genewas constructed, linking the
aro A coding region with adicot transit peptide sequence. Petuniasand tobacco
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plantstransformed with thisfusion gene expressthearo A protein in the Plant | mprovement

chloroplast, in addition to their own EPSP.

Thethigd approach to glyphosate resistance has yet to be achieved. However,
metabolic pathwayshave been defined in species of | Pseudomonas and other
bacteria that allow the use of glyphosate asa sole phosphatesource. Efforts are
under way to clone the genes that encode these glyphosate-degrading enzymes.

2425 Resstance to Pests

Pesticides and insecticidesare chemical agents that kill various kinds of insects
and other pests, while leaving plants and most animals relatively unharmed.
Unfortunately, many pesticidesare non-selective. They kill insectswhich are
beneficial to plants and the environment along with those which are not. In
addition, pesticides can be toxic to humans and other non-target animals and
they contaminate soil and water supplies. This environmental contamination
may then lead to a second level of adverse effects on both plant and animal life.
Furthermore, prolonged use of insecticides can lead to the development of insect
strains which are no longer susceptible to the toxic effects of those chemicals.
Such a development hasalready resulted in the appearance of DDT resistant
mosquitoes. You may recall that in the past few decades, DDT waswidely used
for the control of malaria-causing mosquitoes. Because of all these problems a
major goal.of genetic engineers has been to provide plants with natural
endogenousresistance to a variety of pests through techniques of genelic
engineering.

The best known examples of the use of natural gene products to control plant
pests are the insect toxins of Bacillus thuringiensis. Each of the B.thuringiensis
toxin genes codes a large protein that aggregates to form protein crystalsin
spores, and those protein crystals are highly toxic to certain insects. To exploit
thislethal characteristic, B. thuringiensis spores are combined with water to
form a mixture which can be sprayed over an insect-infested area. When insect
larvae ingest the bacterial spores, they get killed due to the toxic protein

crystals. Thistreatment was effective but its insecticidal effects were transient
due to limited field survival of spores, so long-term insecticidal activity required
repeated applications of spores.

Genetic engineerstried to find solution to this problem by applying the techniques
of recombinant DNA technology. Inone lineof research, scientistsisolated genes
which encode the B. thuringiensistoxin and inserted those genesinto other
organismssuch as E.coli and the bacterium Pseudomans fluorescens which are
better suited for survival in field. P.fluorescens liveson rootsof many different
typesof plants, including corn. When these transformed bacteria (P. fluorescens)
were sprayed on corn plants, these bacterial cells colonised the root area. Asa resullt
theB. thuringiensistoxin issynthesised at the site of plant itself, this helped the
plant to ward off their pests.

A second line of research involved linking the B.thuringiensis toxin geneto a
constitutively expressed promoter and introducing it viatheTi plasmid, directly into
thecellsd the plant which isto be protected. Onesuch study which took placein
Belgium involved the insertion of the toxin geneinto cells of tobacco plant.
Analysis of tissues of the mature transformed plantsshowed that the tobacco plant
indeed synthesised B. thuringiensistoxin. When the treated plantswereinfected
with tobacco hornworm larvae, very few of them survived, and the damage was
negligible. In contrast, the control tobacco plantswhich were not transformed with
theengineered Tiplasmid, 4l died within approximately two weeks. The inserted
geneclearly provided protection to thetobacco plants.

Based on similar lines, work is underway to identify genesfor salt and drought
tolerance in plants.
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SAQ1

Match the itemsof coloumns | and II. Write the correct choicein thespace
provided.

I H
i)  Explants [ ] a) affectstarget enzymes
of plant's metabolic
pathways
i) Crowngall [ ] b) tissuesculture

iii) Electroporation [ ] c¢) Bacillusthuringiensis

iv)  Herbicide [ ] d) directtransfer of
A DNA to protoplasm

v)  Natura pesticide [ ] e€) Tiplasmid

2426 Resstanceto Frost Formation

If the temperaturefalls below 32°F(0°C) ice crystals form and water freezes. Ice
crystals, forming in theinterior of thecell often destroy the cell wall with the result
that cell death soon follows. This phenomenon can beillustrated by freezing a firm
tomato or even some peas. As the temperature drops, ice crystalsform and disrupt
thedelicate cellsof tomato. When the frozen tomato islater allowed to thaw, only a
soggy, limp fruit remains which wasonce quite firm. A similar effect can beseen
on growing plantswhich are subjected to freezing temperatures.

