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THEMES 

1.  The Age of DNA, Genomics, Genetic Engineering & 
Mammalian Reproduction 

2.  What Do Genes Look Like - DNA Demonstration 
3.  DNA Into Your Home 
4.  How Was Modern Genetic Engineering “Invented?” 
5.  What Is Genetic Engineering & How Has It 

Affected Our Lives? 
6.  What Can Be Done With Genetic Engineering? 
7.  What Does Genetic Engineering Tell Us About 

Genetic Processes? 
8.  What Is the Scientific Method? 
9.  Genetic Engineering - Anything New? 
10.  Classical vs. 21st Century Genetic Engineering -

Demonstration 
11.  Era of Genomics and Genetic Engineering - Impact 

on Humankind? 



Going Long Distance  
HC70A & SAS70A Winter 2010 

A Model For Cross-Campus Interactive 
Learning 
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Today - We Live in the Era of.... 

• Genes & DNA  

• Genetic Engineering of Microbes, 
Plants, & Animals 

• Genomics & Genome Sequencing	


• Mammalian Reproduction, Stem Cells 
& Cloning	


• Personalized Genomes and Ability to 
Identify Any Individual Using DNA	


• Biotechnology Using Genetic 
Engineering Technology	


And the SYNTHESIS of These Technologies!! 



Nature, November 2008 

Fossil Hair For DNA 
200,000 Years Old 



November 11, 2008 

Frozen Dead Mouse 

Clone of Dead Mouse 



What About 
the Future? 

Nature, November, 2006 

 From a 45,000 Year-Old Bone 



PNAS December, 2008 
©2008 by National Academy of Sciences 

Mycoplasma genitalium 
521 genes-one of smallest cell genomes 

590,000 bp 
circle 

Yeast Cell For Assembly  
of Genome 

Engineering 
Pieces of the Genome  

One by One 



• 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! 

• Is the Most Revolutionary Technology 
in Biology to Have Been Invented to 

Date! 

Genetic Engineering…….. 



• 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 Ultimately -- Immortality? 

• To the Ability to Eventually Unravel the 
Mysteries of ALL Cellular Processes! 



The Age of DNA! 
 
 

Genetic Engineering Is  
Manipulating DNA! 



DNA is Part of Our Culture!! 



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

What are the 
Scientific, 

Legal, Ethical, & 
Privacy Issues?? 



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 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 

This IS the Age of 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 



Using DNA Fingerprints to Identify Individuals & Genes 

DNA Fingerprints What is YOUR DNA  
Fingerprint? 



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

https://www.23andme.com/ 

And  
Before Birth!!! 



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



Determining the Genetic Identity of a Human Embryo 
Before Implantation! 

Prenatal Genetic Diagnosis (PGD) 



Genetically Engineered Drugs to Treat Human Diseases 



What Is A Gene?	


What Do Your Genes Look 
Like?	




The Origins of Genetic Engineering 



Genetic Engineering Started in a 
Hawaii Delicatessen 35 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 



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

Antibiotic Resistance Genes 

Plasmids Defend Bacteria Against Antibiotics! 

Plasmids 



Restriction Enzymes Are Proteins That “Cut” 
DNA Into Pieces 

Restriction Enzymes Protect Bacteria From 
“Killer” Viruses! 

Enzymes? “Killer” Virus 



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!! 



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:  Human Genes in 
Bacteria, Bacterial Genes in 

Plants,Jellyfish Genes in 
Monkeys, etc., etc., etc., etc.	




The Origins of Genetic Engineering 
1973 



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!! 



“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)   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? 



What Can Be Done? 
A Few Examples!	




Using a Jellyfish Gene to Make Animals and 
Plants Glow!!!! 

Green Fluorescence Protein	




.……Using Genetic Engineering & 
A Jellyfish Gene!!!! 

Making a “GloFish”………	




A “GloFish”Embryo!!!!! 



A “GloFish!!!!!” 



GloFish Fluorescing With Different Colors!! 



Engineering GloFish to Fluoresce Different Colors!! 



How About a GloFly! 



What About 
“GloMice!!!” 



How About a “GloMonkey!!!” 

Using red fluorescence protein 



A GloPlant With the Same Jellyfish Gene 

What are the Philosophical and Biological 
Implications of These Experiments? 



What About Inserting Bacterial 
Genes Into Plants 

To Produce a Result With 
Significant Applications?? 	




How to Make an Insect-Resistant Plant 



Genetic Engineering a Plant to Resist Worms! 



