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. Era of Genomics and Genetic Engineering - Impact

on Humankind?
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Winter 2010-UCLA and UCDavis Students Learning
Genetic Engineering in One Interactive Classroom!!

Winter 2009+

weekly grid schedule of classes

[ All Winter 2009 Classes ?}
GEN ENGR-MED&AGS&LAW 222-236-200
HNRS 70A-LEC1 Bob Goldberg Enrolled: 0
Features WebMalil Quicklinks Help Logout TR 3:30 PM-5:50 PM LAKRETZ 120

Emall | Roster rade k | PTE | Turnitin

This window was opened by MyUCDavis. Click on the tab to return to MyUCDavis.

COURSE WEBSITE SN UC DAVI s

SAS 070A Sec: 001 >> Assignments | Grades | Quizzes | Glossary | Mailing List | Newsgroup | Disc. Board | Chat Room
i — § i UNIVERSITY OF CALIFORNIA
You are an instructor/proxy viewing the website as yourself. Change View

Genetic Engin Med Ag Law
Subject Area: Science and Society Help

CRN: 54390
Instructor: John Harada

Announcements
Your instructor has not posted any announcements.

Meeting Times: Location:
TR 1530-1800 OLSON 250

View final grade

Description: (see course catalog or schedule of classes for most current)
No Course Description Found. Refer to the UCD course catalog for course information.
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Today - We Live in the Era of....
Genetic Code of Life -Genes & DNA

*Genetic Engineering of Microbes,
Plants, & Animals

Entire Genetic Code

of & Bacteria ‘Biotechnology Using Genetic

’ Engineering Technology
‘Genomics & Genome Sequencing

:Fiwmﬁm ‘Personalized Genomes and Ability to
4 Identify Any Individual Using DNA

"
bespeesrnll - Mammalian Reproduction, Stem Cells
and Future Consequences C I onin g

And the SYNTHESIS of These Technologies!!

Plants of Tomorrow



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

Nature, November 2008 |_ E T T E R S

Sequencing the nuclear genome of the extinct woolly
mammoth

Webb Miller!, Daniela |. Drautz', Aakrosh Ratan', Barbara Pusey’, Ji Qi', Arthur M. Lesk’, Lynn P. Tomsho',
Michael D. Packard', Fangging Zhao', Andrei Sher’}, Alexei Tikhonov®, 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

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

3RIKEN, Canter for Devslopmental Elology, 2-2-3 Minatojimaminamimachl Kobe, 50-0047, Japan; Blikel Unkerdty School of medking, Tokyo 106-2461,
Japan; and RIKEN, Ressarch Centar for Allergy and Immunology, 1-7-22, Sushiro-cho, Taurumi-ku, Yokohama, 230-0045, Japan

Clone of Dead Mouse




nature Vol 444|16 November 2006 |doi:10.1038/nature05336

A RT | C |_ E S Nature, November, 2006

Analysis of one million base pairs of
Neanderthal DNA From a 45,000 Year-Old Bone

Richard E. Green', Johannes Krause', Susan E. Ptak’, Adrian W. Briggs', Michael T. Ronan?, Jan F. Simons?, Lei Du?,
Michael Egholm?, Jonathan M. Rothberg?, Maja Paunovic’} & Svante Paibo'

What About
the Future?




€he New Hork Times

January 24, 2008

Scientists Take New Step Toward Man-Made Life

By ANDREW POLLACK

25 overlapping DNA fragments
A1-4, A5-8, etc. (17-35 kb)

Engineering ® ™ o & 8§ 4 4 ¢

Pieces of the Genome "& ¢* ~N ¢ o l‘ Transform Yeast Cell For Assembly
One by O - G
ne by One \"‘-\I" \ .~‘~~ of Genome

~
Assemble "-‘l

JCVI-1.1
590 kb
Synthetic
590,000 bp M. genitalium
circle genome in yeast

Mycoplasma genitalium
1 -
PNAS December, 2008 521 genes-one of smallest cell genomes

©2008 by National Academy of Sciences
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Genetic Engineering........

