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l{ Outline:

p e 7.1 Introduction
7.2 Plant tissue culture
7.3 Genetically Modified Plant
e 7.4 Animal cloning
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E Learning outcomes:

U

/ * Describe the steps in plant tissue culture.
* Describe the steps of genetic engineering in plant.

* Distinguish Agrobacterium tumefaciens and Gene
gun/Biolistic bombardment system for the
transformation of plant.

* Distinguish animal cloning and genetically engineered animal.

* Describe the methods for the creation of a transgenic animal.
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.1 Introduction

* Increase of world population

World Population Growth, 1750-2150
Population (in billions)

10

2000
6.1 billion

More developed countries

T & & % EB B g E

Source:! United Nations, World Population Prospects, The 1698 Revision; and
estimates by the Population Reference Bureau,

2050 -
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7.1 Introduction

* Food security

* Selective breeding VS Agricultural biotechnology
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E 7.2 Plant tissue culture

U

/ * Totipotency:
* ability of a cell or tissue or organ to grow and
develop into a fully differentiated organism.

* An entire plant can be regenerated from a single

cell. */ﬁ»@m\‘
m&diﬂl

% Callus
Y s
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"Discussion

V * |s totipoteny found in human/animal?
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.2 Plant tissue culture

e Plant tissue culture:

* A process of growing a plant in the laboratory
from cells rather than seeds.

* Also called micropropagation.
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.2 Plant tissue culture

e callus culture- solid medium
* suspension culture- liquid medium.



t 7.2 Plant tissue culture
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,. a mass of tissue or cells (explant) must be removed from the
/ plant of interest

undifferentiated cells form a crystalline white layer on top of
the solid medium, called the callus

!

undifferentiated callus cells to develop into a plant shoot

root hairs to start growi)lg from some of the shoots

pljatlet
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Tissue Culture:
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seeds

embryos

y

Wheat inflorescence | |

- auxin/ + cytokinin Callus + auxin
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* What is the advantages of plant tissue culture?
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E The advantages
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/ * To produce many copies of the same plants

* To produce plants anytime we want although the climates are not
appropriate to produce a plant. Moreover, if seed is not available, it is
possible to produce a plant with this method.

* If there is plant with partially infected tissue, it is possible to produce
new plant without infection.
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"The adva ntages

* Very helpful in the genetically modified organism studies.

 Very useful solution for the prevention of starvation in third world
countries since the process id highly efficient

* The time required is shortened, no need to wait for the whole life
cycle of seed development.
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* Genetic engineering in plant: enabling
p directed changes to be made to the genotype
of a plant, circumventing the random
processes inherent in conventional breeding

* GM plant/crop : plants with the DNA that has
been modified using genetic
engineering techniques

- NCIIN



B Universiti
Malaysia
PAHANG

k. 7.3 Genetically Modified Plant

There are five major steps involved in GM plant:

1. DNA is extracted from an organism that has the
desired trait.

2. The desired gene is located and copied.

3. The gene is inserted into a single plant cell using a transformation
method.

4. The cell multiplies and grows a new plant that contains the
transgene in all of its cells.

5. Through backcross breeding the transgenic plant is crossed with a
plant from a high yielding line. The resulting hybrids are the
genetically modified plants that can enter the marketplace.
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Ldentify an organiem with the desired characteristics
e.q. Pacillus thuringiensis (Bf) - a bacterium which
produces a protein that wills specific insects,

Tranaber this gens info the plant you want fo probect,
€.q. maize, by sither_

..

» Firing fhem imto the plant
using a special gene gun...

e
D)

Or give the gene 10 » soll
bacterium which puts it -no

fhe phant for you.

4 Pant cols that take op the new gese are grown inlo
foll size plants and ace checked fo mare turs that

they develop mormally and are safe.