What Else Can Be Done?	




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

Making TPA (Tissue 
Plasminogen Activator) 
in Goat Milk to Treat 

Heart Patients 



Even Humans Have Been  
Genetically Engineered!! 

Nature, October, 2009 



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

Several Teenagers 
Are Alive Because They 
Have Been Engineered 

With an ADA Gene That 
They Were Not Born 

With!!!  The Age of Human Genetic 
Engineering Began Almost 

Twenty Years Ago Treating 
Severe Combined  

Immunodeficiency Disease 
(SCID) With Normal 

ADA Genes!!!  

Adenosine Deaminase Gene (ADA) 



Males and Females Differ By the Presence or Absence 
Of the Y Chromosome (simplistically!!) 

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

Male SRY Gene 
(Sex Determining 

Region Y) 



…..Turn a Female Mouse Into a Male!!!! 

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

XX Female  XX Female  

Male Genitalia 



• Ground State of Mammalian Development is FEMALE! 

• ONE Gene Switches Development From Male to Female! 

What Are the Conclusions of This Experiment? 

• Eve Had a Y Chromosome and LOST the SRY Gene!! 

“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 Mouse! 

Nature, December,1982 
26 Years Ago! 

Think About What We 
Can Do Now!!!!! 



Engineering “Mighty Mouse” With a Rat Growth Hormone Gene 



Engineering Memory in a Fly! 



Engineering Eyes on a Fly’s Leg 
With a Single Gene! 



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

Biological Processes?	


What is the Hypothesis?	


What are the Predictions? 

What Experiment(s) to 
Test Predictions? 



Traits! 

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) 

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

 



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. 

Observations and Inferences From the 
GloGene Experiments   



Can Intervene 
in This Process in 

Cells 
 

Genetic Engineering 
Is not “Hocus Pocus.” 

It Uses “Natural” 
Cell Processes!!!! 

All Organisms Use 
The SAME Processes 

And “RULES” to  
Generate Traits!! And 
The SAME Molecules 

& Chemistry!! 

Trait (e.g., eye color) 



• What are the Observations?	

• What is Your Hypothesis to 
Explain the Observations? 

• What are the Predictions? 

The Scientific Method	


• How Test Hypothesis? 

• What are the Experimental Data? 
• Have the Data Been Verified 

& Peer Reviewed? 



• Science is Based on 
Observation, Hypothesis Testing, 
Rigorous Experimentation, and 

Verification 

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


• Technology, or the Application 
of Scientific Knowledge, Has 
Transformed Dramatically Our 

Lives and How We Live	




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 Life!	




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!! 





Most Major Crops Were Engineered From Wild Relatives 
by Early “Bioengineers” Over 10,000 Years Ago!! 

Breeding Involves Gene Manipulation Using EXISTING Genetic Variability!  



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

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) 



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

Alleles 



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 

Note:  Architecture and Fruit (cob) Size 
Only Five Genes Cause These Plants to Differ  

& We Now Know What They Are 



Modern Corn Was “Engineered” From Teosinte 10,000 Years Ago & 
Cannot Survive in “Nature!!”  

  Engineered For:"
•  Loss of Seed Dispersal"
•  Increased Cob/Seed Size & Number"
•  Reduction/Loss of Toxic Compounds"
    (better taste!!)"
•  Architecture "



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! 

Manipulating Existing Genetic Variability 
Brought About By Chance Mutations! 

Note Trait 
Variability  



Even Domesticated Pets Were “Engineered”  
By Breeding Wild Relatives 

The Dog Genome Has Been Sequenced! 

Nature, December 2005 



The Problem With Breeding the “Old Fashioned Way” 

Cannot Predict Results! 



The Problem With Breeding the “Old Fashioned Way” 



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 



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 
More Useful Combinations of Existing Genes and/or 
Alleles 

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 



The Genomes of Many Organisms Have 
Been Sequenced Providing New Knowledge 
About Our Origins and Cellular Functions 

Providing Thousands of New Genes and Proteins To Be 
Engineered For Practical Applications (e.g., cellulases in termite 

gut bacteria for biofuel production) 

The Future is 
Unlimited! 
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Discussion Tomorrow 
•  Recombinant DNA Debate 
•  The Manipulation of Genes 
•  Berg Biohazard Letter 

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

•  Be Prepared for a 
Discussion of the History & 

Science of Genetic Engineering 
Providing the Foundation  



Discussion 

• 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/Legends-Ask 
 The Same Questions!  

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


