Unit- I1

Genetic Engineering in plants: aim and scope for developing
transgenic plant - Agrobacterium mediated gene transfer
techniques to develop disease resistant and stress tolerant
plants, Bt cotton, golden rice, and variegated banana. Direct
transformation methods. Pros and cons of GM crops.
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Fig. b.4 Gengtls Map of an octoplne TI plasmid

Raglong of Tleplmnitd Important lorTurnofigenlclty

Qtr region, border repeats (RB, LB) and enhancer are involved in T-DNA transfer
and the T-DNA with 'one' genes bring about symptoms on plants. The Vir' region
contains 7 'vir’ operons four of which (Vir A, Vir G, Vir B and Vir D) art abBohitety
eegenaal for the transfer process, whereas the remnni@g three vir operons Qtr C,
Qtr pe, Vir F} are necessary only in certain species. The integration of T-DNA within
the active endogenous plant gene will inactive that gene which may intum cause
phenotypic mutations. Two proteins encoded by the Vir A and Vir G mediate the
activation of other Vir’ genes in the presence of phenolic inducers (plant originl. Qtr’
genes are stent until they become induced by certain plant factors and these factors
are phenolic compounds, acetosyringone, sinapic acid, e-hydroxyacetosyringone,
flavonoids, syringaldehde and syringic acid. Chv A (codes for transport protein} and
Chv B (235 kDa proteins of plant origin are necessary for attachment of

Agrol cterann to plant cell waiis.

Methods of Transformation of Plants with A

containing Foreign Gene and Marker Gene)
1. Co-cultivation

-2. £eaf-dice trandorazeadon methgd
3. Direct methods (atiW-gun met.od tparticle gun bombardment; Electroporation)

TLRlasnA Aakckilngveeda Clge. 5.5a b 5.5b)
1. B?ngty eector
2. CoQugrau xector

[t-etaxndoartvAEVmdr Uyaamo
ZAEouQ Le 7i-plaBmid are eseclve as naNral vectors; Ley have several
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owing in cuiti’
1. The production of nhvtohormones bv transformed belis srerefore, the avxin
@MV£f2t8 them from hertog rr.gencrated into m@f . Pt

0 ncgCnonmust berrmoved . _plant and may
2. A gene coding for opine synthesis is not useful to a Uaf"‘szno;(;:e production.
lower the final plant yield by diverting plant resources
/ore, the opine-synthesis gene shoU)d b ' re  0’€d .
| : version
Ti-plasmids are large (- 200kb). For r DNA experiments, 2 much lmall'ef
xi cloning vector

$ preferred, so Jorge segments of D+ >t € NoOtSe aentioJ

otust be reznoved. . .
in developing Ti-plasmid-

+.7i plasmid does not replicate in E.<x»ti. Therefore,
beeed vectors, an origin of replication cthat all be Uaed in E.coti must be added.
¢ Lorsif

Thara azs two Yi-pfasmid Derived Clonlng Vector)|Systems L3

() The Binary Vector [Fig-5-5aj IME Qely viECioF -’\'{r'f{,ﬂ’,f"
The binary vector contains both E.coli and A.tumefaciens origins of DNA

replication but no ‘rir’ genes. it is ari A. ccii - A. fu. $j< C<* - *

cloning steps are carried out in A. aoli before the vector is iritrodUced into
fizzier. The recipient fi. tumefa tens strain carries a modified (defectiPe;
disarmed) Ti-plasmid contains a complete set of 'ver' genes but lacks portions of theT-
DRN region. In this system, the defective Ti-plasmid synthesizes the 'vir’ germ products
that mobilize the T-DNA region of the binary cloning vector plasmid. By presiding the
proteins encoded by the vir genes, the defective Ti-plasmid is acting as
a helper plasmid, enabling the T-DNA from the binary cloning vector to be inserted
OR> the plant ciiromOSOIMal DNA. Right border is absolutely required for T-DRA

integration into plant cell DNA.)

Target gene
Plant selectable marker geng






R b b i

Fig. 5.6b Colntcgfate Vector Sytem
The components of co-integrate vector are: £. coli ori; right border; Bacterial
lectable marker gene; plant selectable marker gene; target gene and homologous

The Components of Disarmed -p smid

p-gal-p
Gus-B
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0 EPSPS (S.  )y«iyl shikimate 3-phosphate synthase)
dhj/ Dihydrofolatc reductaee (glypho aate fi9jCtsf IC
FAR Phosphinothricin (herbicide marker)

COi2jmonly used proiriéters:Ca MV 195, 35S
grictz/ esf yivne » n»e medv leAgrobacfes
Tobacc0, apium, asparagus, sugarbeet, turnip, oil SflCd, cucumbet, CO OL
*¢»ybean, cotton, sunflower, lettuce, tomato, alrard, Petunia, Phaaeolus, QOtBtO,

¢‘Owpea, clover, etc,.

CO ?man.faits 'hich eue ransfemed allé fée help 07TI Pleamld
Resistance to virus, fungal pathogens;
Herbicide tolerance,

Altered flower color,
Altered shelf life of tomato fruits,

Male sterility,

Cold tolerance,

Altered starch,

Oil composition,

Resistance to pathogenic bacteria,

Insect resistance,

Modified seed storage proteins sweeter taste,

Less fat etc,.