‘Is the Most Revolutionary Technology

in Biology to Have Been Invented to
Date!

‘Has Generated the Vast Majority of
New Biological Knowledge Over the
Past 35 Years From Experiments in

Biology Laboratories Around the Globe

‘Has Changed Our Lives Dramatically!
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‘From New Medicines
‘To Better Crops

*To the Sequence of the Human Genome

*To Understanding the Basis of Human
Disease and Aging

*To Novel Ways To Identify Individuals

-To Personalized Genomes and Medicine

*To the Ability to Eventually Unravel 'rlhe

Mysteries of ALL Cellular Processes!

* To Ultimately -- Immortality?



The Age of DNAI

Genetic Engineering Is
Manipulating DNAI




DNA is Part of Our Culturel!




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

ﬁ‘OMEDNA Home | About | Products | Resister Your Test it | FAQ | Contact | Result
What are the ] |
SCienfifiC, The New |
Legal, Ethical, & y f;a:g*‘;‘ :
Privacy Issues?? Testing

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

DNA Testing for Immigration



Combined DNA Index System of DNA Profiles

* Convicted Felons 2 it chromosoma Positons
- Suspects Arrested For Felonies S TE T

- DNA Samples From Crime Scenes EEHE;E EE”‘?
- Unidentified Human Remains EEREERE R AR
- Relatives of Missing Persons Al ce. fa

NDIS Statistics

-

| CODIS Home Page | FBI Home Page |

As of October 2007 the profile composition of the National DNA Index System
(NDIS) is as follows:

Total number of profiles: 5,265,258
Total Forensic profiles: 194,785
Total Convicted Offender profiles: 5,070,473




This IS the Age of DNAI

DNA links suspect to piggy bank robbery
January 5, 2008 SHEBOYGAN, Wis. -- A man has

been charged with sneaking into a toddler's
bedroom and stealing $20 from a piggy bank while
the 2-year-old girl slept. Authorities say DNA
evidence linked Ryan Mueller, 30, of Sheboygan
Falls, to the crime Aug. 10 in Wilson. Mueller was
charged with felony burglary, which carries a
penalty of up to 9 years. Bond was set at $10,000.
AP




Set Free By DNA Evidence

INNOCENCE PROJECT
LA ROCDERR AT [

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.




Using DNA Fingerprints to Identify Individuals & Genes

RESEARCH METHOD

A allele: a allele:
A restriction enzyme cuts the There is no recognition
DNA fragment in two at its sequence, so the DNA
recognition sequence. Is not cut.
e GAYTTC.
i — L
G o GASTTC o

.
\ RFLP is revealed by /

electrophoresis, probing,

and blotting. )
paN .
. . _ 1 / -— \ === | Long fragment What is YOUR DNA
DNA Flnger‘pr“nts e — = Short fragments R .
Type 1 Type 2 Fingerprint?
homezygote omozygote/ Heterozygote
(AA) (aa) (Aa)

A

A"
This gel shows the RFLP patterns of the
members of this family.




Time Magazine 2008 - Invention of the Year
Personal Genome - 23andMe®

Your

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
esophogal cancer

14.5% chance of having
a heart attack

f 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

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

3%
Slightly elevated odds

The Retail
> . DNA Test
of getting gout

Invention Of the Year

And
Before Birth



We Live in an Era Where the Genome of Specific
Individuals Can Be Decoded and Sequenced!

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]
B Search
Landmark or Region: Reports & Analysis:

chr7:75221807..75256264 Search Download Decorated FASTA File T‘ Configure... l i]
Data Source

James Watson genotypes, on NCBI B36 assembly, dbSNP b126 7:

ScrolliZoom: << < Show 34.46 kbp 5 )|~ 2> (IFlip

E Overview
chr?
on ) 8OM  90M  400M  410M  420M  430M  440M  450M
B3 ldeogram

EIENT cc.mths

EI@ OMIM disease associations

EI[0 GWA studies (NHGRI Catalog)
>0 * o o L 4

chr?

