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The Age of DNA, Genomics, Genetic Engineering &
Synthetic Organisms

What Do Genes Look Like - DNA Demonstration
DNA Into Your Home
How Was Modern Genetic Engineering "Invented?”

What Is Genetic Engineer-ing & How Has It
Affected Our Lives:

What Can Be Done With Genetic Engineering?

What Does Genetic Engineering Tell Us About
Genetic Processes?

What Is the Scientific Method?
Genetic Engineering - Anything New?

. Classical vs. 21st Century Genetic Engineering -

Demonstration

. Era of Genomics,Genetic Engineering, & Synthetic

Life - Impact on Humankind?
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We Live in
The Age of DNAI

Genetic Engineering Is
Manipulating DNA!




DNA is Part of Our Culturel!

"I't's Part of Their/Our DNA!”



* We Live in the Era of....
Genetic Code of Life -Genes & DNA

O ‘Genomics & Genome Sequencing
- ‘Genetic Engineering of Microbes,

o < bacror Plants, & Animals
\ ‘Biotechnology Using Genetic
Engineering Technology
ONA Fingrprinting -Synthetic Microbes Made by "Man”

‘Personalized Genomes and Ability to

| Identify Any Individual Using DNA

ot bymive - Mammalian Reproduction, Stem Cells
—— Cloning

And the SYNTHESIS of These Technologies!!

Plants of Tomorrow



Genetic Engineering........

Genetic Code of Life

‘Is the Most Revolutionary Technology
O in Biology to Have Been Invented to

Datel

Entire Genetic Code
of a Bacteria

‘Has Generated the Vast Majority of
New Biological Knowledge Over the

DNA Fingerprinting

Past 37 Years From Experiments in
Biology Laboratories Around the Globe

Cloning: Ethical Issues
and Future Consequences

*Has Changed Our Lives Dramatically!

Plants of Tomorrow



‘From New Medicines

DNA
Genetic Code of Life

‘To Better Crops

O ‘To the Sequence of the Human Genome &
Ancient Genomes

Entire Genetic Code
of a Bacteria

*To Novel Ways To Identify Individuals

*To Understanding the Basis of Human
Disease and Aging

DNA Fingerprinting

. *To Personalized Genomes and Medicine

- *To Creating Synthetic Organisms

Cloning: Ethical Issues

SRR “To the Ability to Eventually Unravel the
R Mysteries of ALL Cellular Processes!

* To Ultimately -- Immortality?

Plants of Tomorrow



DNA
Genetic Code of Life

Entire Genetic Code
of a Bacteria

Genetic Engineering Can Now
Be Used To Synthesize Entire

Chromosomes From Chemicals
‘ and Create Synthetic Microbes

in a Test Tube

DNA Fingerprinting

—
_—
"

Cloning: Ethical Issues
and Future Consequences

Plants of Tomorrow



2 JULY 2010 VOL 329 SCIENCE www.sciencemag.org

Creation of a Bacterial Cell Controlled
by a Chemically Synthesized Genome

May 20, 2010

Researchers Say They Created a ‘Synthetic Cell’

By NICHOLAS WADE
The genome pioneer J. Craig Venter has taken another step in his quest to create synthetic life, by synthesizing an




Creating Life: Synthetic Microbes

J. Craig Venter

60 Minutes-December 2010




DNA
Genetic Code of Life

O Question One

a3 Are You Uncomfortable With Creating

of a Bacteria

Microbes With Synthetic Genomes?
‘ a. Yes

DNA Fingerprinting b . No

Cloning: Ethical Issues
and Future Consequences

Plants of Tomorrow



DNA
Genetic Code of Life

‘ DNA Can Be Used To Look

Entire Genetic Code

of @ Bocter Into The Past and "Bring

Back the Dead!!

DNA Fingerprinting

Cloning: Ethical Issues
and Future Consequences

Plants of Tomorrow
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Science, May 7, 2010 (328, 710-722)

A Draft Sequence of the
Neandertal Genome  From a 45,000 Year-Old Bone

Wilma
Female
Red Hair
Pale Skin
Freckles

How Know What Wilma Looked Like?

Reconstruction by Kennis & Kennis/ Photograph by Joe McNally

For the first time, a Neanderthal female peers from the past in a reconstruction informed by both fossil anatomy and ancient DNA. At least some
of her kind camied a gene for red hair and p ale skin.



Nature, December 30, 2010 (468,1053-1060)

Genetic history of an archaic hominin
group from Denisova Cave in Siberia

David Reich™?*, Richard E. Green®**, Martin Kircher®*, Johannes Krause>>*, Nick Patterson’*, Eric Y. Durand®*, Bence Viola>"*,
Adrian W. Briggs">, Udo Stenzel®, Philip L. F. Johnson®, Tomislav Maricic?, Jeffrey M. Good®, Tomas Marques-Bonet'%},

Can Alkan'®, Qiaomei Fu®'?, Swapan Mallick"?, Heng Li?, Matthias Meyer?, Evan E. Eichler'®, Mark Stoneking®,

Michael Richards”"3, Sahra Talamo’, Michael V. Shunkov', Anatoli P. Derevianko'*, Jean-Jacques Hublin’, Janet Kelso®,
Montgomery Slatkin® & Svante Piibo®

Using DNA extracted from a finger bone found in Denisova Cave in southern Siberia, we have sequenced the genome of an
archaic hominin to about 1.9-fold coverage. This individual is from a group that shares a common origin with
Neanderthals. This population was not involved in the putative gene flow from Neanderthals into Eurasians; however,
the data suggest that it contributed 4-6 % of its genetic material to the genomes of present-day Melanesians. We designate
this hominin population ‘Denisovans’ and suggest that it may have been widespread in Asia during the Late Pleistocene
epoch. A tooth found in Denisova Cave carries a mitochondrial genome highly similar to that of the finger bone. This tooth
shares no derived morphological features with Neanderthals or modern humans, further indicating that Denisovans
have an evolutionary history distinct from Neanderthals and modern humans.