Conclusion
The Agrobacterium vector system is being used extensively for the transfer of

V&fiOtiS traits to crop plants as well as for the study of gene function in plants.
OEVE1OPBENT OF INSECT RESISTANCE (PEST RESISTANCE) IN PLANTS B k &7’,’4 i

insecf (pests) are controlled by using chemical pesticides. Chemical pestici<ic»

are hiQty inefficient because of these following reasons.

1. About 98% of the sprayed chemical is washed away from the plant surface and
ends up in soil. ,
2. Chemical pesticides are not degraded efficienUy in the soil and their residues |
therefore build up and cause environmental pollution. !
3. Have a broad spectrum of activity and are toxic to several non-target

OfQELf2]SFTIS.
4. it is very difficult to deJiver chemical pesticides to highly vulnerable parts of 1

plants such as roots (or) internal regions of stems and fruits.

Two Biotachnological Alternatives to Chemlcal Pesticides
I. /.nsecticir'a]J crystal proteins /rcm the bactcrium
af
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produces Uupon
tein is referred to

(t8aclllUs Thuringlensl» (BI) ToxIns
Bacillus  thuringiensis, a gram
SpOrtl 1atiOI3 a pEti‘ps{ytj -0J t-t-yq}nin wil}j ivysrt-T1Ti-ifl£il  activity. This prc
le insects ingest the

as insecticidal crystal protein (ICP). When the larvae of susceptib '
. . bilizes the

Al proteinases in the midgut
e toxin The effect of the toxin

o 10%iN molecules to
the

positive soil bacterium,

ICP, a combination of alkaline pH
protein and converts the harmless profexin to the activ
is very rapid; within few minutes of ingestion, the bindiig
specific receptors in the midgut membranes disrupts jon-transport ?CTOS‘J
membrane and paralyses the midgu( fbl flCtion. The larvae stop f‘eedmg a}most
instantl] arid die. The Bacillu il « gr'ew 1" ¢ harmless to higher animals,
iricluding humans.

art produced by growing the

Biopesticides based on Bacilluo thurinpiensts
owing the organism to sporulate and form

organisrri in liquid media in fermenters, all The pré
protoxin on depletion of nutrients, then drying the Qf oduct to a poWder. P

can be Liusted ontc plants or sprayed onto them after the powder is emulsified ir-

water.
Advanmyes Sure and efficacy
Disadvantages - Does not persist in the environment. High cost of production;
lois pers'stence; low stability

Geoefic Engineering of OnciflHs Thuriltgiensio Toxin Genes {ri9. s.e:j:

Scientists from Plant aetic lystc! s a Belgian Biotechnology company,
reported the first successful gene-n»ti.on *eansgenic  plants  with  BaSllus

>cIL11( i0i 1155 amino acids, whereas

ttwriiigierusis toxin. A full length protoxin gem:
a truncated version inclusive of N-ter ninnf 29 - 60T «i iiiio acids was cloned under

the control of the mannopine synthase promoter of Ti plasmid. Plants were

transformed and selected using Kanamycin, since npt II confers Kan
C-terminal end of the truncated Bacillus

ycin

resistance gene. It is fused to the
M nets gene. Since then a number of reports on genetic engineering of tomato,

tobacGo, potato, afin  tton have appeared.

Drawback
The level of expression of BaeilluB thuringieriBiB ggnes in transgenic plants is
low, not sufficient for commercial €Xploitation. To overeome tliis, regions of A=1

richness, regions resembling plant introns, potential poly ‘A’ signals and ATTI/
sequences were deleted from Bacilluz tiuringiertsis gene producing a truncated gene

A 100-500 fold increase in the expressi o
the wild type gene was g g (téuncated)
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2. Toxin proteins are produCed Withlfl the plants.
3. Baeiillus ihwingietisis toxins made in the plants would Kkill only target

organisms, which feed on the transgenic planta.
4. BO@lIy8 tliuriitpiensis toxins act as loW c .«<centrations.

Ofsadvanfapgy

1. There is a fea that Badllus
J/>uriitpiensis resistant  insects

Bacillua

would evolve rapidly. To overcome thuringiensis
these problem two different
Bacillus thuringiensis toxin genes cloned ftoxin gene (encoding

are introduced into a plant for the 1178 amino acids)

same target insect or introduce two deave with restriction enzyme

types of insect resistance genes --
(Bacillus thiiringiensis genes and
proteinase inhibitor gene) into a

plant.

Gene fragment enc<Xling amino
Ezzzzzz acids 454 - 615

Synthetic toxin gene for
aminoacids -1 -153
have evolved natural mechanism of ]

2. Proteinase inhibitors: Many plants

defense  against insects by
accumulating proteinase inhibitors WYLB RB
(proteins which inhibit the activity

of  proteinase enzymes) at

concentration that will cause Terminator

metabolic inhibition upon
ingestion by insects. Compared to lTransfer to Agrobacterium
Bacillus  tfuiringiensis  toxins, Infect cokon seedlings

proteinase inhibitors have a
broader spectrum of metabolic

Regenerated
transgenic cotton

inhibition and so can be used to
control many different types of




insects. Proteinase inhibitors (PI)



hsgens, can not be us t control plant viruses, sine€ Viruses are
araceMular obligate parasites.
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