Chapter 16-Genetic Engineerng
of Plants: Applications

IASECT-, pathegen-, and hennicide-resistant plants
Stress- and Senescence-telerant plants
Genetic manipulation: of flower pigmentation
Moedification! of plant nutrtienal centent
Medificatien eff plant feod taste' and appearance
Plant asi Biereactors
Edilble vaceines
Plant yield






Insect-resistant plants

Bt texin

Cowjpea thypsin Inhleiter
Preteiase mhioiior Il
o-amylase innibiter
Bacterial cholesteroll oxidase

Combinations of the abeve (e.g., Bt texin anad
proteinase: inhieiter i)




Genetic engineenng ofi Bt-plants

EXpression of triincated Bt genes encoding the N=
terminal portion of Bt InCrease: efifectiVeness

EffectiveEness enhanced by site-directed |
MUtagenesis Increasing: transcription/transiation

Effiectiveness fiurther enhanced By making ceden
pIas changes (laacteral ter plant)

35S CalMV: and rcS promoeters used

Integration andl expression ofi the: Bt gene; directly
I chlereplasts

INoete that [Lepidopteran INSects like corm
feeIWeHM;, cottenrpeliWwoerm, telhacco PUGWOM,
etc., cause comnined damages of over $7 Billion
dollars yeary in the US



Eig. 18.1 A binany: T-DNA'" plasmid for delivering
the Bt gene to plants (not a colntegrate vVector)

(NPT or kanr)
Plant (35S-Bt gene-tNOS)
Target

selectable

Selectable marker
gene for both

E. coli and

A. tumefaciens

(Spc?)




Table 18.2 Effectiveness of Insecticide and
Blt-tomatoe: plants ik resisting INSect damage

% of plants or fruits damaged

Insect Wi iemate Wi temate Bi-tomato Bt-tomato
-insecticide | +insecticide | -insecticide | +insecticide

Tobacco 48 4 1 0)

norAwWorm

Jlomato 20) na 6 na

fruitwerm

Tomato 100 95 o4 10

pIRWGEKHM

nd, not determined




Strategies to avold! Bt resistant Insects

Use off Inducinle: prometers (that can e turhed
ORI enly When there Is an InSect prokiem))

Construction of hykrd Bt toxins

Introduction eff the: Bt gene in cembination With
anether insecticidal gene

Spraying lew: levelsk eff Insecticide on Bt plants
Use off spatial refuge strategies



Product

Corn

Corn

Corn

Corn
Corn

Corn

Corn
Corn
Corn (pop)

Corn
(sweet)

Cotton

Cotton
Potato
Potato

Potato

Genetically engineered Bt-plants in the field

Institution(s)

Bayer

Dow/Mycogen
Dow/Mycogen
DuPont/Pioneer
Monsanto/DeKalb
Monsanto

Monsanto

Syngenta
Syngenta
Syngenta

Syngenta

Monsanto/Bayer

Monsanto
Monsanto
Monsanto

Monsanto

Engineered Trait(s)

Resist glufosinate herbicide to control weeds/Bt toxin to control insect pests (European corn borer)

Bt toxin to control insect pests (European corn borer)

Resist glufosinate herbicide to control weeds/Bt toxin to control insect pests (Lepidopteran)

Bt toxin to control insect pests (European corn borer)
Bt toxin to control insect pests (European corn borer)

Resist glyphosate herbicide to control weeds/Bt toxin to control insect pests (European corn borer)

Bt toxin to control insect pests (European corn borer)
Bt toxin to control insect pests (European corn borer)
Bt toxin to control insect pests (European corn borer)

Bt toxin to control insect pests (European corn borer)

Resist bromoxynil herbicide to control weeds/Bt toxin to control insect pests (cotton bollworms
and tobacco budworm)

Bt toxin to control insect pests (cotton bollworms and tobacco budworm)

Bt toxin to control insect pests (Colorado potato beetle)

Bt toxin to control insect pests (Colorado potato beetle)/resist potato virus Y

Bt toxin to control insect pests (Colorado potato beetle)/resist potato leafroll virus