The presence of the common bacterium Pseudomonas syringae facilitates ice
crystalsor frost formationon aplant. P. syringae, found on many typesof plants,
contains a protein which actsasasite of nucleation for the formation of icecrystals
at temperature of 32°F (0°C). In contrast, when P.syringae or other nucleating
agentsare absent, ice crystalsdo not form until the temperature dropsto
approximately 20°F( -7°C).

Scientists found that the nucleation ability of P. syringae results from asinglegene
in the bacterial genome. By removing thisgene, scientists created astrain of
bacteriawhich, when applied togrowing plantsdoes not provide the necessary site
of nucleation for frost formation even when temperature drops briefly aslow as
23°F(-5°C).Thisgenetically engineered bacterial strain calledice minuswas
developed at University of California in Berkley. It hasagreat potential for future
use in the prevention of frost damage to a variety of crops.

24.2.7 Enhanced Nitrogen Utilisation

A syou know, plants can only utilise nitrogen that has been incorporated into
chemical compoundssuch as ammonia, urea or nitrates. No green plantsis capable
of utilising diatomic nitrogen ( N2 ) directly from the atmosphere. In other words, a
continuous supply of nitrogen in usable form or the fixed nitrogen must be available
for thegrowth and development of plants.

For obtaining optimal yields of crops, farmers usually supplement the soil with
fertilisers, nitrogen being its important constituent. Because the purchase of
nitrogen fertilisers represents one of the major expensesincurred with current
agricultura production methods, amajor effort has been and continuesto be
devoted to the development of enhanced methodsof biological nitrogen fixation.

Certain free-living soil bacteria such asAzotobacter vinelandii and
Klebsiellapneumoniae directly convert atmospheric nitrogen to ammonia. These
bacteria are valuable research material for conducting investigationson the
mechanism of nitrogen fixation. In Klebsiella, there are 17 nif genes (nitrogen .



fixationgenes) that are organised in seven operons. The situation in nitrogen Genetics in Agriculture and
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fixationis very different from the examplesdiscussed above, such asherbicide
toleranceetc. Y ou may recall in theinstancesdiscussed above, asingle genewas
congtructed and transferred to plants. But in thiscase, it is quitedifficult, if not
impossible, to engineer 17 differentgenesand transfer al of them to thesame recipient
plant, and to coordinate their expressionaswell, so that al the components of the
complex nitrogen fixing enzymatic machinery are synthesised in proper amountsand
proper cells. Presently, we arestill away by afew yearsfrom our godl.

Besidesthe free-living nitrogen fixers, the symbiotic nitrogen fixers too are very
important sourcesof biologically fixed nitrogen. Can you guesswe aretalking
about which organisms? It is, about the rel ationship between the genus Rhizobium
and plants of family Leguminosae, i.e., peanuts, pea, soyabean, alfa-alfa etc. This
kind of nitrogen fixation takes placein root nodulesthat develop dueto the
interactionof Rhizobium with roots of legumes. Thus nodule formation is
dependent on the genetic information of both the plant and the bacteria. The
nitrogenasethat bringsabout reduction of nitrogen isencoded by the bacterial genome,
but thefixed nitrogen isutilised for growth of both the bacteriaand host legume plant.
Oncethe mechanism responsible for establishing this symbioticrelationship,and for
noduleformation are known and the genesthat control these processeshave been
identified, it might be possibleto usegenetic engineering to modify nonlegume plants
so thet they too acquire the nitrogen-fixing capability. Presently, many reseerch
laboratoriesare working on thisaspect to turn this dream to redlity.

2428 ImprovingNutritional Value

Worldwide, the seedsof legumesand cereal grainsare estimated to providehumans
with 70 per cent of their dietry protein requirements. Protein moleculesare
composed of varying arrays of twenty different aminoacids, of which human body
can synthesise twelve. The remaining eight amino acids, called essentialam no

aci ds must be provided to the body by ingestion. Thismeans that people must eat
foodscontai ning these eight amino acidsto provide the compl ete proteins necessary
for growth. All of these eight essential amino acids are present in avariety of

animal products, including red meat, poultry and milk. In contrast, however, no
source of plant food contains adequate supplies of all eight of the amino acids -
they al lack at least one. Consider, for example, the beans. While the beans have
morethan enough of the essential amino acid lysine, they lack the amino acid
methionine. Wheat and rice, on theother hand, contain suboptimal levelsof lysine
while containing asufficient amount o methionine. When we consider that the
majority of theworld's population existson adiet which rarely, if ever, contains
mest, we realise how important it is for peopleto be ableto get sufficient quantities
of each amino acid from a plant-based diet. Therefore, it isdesirable that plants
contain compl ete proteinswith all the amino acids required for human body.