EI dbSNP SNPs/20Kb




Determining the Genetic Identity of a Human Embryo
Before Implantation!

Prenatal Genetic Diagnosis (PGD)



Genetically Engineered Drugs to Treat Human Diseases

Some Medically Useful Products of Biotechnology

PRODUCT

USE

Colony-stimulating factor

Erythropoietin
Factor VIII

éa )
Growth hormone
Insulin

\_ ),

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
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The Origins of Genetic Engineering



Genetic Engineering Started in a

DNA

a8  Hawaii Delicatessen 35 Years Ago.....

‘ With An Unexpected “Eureka”

el Moment Dealing With Two Unrelated

a Bacteria

Areas of Study:

DNAW",,,,,W 1. The Mechanism of Bacterial
Antibiotic Resistance

—
-

L4 2.How Novel Enzymes That Protect
ot A et Bacteria From Destruction By
e, 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

’ [ ori
Bacterium with Bacterium wi
plasmids plasmids
Entire Genetic Code Bactria
of o Bacteria @ ooooooooooo Va)
3\ f/
. 00
ol / /
Plasmids )
Plasmid "y o L
Conjugation
tube
000 /{/_:‘,l 1 When bacteria conjugate,

. e ol N e oo e oo
DNA Fingerprinting L\00) | T peemis con pes troucn

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 TA restriction enzyme cleaves J Enzymes?

’1 .‘..
{ 2
{ ~

fOther enzymes degrade the phage J

Entire Genetic Code DNA into smaller fragments.

of a Bacteria

DNA Fingerprinting

Methyl groups at the restriction sites blockJ

Cloning: Ethical Issues

and Future Consequences host cell Host DNA the restriction enzyme and protect the

L bacterial DNA from being cleaved.

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 Differe

Genetic Code of Life EcoRl cts the two DNA Or::q/;; %Cut” By the SAM?,
strands at two different Restriction Enzyme Can Re-Join
po|nts |napaj|ndron-||0 And FOI"m a HYB ID DNA MO/eCU/e.I.’.’
recognition sequence.

\j EcoRl cuts at
red arrows
DNA
E"*"}‘ 5;:‘:” Code CGATCCAGGRATTCATCCAGCC AGGCTCTAGRATTCTTCTAGCT
oF a Facreria GCTAGGTCCTTAAGTAGGTCGG TCCGAGATCTTAAGAAGATCGA

' CGATCCAGG AATTCATCCAGCC AGGCTCTAG AATTCTTCTAGCT

DNA Fingerprinting GCTAGGTCCTTAA GTAGGTCGG  TCCGAGATCTTAA GAAGATCGA
HYBRID DNA MOLECULEN

CGATCCAGGAATTCTTCTAGCT

GCTAGGTCCTTAAGAAGATCGA
Vi
/L h The separated strands
Cloning: Ethical Issues The sticky ends can hydrogen-bond have * sﬁrky endls™ with
and Future Consequences to complementary sticky ends from

unpaired bases.
other DNAs, and the resulting P

recombinant DNA can be sealed
with DNA ligase.

B
-

Plants of Tomorrow




Genetic Engineering Technology Can Combine
Rl 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 Code METHOD

\ E. coli plasmids carrying a gene for resistance
of a Bacteria . Sate

to either the antibictic kanamycin or tetracycline
are cut with a restriction enzyme.

Plasmids are not cut

Kr Tf Kl’ Tf

QO OO
DNA Fingerprinting O M | |
OO

~
Y
The cut plasmids
are mixed with DNA
ligase to form K' T
recombinant DNA.

