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Agrobacterium tumefaciens

Agrobacterium tumefaciens

Ti plasmid

Bacterial : TDNA

chromosome ™, A

1996 Regents,
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Agrobacterium tumefaciens: a 91 RSl g YY)

- Soil bacterium A ) B Gt U IS -

- infects plants at wound z 9ol a8 ga B Ll aales -
sites
|

AL Gl s -

- Proliferation of plant cells L Ansca Agluil) LAY oS -
(tumor-like) D ebj\z‘ Ay

- Cause Crown Gall Disease




 All DNA between T-D_NA
L and R borders is region

transferred to plant ;SO
as ssDNA

border ' . border
B

» T-DNA contains

biosynthetic genes for

opines and plant /
hormones: ' "/ catabolism
auxins and cytokinins

Agrobacterium s <SG Lla) 4

Agrobacterium turnefaciens Piant ceil
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T-complex \TRESENG
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Transport channel | Nuclsus
Mitochondrion

\ Virulence
\ protein
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Bacterial ‘

chromoscome

Chloropiast




\ %
\ Virulence
\ protein

Q O T-slr'and -“ ; ,&m}-

Transport channel
Mitochondrion
Chloroplast

Auxin production

Left T-DNA border

Ti plasmid
(Octopyne type)

Virulence region Opine catabolism

Origin of replication
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Cell and Tissue
Culture

DMA Extraction 7

and |solation
A@D(‘
J

Cloning and
Designing Geneas

Transformation

X
20CC

GENIO/scan: Gene Structure
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Splice site, exon and reading frame
detection

Detection of translation initiation and
regulative region (rudimentary)




cDNA = i 3 jisall dikaiall JaSa

Coding sequence

Promoter Coding Termination
sequence sequence —

) Auland 350 g

45 gal) juat 48) jal DNA adad ddLi)
Add DNA segments to control gene expression

Termination
sequence
Ex. nos ‘

Gene

Promoter
sequence

 Ex: 35S

Promoter initiates transcription; affects when,
where, and how much gene product is produced

Termination sequence marks end of gene.




Add selectable markers :_&isaS Laladicl 45 ) ga 48l

Termination
Marker gene Promoter Transgene sequence
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* Because gene transfer is an inefficient process (1 to 5% success rate),
a system is needed to identify cells with the new genes.
* Typically, antibiotic or herbicide resistance genes are used as markers.
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Chromosome
S \p
Marker Gene Promotor Coding Region of Transgene Termination Sequence
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Transformation: s agadll
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Introduce gene construct into plant cells

Termination
Marker gene Promoter Transgene sequence
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Plant tissues used for transformation:
The choice of tissue depends on the species, but some common ones are immature
embryos, leaf disks, and apical meristems.

The tissue must be capable of generating callus (undiffferentiated tissue), from which the
complete plant can be produced.

Arabidodpsis buds can simply be sprayed with a solution of the transgene and vector.
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leaf dises incubated with
genetically engineered
Agrobacteria for 24 hrs.
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__g_.

callus /ﬂleﬂinﬂ madium only
allows plant calls that

hawve agquired DMNA from
the bacteria to
proliferate

shoot-inducing

rmerdium
—————ifi —_—
/ transfer ~ CIrow up
shoot to root- [~ rooted
inducing . saadling

madium
(3]
adult plant carrying
transgens that was
originally present in
the bacteria
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Transformation
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DNA Introduction : DNAS (J&) J&a)

* Two major delivery methods

 Gene Gun

Gene Gun
Schematic  accoteraior
See Fig 17.9

_ Macrocarrier

. ’\
Microcarrier ~ Stopping
launch SCreen

assembly
DNA-coated
microcarriers

Target cells
Target
shelf

www.biorad.com
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gene gun

plant cell




bacterial cell plant cell

cytosol

transgene selectable
of interest marker gene
LY !

nucleus

recombinant
plasmid in
Agrobacterium

T-DNA 25-nucleotide-pair

repeats plant chromosome

DNA 1S EXCISED FROM PLASMID AS A LINEAR
MOLECULE AND IS TRANSFERRED DIRECTLY INTO THE PLANT
(B) CELL, WHERE IT BECOMES INTEGRATED INTO THE PLANT CHROMOSOME

Agrobacterium method

disarmed T-DNA (contains transgene)

Q Agrobacterium tumefaciens

bacterial gene transfer (Ti) plasmid r
hromosome \ B

Transformed plant

inserted gene cell with gene

plant
chromosome




Comparing Agrobacterium with bombardment
ogall adaally eadll o L Sl el (G Ad i

Agrobacterium is effective only on dicots; dAl8Y) il 8 dulle o ganll) BeldS - Ly i<ty #
Glaala ui :\,.\JLHJA del s :GSJJ-AS‘ é.\_d\ *
4RI il g

bombardment is effective on all plant
cells, monocots and dicots.

