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HC70A
Spring 2021

Genetic Engineering in Medicine, 
Agriculture, and Law

Professor Bob Goldberg

Lecture 1
The Age of DNA: What Is Genetic 

Engineering-Part One
Course Administratorp
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LECTURE THEMES

1. Genetic Engineering and DNA in the 
News!

2. What is a GMO?
3. What is Genetic Engineering?
4. What Do Genes Look Like - DNA 

Demonstration
5. How Was Modern Genetic Engineering 

Invented & What Is the Genetic 
Engineering Process?

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

Our Lives? 
8. How Has Genetic Engineering Created 

New Ethical and Legal Issues?
9. Genetic Engineering in Medicine, 

Agriculture, Law, & Society – Some 
Examples
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Genetic Engineering in the News..
Law
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Genetic Engineering in the News..
Medicine
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Genetic Engineering in the News..
Agriculture

January 3, 2019
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And All the GMO Misconceptions!!!!!!
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What’s a GMO???
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So……..What is a GMO?
A Genetically Engineered Bacteria

Synthesizing
Human Insulin Used as a Drug to 

Treat Diabetics?

A Genetically Engineered GloFish
Used as a Pet?

A Genetically Engineered Yeast 
That Synthesizes a Plant Protein 
Giving the Impossible Burger Its 

Red Color?

A Genetically Engineered Pig With 
Double Muscles For Leaner & More 

Meat?
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So……..What is a GMO?

A Bacteria With a Genome Synthesized in 
a Laboratory?

A Yeast With Chromosomes 
Synthesized in a Laboratory?

A Genetically Engineered Goat Making 
a Human Anti-Clotting Drug?

A Genetically Engineered Bacteria
Making Blue Dye For Jeans?
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A Genetically Engineered Person
With a Gene That They Weren’t 
Born With That “Cured” Their 

Lethal Genetic Disease?

Babies Whose Genomes Were 
“Edited” to Make Them “Resistant” 

to the HIV Virus?

So………What is a GMO?
A Genetically Engineered Salmon

That Grows Faster Than Non-
Engineered Salmon & Has Been 

Approved by the FDA For Human 
Consumption?
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So…….What’s a GMO?

And……….Crops That Are 
Grown For For 

Human & Animal 
Consumption?

So……………What is a GMO?
12
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What is Genetic 
Engineering and a 

Genetically Modified 
Organism?

Directed Change of an 
Organism’s Genetic 
Blueprint or DNA

= GMO!!!!!!!

ge·net·ic en·gi·neer·ing
jəˈnedik ˌenjəˈni(ə)riNG/

noun
noun: genetic engineering

the deliberate modification of the characteristics of an 
organism by manipulating its genetic material.
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Genetic Engineering is the TECHNIQUE!
That Generates GMOs

Breeding or DNA Manipulation – They 
Are the SAME

& 
Called Gene Engineering

So…….WHAT IS A GMO??

1. Classical Breeding By Selective 
Mating (Thousands of Years)

2. Insertion of a New Gene Into An 
Organism’s Chromosomes (50 Years) –
Transgenic Organism

3. Editing Existing Genes Like A “Word 
Program” (5 Years) – CRISPR Gene Editing

14
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Three Genetic Engineering Techniques
That Generate GMOs!!!

3. CRISPR Gene Editing

1. Classical Breeding 2. Transgenic Organism

New Gene Combinations Adding a New Gene

Changing an Existing Gene in a Cell

15

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!!

Genes & DNA Obey the Same Rules Using Either
Classical or Modern DNA Engineering Approaches!! 

BOTH Produce GMOs!!!!!!!

Coat Color Trait

Gene

16
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We Live in 
The Age of Genetic 

Engineering and DNA!

Genetic Engineering Is 
Manipulating DNA! ALL GMOs

Have Engineered Genes

By Classical Breeding 
or With DNA in a Test Tube

It’s All the Same!!!!

Essential HC70A Theme!
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What Does Your DNA Look 
Like?

Have You Ever Seen or 
Touched Your Genes?

18
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What Does Your DNA Look Like?

19

How Was Genetic Engineering 
Using DNA Invented? 

& 
How Did It Lead To 

Remarkable Advances In 
Medicine, Agriculture, & Law? 

20
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DNA Genetic Engineering Has Been in the News 
For Almost 50 Years!!!  It’s Old Technology!!!!!!

