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HC70A, PLSS530, & SAS70A  

Winter 2013 
Genetic Engineering in Medicine,  

Agriculture, and Law 
 

Professors Bob Goldberg,  
Channapatna Prakash, & John Harada 

 
Lecture 1 

The Age of DNA: What Is Genetic 
Engineering-Part One 
Course Administratorp 

Please Turn Off Your Cell Phones!! 

THEMES 

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

2.  Is DNA Part of Our Culture – Some 
Examples 

3.  What Do Genes Look Like - DNA 
Demonstration 

4.  How Was Modern Genetic Engineering 
Invented & What Is the Genetic 
Engineering Process? 

5.  Why Use Genetic Engineering? 
6.  How Has Genetic Engineering Affected 

Our Lives?  
7.  How Has Genetic Engineering Created 

New Ethical and Legal Issues? 

The Long Distance Connection! 
HC70A, SAS70A, & PLSS530 

Winter 2013 

A Model For Cross-Campus  
Interactive Learning 

Genetic Engineering and DNA in the News… 

..and Politics 

DNA is Part of Our Culture!! 

“It’s In Our DNA!” 

Not Surprising Because  
We Live in  

The Age of DNA! 
 

Genetic Engineering Is  
Manipulating DNA! 

 
By Classical Breeding  

or in a Test Tube 
It’s All the Same! 
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What Do Your DNA 
Look Like?	



Have You Ever Seen or 
Touched Your Genes or DNA?	



We Live in the Era of.... 
• Genes & DNA  

• Genetic Engineering of Microbes, Plants, & 
Animals 

• Genomics & Whole Genome Sequencing	



• Stem Cells, Mammalian Reproduction, & Cloning	



• Personalized Genomes and Ability to Identify 
Any Individual or Disease Using DNA	



• A $200B Medical and Agricultural 
Biotechnology Industry Using Genetic 

Engineering Technology and Proprietary Gene 
Patents, and Processes	



And the INTEGRATION of These Technologies!! 

• Synthetic Microbes Made Using Genetic 
Engineering by “Man” 

This Is the 40th Anniversary of 
Genetic Engineering’s Invention 

It is Not a New Technology….In Fact, To 
Those of Us Who Have Done This Our 

Entire Careers, It is an OLD technology!! 

Has Generated the Vast Majority of 
New Biological Knowledge Over the 
Past 40 Years From Experiments in 

Biology Laboratories Around the Globe	



Has Changed Our Lives Dramatically! 

Is the Most Revolutionary Technology in 
Biology to Have Been  

Invented in Human History! 

Genetic Engineering…….. 

• From New Medicines 

• To More Sustainable Crops 

• To Understanding the Basis of Human 
Disease and Providing Novel Treatments  

• To Novel Ways To Identify Individuals  

• To Personalized Genomes and Medicine 
Geared To Specific Individuals 

•  To Ultimately - Immortality? 

• To Unraveling the Mysteries of ALL 
Cellular Processes! 

• To Creating Synthetic Organisms For 
Industrial Purposes 

• To the Sequence of the Human Genome & 
50,000 Year-Old Fossil Genomes  

Genetic Engineering Can Be 
Used To Synthesize and 

Engineer Entire Chromosomes 
From Chemicals and Create 

Synthetic Microbes in a Test 
Tube 

We Are Now in a New Era of 
Genetic Engineering -The Era of 

Synthetic Biology 

Genetic Engineering 
2.0 

40 Years After the 
Invention of Genetic 

Engineering 
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Science, July 15, 2011 

Genetic 
Engineering 

2.0 

Creating Life: Synthetic Microbes 
J. Craig Venter 

60 Minutes-December 2010 

Are You Uncomfortable With  Creating 
Microbes With Synthetic Genomes?  
 
a.  Yes 
b.  No 
  

Question One 
Are You Uncomfortable With  Genetic 
Engineering? 
 
a.  Yes 
b.  No 
  

Question Two 

DNA Can Be Used To Look 
Into The Past and “Bring 

Back the Dead!! 