Agrobacterium takes about 3-5 months to ¥ 1 agm dJ“ 33\ u;h Al 5.3 - Q ...‘ "

complete;

bombardment takes longer, about 5-7 Ql—.\m dj-‘-éjﬂ u-"\ﬁ )Gd-m 7-5 :ng}d‘ @N‘:
months. ’7 5l

Agrobacterium places DNA only into the

nucleus of a plant cell; (Fall e B) gl gﬁ & gal) peagii ;L Asd) #

bombardment can place DNA into any of ra— - . o ..EAQ
the three plant cell compartments that QS‘ QA &‘Aﬂ CJ‘ ‘\:UJ"'“ US".'.‘ 19&)&‘” @M‘ L
contain DNA: the nucleus, mitochondria, .&jﬁ\ QU..QAJ\ o
and chloroplasts. |

Plant
chromosomal
DNA

Bacterial genome

T-DNA
Ti plasmid

\/J )

-\ Agrobacterium
tumefaciens

plant cell
) . ) Foreign
= O_._- Cointegrate Ti plasmid DNA  kanf
. — z T —
@ | plant cell ( L. integration sites _ 1 4)
@%\; Transformed
S cell
'l kanomycin ¢ >~ )
- == e 3 ?Tll'ansgenic ~ tCell of .
| plant _ . transgenic
= == Cultured Plantlet " > “A plant

cells
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Select transformed cells or tissues

Testing whether the gene has bean
transferred

Mo af

N———— S

Flants with new genes Cells without new genes
grow despite antibiotics are killed by antibiotics,
S0 plants do not grow

Plasmid for gene transfer:

desired |
gene L

1t lant ti LS e
COlure PAEKSUE gy 7l e 13

* Root the shoots

Tissue
Culture
Steps

»
N

Agro/Tissue
Cocultivation

Transgenic
Plant




Regenerate whole plants -4lals) el

Growing plants from modified cells
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Plasmid for gene -
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Detection of genetically modified Plants

~ = European corn
+ borer (left) and
: = cotton bollworm
== (right) aretwo | ¢
pests controlled
Yo, . by Bt corn and
SECe—  Ccotton,
= respectively.

Source: USDA.
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Identification of GMO by PCR

Jelas JMs oo @ijenll e bl sl
PCR JI

Termination
Marker gene Promoter Transgene  sequence

Confirmation by PCR Amplification
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Identification of GMO by PCR

PCR 3 el (A (ha 45 ) gall 0 (Al ) i)

Termination

1 rg2 3 rg5 rg6 rg7 rg8 rg9 ladd
Marker gene Promoter Transgene  sequence (i IAREESERAUEE I AL NI A

Confirmation by PCR Amplification

A e A e Al gall oo CRES

Identification of GMO - Gene expression




Gene expression W i DA o 4 sall oo i
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Structure of a Gene

Exon 1 Exon 2 Exon 3 Exon 4
Promoter 1 Intron 1 1 ntron 2 [ Intron 3
] S————y— y—
B s | L )"
Gene [ONA)
Transcription

Primary transcripl (RRA)

Matwre franscript (mRMNA) |

Protein synthesis

W b b

w60 Wl)eo e aliol
Selectable marker Reporters

beta- (puiil) g eSile-biv Guigy £ Wgswmo GUS &jgo
bodic ldg abliw dic 9,;VU Uusdl uelid S>4s glucuronidase
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A common reporter in bacteria is the GUS (UidA) gene, which encodes the

protein beta-glucuronidase. This enzyme causes bacteria expressing the gene to
appear blue when grown on a medium that contains the substrate analog
an inducer molecule such as _is also needed under the native

promoter.

A selectable-marker reporter in bacteria is the

, Which confers resistance to the antibiotic

Chloramphenicol.




Low-technological methods. | il e sl

Phenotypic characterisation (herbicide

bioassays). Lus & l . 1
Allows detection of the presence i T “yl)b

or absence of a specific trait. For traits as

resistance or tolerance to herbicides . S pboll o gill

Testing whether the gene has bean
transferred

Flants with new genes
grow despite antibiotics

Plasmid for gene transfer:

desired —1
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gena
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Gene expression
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Protein methods.

- For detection and quantification
of new = (foreign) @ proteins
introduced = through genetic

modification of plants. ‘

- The crucial component of an
immunoassay is an antibody with
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high specificity for the

target molecule (antigen). 63laJl Mgo) WBapll &=L ol
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- Similar to herbicide bioassays,
immunoassays require separate . )
tests for each trait in question. | Ohlis| aaclinll o)l i -
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ELISA |
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Enzyme Linked Immunosor bent Assay (ELISA)

Blue equals antigen
;; and green albumin__@




ELISA (enzyme linked immunosorbent assay).
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Current Situation of
Transgenic Plants




GLOBAL AREA OF BIOTECH CROPS

Million Hectares (1996-2012)
180 =

-0~ Total Hectares
160 — — Industrial

=&~ Developing

. 28 Biotech Crop Countries

140 —
120 —
100 —
80 —

60 —

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

A record 17.3 million farmers, in 28 countries, planted 170.3 million hectares (420 million acres) in
2012, a sustained increase of 6% or 10.3 million hectares (25 million acres) over 2011.