€.q. in maize, the

tramsfecred Bf protein
protects aganst stem
becer caterpillars which
eat the leaves, bore into
the stales and wnfect the

<9M,Wﬂl“n,nnmlw
diready m the plant can be swilched off. on. or sllered

o mprove 3 specfic charactermlic, sach 38 In frunt

where & gene cam be swtiched om Jo slow down

ripeaing and redmce hacvest damage.

In South Adrica, LM ome have to be oved
U= i, ot rptnt o s e 1

To dats, crops approved for production in South
AMrica include:
Insect foleramt and
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http://www.pub.a
c.za/resources/do
cs/cartoon_gm_cr
ops.pdf
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v /.3 Genetically Modified Plant

* Transformation of foreign DNA into plant:

* Agrobacterium tumefaciens

* Gene gun/Biolistic bombardment system

GENE
identified
and lsolatnd

Ammm ( \ Geme Gun
gene
Oqeno insered replication
baclenum mixed into § plasmed
with plant cells ‘ ‘
gold particies b —Q’
‘ coated with DNA% ®

i plasrmed mav a cells shot with gene

into plant call and gun and DNA
inserts DNA into incorporated into

plant chromosome plant cell chromosome

I
S 0ux = () -»a;‘

cells screened transformed celis transgenic plam
for transgene selected with regenerated from single
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' * Agrobacterium tumefaciens

* A soil bacterium that Crown Gall disease

* During the infection, a specific segment of the Ti
plasmid DNA (T-DNA- responsible for tumour
formation) is transferred from the bacteria to the
plant.

* Scientists have exploited this genetic transfer in
order to get genes with desired properties into plant
cells.
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V * Agrobacterium tumefaciens

Agrobacterium tumefaciens Plant cell
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.3 Genetically Modified Plant

* Agrobacterium tumefaciens

Foreign
— Cointegrate Ti plasmid DNA  kanR

sy _=
( 1— integration sites —j )

: ’éff: ( -“\ \ -,"‘c,._\-
‘ kanomycin FN R o o~
(e = —_— " —p Transgenic — 4 Cell of
\ 4 plant transgenic
G Cul:tured S Plantiet plant
» cells —




b 7.3 Genetically Modified Plant

Universiti

Q . .
.
Engineering + Technology * Creativity

Malaysia
PAHANG

* Gene gun/Biolistic bombardment system

F * Used to blast tiny metal beads coated with DNA
into an embryonic plant cell

 Aimed at the nucleus or the chloroplast

* Use marker genes (antibiotic resistance) to
distinguish genetically transformed cells

e useful in plants that are reS|stant to
Agrobacterium

http://www.instruction.greenriver.edu
/mcvay/es204/es%20docs/animation
s/transgenic plants.swf



http://www.instruction.greenriver.edu/mcvay/es204/es docs/animations/transgenic_plants.swf
http://www.instruction.greenriver.edu/mcvay/es204/es docs/animations/transgenic_plants.swf
http://www.instruction.greenriver.edu/mcvay/es204/es docs/animations/transgenic_plants.swf
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e Examples of GM crops

Insect resistant cotton — Bt
toxin kills the cotton boll
worm

Insect resistant corn - Bt toxin
European corn borer
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Herbicide resistant crops
- soybean, corn, canola

Virus resistance - papaya stan
papaya ringspot virus

TR iy ok i z Tt -
Y (oo



t 7.3 Genetically Modified Plant
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* Gene gun/Biolistic bombardment system

Golden Rice - increased Vitamin
A content
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'  What is the advantages of GM plant/crops?
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"Discussion

V Describe the process of making fish tomato.

Antifreeze gene
from winter flounder GM Tomato

Tomato
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1 presume.
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* Cloning - the creation of an organism
that is an exact genetic copy of
another

* Clones are not exactly identical
» Shaped by experiences and environments

* Clones may be old before their time
e Shortened telomeres

* Example: Dolly the ship
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P7.4 Animal cloning o

V * DNA from donor cell must be inserted into an egg
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*Egg is prepared by enucleation
* Pipette suctions out the nucleus
* DNA from donor cell put into egg cell

* Embryo is transferred to a surrogate mother for
gestation

http://learn.genetics.utah.edu/conten
t/tech/cloning/clickandclone/

video courteay of
Advanced Cell Technology



http://learn.genetics.utah.edu/content/tech/cloning/clickandclone/
http://learn.genetics.utah.edu/content/tech/cloning/clickandclone/
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Adonor cell is taken from
a sheep's udder. Donor

p Nucleus

‘ \ These two cells are fused

using an electric shock.

