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What Is Cloning?
Cloning & transgenic technologies:

Cloning: creating an organism with the same DNA

Applications in pharmaceutical drug production currently available or previously existing animal

The word "clone," derived from the Greek klon refers tg
asexual reproduction

Dr. Mohammad H. Nasr-Esfahani

Department of Reproduction and Cell Sci Center clones were created using nuclear transfer technology
Royan Institute for Animal Biotechnology, ACECR, Isfahan, Iran
@ Email: mh.nasr-esfahani@royaninstitute.or:
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Timeline on Cloning Highlights

1894

Hans Dreisch isolated blastomeres from 2- and 4-cell sea urchin embryos and
observed their development into small larvae.
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Timeline on Cloning Highlights

1901

Hans Spemann split a 2-cell new embryo into two parts, resulting in the
development of two complete larvae.

1902

Hans Spemann split a 2-celled salamander embryo and each cell grew to
adulthood, providing proof that early embryo cells carry necessary genetic
information.
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1952

First animal cloning: Robert Briggs and Thomas J. King cloned northern
leopard frogs.
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1962

Biologist John B. Gurdon announced that he had
cloned South African frogs using the nucleus of fully
differentiated adult intestinal cells. This demonstrated
that cells' genetic potential do not diminish as the cell
became specialized.
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108. Steen Willadsen cloned a sheep from embryo cells, the first verified example of
984 | hammal cloning using the process of nuclear transfer.

1986 |Using differentiated, one week old embryo cells, Steen Willadsen cloned a cow.
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Timeline on Cloning Highlights

July |lan Wilmut and Keith Campbell used differentiated embryo cells to
1995 |clone two sheep, named Megan and Morag.

July 5,
1996 Dolly the first organism ever to be cloned from adult cells was born

Feb 23, Scientists at the Roslin Institute in Scotland officially announced the
1997  |birth of "Dolly"

lan Wilmut and Keith Campbell, the scientists who created Dolly,
also created Polly, a Poll Dorset lamb cloned from skin cells grown in
alab and genetically altered to contain a human gene.

July
1997
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Timeline on Cloning Highlights

11996625 " |3. Derek Broomhall Rabbit cloned by embryonic cell nuclear transfer.
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1986 |Neal First, Randal Prather, and Willard Eyestone used early embryo
cells to clone a cow.

Timeline on Cloning Highlights

1993 |M. Sims and N.L. First reported the creation of calves by transfer of
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Creating Dolly

Dolly Was created with
Somatic Cell Nuclear Transfer (SCNT) Procedure

SCNT:
Travelling in a Foreign Land!!!

Over 3179 citations in International Journals
&

Over 30 books
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a plethora of cloned animals was created
within only a few years after Dolly
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letters to nature
Nature 388, 810 - 813 27 February 1597); doi10.1038/38181¢a0

Viable offspring derived from fetal and adult mammalian cells
1. WILHUT, A E. SCHNIEKE", J MCWHIR, A J. KIND™ & K. H. §. CAMPBELL
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<previos [Nt > embryo and subsequently i he cll types he adult animal. Trarsfer of a single nucleus 2t a spacific stage.
wan il provided an apportunity to investiga iation to that
g i genetic modification. The i from a differentiated cell were bora
transfer from an embryo-derived cell line that had been induced to become quiescent”, Using the same procedure, we now
report the birth of live lambs from three new i i manmary gland, fotus and embryo. The

Why was Dolly important?

The birth of Dolly overturned the assumption among
scientists that

the whole process of differentiation in an
adult cell was

irreversible

Timeline of Cloning in Iran
(Royan Institute, Isfahan Campus)
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Dolly was world's hello to
cloning‘s possibilities

Conventional SCNT: Enucleation

“9@@99 features

l2-12-00 a2 OQocyte Enucleation Conventional SCNT: Enucleation
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Preparation of doner cells

Cell cycle synchronization

> Serum starvation

» Cell confluence

% Drug treatment

Cell Transfer Donor cell-cytoplast fasion
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Cloned Cattle From Zona-Free Zona free oocytes ready to
enucleation

UV visualizing

Adjusting

Removing karyoplast Enucleated
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Removed karyoplasts Hand made SCNT

Bona intact vs. gona free (WOW)
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Recipient synchronization

and embryo transfer




QOutcomes:

;Royana, Hana, Bonyana and Tamip,
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Endengered Species

Epigenetic modification

The DNA Methylation

Aberrant DNA Methylation Patterns
B e iy of Clones
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Transgenesis
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Transgenic Animal

An animal that is altered by
the introduction of recombinant DNA
through human intervention

1. Microinjection in pronucleus
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1. Generate multiple copies of
genetically elite farm animals

Cloning & it’s applications | J"’-_, —
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2, Produce transgenic animals for
pharmaceutical protein production

> .
Ll T oo

/ GENETICALLY
MODIFY CELLS

O
TRANSGENIC
PRODUCTION ANIMALS

1

Production of goats by somatic cell nuclear
transfer (transgenic for anti thrombin)

USA (GTC. Inc.)-1999-Nature
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First US approval for a transgenic
animal drug (2009)
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GTC. Inc

Quality

improving the size of livestock genetically
* milk
more milk or milk with less lactose , Low cholesterol , low

saturated fat content, milk with higher levels of f-casein
and k-casein , produce a milk with a composition similar to
human milk or unusually high milk protein content
(important in cheese manufacture)

* more meat
In the past, farmers used growth hormones to spur the
development of animals but this technique was problematic,
especially since residue of the hormones remained in the

animal product.
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¢) disease resistance

Disease-resistant livestock is not a reality just yet

Scientists are attempting to produce disease-resistant animals,
such as:

mastitis-resistant cattle,

BSE resistant

FMD resistant

but a very limited number of genes are currently known to be
responsible for resistance to diseases in farm animals

b) nutritional supplements and pharmaceuticals

Milk-producing transgenic animals are especially useful for
medicines

Products such as insulin, growth hormone, and blood anti-clottin,
factors may soon be or have already been obtained from the milk o
transgenic cows, sheep, or goats.