Thescientistsarecurrently using the knowledgegained through genetic engineering
in an attempt to alter the genes of avariety of plant proteins. For example, the genes
of the beans could be altered so asto encode a protein which containssufficient
quantities of methionine. If the gene for phaseolin, the primary protein molecul e of
abeanscould bealtered to contain codons which specify theaminoacid methionine
without altering the overall structure or growth pattern of the plant, phaseolin could
becomea complete protein.

In addition to beans, the 'high lysine corn' isalso worth mentioning. In cereals, the
major seed storage proteinsare called prolamines(zeinsin corn) and they have
been found to have alower lysine content. Therefore, the diets based on cereal
grainsaredeficient in lysine. In the caseof corn, the seed proteins are al so deficient
in tryptophan, and to a lesser extent, methionine. Because of theimportance of
cerealsto man and animalss, scientists have been working for several decades to
develop varieties with increased lysine, tryptophan and methionine content.
Considerable progress has been made, but the successes obtained had little
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agricultura vaue. Some corn mutantssuch as sugary-1, floury-2 and opaque-2 have
increased lysine and/or rnethioninecontent, but thesestrains have soft kernelsand
lower yields. Thesehigh lysine strainsalso have lower prolamine(zein) content.

Several corn genesencoding zeins have been cloned and sequenced. After this
success, ablue-print for engineering ‘high-lysine’ corn by site-specific mutagenesis
was prepared. Then these high-lysine coding sequences could be joined to strong
promotersand reintroduced into corn plantsby meansof electroporation or a
rnicroprojectilegun. Recently, B.A. Larkins and colleagues introduced new lysine
and tryptophan codons into azein cDNA by site specific mutagenesis. And when
RNA transcripts of these modified cDNAs were injected into Xenopus laevis
oocytes, RNAs were translatedefficiently and the 'high- lysine' zein productswere
found to self-aggregate into dense structuresasseen in corn. Theseresultsgive
positive indication thet *high-lysine’ corn might indeed be produced by meansof
geneticengineering. In fact, by using the same approach, one can tailor other plant
sto/rage proteinsto the optimal amino acid compositions. Thus, by employingthe
geneticengineering techniques, the nutritional quality of seed storage proteinscan
bedesirably improved.

24.2.9 Manipulating Gene Expresson Usng Antisense RNA

A n unusual approach to the control of gene expression has scored preliminary
success in changing an important commercial trait of tomatoes. Fresh tomatoes
must be shipped or transported whilestill green, because ripe fruit istoo softand is
bruised easily. The enzyme polygal acturonase, which breaks down plant cell walls,
is primarily responsible for fruit softening. It has been found that transformation of
an 'antisense’ copy o the polygalacturonasegene in tomato plants decreases
expressionof thesoftening protein as much as by 90%.

Theantisense genewas made by fusinga cDNA clone of the polygal acturonasein
reverseorientation, to aconstitutivepromoter. This reverse or antisense genewas
then linked to the T-DNA and transferred to the tomato plants. Each transformed
.~plant thus carried an antisensegene, aswell asa normal copy of the
polygal acturonasegene. During gene transcription, antisense messenger RNA
(mRNA) moleculesare produced and theseare complementary to normal mRNA
molecules(Fig. 24.9). It isbelieved that antisense mRNAs bind to a proportion of
normal RNAs, making them unavailablefor translation into protein.

REVERSED
TARGET
GENE

Fig.24.9: AntisenseRNA. a) The target genein the plant chromosome expressesnormal mRNA
chromosome, and plasmid vector expr essescomplementaryantisense RNA. b) Antisense
RNA hybridises with themormal mRNA. ¢) When theribosomes encounter the duplex
RNA, translstion is halted.
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Fill in the blankswith appropriatewords: l

i) Resistanceto frost formationwasdevelopedby .........c.ccovveviee agenewith
nucleation ability in the Pseudomonas syringae.

Klebsiela, afree-living bacteriumbavingl7 ........coveeviiniinnn. genes, organised

into 7 operons, isavaluablemateria for ressarchon enhanced ... vvvevneee,

utilisationin plants.

iif) Beanshavesufficientamount of aminoacid.......c.c.ovreuen, , but usudly they
aedeficientin .,

iv) Incereals, that constitutethestaplediet of alargesection of people, the major
seed storage proteinsare ...