The plasmids are

put into E. cofi, =D & /(3—) l

Cloning: Ethical Issues - —
b RESULTS = P

and Future Consequences

Some E colf 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.

2
-

Plants of Tomorrow



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

~— ~—

plasmid ,— '
human @ >
@ e O (O ®
restriction bacterium

human cell enzyme l
cleaves DNA
insulin gene
N\

DNA ligase seals human gene and plasmid

!

© recombinant DNA



DNA
Genetic Code of Life

E’“, 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

—
-_—
"

Cloning: Ethical Issues
and Future Consequences
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Cloning: Ethical Issues
and Future Consequences
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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.







What is Genetic Engineering & What Does It Do?



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
]2 hypophosphatemia
ocular albinism

Duchenne muscular dystrophy
o —— retinitis pigmentosa

hemophilia A
color blindness (several forms)
spastic paraplegia, X linked

Lesch-Nyhan syndrome
/ hemophilia B
B é ; fragile X syndrome

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) And Many Other Uses

Genetic Etéqineering 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

W N =

»

N oo

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 Evolutionary 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

Ol

o

8.

9.

Legal and Ethical Issues

. Patenting Genes, Cells, & Living Organisms?
. Regulating Experimentation on DNA, Cells, Transgenic

Organisms ("GMOs”)?

. Regulating the Release of Genetically Modified Organisms

into the Environment?

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

Screening, Genetic Privacy, Involuntary or Voluntary
Testing?

. Genetic Discrimination?
7.

%ﬁnlz’gic Enhancement and Eugenics: Right to Enhance Your
ild:

Gender Selection and Prenatal Diagnosis of Genetic
Diseases?

Gene Therapy: Correcting Human Genetic Diseases?

10.Human Cloning and Genetic Improvement?
11.6ene Testing Companies (e.g., 23andMe): Liability?
12.Synthetic Genomes: Constructing New Organisms?
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‘ What Can Be Done?
ok e A Few Examples!

Cloning: Ethical Issues
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GloFish Fluorescing With Different Colorsl!!




Fluorescent iransgenic zebrafish were
developed by a research ieam, led by Dr. Z
Gong in Depariment of Biological Sciences,
National University of Singapore.

Fig. 1. The basic procedure to produce transgenic
fish. Briefly, fluorescent color genes, originally
isolated from ajellyfish and a sea amerone, were
micromjected dto =brafishegzs and these
foreizn genes laterbecome a part ofthe genetic
make-up of ingcted zebrafish. Thus the
fliorescert colbor acquired by these transgenic
2zebrafish can be stably transmitted to all future
generations. This teclmolbgzy can also be applied
to other omamerntal fish species.

ent tr
) and inthe

Gﬂ

Engineering GloFish to Fluoresce Different

General Procedure of Generation of Transgenic fish

Zehrafish \ \u

Microinjection o
ov9
—_ﬂ?;’ N < 9 q ?
! Embryonic development

Transgenic fish

Fig. 2. Florescenttransgenic
zebrafish m arainbowr array (top to
bottom): Red, xip fish; Orange,
ripiglp fish; Yellow, ¥ fish;
Green, zfp fish;, and Wild Type
fish. The picture on the far left was
taken under a daylight and the

uv light.
p —red fluorescent protein

¥ip — vellow flaowscernt protein
2fp — green flaorescent protem




How About a GloFly!




P MICE EXPRESSING GFP




How About a “GloMonkey!ll”

Using red fluorescence protein



What are the Philosophical and Biological
Implications of These Experiments?



YW\ M What About Inserting Bacterial
e 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 SERIEMEER

Southern California Checklist

DNA Fingerprinting

[ PROTECT CABBAGE CROPS. The
minute you plant a brassica,
squadrons of cabbage white butter-
flies seem to descend on it to lay
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. ¢

CALIEQ

N\ San Luis
Qbispo

Cloning: Ethical Issues
and Future Consequences

l CLIMATE ZONES
:‘“f 10 3|
| 13 79 11 13 1424

[ ]

DEBRA LAMBERT

MEXICO |

iSRG

% s LA
B

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

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 Wormsl!