-
Traces of Ancient DNA © MODERN HUMANS

Earlier this year, researchers proposed that B T A
a finger bone found in a Siberian cave came
fram a new type of hominin, the Denisovans.
More recent genetic testing suggests they |
evolved from early hominins who left Africa I

around half a million years ago, then separated.

DNA Sequence
From 40,000 Year
Old Fossil DNAII

DENISOVANS

Date of finger bone

Homo erectus HOMO FLORESIENSIS 8

About 2 million years ago 1.5 million 1 million 500,000 Teday|
Source: Nature THE NEW YORK TIMES]
I




Vol 456|20 November 2008 doi:10.1038/nature0 7446 nature

Nature, November 2008 I_ E T T E R S

Sequencing the nuclear genome of the extinct woolly
mammoth Think About Bringing a Woolly Mammoth Back to Lifell

Webb Miller!, Daniela |. Drautz', Aakrosh Ratan', Barbara Pusey’, Ji Qi', Arthur M. Lesk’, Lynn P. Tomsho',
Michael D. Packard', Fangging Zhao', Andrei Sher’t, Alexei Tikhonov_3, Brian Raney”, Nick Patterson”,
Kerstin Lindblad-Toh?, Eric S. Lander’, James R. Knight®, Gerard P. Irzyk®, Karin M. Fredrikson’, Timothy T. Harkins’,

Sharon Sheridan’, Tom Pringle® & Stephan C. Schuster'




PNAS November 11, 2008

Production of healthy cloned mice from bodies frozen
at —20°C for 16 years Think of the possibilities!

Sayaka Wakayama®, Hiroshl Ohta*, Takafusa Hikichi®, Eljl Mizutanl®, Takamasa IwakI®, Osaml Kanagawa©,
and Teruhlko Wakayama*!

*RIKEN, Canter for Devslopmental Elclogy, 2-2-3 Minato]imaminamimachl Kobe, §50-0047, Japan;: Blikel Univerdty School of medking, Tokyo 105-2461,
Japan: and "RIKEN, Ressarch Center for Allergy and Immunology, 1-7-22, Sushiro-che, Tauorumi-ku, Yokohama, 230-0045, Japan

How Know a Clone or Genetically Identical Individual - DNA!

Clone of Dead Mouse




By Using DNA Fingerprints to Identify Individuals & Genes

RESEARCH METHOD

A allele: a allele:

A restriction enzyme cuts the There is no recognition
sequence, so the DNA
is not cut.

DNA fragment in two at its
recognition sequence.

.~/

|

e GAsTTC.
L Y O
vl Y

\ RFLP Is revealed by /

electrophoresis, probing,

and blotting.
. . _ 7 / — \ H_ ’ Long fragment What is YOUR DNA
DNA Flngerprln.rs b —_— wn—Y Short fragments . .
Type 1 Type 2 Fingerprint?
homezygote omozygote eterozygote
(A4) (aa) (Aa)

Aa  Aa

QA pedigree is oonstructed.)

/L
This gel shows the RFLP patterns of the
members of this family.




DNA Testing Into the Home - Fast & Inexpensive DNA
Testing Kits!

e Paternity
ation Tests To Meet

e Civil Court System

& MedlcaILegaITesm

(800) 456-9913

Ancestry

¥ Shopping Cart
AE}OM—EI)BIA Home | About | Products | Register Your Test Kit | FAQ | Contact | Results
What are the 3 3
Scientific, ™o |
Legal, Ethical, & Standard

in Home DNA

Privacy Issues?? Testing

’;‘:;) HomeDNA Home Paternity Testing System
Featuring our exclusive
HomeSwab™ 4-Step process

Immigration



Even Lineages of Ancient Mummies Such As King Tut
Can Be Determined Using DNA Fingerprintingl!

Genetic testing on 11 mummies revealed the remains of Tut's parents, Select a button below to see how these distinct genetic markers are passed from Yuya
who were brother and sister. Tut's father is very likely Akhenaten. The (orange), Tuyu (blue), and Amenhotep (violet).

identity of his mother is still unknown. How do we know? Scientists

collected DNA, then looked at eight sets of genetic markers (colored il Yuya  Tuyu il Amenhotep Il
boxes in diagram below) to create a genetic fingerprint for each

mummy. Shared markers help determine kinship.

GREAT-GRANDPARENTS GRANDPARENTS PARENTS KING TUT AND WIFE CHILDREN

Tuyu (KV46) Tiye (KV35EL) Name unknown (K ) Name unknown (KV21A)
912 1013|1926 26|35 1112 1015 2226 26 29 1012 6 10 1626 2529 2% 35
i3] [ 8 | 7 2 2428 611 1922 912 202 811 1619 612 2023 12 23 12| 23

Wife of Tut

Of two mummies
tested, KV21A is
more likely to be
Ankhesenamun,
Tut's wife, and
mother of the
fetuses.

TOMB WHERE
FOUND

) Amenhotep Il ( Akhenaten (KV55) Tutankhamun (K Fetus 1 (KV62)
1113|| 6 |15 2227/ 12834 1016/ 6 15 16 27|25 34 1012 1515 1626 20 34 1012 1015 1626 29 34 1216/ 1013/ 16 | 20
6 10//12/22 1912|120 25 813 1622 6 9 2331 1113 1619 912_2023 813 1919 612 2223 8 19: 12:23

Proposed relationship,

Brother and sister Female Pharaoh n| Non-transmitted DNA Insufficient data

National Geographic, September 2010 King Tut Lived 3,500 years Agoll



DNA Has Impacted the Law in Dramatic Ways

Combined DNA Index System of DNA Profiles

13 CODIS Core STR Loci

it Chromosoma Pesitons
» Convicted Felons Erng : E 2 a8 s
cCODIS * Suspects Arrested For Felonies EE THCS EE ¥
- DNA Samples From Crime Scenes .
| + Unidentified Human Remains “pd BREE] g

- Relatives of Missing Persons

NDIS Statistics

National DNA Index System

a ()

| CODIS Home Page | FBI Home Page |

July, 2010

Offender Profiles 8,646,417
Forensic Profiles 328,067




FORENSICS

Familial DNA Testing Scores
A Win in Serial Killer Case

NOT Actual Profies, For Hhustration Only

{omve et

Creve Score

BES8V171A 002008
PRARGELES PR wAnTY?