Sources of New
Genes

Bacteria, virus

Corn, bacteria, virus

Corn, bacteria, virus

Bacteria
Bacteria

Arabidopsis, bacteria,
virus

Bacteria
Corn, bacteria, virus
Corn, bacteria, virus

Bacteria

Bacteria

Bacteria
Bacteria
Bacteria, virus

Bacteria, virus

Name

StarLink-1998 (animals
only)

NatureGard-1995

Herculex 1-2001

Bt-Xtra-1997
YieldGard-1996
?-1998

Bt11-1996
Knock Out-1995
Knock Out-1998

Bt11-1998

?-1998

Bollgard-1995
NewLeaf-1995
NewLeaf Y-1999

NewlLeaf Plus-1998



Eig. 18.3 Binary cloning Vector carrying a
cowpea trypsin inmhibiter (CT1) gene

(PNOS-NPT-tNOS)

Plant (35S-CTI-tNOS)
selectable

| Selectable marker
gene for both

E. coli and
A. tumefaciens
(Kanr)

A. tumefaciens ori




Fig. 18.7 Procedure for putting CuMV
coat protein into plants

Viral RNA

Virus-resistant plants
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Eig. 18.3 Binary clening Vector carrying the protein-producing
sense (A) or antisense RNA-producing (B) ocrnentation of: the
cucumer moesaic virus ceat pretein (CulMV) cDNA

(pNOIS-NPT-tNOS) (pNOIS-NPT-tNOS)
P P (35S-CuMV antisense-tRBC)

ant
selectable

ant

sttt (35S-CuMV sense-tRBC)

Target

ene for both
E. coli and coli and
A. tumefaciens A. tumefaciens

A. tumefaciens ori A. tumefaciens ori




IHerbicides anad herbicide-resistant plants

iHericides ane generally: nen-selective (killing heth weeds
andl crep plants) and must Be applied before the Crop
plants’ germinate

EeUIr potentiali ways 1o engineer Rermnicide: resistant: planits
Inhibit Uptake of the herbicide
OVernproduce the hericide-sensitiver target protein

Reducertne anility eifthe Redicide=sensitve: target te bind
10, ther nerIcide

GIve: plants the anility terinactvate the hericide



IHerbicide-resistant plants:
Giving plantsithe anility’ tor Inactivate: the Rervicide

iHernicide: Breamoexymnil

Resistance: tor bromoxynil (a phetesytem I inhikiter)
Was, eptalined By expressing a hacteral (A/eps/el/a
ozaenae) nitrlase gene that eEAcedes) an enzyme that

degrades; this herbicide

Nitrilase

OH OH

Bromoxynil 3,5-Dibromo-4-hydroxybenzoic
acid




IHerbicide-resistant plants:

Reducing the ability off the herbicide-sensitive target te binad
10, the Rericide

iHerbicide: Glyphosate (lhetter knewn as Roundup)

Resistance: tor Reundup: (ani nnibiter of the: enzyme: ERSP
nVvelved In arematic amino. acid BIeSYNTAESIS) Was
ohtained by finding a mutant Version off EPSE firom| £. col/
that dees not Pind Reunaup and expressingl it Ini plants
(Ssoylean, tokaceo, petunia, tomate, petato, andl cotton)

S5-enoelpyruvylshikimate-3-phesphate synthase: (EPSP)IIs a
chlereplast enzyme In the shikimate pathway: anal plays:a
key rele In the synthesis off aromatic. amine acids; such as
tyrosine and phenylalanine

This Isia big money: maker for Monsante!



Eungus- and bacterium-resistant plants

Genetic engineenng Nere: s more: challenging; hewWever,
SOMEe: strategies are possihle:

Individually or Inr combinatien express pathegenesis:-related
(PR) proteins, whichrinclude: b4, 3-glucanases; Chitinases,
thaumatin-ike preteins, andl pretease InNInIterKs

Overexpression ofi the NPR1 gene which encodes the
“master” requlatery’ protein for turning on the PR protein
GERES

Ovenproducing salicylic acid in plants; By the addition of twe
pacterial genes; SA activates the NPR1 generand thus
results In; production of PR preteins



Development of stress- and senescence-telerant
plants: genetic engineering off salt-resistant: plants

Overexpression of the
generencoeding a
INa*/H antiport
protelm which
transports Na* inte
the plant celll vacuele

This has been done in
Araniaeps/s and
iemate plantskaliewing
them te survive on
200rmMisalt (Nacl)

Figure 18.22 Schematic representation of ion transport in the plant A. thaliana
showing the Na' ions being sequestered in the large vacuole.