A

SELA
ISTANG

P

B CONTROL

o B
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What Else Can Be Done?

DNA Fingerprinting

Cloning: Ethical Issues
and Future Consequences
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Engineering Goats to Make Specific Human
Proteins That Can Be Used to Treat Diseases

DNA
Genetic Code of Life

Entire Genetic Code 3. The human transgene )
of a Bacteria 1 is injected into the
- ———_L fertilized eggs. )

| Making TPA (Tissue l
Plasminogen Activator) & &&he-
in Goat Milk to Treat ' ) Eoos are transfered tOJ

A Fi s _as . recipient ewes.
ONA Fingerprinting Heart Patients -

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

The offspring are raised,

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

Cloning: Ethical Issues
and Future Consequences

NG > The thgrgpeutic protein
is administered
to human patients

The human protein is
extracted from the milk

4

Plants of Tomorrow




Even Humans Have Been
Genetically Engineered!!

Giving Sight by Therapy With Genes

By PAM BELLUCK
Published: November 2, 2009

e Gene therapy for red-green colour blindness in adult
ith 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 Genetic
ngineering Began Almost
Twengl Years Ago Treating
Severe Combined
IS e X et

I ma
AI.gA Genesﬁr

HYPOTHESIS: The introduction and expression of a
normal allele can help a patient who is homozygous for
two defective alleles of an important gene.

METHOD

N e
RESULTS Well patient

CONCLUSION: Gene therapy can be effective in

relieving symptoms caused by a genetic disease.

Several Teenagers

Are Alive Because Thgy
Have Been Engineere

With an ADA Gene_That

Were Not Born
Withlll

They

Adenosine Deaminase Gene (ADA)



Males and Females Differ B?" ;.he Il|>r'|<|a)s¢ar|ce or Absence
istically!!

Of the Y Chromosome (simp

Male SRY Gene

(Sex Determining
Region Y)

The Human SRY Gene For Maleness Can...................



....Turn a Female Mouse Into a Malellll

1
1Y

\§,

T S ——— ) b

XX Female XX Female

Q Male Genitalia O

- 'Q:l"’“
ALY ga
BTy _'M. ‘l‘_'q ¥
"-..“:'f:.."'t B
2 4

| 3§,

o

. l, e AL 4 IE
o TR Iati i et g
’ I, r - -‘lrl

1 o Tl »
a3
o

Lo
s oy S

What Does This Experiment “Say” About Human & Mice Genes?



What Are the Conclusions of This Experiment?

-Ground State of Mammalian Development is FEMALE!

*ONE Gene Switches Development From Male to Female!

-Eve Had a Y Chromosome and LOST the SRY Genel!l

“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



Making a Mighty Mousel!

3 16-22 Decelber 1982 £1.80 $4.50

Nature, December,6 1982
26 Years Ago!
Think About What We
Can Do Nowlllll



Engineering “Mighty Mouse” With a Rat Growth Hormone Gene




Engineering Memory in a Fly!

Researchers Create Artificial Memories in the Brain of a
Fruitfly

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




Engineering Eyes on a Fly's Le
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DNA

R What Do These Genetic
Engineering Experiments “Say”
About the Unity of Genetic and
Caie Genetc Code Biological Processes?

What is the Hypothesis?

What are the Predictions?

Q§L°?u"?;ff21ii'éﬁféiis Wha'l' EX er'imen'l'(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
(Replication & DNA to RNA to Protein)

Transcription
(RNA synthesis)

Translation See Figures
(protein synthesis) 1\ 12.10-12.13

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

Ribosome



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

can Intervene Q

%mog‘g\com Replication

Information

DNA| XXX

in This Process in =
Cells

Genetic Engineering
Is not “Hocus Pocus.’
It Uses “Natural” 3
Cell Processes!lll 'BNA]

v

ProteinI

. DNA All Organisms Use
'"f°Tat'°" The SAME Processes

» And “RULES” to
00 a0Q Transcription
™
I .