1974 (20 Years After Structure of DNA Discovered) 

1976

1977

1976

21

The Idea That DNA From Different Species 
Could Be Recombined Started With Viruses ~50 

Years Ago!

There is a 
Variety of 

Viruses That 
Engage in 
“Warfare” 
With Living 

Cells of 
Diverse 

Organisms

A Virus 
Consists of a 

Protein 
Protective 
Coat and a 

Nucleic Acid 
(DNA or 

RNA) Genome 
That Contains 

Its Genes

They Exist 
to Exist!!!

22
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A Hybrid DNA Molecule Was Produced
By Combining the DNAs of a Monkey Virus With 

a Bacteria Virus

In Test Tube Only!

λ BacteriophageSimian Virus 40

Cut

Splice

Join

“Cut, Join, & Splice”

23

5’

3’

3
’

5’

5
’

3’

5’

3’

Major HC70A Concept - Complementary Bases of 
the DNA Double Helix Allows Two DNAs to be 

Spliced (Joined) Together & Form a Hybrid

Complementary Strands
A=T and G=C (Four Bases)

DNA 1 DNA 2

Hybrid DNA

λ BacteriophageSimian Virus 40

Major Genetic Engineering Concept!!

24
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Modern Genetic Engineering of Living 
Cells Was Invented a Year Later & 

Caused a Revolution in Biology
A Half a Century Ago!

It is Not a New Technology…… To 
Those of Us Who Have Done This 
Our Entire Careers, It is an OLD

technology!!

This is the 47th Anniversary of Genetic 
Engineering’s Origins

Herb Boyer Stanley Cohen

25

Modern Genetic Engineering Was Invented 
in 1973 With An Unexpected “Eureka”

Moment Dealing With Two Unrelated Areas 
of Study Related To Bacterial Defense

Systems:

1. The Mechanism of Bacterial Antibiotic 
Resistance To Fight Off “Predators”

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

Pieces

26
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A Typical Bacterial Cell

Bacterial Chromosomes Are Circular & 
Contain 500 to 7500 Genes

Humans Have
Linear Chromosomes
With 25,000 Genes

1. Replicates/Divides
2. Produces Energy
3. Responds to Stimuli
4. Communicates

27

Bacteria Also Contain Plasmids -
Circular Self-Replicating DNA 

Molecules - That Carry Antibiotic 
Resistance Genes

Plasmids Defend Bacteria Against Antibiotics!
(The “Workhorses” or Vectors for Genetic Engineering)

Plasmids
Small Plasmids 
Move From Cell 

to Cell 
Spreading 
Antibiotic 
Resistance 
Genes in 
Bacterial 

Populations!
A Major Public 
Health Crisis!

Stanley Cohen

2,000 to 150,000 bp
(One to Several Genes)

Electron Micrograph

Bacteria Mating

28
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Antibiotic Resistance – Use in Genetic Engineering

29

Plasmid Properties Making Them Ideal 
For Genetic Engineering

Bacteria Mating

1. Small DNA Molecule That Can 
Replicate Into Many Copies

2. Easy to Isolate & Put Back In Cells
3. Have Antibiotic Resistance Genes –

Can Select Bacteria With a Plasmid
4. Easy To Manipulate & Modify With 

Foreign Genes

Ideal Vehicles For Isolating, Replicating, & Engineering “Foreign” Genes

1.
2.

3.

1.

30
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Restriction Enzymes Are Proteins  in 
Bacteria That “Cut” DNA Into Pieces

Restriction Enzymes Protect 
Bacteria From “Killer”

Viruses!

Enzymes?
“Killer” Virus

Herb Boyer

31

Enzymes Are Proteins That Catalyze or 
Facilitate Chemical Reactions

DNA

Restriction Enzyme Restriction Enzyme Restriction Enzyme

DNA

DNA 1
DNA 2

32
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Restriction Enzymes Are Proteins That “Cut”
DNA Into Pieces At Specific Sequences

The “Scissors” For Genetic Engineering

Note: Complementary Bases!!Cut
& Separate

33

DNA Fragments of Different Origins “Cut” By the SAME 
Restriction Enzyme Can Re-Join and Form a

HYBRID DNA Molecule!!!

HYBRID DNA MOLECULE!!!

The “Scissors” For Genetic Engineering

Note: Complementary Bases!!Cut

Join
Splice

34
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Restriction Enzymes Animated!