Research is also underway to manufacture milk through transgenesis for
treatment of debilitating diseases such as phenylketonuria (PKU),
hereditary emphysema, and cystic fibrosis.

In 1997, the first transgenic cow, Rosie, produced human protein-
enriched milk at 2.4 grams per liter. This transgenic milk is a more
nutritionally balanced product than natural bovine milk and could be
given to babies or the elderly with special nutritional or digestive needs.
Rosie’s milk contains the human gene alpha-lactalbumin.

1

3. Industrial Applications

Uses in industry include material fabrication and safety tests of
chemicals.

In 2001, two scientists at Nexia Biotechnologies in Canada
spliced spider genes into the cells of lactating goats. The goats
began to manufacture silk along with their milk and secrete
tiny silk strands from their body by the bucketful. They can be
used be used in such applications as military uniforms,
medical microsutures, and tennis racket strings

Toxicity-sensitive transgenic animals have been produced for
chemical safety testing. Microorganisms have been engineered
to produce a wide variety of proteins, which in turn can
produce enzymes that can speed up industrial chemical
reactions.
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Annie, born March 3, 2000, is a clone of a pure-bred Jersey calf whose cells were
modified with genes for producing lysostaphin, a protein that kills Staphylococcus
aureus bacteria, a leading cause of mastitis disease in dairy cows.

She is the first transgenic cow clone engineered to resist mastitis

which costs the U.S. dairy industry $1.7 billion annually

¢) human gene therapy

A transgenic cow exists that produces a substance to
help human red cells grow

Human gene therapy involves adding a normal copy of a gene
(transgene) to the genome of a person carrying defective
copies of the gene. The potential for treatments for the 5,000
named genetic diseases is huge and transgenic animals could
play a role. For example, the A. |. Virtanen Institute in
Finland produced a calf with a gene that makes the
substance that promotes the growth of red cells in humans.

3. Therapeutic cloning (Production of autologous stem cells)
4. Xeno & allo-transplantation

W Human Clomed Embryos

) Blasberyst Shage (57 days ob

) barr Stam Coll Mass

() Catired Unittursmsistad Seem Cotie
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5. Protection of endangered species
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6. Reverse the aging process

7. Studying gene function and genomic
imprinting

8. Treatment of certain genetic disorders

Facts about
modern biotechnology industry
d Biotechnology is a US$30 billion a year industry that has produced some 160
drugs and vaccines.

.The[e are more than 370 bi h drug prod and vaccines currently in
clinical trials targeting more than 200 diseases, including various cancers,
Alzheimer’s disease, heart disease, diabetes, multiple sclerosis, AIDS and arthritis.

o Market capitalization, the total value of publicly traded biotech companies (U.S.)
at market prices, was US$311 billion as of mid-March 200:

d Biotechnology is one of the most research-intensive industries in the world. The
U.S. biotech industry spent $17.9 billion on research and development in 2003.

From www.biotechinstitute.org

Why Transgenic Animals?

Highly cost effective ‘ Xenotransplantation
Disease resistance
Reduced ! Milk production
educe: caplta .
mvestment High level of
\ production
Reduced cost and risk Pr‘)dq":‘i‘];“ of milk
for production facilities w‘.t (;tt(er
/ characteristics
Large volumes o Improving the
m digestibility and
nutritional
properties

High reproductive Post Production of
capacity translation pharmaceutlf:als
modifications and oral vaccines

‘ Animal model of diseases ‘

Transgenic Animal Production

1. Microinjection in pronucleus
Most common method of gene transfer Useful for gene addition only

2 . Transfection (Retroviral, sperm-mediated)

3 .Embryonic stem cells
Developed method for the mouse only Useful for gene addition and
deletion

4 .Somatic cell nuclear transfer

1. Microinjection in pronucleus

Microinjecton
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ot tosiak) /S
f i \ / Diette ol
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forlsed egg
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«Chimerism: One big problem of VMT and Pn.M

« Low efficiency: another big problem of VMT and Pn.M
remained
510 10 % of offspring are transgenic

Somatic cell nuclear transfer (SCNT) :
Cloning

9/26/2011

2, Transfection (Sperm-mediated)

Sperm

Low efficiency a big problem of SMGT

3. Embryonic stem cells
Embryonic stem cell transfer
blastocyst implanted into

foster mather
wu® — ()
MOUSE egg \-/

mutated stem cel }
injected into /f

blasteyst 4.\
targeted gene r

[
alteration made to "] g‘\{ ﬁ %&,
embryonic stem |

cells in culture = e

offspring is a
chimera

further breeding for
homeiygous expression ’)
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Production of transgenic goat which can produce recombinant
proteins for treatment of Hemophilia (blood clotting factor IX)
at Royan Institute
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Comparison of tenecteplase expressing line to t-PA expressing one (Pasteur) after
optimization

A) Qualitative Analysis:
SDS-PAGE

A) Qualitative Analysis:
Dot blot

Dot Blot Analysis
(Date : 1389/7/7)
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A) Qualitative Analysis:
SDS-PAGE

A) Qualitative Analysis:
Western Blot

‘oncentration of primery antibody : 17256000
CHo™ CHo

72 KD
tencecteplase protein: Y
The size s £ KD S5SKD

43 KD
DNigested tenccreplase 4
prptein: The size is about 10 KD 34 KD

26 KD
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And Now?
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