(RNA synthesis) &enerate Traits!l And
Information

The SAME Molecules
{ & Chemistryll

mRNA

Information

Translation
(protein synthesis)

Ribosome

Protein —> Trait (e.g., eye color)



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?

‘Have the Data Been Verified
& Peer Reviewed?




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

Entire Genetic Code -Science is Based on

U Observation, Hypothesis Testing,
Rigorous Experimentation, and
Verification

DNA Fingerprinting

~ ‘Technology, or the Application

. of Scientific Knowledge, Has

Cloning: Ethical Issues °

EEs]  Transformed Dramatically Our
SN Lives and How We Live

Plants of Tomorrow



DNA
Genetic Code of Life

Entire Genetic Code
of a Bacteria

DNA Fingerprinting

P
-
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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., Eftc.

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!l



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

Barley Millet

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

How Does This
Genetic Variability
Allow Us to Infer
That Genes Exist?

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



Alternative Forms of the Same
Gene Lead to Genetic Diversity
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mutations result in
genetic diversity!!!

Alleles Are Different Forms of the Same Gene
That Arise By Mutation & Can be Made in a
Laboratory By Modern Genetic Engineering!



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
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Breeders Have Selected For

Variability In Plant Control Genes To
Generate Novel Crops

Lateral Flowers Storage  Enlarged Terminal Flower

Leaves Vegetative And Stem Vegetative Bud Clusters

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 Agol
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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" o
/?Z \ l St?)l'age

Karpechenko | ? ? ?

]



Engineering A Novel Crop
By "Wide" Breeding

Cabbage (Brassica) Radish (Raphanus)

-

ﬂ[@ “Head” i ' Storage
( Root

Radish RaphanoBrassica
leaves!!!
Cabbage
Karpechenko \ roots!!!
1925 (R.LP.I1) |

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



Genetic Engineering is a Technique!

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
Li Variet Variet Many Genes
Plant Breeding e y 4 Transferred
Combines Many
Genes At Once X = I
Desired Gene (Many Crosses) Desired Gene

PLANT BIOTECHNOLOGY

New
Variety One Gene

Transferred

Commercial

Desired Gene sty

[ Biotechnology Adds]
O

4 —
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
IX\I?r'Ie 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
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The Era of 21st Century Genomics Will Enab
Js To Have Access to ALL Genes of Every
Organism of the Earth

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

tetraodon zebrafish
The Future is chicken [ _ o
Uﬂlimifed! ? /Hum Fugu
frog |

rat

o ——— By
D. melanogaster D. pseudoobscura

Pro viding Tho$safzc1{sc 0 f Ne7/ Genes and Proteins To Be
ractica

Engineered For ications (e.g., cellulases in termite

A)pp
gut bacteria for biofuel production)



L5 HC70A Winter 2010
NN Genetic Engineering in Medicine,
Agriculture, and Law

‘ Professor Bob Goldberg

Entire Genetic Code
of a Bacteria

Class Announcements

oo 1/5/10

Cloning: Ethical Issues
and Future Consequences

Plants of Tomorrow



Discussion Tomorrow

DNA
Genetic Code of Life

e Recombinant DNA Debate
 The Manipulation of Genes
Entire Genetic Code e Berg Biohazard Letter

of a Bacteria

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

DNA Fingerprinting

* Be Prepared for a
7 Discussion of the History &
isivatwell  Science of Genetic Engineering
- Providing the Foundation




DNA
Genetic Code of Life

Entire Genetic Code
of a Bacteria

DNA Fmgcrprmhng
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Cloning: Ethical Issues
and Future Consequences

Plants of Tomorrow

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?!