35

Genetic Engineering Technology Can Combine
DNA (Genes) From Different Sources Leading 

to New Gene Combinations in Living Organisms (i.e., GMOs)!!

Genetically 
Engineered 
Bacteria!!!

The Cohen-Boyer Experiment That
Started the Gene Engineering Revolution

Cut

Splice

Insert Back
Into Bacterial

Cell
Transform

Join

Hypothesis?
Predictions?

This 
Was 
the 

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

Cohen & Boyer Created a Revolutionary New 
Technology That Changed in Biology Forever

Recombinant DNA!!!!!

37

“Why” Clone Genes – Simply Put….Genomes & 
Chromosomes Contain Thousands of Genes

How Can a Single Gene Be Studied?

The 
Human 
Genome 

Has 
25,000 
Genes

38
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For Example…..The Human Insulin Gene Can Be 
Separated From Other Human Genes and 

Transferred to a Bacterial Cell Using 
Recombinant DNA Methods! 

And Used to Treat Diabetes!

39

Any Gene Can Be Isolated & Transferred to 
Any Organism Using Genetic Engineering!!

Gene 1 Gene 2

25,000 Genes

Gene 1 Gene 2

Bacterial Bacterial

Cut & Splice

40
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And Made to Perform Any Function That We 
Want Using Normal Cellular Processes!!

41

“Why” Clone Genes From An Organism’s Genome?  
An Essential HC70A Concept!

1. PURIFY Individual Genes From the Genome ( e.g.,One of 
25,000 Human Genes) Using Restriction Enzymes & Plasmids 
(Cut & Slice)

2. AMPLIFY The Gene Within Plasmids in Bacterial Cells 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

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

Lives!!

Cut & Splice Cut & Splice
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Recombinant 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 (Genetic Engineering!!!!!!!)

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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Has Generated the Vast Majority of 
New Biological Knowledge Over the Past 
50 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……..

44
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And …….Has Led to Many New Legal and 
Ethical Issues

1. Genetic Enhancement and Eugenics: Right to Enhance 
Your Child?

2. Gender Selection and Prenatal Diagnosis of Genetic 
Diseases?

3. Gene Therapy:  Correcting Human Genetic Diseases?
4. Genetic Testing: DNA Databases, Newborn Genetic 

Screening, Genetic Privacy, Involuntary or Voluntary 
Testing?

5. Genetic Discrimination?
6. Human Cloning and Genetic Improvement?
7. Patenting Genes, Cells, & Living Organisms?
8. Regulating the Release of Genetically Modified 

Organisms into the Environment?
9. Labeling of Genetically Modified Foods?
10. Synthetic Genomes: Constructing New Organisms?
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A Few Examples of 21st Century DNA 
Applications That Have Affected 

Society and Knowledge About 
Ourselves

Essential HC70A Concept: They Could Not 
Have Been Developed Without the Invention 

of Genetic Engineering Because They 
Require Specific Genes or DNA Sequences!!!

Which You Will Learn the Basis of in 
HC70A!

46



3/29/21

24

Genetic Engineering Has Been A Major 
Source of Drugs To Treat Human and 

Animal Diseases Over the Past 30 Years!

Bacteria Crops Livestock

47

Genetic Engineering Gave Birth to DNA Sequencing and Now 
Your Genome Can Be Decoded Very Quickly and Inexpensively 

($1,000)!!

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

MinIon DNA Sequencer

$1,000

48
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Knowledge of Human Gene Sequences Can Lead to Tests For 
Specific Genetic Disorders and Much More!
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And 
Before Birth!!!

Genetic Engineering Has Enabled DNA Tests For Hundreds of Disease 
Genes and Human Traits - Generating Personalized Gene Profiles

Made Possible Because of Genetic Engineering!

50
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Determining the Genetic Identity of a Human Embryo
Before Implantation!

Prenatal Genetic Diagnosis (PGD)

51

bobg

DNA Testing Has Led To Inexpensive Home DNA 
Testing Kits!

52
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…..Leading To a New Set of Ethical Issues 
& Controversies

53

Genetic Engineering Has Led to the Era of 
Human Gene Engineering – Using Gene Therapy 

to Cure Lethal Genetic Diseases

54
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Humans Have Been Genetically Engineered To Cure 
a Lethal Genetic Disease (SCID) – Human GMOs!

Several People are 
Alive Because They

Have Been 
Engineered

With an ADA Gene

The Age of Human Genetic
Engineering Began More Than

Twenty Years Ago –
SCID Treated With 
Normal ADA Gene!!!