Proud of their work. A famil-
ial DNA search by forensic sci-
entists in California led to the
arrest of Lonnie Franklin, the
suspected Grim Sleeper killer.

Caught By DNA/I




Set Free By DNA Evidence

INNOCENCE PROJECT
IR [

15th Person Cleared by DNA in Dallas. Charles
Chatman was released from state custody Jan. 3 in
Dallas, after serving nearly 27 years in prison for a
rape he didn't commit. He is the 15th Dallas man to
be cleared by DNA testing after being wrongfully
convicted. After his hearing, he hugged Judge John
Creuzot, who advocated for testing in the case.
Innocence Project of Texas Attorney Jeff Blackburn
(left) represents Chatman.




DNA
Genetic Code of Life

O Question Two

Entire Genetic Code
of a Bactenia Should every individual who is arrested for a crime be required to

have their DNA fingerprinted and deposited in a National Criminal
DNA database (CODIS)?

a. Yes

b. No

DNA Fingerprinting

Cloning: Ethical Issues
and Future Consequences

4

Plants of Tomorrow




DNA Is Leading to a New

Era in Personalized Medicine

Genetic Code of Life

Entire Genetic Code
of a Bacteria

DNA Fingerprinting

Genomic and Personalized
Medicine

v‘ '/->
-
y

Cloning: Ethical Issues
and Future Consequences

Plants of Tomorrow




DNA Can Be Used To Test For Hundreds of Disease Genes and
Human Traits and Generate Personalized Gene Profiles

Time Magazine 2008 -
Invention of the Year

Your Personal Genome -
23andMe®

https://www.23andme.com/

What Your Gene Test Can Tell You

Average chance of
If she was breast-fed, her 1Q is getting cluster headaches

slightly higher than average

85% chance of
having brown eyes

Can taste bitterness in

broccoli and cabbage ~ Does not have

a sweet tooth

0.5% chance of getting

14.5% chance of having
esophogal cancer

a heart attack

r 6% chance of getting
Might have an elevated risk lung cancer
of a nonfatal heart attack due

to slow caffeine metabolism

Not resistant to the
stomach-flu virus
Drinking black or green tea is known as norovirus
moderately likely to reduce her

chance of getting breast cancer

X 2% to 10% chance
| of having endometriosis

Average odds of placenta
separating from her
uterine wall during
pregnancy

2.8% chance of developing
rheumatoid arthritis

24% chance of developing
blood clots in veins
(venous thromboembolism)

3% chance of having a
restless-leg syndrome

- %

=
# H The Retail
. . DNA Test

Invention Of the Year

Slightly elevated odds
of getting gout

And
Before Birthlll



The Complete Genome of Individuals Can Now Be Decoded
and Sequenced Very Inexpensively ($10,000)!!

Genome of DNA Pioneer Is Deciphered

By NICHOLAS WADE
Published: May 31, 2007

James Watson's Personal Genome Sequence

README: How do | use the James Watson Genome Browser?
Downloads: Download bulk JW polymorphisms. For the complete data set, please go to the NCBI Trace Archive and search for CENTER_NAME = 'CSHL' and
CENTER_PROJECT = Project Jim'.

Showing 34.46 kbp from chr7, positions 75,221,807 to 75,256,264

O Instructions
Search using a sequence name, gene name, locus, or other landmark. The wildcard character * is allowed. To center on a location, click the ruler. Use the Scroll/Zoom buttons to
change magnification and position.

Examples: HTR2A, macular degeneration, rs726455, DAOA, chr22:20230140..20330139, PARK3, SNP:rs131693, SPTB, NM_001008496, 3q21.2, ENm010.

[Hide banner] [Bookmark this] [Link to Image] [High-res Image] [Help] [Reset]
[ Search
Landmark or Region: Reports & Analysis:

chr7:75221807..75256264 Search I Download Decorated FASTA File 3 | Configure... | il
Data Source

James Watson genotypes, on NCBI B36 assembly, dbSNP b126 }
E Overview

N ScrolliZoom: << < Show 34.46 kbp % )~ 122> (JFlip

chr?
O A0M  20M  30M  d4OM  50M  GOM  7OM  BOM  9OM  400M  110M  420M  430M  140M  450M
B[ Ideogram

EIENT c?mlgs

EI OMIM disease associations

B GWA studies (NHGRI Catalog)
*6 * 46 o *

chr?

B dbSNP SNPs/20Kb

The Era of Personalized Genomes is Here!



Determining the Genetic Identity of a Human Embryo
Before Implantation!

Prenatal Genetic Diagnosis (PGD)



RESEARCH ARTICLE

PRENATAL DIAGNOSIS

Maternal Plasma DNA Sequencing Reveals the
Genome-Wide Genetic and Mutational Profile

Of the Fetus Science Translational Medicine, December 8, 2010 (61,1-12)

Sequencing DNA From the Science
e g Translational

Blood of a Pregnant Woman
Allows the Complete Genome
Of the Fetus to Be Decoded!

~107% of DNA in Maternal Plasma is From the Fetus

A New Era in DNA Testingl!




DNA
Genetic Code of Life

Question Three

Entire Genetic Code
of a Bacteria

Should parents that carry a gene for a genetic disease be
required to test their children to determine whether they are
carriers or have the disease?

a. Yes
DNA Fingerprinting b. No

Cloning: Ethical Issues
and Future Consequences

4

Plants of Tomorrow



DNA
Genetic Code of Life

O What Is A Gene?

of a Bacteria

DNA Fingerprinting Wha"' DO YOLII" GeneS LOOk
Like?

Cloning: Ethical Issues
and Future Consequences

Plants of Tomorrow



DNA
Genetic Code of Life

O How Was Genetic

Entire Genetic Code

e Engineering Invented?

&
How Did It Lead To All of

Bl These Remarkable Advances
With DNA?

Cloning: Ethical Issues
and Future Consequences

Plants of Tomorrow



ke Genetic Engineering Started in a
el Hawaii Delicatessen 35 Years Ago.....