Theresult d transformationaf an antisense copy o the .......eveiveinivienncn. gene
in tomatoeswasbetter keeping qudity d the fruit.

243 SUMMARY

Thisunit providesyou an overview with the help of somerepresentativeexamples,
d someof the ongoing and anticipated applicationsaf geneticsin plant
improvement. With the development of recombinant DNA and genecloning
techniques, biologistsare now ableto isolateand dissect almost any geneand any
chromosomal segment of an organism. Transformationdr plantswith vectorsbased
o Ti plasmid have opened the way for the geneticengineering of plantsusing
recombinant DNA technology. It isexpected that many typesd desirably improved
plantswill result from the application of this new technology.

244 TERMINAL QUESTIONS

1) Writeshort noteson the following:
i)y Significanceof regenerationd plantlets-from protoplasts,
if) Microprojectilegun,
iii) Herbicide-tolerant plants,
iv) Ice-minus bacterium, \
V) AntisenseRNA
.2) Highlight the potential use o tissue culturein cropimprovement.

3) Starting from theinfection of awound in adicotyledonous plant, by
Agrobacterium tumefaciens, outline the molecular eventsinvolvedin the

development of crown gall.

4)  Comment on thefollowing statement. The T: plasmid of Agrobacterium
tumefaciens — one of the most valuabletoolsin geneticengineering, has
tremendouspotential in plantimprovement. Support your argument with
suitableexamples.
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Population and Applied Genetics 5) Discuss the strategies adopted for imparting herbicide resistanceto plants.

6) Explain with the help of asuitable example, the use of Ti pl asmd in
developing pest resistancein plants.

245 ANSWERS

" Sdif Assessment Questions
1) i b
i). e
iii) d
iv) a
V) ¢
2) i) removing
i) nif, nitrogen
iii) lysine, methionine
iv) prolarnines

v)' polygalacturonase

Terminal Questions
1 i) SeeSubsection24.2.1
i), SeeSubsection24.2.3
i) SeeSubsection24.2.4
iv) See Subsection24.2.6
v) SeeSubsection24.2.9
2) SeeSubsection24.2.1
3) SeeSubsection24.2.2
| 4) SeeSubsection24.2.2

5) SeeSubsection 24.2.4
L 6) SeeSubsection24.2.5

GLOSSARY

adaptive value : refersto relative reproductive success of a genotype measured in
terms of fecundity or the number of offspring left behind. Adaptivevalue is
. Synonymous with Darwanian fitnessand is.symbolised as w.

agglutinin: antibodiesproduced by agglutinogen that specifically react with .the
same aggl utinogen (antigen). A test for agglutination makesit possible to classify
peopleinto four groups.

agglutinogen/Isoagglutinogen are the antigens that agglutinate or clump the red
blood cellsof thesamespecies. Agglutination iscaused by theinteraction of the
antigen on the surfaceof the cell with an‘antibody present in theserum. -



allele: oneof theforms of the gene at a particular locusthat are members of the Dt Topeorement

samegene pair, each kind of allele affecting a particular character somewhat
differently than the others.

allelic frequency : the proportion of alelesin a population that belong to agiven
type.

allergy : originally defined asaltered reactivity on second contact with antigen now
usually referstoatypeof hypersensitivity reaction.

alloantigen: antigen that differ between individualsof the same species.

allogenic: refersto intraspecies genetic variations.

amor ph : agene which has no demonstrable product like O gene.

antibody : a defense protein synthesised by mature B-cells(plasmacells) of a
higher organism; it binds specifically tothe foreign moleculethat induced its

synthesis.
antigen :a molecule which induces the formation of antibody.

antisenseRNA..: RNA that is made from the DNA strand that iscomplementafy to
thesense strand of the DNA.

bactericidal : chemotherapeutic agent, i.e., compoundsthat have an irreversible
lethal action.

basgue: amember of agroup of people of unknown origin inhabitingin France
and Spain.
bilirubin : a degradation product of haeme.

bottleneck effect : random changes in the gene frequenciesobserved in a
population where the population size isdrastically reduced to onegeneration.

complement : agroup of serum proteinsinvolved in the control of inflammation,
activation of phagocytes and the lytic attack on cell membranes; thesystem can be
activated by theinteraction with theimmunesystem.

electroporation: introduction of DNA fragmentsinto acell by means of an electric
field.

epitopes: (antigenicdeterminants) small regionson theantigen that bind the
antigen (paratope) to antibody.