From a 45,000 Year-Old Bone 

Science, May 7, 2010 (328, 710-722) 

Wilma 
Female 
Red Hair 
Pale Skin 
Freckles 

How Know What Wilma Looked Like? 
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DNA Sequences Can Be Used To 
Specify Eye Color 

Yo….It’s In the DNA! 

Science, October 12, 2012 (338,222-226) 

COMPLETE DNA 
Sequence From 

40,000 Year Old 
Fossil DNA With 

Accuracy of 
Sequencing Our Own 

Genome!! 

Had 23 Chromosomes 
Like “Us” and Split 
From Human Line 
Between 150k and 
700k Years Ago 

September, 2011 

Comparing 40,000 
Year-Old 

Fossil Genomes to 
Our Genome 

Reveals Ancient 
“Matings” 

Between Diffferent 
Human Ancestor 

Lineages!! 

It’s All in the DNA! 

We Have 
Neanderthal & 

Denisovan Genes in 
Our Chromosomes 

Nature, October 27, 2011 

1347-1351 

•  Killed 30% of Europe’s Population 
•  Killed 100M People in Four Years! 
•  Population of 450M to 350M  
•  Took 150 Years to Recover 

Rat Blood 

Ancient DNA Can Be Studied to  
Find the Source of Major Epidemics 

From 100s of Years Ago! 

The Power of DNA and Genetic Engineering! 

Scientific American, August, 2012 

Bring a 
Mammoth 
Back to 
Life? 

Nature, November 2008 

Fossil Hair For DNA 
200,000 Years Old 

Think About Bringing a Woolly Mammoth Back to Life!! 
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Cloning an Animal – Now Routine! 

Bring Back the Dead? 

November 11, 2008 

Frozen Dead Mouse 

Clone of Dead Mouse 

Think of the possibilities! 

How Know a Clone or Genetically Identical Individual - DNA! 

Resurrecting the Extinct 

60 Minutes, January, 2010 

DNA Can Be Used To 
Identify Individuals For 

Genetic Diseases, Paternity, 
Ancestry, Forensics, 

Crimes, and Much More 

Using DNA Fingerprints to Identify Individuals & Genes 

DNA Fingerprints 

What is YOUR 
DNA 

Fingerprint? 

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

National Geographic, September 2010  King Tut Lived 3,500 years Ago!!  
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DNA Fingerprints Used to Verify Remains of  
Russian Royal Family 

PNAS, March, 2009 PLOS, 
March, 
2009 

DNA Can Also Be Used To Uncover Consumer 
Fraud and Identify Poached Wildlife 

DNA Fingerprints Can Also Be Used To Trace 
the Source of Illegal Drugs 

Identifying Victims of 9/11 by DNA 
Fingerprinting 

300 Pounds of Unidentified 
Remains Left 
 
Identified 1126 of 2756  
9/11 Victims 
& 
13 of 19 Terrorists 

Newsweek, January 12, 2009 

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

Paternity 

Ancestry 

Immigration 

Combined DNA Index System of DNA Profiles  

•  Convicted Felons 
•  Suspects Arrested For Felonies 
•  DNA Samples From Crime Scenes 
•  Unidentified Human Remains 
•  Relatives of Missing Persons 

DNA Has Impacted the Law in Dramatic Ways 

July, 2010 
 
8,646,417 

November, 2012 
 
Offender Profiles  10,043,800 
Arrestee Profiles    1,307,300 
Forensic Profiles     461,390 
Database “Hits”     195,600 assisting 187,700 investigations 

National  DNA Index System  

What Are State Laws? 

California Proposition 69 



7	



Grim Sleeper Caught By DNA!! 

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. 

Set Free By DNA Evidence 

•  281 Post-Conviction DNA Exonerations Since 1989 
•  17 of 281 People Exonerated Were on Death Row 
•  Average Time Served Was 13 Years 
•  Average Age at Time of Wrongful Conviction Was 27 
•  75% of Wrongful Convictions Due to Eyewitness Misidentification 
•  50% of Wrongful Convictions Due to Improper Forensic Science, Such 

As Hair Sample, Shoe Print, & Bite Mark Comparisons 

4.  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

Question Three 

DNA Is Leading to a New 
Era in Personalized Medicine 

And  
Before Birth!!! 