‘ With An Unexpected "Eureka” Moment

a2l Dealing With Two Unrelated Areas of
Study:

o 1. The Mechanism of Bacterial
Antibiotic Resistance

5 2.How Novel Enzymes That Protect
o Pupis Consauenons Bacteria From Destruction By
— Viruses "Cut” DNA Into Pieces

Plants of Tomorrow



Plasmids Are Circular Self-Relicating DNA
Molecules in Bacterial Cells That Carry
DNA Antibiotic Resistance Genes

Genetic Code of Life

O acterium with Bacterium without
i plasmids
. ’
Entire Genetic Code i
of a Bacteria chmm"‘m Ve
4 ‘x\) /
o
Plasmids—%2°) |
) /
/Y d Y y
Plaame? Y Conjugation
tube
f N
/ \
/
O ™
o\ [} When bacteria conjugate
\ plasmids c: ss through
v \ " the conjugation tube to the
A \ reciplent bacterium

DNA Fingerprinting

Cloning: Ethical Issues
and Future Consequences




(‘"_* Restriction Enzymes Are Proteins That “Cut”
M DNA Into Pieces

\—_. _
DNA
Genetic Code of Life

= the incoming phage DNA at
restriction sites.

“Killer” Virus ‘EA restriction enzyme cleaves J Enzymes?

f \ \
|‘I —")

?Other enzymes degrade the phage J

Entire Genetic Code DNA into smaller fragments.

of a Bacteria

DNA Fingerprinting

: Bacterial Methyl groups at the restriction sites block
Cloning: Ethical Issues actes the restriction enzyme and protect the
and Future Consequences host cell  Host DNA bacterial DNA frozn)fnbelng cleaved
L !

Restriction Enzymes Protect Bacteria From
“Killer” Viruses!

Plants of Tomorrow



Restriction Enzymes Are Proteins That "Cut”
DNA Into Pieces At Specific Sequences

DNA

; ; DNA Fragments of leferenr
Genetic Code of Life EcoRl cuts the two DNA r/ ns gCur B C
strands at two different fr/cflon e [e]]
r_)olnts ln a pa"ndrom|o Of'm a I’EEK% DA/A CU?e.I.I.I
recognition sequence.
\j EcoRl cuts at
red arrows
DNA
E“"";‘ Genetic Code CGATCCAGGAATTCATCCAGCC AGGCTCTAGRATTCTTCTAGCT
of a FPacteria GCTAGGTCCTTAAGTAGGTCGG TCCGAGATCTTAAIGAAGATCGA

f

: l

CGATCCAGG AATTCATCCAGCC AGGCTCTAG AATTCTTCTAGCT
GCTAGGTCCTTAA GTAGGTCGG TCCGAGATCTTAA GAAGATCGA

HYBRID DNA MOLECULEN

DNA Fingerprinting

CGATCCAGGAATTCTTCTAGCT
GCTAGGTCCTTAAGAAGATCGA
4
/L The separated strands
Cloning: Ethical Issues The sticky ends can hydrogen-bond o s?légk endsr" with
and Future Consequences to complementary sticky ends from y

npaired bases.
other DNAs, and the resulting Unpeir

recombinant DNA can be sealed
with DNA ligase.

Plants of Tomorrow




Genetic Engineering Technology Can Combine
DNA (Genes) From Different Sources
ONA Leading to New Gene Combinationsl!!

Genetic Code of Life

EXPERIMENT

HYPOTHESIS: Biologically functional recombinant
chromosomes can be made in the laboratory.

Entire Genetic C ode METHOD  E coli plasmids carrying a gene for resistance
of a Bacteria to either the antibictic kanamycin or tetracycline
are cut with a restriction ernzyme.

Plasmids are not cut

Kr Tr KI’ Tf

E.ooliplasmid~? Q O O
DNA Fingerprinting mvm

The cut plasmids 4
are mixed with DNA - -

ligase to form K T O
recombinant DNA.

!

The plasmids are » e h

put into E. coli. )
Cloning: Ethical Issues Q/ :

and Future Consequences RESULTS — u

Some E coli resistant to No E. coli doubly
both antibictics. resistant.

\§

CONCLUSION: Two DNA fragments with different

genes can be joined to make a recombinant DNA
molecule, and the resulting DNA is functional.

Plants of Tomorrow



The Human Insulin Gene Can Be Separated
From Other Human Genes and Cloned in
Bacteria Using Recombinant DNA Methods!

plasmid L‘/A
human @ >
estrlctlon bacterium

human cell enzyme
cleaves DNA
insulin gene
N\

DNA ligase seals human gene and plasmid

!

© recombinant DNA



DNA
Genetic Code of Life

E’w Leading to a REVOLUTION in

of a Bacteria

Technology and Making it Possible
‘ For the First Time to Isolate,

Manipulate, and Study Genes

DNA Fingerprinting

—
- 7
'

Cloning: Ethical Issues
and Future Consequences

Plants of Tomorrow



DNA
Genetic Code of Life

Entire Genetic Code
of a Bacteria

DNA Fingerprinting
> _

-
y

Cloning: Ethical Issues
and Future Consequences

Plants of Tomorrow

There are Now No Limits to
What Can Be Done With Genetic
Engineering

The Genes of Any Organism Can
Be Isolated, Combined With
Those of Another Organism, and
Made to Function Normally in
New Cellular Environments!

For Example: Human Genes in
Bacteria, Bacterial Genes in
Plants,Jellyfish Genes in
Monkeys, etc., efc., etc., etc.




“ The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. Restart your computer, and then open the file again. If the red x still appears, you may have to delete the image and then insert it again.




DNA
Genetic Code of Life

Entire Genetic Code

Py What is Genetic
‘ Engineering?
| )

' What Does It Do?

Cloning: Ethical Issues
and Future Consequences

Plants of Tomorrow




DNA
Genetic Code of Life

Entire Genetic Code
of a Bacteria

DNA Fingerprinting

Cloning: Ethical Issues
and Future Consequences

Plants of Tomorrow

Genomes & Chromosomes Contain
Thousands of Genes

Copyright ©© The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Map of chromosome X

- ichthyosis, X linked
3 12 hypophosphatemia
ocular albinism

Duchenne muscular dystrophy
« — retinitis pigmentosa

Lesch-Nyhan syndrome
E / hemophilia B
o fragile X syndrome

; hemophilia A

color blindness (several forms)
spastic paraplegia, X linked

How Can a Single Gene Be Studied?