erythroblast : one of the intermediate cellsin thebiosysthesisof erythrocytes.

estrogen : afemale sex hormone.

exon : aprotein coding region of a eukaryotic gene, the RNA transcribed Cam such
aregion.

founder effect : random changes in the gene frequenciesobserved in a small
population founded asa non-representative of a larger population.

gall : atumourous growth in plants.

geneflow : refersto movement of individuals from one population to another that
results in either the formation of new allelesinto the population or ateration in the
frequencies of existing alleles.

genetic cloning: a process by which alarge number of a DNA segment is produced
after introducing thesegment into a plasmid or other suitable vector. Thereplication
of the cdll or the phage vector results in clones.

geneticcounselling : acommunication process which explores therisks of
producing agenetically defective child by acouple, especially when family history
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of genetic disease exists.

geneticdrift : random changes in allelic frequency that result from sampling of
gametes from generation to generation; characterised of small population.

geneticengineering : linking two DNA molecules by in vitro manipulations for the
purpose of creatinga novel organism with desired characteristics.

geneticequilibrium : refers to astatewhere thereis no change in the allelic
frequenies of the population.

genotype: Thegenetic material inherited from parents, not al of it isnecessarily
expressed in theindividual.

genotypicfrequency : relative proportion of individuals in a population with a
designated genotype.

heme: the iron-porphyrinprostheticgroup of heme proteins.

hemolysis: disintegrationof RBC membraneswith subsequent release of
haemoglobin.

heterozygote : aheterozygousindividual with unlike members of any given pair or
seriesd allelesthat consequently producesunlike gametes.

HLA : the human leucocyte antigen also known as major histocompatibility
complex (HMC).

homozygote: homozygoteisan individual possessing a pair of identical allelesat
corresponding loci on the homol ogouschromosome.

hybrid vigour (heterosis) : unusual growth, strength and health of heterozygous
hybrids from two lessvigourous homozygous parents.

hydrophobic: "water hating™ non-polar moleculesor groups that areinsolublein
water.

immuneresponse: the capacity of avertebrate to generate antibodies to an
antigen, amacromoleculeforeigntoit.

immunoglobulin: an antibody protein generated by aspecificantigen.
locus: the site on achromosome where agene islocated.

Mendelian population : agroup of organisms of same species showing acommon
gene pool and capable of interbreeding.

mutation : a changein the nucleotide base pairsof agene, or a rearrangement of
genes within chromosomesso thet their interactions produce different effects; a
changein the chromosomesthemselves. *

natural selection : a process in naturewhereby one genotype leaves behind more
offspring than another genotype because of species adaption to the environment.
phenotype: the physical chemical expression of an organism's gene.

plasmid : an extrachromosomal genetic element consisting of double-stranded
DNA that replicates autonomously from the host chromosame.

platelets: cell fragments also called thormbocytes found in the blood, synthesised
in bonesmarrow that help in clotting.

pseudogene: anon-coding sequence of genomic DNA with homology tothegiven
gene being probed.

randomly mating population: population consisting of individuals in which the
probability of members matingwith individuals of particular genotypeisequal to
their frequency in the population.

recombinant DNA technology: refersto techniques of genecloning. Theterm
recombinant DNA refers tothe hybrid of foreign vector DNA.
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restriction enzymes: These are endonucleases capableof recognising specific Plant Improvement

DNA sequenceswhich they cleave. Useful enzymesin recombinant DNA
technology.

restriction Fragment : a DNA segment excised froma larger DNA by restriction
enzymes.

sdection coefficient : the reduction in the relativefitnessof agenotype. The
genotype may be lesswell adapted to the environment and thismay cause reduction
in fecundity. Selection coefficientisrelated to adaptivevalue by theequation

s (1-w).

totipotency : thecapability of any cell of an organism todifferentiate and develop
intoacompl ete organism.
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While studying these units you may have found certain portions of thetext difficult to
comprehend. We wishto know your difficulties and suggestionsin order toimprovethe
course. Therefore, we request you tofill and send usthe following questionnaire which
pertainsto thisblock.
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block?
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number in the appropriate columns.

Types of difficulties
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Page Number is not clear difficult is not clear| not explained

4) Itispossiblethat you could not attempt some SAQs and TQs.
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difficulty and the relevant unit and question numbersin the appropriate columns.

Typesof difficulties
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5) Wereall thedifficult termsincluded in theglossary. | f not, pleaselist in the space

given below.
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New Dehli-110 068.
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