Source: Clive James, 2012.

11 Spain #17 Germany 5 Romania 815 Bulgaria .
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<0.05 Milion HAs
Cotton
-
#£16 Honduras #13 Philippines
«<0.05 Milion HAs «0.05 Million HAs
Maize Maize
|
¥14 Colombia B2 Argenting #10 Uruguay ¥6 South Africa "7 Australia
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Objectives of Genetic Engineering:
To add pest resistance (BT corn, mosiac resistant yam)
To add herbicide resistance (roundup ready soybean)

To improve nutritional value (golden rice with vitamin A)
To make them grow in infertile areas (salt resistant tomato)

Qo ool U avglin WLW il

Insect Susceptibility in
Normal versus Bt. Maize

Transgenic 10 Transgenic

)
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Bt Insect-Resistant Crops

Bt crops: a modified version of the bacterial Cry gene
incorporated into the plant's own DNA, so that the plant's
cellular machinery produces the toxin. When the insect chomps
on a leaf or bores into a stem of a Bt-containing plant, it ingests

the toxin and will die within few days.
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Bt - Corn b

Corn hybrid with a Bt gene and a hybrid susceptible to European corn borer
Source: USDA




Corn borer damage

lodging: weakened
stalks fall over

Com borers do an estimated
$1.2 billion damage annually to
U.S. comnfields, and destroy
about 7% of the world’s corn
production

non-Bt
mold & mycotoxins
in damaged kernels

Insect resistant cotton -

boll worm
Transgene = Bt protein

Source: USDA

Bt toxin kills the cotton




Savings from Bt technology

Pesticide use $200 million Potato farmers
on cotton cut savings to corn could avoid 3
by 2 million farmers from million pounds
pounds per less insecticide of pesticide per
year spraying, plus year

average 9%
yield increase

Golden Rice

Rice has been genetically engineered to produce beta-carotene,
the precursor to vitamin A - (a substance which the body can
convert to Vitamin A).

Vitamin A deficiency (VAD) affects more than 200 million people
worldwide and is responsible for an estimated 2.8 million cases
of blindness in children under five years of age (FAO, 2000a).
Most affected: children and pregnant women. It can cause
partial or total blindness; less severe deficiencies weaken the
immune system; increasing the risk of infections such as measles
and malaria. Women with VAD are more likely to die during or
after childbirth |

The owners of the patents who were involved in the development
of Golden Rice have donated them for humanitarian purposes,
which means that farmers in developing countries are permitted
to grow and reproduce Golden Rice without paying technology
fees




Golden Rice

Bata
Corotens

Bata
Carotens
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Long Shelf Life of
Tomatoes

§
<

On May 18, 1994, the Food and Drug Administration announced that
the Flavr Savr, a new tomato developed through biotechnology, is as
safe as tomatoes bred by conventional means
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Herbicide Tolerance

Weed control is one of the farmer's
biggest  challenges in crop
production.

Many | herbicides | control only
certain types of weeds, and are
approved for use only on certain
crops at specific growth stages.

Herbicide tolerant crops resolve
many of those problems because
they  include transgenes
providing - tolerance - to - the
herbicides Roundup® (chemical
name: glyphosate) or Liberty®
(glufosinate). These herbicides
are broad-spectrum. |

Transgene = modified EPSP synthase
or
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Herbicide Tolerance

o>

Weed-infested soybean plot

Roundup Ready® soybeans
after Roundup treatment ——

Source: Monsanto
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Weed-infested soybean plot Roundup Ready® soybeans
after Roundup treatment ——

Source: Monsanto




Final Test of the Transgenic

Round-Up Read

y Corn
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Papaya ringspot potyvirus (PRSV), a (PRSV) (LULWI e SulMl gawdl Gwyad

virus that causes severe damage to : - . :
the papaya industry in a number of S LLWI o) D pilws cua

major producing countries | ‘ A Aol JoJl o LAl

Transgene = virus coat protein
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Papaya is an important Non-trar.lsgenlc plants._ ,are  Transgenic papaya
Source of vitamins in Susceptible to papaya ringspot pjants show resistance
Tropical areas. =~~~ Virus under field conditions.

Source: USDA (Photo courtesy of Dennis Gonsalves, Cornell Uni.
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Sunflower — white mold resistance

Transgene = oxalate oxidase from wheat

Source: Monsanto
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