The Era Of DNA Manipulation Means......

1.Specific DNA/Genes Can Be Isolated From
Any Organism

2.DNA Segments of Any Kind From Any
Organism Can Be Combined

3.Isolated Genes Can Be Re-Inserted Into
the Chromosomes of Any Organism and
Made to Work

4. Genes and Genomes Can Be Synthesized
and Made To Work in Any Organism

There Are No Genetic Limits. All Biological
Organisms Use the Same Genetic Rules. The
Implications Are Enormous!!



"Why" Clone Genes From An Organism's Genome?

1. PURIFY Individual Genes From the Genome ( e.g.,one of
25,000 human genes)

2. AMPLIFY The Gene to Obtain Enough DNA For Study
3. Use the Cloned Gene To:
a) Study Gene Structure & Function ( THE Major Usel)

b) Use to Convert Cells Into Factories To Make Drugs and
Pharmaceuticals

c) Use to Diagnose Genetic Diseases

d) Use to Identify Individuals (e.g., paternity, forensics)
e) Use to Correct Genetic Disease

f) Use to Engineer New Crops and Farm Animals

g) Synthesize New Genomes and Many Other Uses

Genetic Engineering Has Lead to New Knowledge About How
Cells and Genes Function and Has Lead to Applications That
Have Improved Our Lives!!



The Age of DNA & Genetic Engineering Has Affected

=2

w N

oG

9.

Our Lives in Many Ways

. Basic Understanding of Living Processes and Ourselves
. Basic Understanding of Genes and Their Functions

The Era of Genomics and the Sequence of the Human
Genome and Those of Other Organisms

Basic Understanding of Human Diseases Such as Cancer and
Novel New Treatments

A Multibillion Dollar Biotechnology Industry

New Legal Issues Such as Genetic Privacy, Forensics, and
Patents on Genes and Genetically Engineered Organisms

An New Understanding of Human Origins and the Diversity
of Human Populations (e.g., where we come from)

New Understanding of the Evoluﬁonar?l Relationships
Between Organisms (e.g., sequence of mammalian genomes,
including mouse, human, dog, cat,chimpanzee)

Ability to Sequence the Genomes of Extinct Organisms

10.New Ethical Issues in "How Far” We Should Go in Using

Genetic Engineering Technology




Genetic Engineering Technology Has Led to Many New

1.

Legal and Ethical Issues
Patenting Genes, Cells, & Living Organisms?

2. Regulating Experimentation on DNA, Cells, Transgenic

Ol

o

7.
8.
9.
10.
11.
12.

Organisms ("GMOs")?

. Regulating the Release of Genetically Modified Organisms

info the Environment?

. Labeling of Genetically Modified Foods?
. Genetic Testing: DNA Databases, Newborn Genetic

Screening, Genetic Privacy, Involuntary or Voluntary
Testing?

. Genetic Discrimination?

%ﬁ(\ﬁf}ic Enhancement and Eugenics: Right to Enhance Your
ild:

Gender Selection and Prenatal Diagnosis of Genetic
Diseases?

Gene Therapy: Correcting Human Genetic Diseases?
Human Cloning and Genetic Improvement?

Gene Testing Companies (e.g., 23andMe): Liability?
Synthetic Genomes: Constructing New Organisms?



DNA
Genetic Code of Life

Entire Genetic Code
of a Bacteria

‘ What Can Be Done?
i A Few Examples!

Cloning: Ethical Issues
and Future Consequences

Plants of Tomorrow















GloFish Fluorescing With Different Colorsl!!




How About a GloFly!




b MICE EXPRESSING GFP







What are the Philosophical and Biological
Implications of These Experiments?



Genetically Engineered Organisms

Modified foods in grocery stores today...

oy

CORN SOYBEANS

Corn or corn-derived products can  Soybeans are used in tofu, soy Sugar derived from the beets goes
be found in oil, breakfast cereal, milk, soy nuts in bread, cereal, candy

bread

..and foods that may be coming to your plate soon

The genetically engineered AquAdvantage salmon (background) grows twice as fast as an Atlantic salmon of
the same age (foreground).

RICE PIGS
In China, designed to be Insect resistant In Canada and the US, designed to better digest and
process phosphorus, a major source of pollution

Seurce: WSJ research; Note: Photos are meant to be representational and do not mecessarily depict spexific genetically-modified foods

Photos: Bloomberg News (corn); Assaciated Prass (soybeans); DPA/Zuma Press (sugar boats); Reuters (salmon and rice); Agence-France Prass/Gatty
Images (pigs)




YW\ M What About Inserting Bacterial
et 24 ot it Genes Into Plants

To Produce a Result With
Significant Applications??

Entire Genetic Code
of a Bacteria

GARDEN‘GUIDE SUNSET

WHAT TO DO IN YOUR GARDEN IN SERIEMEBE H

Southern California Checklist
DNA Fingerprinting

@ PROTECT CABBAGE CROPS. The
minute you plant a brassica,
: squadrons of cabbage white butter-
|\ Gipo- . flies seem to descend on it to lay
s their eggs. The easiest way to thwart
them is to cover your cabbage crops
with row covers right from the start.
The next best option is spraying with
Bacillus thuringiensis| to kill the
young caterpillar larvae. ¢

Cloning: Ethical Issues
and Future Consequences

DEBRA LAMBERT

Plants of Tomorrow



How to Make an Insect-Resistant Plant

BT TOXIN

1 . DESTRUCTIVE
Isolate bacterial PEST

gene that produces
protein toxic
against certain insects

2

Insert Bt gene and 3

a "marker” gene Identify cells 4

into cells with Bt and Allow cells to
grow into plants.