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

What Are 
the Problems 
& Laws That 

Govern 
Direct To 
Consumer 

DNA Tests? 

Made Possible Because of Genetic Engineering…. 
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Walmart Personalized DNA Test! 

What are the Scientific, 
Legal, Ethical, & 
Privacy Issues?? 

Disease  
Genes 

Your Complete Genome Can Now Be Decoded and 
Sequenced Very Inexpensively ($5,000)!! 

The Era of Personalized Genomes is Here! 

Science, December 20, 2012 

Science Translational Medicine, December 8, 2010 

~10% of DNA in Maternal Plasma is From the Fetus 

Determining the Genetic Identity of a Human Embryo 
Before Implantation! 

Prenatal Genetic Diagnosis (PGD) 

Your Complete Genome Can Now Be Decoded 
and Sequenced For $1,000!  
Science Moves At Warp Speed 

 “Scientists Always Overestimate What Can Be Done in a Short 
Time and Always Underestimate What Can Be Done Over 

Longer Periods of Time!” 
 Today’s Wall Street Journal 

1.   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
b. No

Question Five Question Six 

Should Individuals Be Told That They Have a Genetic 
Disease Even Though There is No Treatment or Cure? 
 
a.  Yes 
b.  No 
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DNA and Genetic Engineering Has 
Also Lead To Novel Crops and New 

Medicines to Treat Disease!! 

PNAS, October, 2011 

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

a. yes
b. no

Question Seven 

Question Eight 

Should Genetically Modified Foods Be 
Labeled? 
 
a.  Yes 
b.  No 

How Was Genetic 
Engineering Invented?  

&  
How Did It Lead To 

Remarkable Advances With 
DNA? 

 
Genetic Engineering 1.0 

Genetic Engineering Started in a 
Hawaii Delicatessen 40 Years Ago….. 

With An Unexpected “Eureka” 
Moment Dealing With Two Unrelated 

Areas of Study: 

1. The Mechanism of Bacterial 
Antibiotic Resistance 

2. How Novel Enzymes That Protect 
Bacteria From Destruction By 
Viruses “Cut” DNA Into Pieces 

TIME, March, 1981 

Plasmids Are Circular Self-
Replicating DNA Molecules in 

Bacterial Cells That Carry Antibiotic 
Resistance Genes 

Plasmids Defend Bacteria Against Antibiotics! 

Plasmids Plasmids Can 
Move From Cell 

to Cell 
Spreading 
Antibiotic 
Resistance 
Genes in 
Bacterial 
Populations! 

Stanley Cohen 
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Plasmids Are Circular Self-Relicating DNA 
Molecules in Bacterial Cells That Carry 

Antibiotic Resistance Genes 

5,000,000 bp 5,000 bp 

E. coli 

E. coli in Gut 

Restriction Enzymes Are Proteins 
That “Cut” DNA Into Pieces 

Restriction Enzymes Protect 
Bacteria From “Killer” 

Viruses! 

Enzymes? 
“Killer” Virus 

Herb Boyer 

Enzymes Are Proteins That Catalyze or 
Facilitate Chemical Reactions 

DNA 

Restriction Enzyme Restriction Enzyme Restriction Enzyme 

DNA 

DNA 1 
DNA 2 

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

DNA Fragments of Different 
Origins “Cut” By the SAME 

Restriction Enzyme Can Re-Join 
And Form a HYBRID DNA Molecule!!! 

HYBRID DNA MOLECULE!!! 

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

Genetically 
Engineered 
Bacteria!!! 

Cohen-Boyer 
Experiment 

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

Leading to a REVOLUTION in 
Technology and Making it Possible 
For the First Time to Isolate, 
Manipulate, and Study Genes	



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: Jellyfish Genes in Monkeys, Bacterial 
Genes in Plants, Human Genes in Bacteria,        

etc., etc., etc., etc.	