Egg Cel q B
@ /The'nucleus of the

eggy cell is removed.

An egqg cell is taken The fused cell
from an-adult * pegins dividing

female sthep. normally.
| —— «— y
Cloned Lamb ' |} Embryo
The embryo The embryo is placed
develops normally in the uterus of a foster

into & lamb—Dolly mother.

_ . . tiecloni



" Y oadl

E Discussion

Universiti
Malaysia
PAHANG

* Is it possible to clone a dinosaur?
EE.
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~ 7.5 Genetically modified animal
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/ * Genetically modified animal / transgenic animal:

* Animals which have been genetically engineered
to contain one or more genes from an exogenous
source.

* Improve genetic Features of domesticated Animals




P?.S Genetically modified animal
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V * Three major method for the creation of a transgenic animal:
* Nuclear microinjection

* Retrovirus-mediated gene transfer

* Embryonic stem cell-mediated gene transfer
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Pronuclei

* Nuclear microinjection egg o o fuson @ff-ﬁ; B

of male and female :
into one of the

pronuclei

* Introduces the transgene pronucle
DNA at the earliest z’i%”siﬁ{;?‘oiiﬁd ]
possible stage of i
development of the zygote F‘&
* DNA is injected directly 3) About 1010 30% of
° offspring contain
|nt0 nUCIEUS Of egg or injegtedgforeign DNA.
sperm b "3 | f: &
4) Mic¢ expressing I
foreign DNA are
bred to continue
DNA in germ line.
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e Retrovirus-mediated gene transfer

! * Infecting mouse embryos with retroviruses
before the embryos are implanted
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;{ /.5 Genetically modified animal

A. Gene targeting of embryonic stem cells
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i Embrvonic stem CE”- ., ? }\ <
mediated gene transfer vl - 5o
* Embryonic stem cells are

mixed with DNA and will
absorb the DNA

http://www.nobelprize.org/nobel_priz
es/medicine/laureates/2007/advance
- O
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* Example of GM animals

Traditional pig

Corn, soybeans, barley,
and other grains contain
indigestible phosphorus.

7.5 Genetically modified animal

Pigs excretes phosphorus that

can run into fresh water, kill

wildlife and contaminate

the human water supply. Managing
this waste is expensive for producers
and limits the amount of pork they
can produce,

A combination of mouse and E. Coli
Envi ropig DNA in pig genome prompts phytase

production in the salivary gland. Even with

the new DNA, Enviropig

porkis chemically the

same as traditional

pork.

Pig fed the same grains /

as traditional pigs

Salivary phytase breaks down

phosphorus in the pig’s stomach.

The pig can then absorb the phosphorus

as phosphate. A small amount of phosphate
Is excreted In urine.

Enviropig waste contains

less phosphorus. With genetic
modification, sclentists created
a plg that can be raised with less
environmental impact.
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E 7.5 Genetically modified animal
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/ * Example of GM animals
* GM salmon
* AquAdvantage salmon

- . N
1 ¢ Salmon
&
=,
=
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" “Extra reading

' * http://www.scqg.ubc.ca/your-guide-to-plant-cell-culture/

* http://www.dnatube.com/video/5576/FlavrSavr-TomatoFirst-
Transgenic-Crop

e http://www.monsanto.com/Pages/default.aspx

* http://palmer-dna-tech-project-
2012 .wikispaces.com/Rachel+Laufmann

e http://learn.genetics.utah.edu/content/tech/cloning/

* http://learn.genetics.utah.edu/content/tech/cloning/clickandclone/
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