“marker" genes
Plants now

produce toxins
against insect
pests

;"‘#
. s‘

BACILLUS TOXIN GENE  MARKER DYING PLANT CELL THAT PLANT CELL THAT DID DEAD PESTS

THURINGIENSIS (BT) FROM GENE DID NOT TAKE UP GENES TAKE UP GENES
BACTERIUM



Genetic Engineering a Plant to Resist Worms!
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DNA
Genetic Code of Life

Entire Genetic Code
of a Bacteria

‘ What Else Can Be Done
Masy \W/ith Genetic Engineering?

Cloning: Ethical Issues
and Future Consequences
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Engineering "Mighty Mouse” With a Rat Growth Hormone Gene




How About a Giant Fish?

GerWIy Engineered Salmon

——

THE WALL STREET JOURNAL.

BUSINESS | SEPTEMBER 21,2010

Gene-Altered Fish Closer to Approval

By GAUTAM NAIK



DNA
Genetic Code of Life

Question Four

Entire Genetic Code
of a Bacteria

Would you eat food obtained from genetically modified plants and
animals?

a. yes

b. no

DNA Fingerprinting

Cloning: Ethical Issues
and Future Consequences
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DNA
Genetic Code of Life

O Question Five

Entire Genetic Code
of a Bacteria

Have you ever eaten genetically
engineered food?

DNA Fingerprinting a.Yes

b.No

Cloning: Ethical Issues
and Future Consequences

Plants of Tomorrow



DNA
Genetic Code of Life

Question Six

Entire Genetic Code
of a Bacteria

Should genetically modified foods be labeled?
a. Yes
b.No

DNA Fingerprinting

Cloning: Ethical Issues
and Future Consequences
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DNA
Genetic Code of Life

Entire Genetic Code
of a Bacteria

DNA Fingerprinting

Cloning: Ethical Issues
and Future Consequences
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How About Changing The
Sex Of An Organism?

50, THE "R
"/ WORD AROUND \¥
HERE 15 THAT |
YOU'RE 50ME
KIND OF SEX

SYMBOL

‘ @ Original Artist
Reproduction.rights.obta inableffom
wwww. CartoonStock.com




Males and Females Differ B?.l Ihe Ifr;le)sence or Absence
istically!l

Of the Y Chromosome (simp

Male SRY Gene

(Sex Determining
Region ¥)

The Human SRY Gene For Maleness cCan...................



....Turn a Female Mouse Into a Malellll

mry

‘
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XX Female XX Female
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What Does This Experiment "Say” About Human & Mice Genes?



What Are the Conclusions of This Experiment?

-6round State of Mammalian Development is FEMALE!

*ONE Gene Switches Development From Male to Female!

Eve Had a Y Chromosome and LOST the SRY Genell

"So the LORD God caused a deep sleep to fall upon the man, and while he slept took one of
his ribs and closed up its place with flesh; and the rib which the LORD God had taken from
the man he made into a woman and brought her to the man. Then the man said, "This at last
is bone of my bones and flesh of my flesh,; she shall be called Woman, because she was taken
out of Man." Genesis, Chapter 2



DNA
Genetic Code of Life

Entire Genetic Code
of a Bacteria

DNA Fingerprinting
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Engineering Goats to Make Specific Human
Proteins That Can Be Used to Treat Diseases

Donor ewes are treated\
with hormones to
achieve superovulation.
After insemination,
fertilized eggs are
collected.

The human transgene )
- is injected into the
» > _—‘L fertilized eggs.

Making TPA (Tissue ‘
Plasminogen Activator) &CS&che-
in Goat Milk to Treat

Heart Patients

Eqggs are transferred to ]

ﬁ recipient ewes.

The offspring are raised,
and mature offspring are
selected for presence of
the human protein in the
milk.

N » e therapeutic protein

is administered
to human patients

The human protein is
extracted from the milk



Genetically Engineered Drugs to Treat Human Diseases

Some Medically Useful Products of Biotechnology

PRODUCT

USE

Colony-stimulating factor

Erythropoietin

Factor VIII

(" )

Growth hormone

Insulin
\_ J

Platelet-derived growth factor

Tissue plasminogen activator

Vaccine proteins: Hepatitis B, herpes,
influenza, Lyme disease, meningitis,
pertussis, etc.

Stimulates production of white blood
cells in patients with cancer and AIDS

Prevents anemia in patients
undergoing kidney dialysis and cancer
therapy

Replaces clotting factor missing in
patients with hemophilia A

Replaces missing hormone in people of
short stature

Stimulates glucose uptake from blood
in people with insulin-dependent (Type
I) diabetes

Stimulates wound healing

Dissolves blood clots after heart attacks
and strokes

Prevent and treat infectious diseases



DNA
Genetic Code of Life

O Question Seven

Entire Genetic Code
of a Bacteria

‘ Would You Use a Genetically Engineered Drug?

DNA Fingerprinting

a. Yes
b. No

Cloning: Ethical Issues
and Future Consequences
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Engineering Memory in a Fly!

Researchers Create Artificial Memories in the Brain of a
Fruitfly

—_

_-—/{ { av;umum \

NATURE
SMALL MINDS Using genetic manipulation and light beams scientists created a memory in a fly’s brain that made a tennis
shoe smell something to avoid.

By NICHOLAS WADE
Published: October 19, 2009




Changing Body Architecture-
Engineering Eyes on a Fly's Leg
With a Single Gene!
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DNA
Genetic Code of Life

How About Genetically
Engineered Humans?

Entire Genetic Code
of a Bacteria

DNA Fingerprinting

Cloning: Ethical Issues
and Future Consequences
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Even Humans Have Been
Genetically Engineered!!

Giving Sight by Therapy With Genes

By PAM BELLUCK
Published: November 2, 2009

. Gene therapy for red-green colour blindness in adult
with primates Nature, October, 2009

Gene Therapy Helps Blind Children
See

By Jocelyn Kaiser

ScienceNOW Daily News
24 October 2009




Humans Have Been Genetically Engineered
To Cure a Lethal Genetic Disease (SCID)

The Age of Human Gene tic
E gmeermg i‘q Almost
went Years a Trc'jeafmg
evere om ine
Immunodeficiency Disease
(scID) With Normal
ADA Genesll!

HYPOTHESIS: The introduction and expression of a
normal allele can help a patient who is homozygous for

two

defective alleles of an important gene.