Gene Therapy with the 
Adenosine Deaminase (ADA) Gene
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And More Recently The Era of 
Correcting, or Editing, Defective 

Genes in the Germline (e.g., Eggs) Has 
Arrived!!!!!
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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?

Genetic Engineering Has Made the Field of Ancient DNA  
Possible – Going Back in Time to Understand Human Origins

58
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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 
Genes in Our 
Chromosomes

Genetic Engineering Has Led to Remarkable New 
Insights into Human Origins and Ancestry

59

Inexpensive Home DNA Testing Kits 
Can Determine a Person’s Ancestry!

And New Ethical Issues
• Surprise Ethnic Identity

• Identity of Biological Parents & Relatives
• Genetic Privacy

• Unauthorized Use in Identifying Criminals

60
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I Have ~3% Neanderthal DNA in My Genome – A 
Relic of Ancient Migration and Mating Tens of 

Thousand of Years Ago!

How Did I Learn That?

Without Genetic Engineering and DNA Sequencing Technologies 
This Could Not Have Been Done

61

Home DNA Testing Has Revealed My Ancestry
(No Surprises!)

Mom Dad

My Chromosomes

62
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Combined DNA Index System (CODIS) 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 & Forensics in Dramatic Ways!!!

July, 2010

8,646,417

October 2018

Offender Profiles  13,566,716
Arrestee Profiles 3,323,611
Forensic Profiles     752,508
Database “Hits” 440,346 assisting 428,808 investigations

National  DNA Index System 

King vs. Maryland SCOTUS
4th Amendment Case
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DNA Fingerprints Can Identify Individuals They Don’t “Lie”

What is YOUR 
DNA 

Fingerprint?

DNA Fingerprints

Oops! Oops!

Sometimes 
They

Reveal 
Unexpected

Results!
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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.

Others 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

65

DNA Fingerprints Can Also Be Used 
To Uncover Fraud
Consumer Fraud

66



3/29/21

34

So…….What’s a GMO?

Crops That Are Grown 
For For 

Human & Animal 
Consumption

Genetic Engineering Has Led to Crops Grown For 
Human And Animal Consumption

67

Genetic Engineering Faster Growing Salmon
For More Productive Aquafarms!

68
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Genetic Engineering Can Be Used To 
Synthesize and Engineer Entire 

Chromosomes From Chemicals and 
Create Synthetic Microbes in a Test 

Tube

Finally….We Have Entered a New 
Era of Genetic Engineering The 

Era of Synthetic Biology

Synthetic Genomes & 
Chromosomes

40 Years After the 
Invention of Genetic 

Engineering

69

Science, July 15, 2011

Think of the Possibilities……..

Sci. Transl. Med., May 15, 
2013, 
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A Yeast Cell With Chromosomes 
Synthesized in the Laboratory From 

A, G, C, & T DNA Bases !!!!

71

COVID Vaccines Synthesized in the 
Laboratory From A, G, C, & U RNA 

Bases !!!!

72
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These Are These Issues 
That Will Be Covered in 
HC70A & the Science 
Driving the Genetic 

Engineering Technology 
Revolution
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HC70A Spring 2021
Genetic Engineering in Medicine, 

Agriculture, and Law
Professor Bob Goldberg

Class Announcements 
3/30/21
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HC70A Winter 2021 
Genetic Engineering in Medicine, 

Agriculture, and Law

Course Administrator
Dr. Lauren Bowman

Discussion Coordinator
Dr. Kelli Henry

Learning Assistants
Pierce Ford
Ava Gordon

Course Administratorp
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Discussion Tomorrow

• Your Perceptions of Genetic 
Engineering & Its Applications

• Fill Out Survey Downloaded From 
CCLE Website and Upload It Before 

Tomorrow’s Discussion

• Be Prepared For a Lively Discussion

• I Will Discuss Unique Aspects of 
HC70A and Grading
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What Can You Do This Quarter?

• Study the Lecture Slides
• Read Articles For Discussion
• Read Text to Reinforce Lecture 

Concepts
• Ask Questions

• Work Together!!!!!!!!!!!
• Come to My Office Hours 

• Friday 2:00 – 4:00 pm  
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Syllabus & Survey Can Be 
Downloaded From CCLE 
Website After Class
I Will Answer Your 

Questions About HC70A 
At the Beginning of 

Discussion Tomorrow
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