Outside of plant cell

__—— Na*/H" antiport protein

_— Vacuole membrane

Na*

Vacuole



Development of stress- and senescence-telerant
plants: genetic engineerng ofi flavoriul tematees

Fruit ripening Is, a natural aging o) SENESCENCE Process that involves two
INGEPEndent pathways; and fruit seftening.

Typically, tomatees are picked wWhen they: are net Very ripe (I.e., hard and green)
to allew for safe shippinglof the: fruit.

Polygalacturenase Isia plant enzyme that degradestpectins in plant celliwalls and
contribute te fruit softening.

I order te allow tomatees to npen i the vine and sullfve iard enough! for safe
ShippIngl of therfuit, pelygalacturenase: gene expression was inhinited by:
Intreduction off an antisSEnse polyoalacturenase gene and created the! first
commercial genetically: engineered plant called the ELAVR SAVR tomato.

Fruit softening pathway polygalactyronase
Hard > > Soft



Eig. 18.25 Genetic manipulation; of flower pigmentation

Manipulation: efi the
anthecyanin
RIGSYNLAESIS pathway

Intreduction el maize
dihydrefiavenol 4-
reductase (DER) into
PEtunIa preduces a
prick red-orange
iransgenic petunia

Novel flower colors in
the horticulttral
ndustral are big
money. makers!

Note a blue rose
would make milliens!

3x Malonyl-CoA

HO
p-Coumaroyl- COA;P OH

OH O 4,2°4" 6"-Tetrahydroxychalcone

(yellow)
iCHI

Hcl]::ligjr——wc:3y43H

OH O

lFBH
New pathway in (O)-on
petunia created by OH

) Dihydrokaempferol
the maize DFR gene QHO (colorless)
F3'5'H
lFTH
Dihydromyricetin
(colorless) (colorless)
DFR lDFR 1 DFR

Naringenin
(colorless)

Dihydroquercetin
3GT 3GT 3GT

OH OH
HO\”—%‘OH HOOH
O-Glucose O-Glucose ©H
OH OH OH

Pelargonidin-3-glucoside Cyanidin-3-glucoside Delphinidin-3-glucoside
(brick red) (red) (blue)

Y

HO ‘ Ol . Ok
O-Glucose




Moedification| of plant nutritienal content

AmING acids (cornis deficient intlysine, While legumes are
deficient Inf methienine and cysteine)

Lipids (altering the chain length and degree: of

Unsaturation Is new: pessible since the genes fier such
enzymes are knewn)

Increasing the vitamin E (c-tecopherel) content of plants
(Arabidepsis)

Increasing the vitamin A content ofi plants; (1fce)



Modification: of plant nutritienal centent: Increasing
the vitamin E (c-tecopherol) content oiff plants

Rlants; make venylittile o-
tocoepherol but do make -
tocepherol; they do not
produce eneughl off the

methyliransterase (V) “H, y-Tocopherol
The MT gene was identified
and Cloned in S)//?EChOCJ/St/S y-Tocopherol methyltransferase

and then'in Arabiaeps/s

The Arapiaops/is VT gene
Was expressed under the
conirol ofi a Seed-specific
calret prometer and found
to preduce 80 times more -Hs a.-Tocopherol
vitamin E ini the seeds




Moedification of plant nutritienal centent: Increasing
the vitamin A centent of plants (Fig. 18.32)

124 millien children
worldwide are deficient In
vitamin A, which' leads; to
death andi blindness

Mammals makevitamin-A
firam [-caretene, a commaon
caretenold pigment
nemmally feundin plant
photesynthetic membramnes

IHere, the idea was te
engineer the p-caretene
pathway/ Intoe rce

The transgenic rice is yellow:
ol goldeni in celer and Is
called “gelden rice”

GGPP
l Daffodil phytoene synthase gene

Phytoene
l Bacterial phytoene desaturase gene

Lycopene
l Daffodil lycopene B-cyclase gene

B-carotene
l Endogenous human gene

Vitamin A
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