RESULTS Well patient

CONCLUSION: Gene therapy can be effective in

reli

ieving symptoms caused by a genetic disease.

Several Teenagers
Are Alive Because Thgv
Have Been Engineere

With an ADA Gene That

They Were Not Born
Withlll

Adenosine Deaminase Gene (ADA)



There Are NO Genetic
ona Limitations to What Can Be

Genetic Code of Life

O Done Using Genetic Engineering

Nt We Are Only Limited By Our
e < bocere Ingenuity and Our "Fear”

of the Unknown

DNA Fingerprinting
»_

-
y

Cloning: Ethical Issues
and Future Consequences




DNA

S What Do These Genetic
Engineering Experiments "Say”
About the Unity of Genetic and

Py Biological Processes?

What is the Hypothesis?

What are the Predictions?

:L"%"?;f’?lii';ﬁf;ﬁ; Wha1' EX er'imern'(s) o
Test Predictions?

Plants of Tomorrow



What Can We Infer FROM These Genetic Engineering
Experiments About How Genes "Work" and Genetic
Processes in All living Organisims?

1. Genes Can Work Independently of Other

- | 2. Basic Genetic Processes Are Universal
e gkituied S g (Replication & DNA to RNA to Protein)

4. Basic Genetic Processes Can Be Used to
xtoin spiltese) Engineer or Transfer Genes From One
Organism to Another and Transfer
Them Stably Generation After
Generation

Translation




Observations and Inferences From the
GloGene Experiments

1. Genes Can Work Independently of Each Other -
The Jellyfish Fluorescence Gene Works Perfectly
in a Variety of Organisms

2. Basic Genetic Processes Are Universal (Replication
& DNA to RNA to Protein) - The Jellyfish Gene
Directs the Production of Fluorescence Protein
That Glows in the Cells of a Variety of
Organisms.

5. Basic Genetic Processes Can Be Used to Engineer
or Transfer Genes From One Organism to Another
and Transfer Them Stably Generation After
Generation - The Jellyfish Gene Can Be Used To
Engineer a Variety of Organisms That Glow and
That Are Inherited Generation After Generation.



Translating The Genetic
Code Into Proteins is a
Conserved Process

)0(% 0 Replication

Information

Can Intervene DNA] Y000

in This Process in = |  DNA All Organisms Use
Cells '"f°r1mat'°" The SAME Processes

. » And "RULES” to
Genetic Engineering mfﬁ;r\i“ (RNA synthesis) Generate Traitsll And
Is not “"Hocus Pocus.’ l The SAME Molecules

Information

It Uses "Natural” ¥ ! & Chemistryll
Cell Processes!lll BNA] | " mRNA
Information
!
Translation

(protein synthesis)

Ribosome

Protei .
rotein] Protein —> Trait (e.g., eye color)



DNA
Genetic Code of Life

Entire Genetic Code
of a Bacteria

HOW IS SCIENCE
CARRIED OUT?

DNA Fingerprinting

Cloning: Ethical Issues
and Future Consequences
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The Scientific Method

‘What are the Observations?

*What is Your Hypothesis to
Explain the Observations?

‘What are the Predictions?

‘How Test Hypothesis?

DNA
Genetic Code of Life

*What are the Experimental Data?

Mikhvhkeel  -Have the Data Been Verified
——— & Peer Reviewed?




Science is NOT “"Hocus Pocus”
sidedll or Based on Opinions and Beliefs

enire Gentic ode *Science is Based on
Observation, Hypo’rhesis Testing,
Rigorous Experimentation, and
Verification

DNA Fingerprinting

Technology, or the Application

= of Scientific Knowledge, Has

= Transformed Dramatically Our
N Lives and How We Live

Plants of Tomorrow



DNA
Genetic Code of Life

Entire Genetic Code
of a Bacteria

DNA Fingerprinting

Cloning: Ethical Issues
and Future Consequences

Plants of Tomorrow

It Has Lead to Civilization and
Culture as We Know It!

*Agriculture
Medicine
«Computers and Automation
*Airplanes, Cars, and Satellites
Countries and Cities
Political Systems
*Art and Literature
*Etc., Etc., Etc.

Simply Put:Our Way of Lifel



Is Genetic Engineering a New Technology?



There is Nothing New About Genetic Engineering!

Manipulating Genes is Manipulating Genes No Matter
What Technology or Processes Are Used!



Breeding And Cultivation Of Plants
Have Taken Place Over Thousand Of Years

Genetic Engineering is Not New

Crops of Egypt 400 B.C.




Most Major Crops Were Engineered From Wild Relatives
by Early "Bioengineers” Over 10,000 Years Agoll

Regions Where Major Crops Were Established

Pea &

Lentil

Wheat Soybean
Millet

Barley
Grape vine  Tea
Buckwheat

Breeding Involves Gene Manipulation Using EXISTING Genetic Variability!



Breeding Uses Natural Genetic Variability of Genes
As Raw Material - Variability Generated by Mutations

Tomato Genetic Diversity

Mutations in a Gene That Change Its Chemical Sequence
& Slightly Alters Its Function (e.g., fruit size, color)




Tomatoes Were Engineered From Small Wild Relatives
Because of Mutations in Fruit Size Genes!

The Early Tomato “Bioengineers” Selected For Large
Fruit Size Because it Provided More Food!

What They Were Selecting Was a Different Form (Allele) of a Fruit Size Gene!



Engineering Teosinte Into Domesticated Corn

Teosinte Domesticated corn Teosinte Early domesticated corn

Note: Architecture and Fruit (cob) Size

Only Five Genes Cause These Plants to Differ
& We Now Know What They Are



Breeders Have Selected For

Variability In Plant Control Genes To
Generate Novel Crops

Lateral Flowers Storage  Enlarged Terminal Flower
Leaves Vegetative —~ g And Stem Vegetative Bud Clusters
\ ) Buds . Stems\

Kale Broccoli

Brussels Kohlrabi

sprouts
How Are These Plants Related?

Engineered For Regulatory Genes!! Genes That Have Been Identified!



Farm Animals Were Also “Engineered” By
Breeding Wild Relatives

Cattle Breeding in Egypt 4,000 Years Ago!