What is Genetic 
Engineering?  

&  
What Does It Do? 

Genomes & Chromosomes Contain  
Thousands of Genes 

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!! 
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“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 Use!) 
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 Our Lives in Many Ways 

1.  Basic Understanding of Living Processes and Ourselves 
2.  Basic Understanding of Genes and Their Functions  
3.  The Era of Genomics and the Sequence of the Human 

Genome and Those of Other Organisms 
4.  Basic Understanding of Human Diseases Such as Cancer and 

Novel New Treatments 
5.  A Multibillion Dollar Biotechnology Industry 
6.  New Legal Issues Such as Genetic Privacy, Forensics, and 

Patents on Genes and Genetically Engineered Organisms 
7.  An New Understanding of Human Origins and the Diversity 

of Human Populations (e.g., where we come from) 
8.  New Understanding of the Evolutionary Relationships Between 

Organisms (e.g., sequence of mammalian genomes, including 
mouse, human, dog, cat,chimpanzee) 

9.  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 Legal and Ethical Issues 

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

Organisms (“GMOs”)?  
3.  Regulating the Release of Genetically Modified Organisms 

into the Environment? 
4.  Labeling of Genetically Modified Foods? 
5.  Genetic Testing: DNA Databases, Newborn Genetic 

Screening, Genetic Privacy, Involuntary or Voluntary 
Testing? 

6.  Genetic Discrimination? 
7.  Genetic Enhancement and Eugenics: Right to Enhance Your 

Child? 
8.  Gender Selection and Prenatal Diagnosis of Genetic Diseases? 
9.  Gene Therapy:  Correcting Human Genetic Diseases? 
10. Human Cloning and Genetic Improvement? 
11. Gene Testing Companies (e.g., 23andMe): Liability? 
12. Synthetic Genomes: Constructing New Organisms? 

Question Nine 

Would You Use DNA Tests To Select the 
Gender of In Vitro Fertilized Embryos? 

a.  Yes 
b.  No 

Question Ten 

Should We Be Able To Patent Human 
Disease Genes For Genetic Testing? 

a.  Yes 
b.  No 

HC70A Winter 2013 
Genetic Engineering in Medicine,  

Agriculture, and Law 
Professor Bob Goldberg 

 
 

Class Announcements  
1/8/13 
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HC70A Winter 2013 (UCLA) 
Genetic Engineering in Medicine,  

Agriculture, and Law 
 

Teaching Fellows 
Eden Maloney 
Reece Fenning 
Mike Lyons 

 
Course Administrator 

Jennifer Kwan 
Course Administratorp 

SAS70A Winter 2013 (UC Davis) 
Genetic Engineering in Medicine,  

Agriculture, and Law 
 

UC Davis 
Professor John Harada 
    TA – Alex Olson 

PLSS530 Winter 2013 (Tuskegee) 
Biotechnology 

 
 

Tuskegee 
Professor Channapatna Prakash 

HC70A – A Unique Class! 
A Unique Way To Teach & Learn Science 

Long-Distance Learning & Much, Much 
More……….Details in Syllabus &  

We’ll Discuss on Thursday 

Discussion Tomorrow 

•  Genetic Engineering Then & Now 
Scientific & Political History 

•  Read Popular Press Articles Handed 
Out Today & 

Textbook Chapters 1 & 3.1 (pgs. 59-66) 

•  Be Prepared for a 
Discussion of the History & 

Science of Genetic Engineering 
Providing the Foundation  

Discussion Instructions 

• Read Articles Carefully Prior to Discussion 

• Read Relevant Parts of Text That Relate to 
 Concepts Covered in Articles 

• Come PREPARED!!!!! 

• What’s the Question, the Approach, 
 the Results, the Conclusions?  

• Study Each Figure/Experiment/Legend-Ask 
 The Same Questions!  

• Read Articles ACTIVELY - Look Up Unknown 
 Words/Concepts - Ask Yourself Questions  
 Along the Way - What Does This Mean?!   
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Stop Part One!!	