27
4

\( ‘. 7

Note Trait
Variability

Manipulating Existing Genetic Variability
Brought About By Chance Mutations!



Even Domesticated Pets Were "Engineered”
By Breeding Wild Relatives

Vol 438|8 December 2005 nature

Nature, December 2005 N E W S & V | E W S

C.COLLINS/CORBIS

GENOMICS

The dog has its day

Hans Ellegren

Domestication and selective breeding have transformed wolves into the diversity of dogs we see today. The
sequence of the genome of one breed adds to our understanding of mammalian biology and genome evolution.

Canine DNA
The Dog Genome Has Been Sequenced!




The Problem With Breeding the "Old Fashioned Way"

Cannot Predict Results!



The Problem With Breeding the "Old Fashioned Way"

Engineering A Novel Crop
By "Wide" Breeding

Cabbage (Brassica) Radish (Raphanus)

{ Root

"Head" -» "_‘1'
AN l Storage

Karpechenko | ? ? ?

.



Engineering A Novel Crop
By "Wide" Breeding

Cabbage (Brassica) Radish (Raphanus)

X -~

/f@ “Head” l - Storage
Root

Radish RaphanoBrassica
leaves!!!
\ Cabbage
Karpechenko roots!!!
1925 (R.LP.) |

Results Show the Unpredictability of Classical Breeding Approaches
Compare With the Modern Genetic Engineering Examples Shown Previously



Genetic Engineering is a Techniquel

How Do Classical Genetic Engineering
Methods Differ From Those Using
DNA and 21st Century Technologies?



Classical vs. Molecular Genetic Engineering

TRADITIONAL PLANT BREEDING

Traditional Commercial New
. Line Variety Variety Many Genes
Plant Breeding Transferred
Combines Many
Genes At Once X = I
Desired Gene (Many Crosses) Desired Gene

PLANT BIOTECHNOLOGY

New
Variety One Gene

Transferred

Commercial

Desired Gene Variety

[ Biotechnology Adds]
O

>
Gene Transfer
(one generation) Desired Gene

A Single Gene




What Are The Limitations of Classical Breeding/Genetic
Engineering?

1. Limited To Genes of Interbreeding Organisms and
Severe Ethical Issues With Humans

2. Only Can Make New Combinations of EXISTING
Genes - Genes Created By “Natural” Mutations

3. Can't Make Existing Genes "Better” - Just Better or
AAAI?rIe Useful Combinations of Existing Genes and/or
eles

4. Takes Time - Limited To Generation Time of
Organism - Decades For Some Crop Plants

5. Only Useful For "Obvious” Traits - One's That Can Be
Observed or Followed



What Are The Advantages of Using 21st Century
Genetic Engineering Methods?

1. Any Gene From Any Organism Can Be Used In Any

Organism - There Are No Breeding Barriers (e.g.,
genes of all sequenced genomes)

2. New Genes Can Be Engineered - Genes That Work

Better and/or Produce New Proteins (i.e., create new
genetic variability and/or alleles)

3. Existing Genes Can Be Engineered to be Switched On
in "Places” That They Are Normally Off - Gene

Control or Regulation Altered (e.g., fly eye on leg)

4. Speed - Can Engineer a New Organism in a
Generation

5. Can Change, Alter, Manipulate, Synthesize and/or
Control the Genetic Blueprint of Any Organism



The Era of 21st Century Genomics Will Enable
Us To Have Access to ALL Genes of Every
Organism of the Earth

Nucléar figsion.

[ 'i\c—clinwnxinn;ﬂ -

encrgylandscapes S
" )

g N s
Seafloor spreadmg er L
Theyviewfix muni r R
the Arcticic

Career prospects
Sequence creates ey
Opportunities’ 4




The Genomes of Man Or;ganisms Have
Been Sequenced Providing New Knowledge
About Our Origins and Cellular Functions

tetraodon zebrafish

The Future is chicken % |
Uﬂllmltedl ﬁ /I;uma

frog

3 ——
D. melanogaster D. pseudoobscura

Providing Thousands of New Genes and Proteins To Be

Engineered For Practical A )ppliqaﬁons (e.g., cellulases in termite
gut bacteria for biofuel production)
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DNA Fingerprinting 1/4/1 1

—
- 7
'

Cloning: Ethical Issues
and Future Consequences

Plants of Tomorrow



HC70A Winter 2011 (UCLA)
et Genetic Engineering in Medicine,

’ Agriculture, and Law

v S ok Teaching Fellows

Elaine Chiu
Eden Maloney
Lulu Pantain

DNA Fingerprinting

Course Administrators
| Ann Amores

Cloning: Ethical Issues .

and Future Consequences Jenr“fer Kwan
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DNA
Genetic Code of Life

O SAS70A Winter 2011 (UC Davis)
-4l Genetic Engineering in Medicine,

of a Bacteria

Agriculture, and Law
‘ UC Davis

DNA Fingerprinting Pr.ofessor' John Har'ada
w TA - Ryan Kirkbride

y

Cloning: Ethical Issues
and Future Consequences

UCDAVIS

UNIVERSITY OF CALIFORNIA
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Discussion Tomorrow

DNA
Genetic Code of Life

e Recombinant DNA Debate
* The Manipulation of Genes
* Berg Biohazard Letter

* Read Papers Handed Out Today &
Textbook Chapters 1-3

* Be Prepared for a

Clonig: Etical Zsses Discussion of the History &
pallidsmell Science of Genetic Engineering
Providing the Foundation

Plants of Tomorrow



DNA
Genetic Code of Life

Entire Genetic Code
of a Bacteria

DNA Fmgcrprmhng

—
- 7
'
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and Future Consequences
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Discussion

‘Read Articles Carefully Prior to Discussion

*What's the Question, the Approach,

the Results, the Conclusions?

-Study Each Figure/Experiment/Legends-Ask

The Same Questions!

‘Read Relevant Parts of Text That Relate to

Concepts Covered in Articles

‘Read Articles ACTIVELY -Look Up Unknown

Words/Concepts - Ask Yourself Questions
Along the Way - What Does This Mean?!



