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Last Lecture -- Age of DNA & Genetic 
Engineering 

 
Today’s Class -- What ARE Genes & 

How Do They Work? 
PART ONE 

 
Demonstration 

Gel Electrophoresis & Bacterial “Cloning” 
 



THEMES 

1.  What is the Function of a Gene? 
2.  What are the Properties of Genes? 
3.  What is the Evidence That DNA is the Genetic 

Material (Griffith and Avery Experiments)? 
4.  Is Transformation Universal? 
5.  What is the Structure of DNA? 
6.  What is the Structure of a Chromosome? 
7.  What is the Anatomy of a Gene? 
8.  What is the Colinearity Between Genes & 

Proteins (how does DNA→protein)? 
9.  How Do Switches Work to Control Gene Activity? 
10. What Are the Possibilities For Manipulating 

Genes in the Future? 



Gel Electrophoresis Experiment 

1.  Plasmid DNA cut 
with restriction 
enzymes 

2.  DNA will be 
separated by size 
using gel 
electrophoresis 

3.  DNA fragments are 
visualized in the gel 
with a florescent 
dye. 



Recall: We Live in the 
The Age of DNA! 

 
Genetic Engineering Is  

Manipulating DNA! 
 

Understanding Genetic Engineering 
Requires a Basic Understanding of Genes 

And How They Work 



What Are the Functions of a Gene? 



Gene Action Leads to Specific Traits – 
The Action of All Genes Specifies Phenotype 

1.  Replication 

2.  Gene Action 

3.  Cell Function (Trait) 

Genetic Engineering Alters Cell Function By Changing the Genotype 
How is this Demonstrated Experimentally? 

Design an Experiment! 

5’ 3’ 

5’ 

3’ 

3’ 

5’ 

Genotype 

Phenotype 

Collection of Genes 

Collection of Traits 



Different Alleles of a Gene Underlie  
Variations in Specific Traits 

Trait (e.g., Green Seeds) 

Alleles 

Mutations Lead to Different Forms of the SAME Gene (Alleles) and Generate 
Genetic Variability in a Population of Organisms (e.g., yellow and green peas) 

Genetic Engineering Can Create Infinite Amounts of Genetic Variability  
NOT Found in Nature 

 (+ Rare Mutations) Mendel’s Traits 



Different Alleles of a Gene  
Can Have Different Functions  

Two different alleles of the Staygreen gene  
encode different forms of an enzyme that degrades chlorophyll 

Green Peas 

Yellow Peas 



Breeding Takes Advantage of Natural Genetic Variability – 
Gene Variability is Generated by Mutations 

This 
Genetic Variability 

Arose Spontaneously 
By RARE Mutations 

Gene Mutations Alter DNA Sequences, 
Slightly Change Gene Functions (e.g., fruit size, color), 
& Create Alleles -- Different Forms of the Same Gene 



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

Alleles 

Alleles Reside at the Same Position on a Chromosome 



How Does the GloFish Experiment Show That 
Genes Direct the Production of Traits?  

Traits 
Phenotypes 

Different Colors!! 

What’s Your 
Hypothesis? 



1.  Replication 
2.  Stability (Mutations) 

 

3.  Universality 
a)   All Cells 
b)   All Organisms 

4.  Direct Cell Function/Phenotype 

WHAT ARE THE PROPERTIES OF 
A GENE? 

•  How Can These Properties Be Tested Experimentally? 
•  What Predictions Follow From These Properties? 

If DNA is the Genetic Material, THEN What……?  

How Show That DNA is The 
Genetic Material? 



Major Causes of Death 
1920 

1.  Typhoid Fever  
2.  Malaria 
3.  Small Pox (virus) 
4.  Measles 
5.  Scarlet Fever 
6.  Whooping Cough 
7.  Diphtheria 
8.  Flu 
9.  Mumps 
10.  Cholera 

2002 
1.  Heart Disease 
2.  Infectious & Parasitic 

Diseases 
3.  Cancer 
4.  Stroke 
5.  Respiratory Diseases 
6.  Unintended Injuries (e.g., 

Cars) 
7.  HIV/AIDS 
8.  Digestive Diseases 
9.  Diarrheal Diseases 
10.  Intentional Injuries (Murder, 

War, etc.) 



It is estimated that anywhere from 20 to 100 million people were 
killed worldwide,or the approximate equivalent of one third of the 
population of Europe, more than double the number killed in World 
War I. This extraordinary toll resulted from a high death rate of up 
to 50%. 

The Spanish Flu Pandemic - 1918 to 1920 

PNAS June 6, 2000 

PNAS January, 2009 

By Sequencing the Virus Genome From Victims Dead  
For 80 Years & Synthesizing the “Original” 

Flu Virus By Genetic Engineering 



How Many People Have Died Worldwide 
During the Current H1N1 Pandemic? 

H1N1 Virus 

A. 130 
B. 1,300 
C. 13,000 
D. 130,000 
E. 1,300,000 



January 29, 1922 - New York City 

2008 

Streptococcus 
pneumoniae 

Bacterial Pneumonia Was Also a “Killer” at This Time! 

1,000,000 Deaths/Year TODAY! 



Frederick Griffith & The Transforming Principle 
The First Genetic Engineering Experiment 

1879-1941 

Smooth Rough 

Streptococcus 
pneumoniae 

Invented the Word “Transformation” 
Not Understood For Another 50 Years 

Frederick Griffith 



A Typical Bacterial Cell  

Plasmids: 2,000-150,000 bp (1-100 genes) 
Chromosome: 500,000-5,000,000 bp (500-5,000 genes) 

Plasmid DNA: ~1.4 µm (10-6 m) in circumference (Genetic Engineering Vectors) 
Chromosome: ~ 1.4 mm (10-3 m) in circumference 

 
 2-4 µm 

  1
-2

 µ
m 

Circular 
Chromosome 

Circular 
Plasmid 

Bacterial Virus Cell Wall 

Cell Membrane 

1 µm = 3.94 x 10-5 inches 



Diversity in Bacterial Cell Morphology 



Table 1-1 (part 1 of 2) Molecular Biology of the Cell, Fifth Edition (© Garland Science 2008) 

Bacterial Genome Projects Have Provided Remarkable Insight 
Into Bacterial Genomes and Cell Functions 

There is currently a major effort to generate 
The Genomic Encyclopedia of Bacteria and Archaea 



Streptococcus pneumoniae 
Sugar 

The Sugar Capsule Protects the Bacteria From Mammalian Host Antibodies 

Capsule Capsule 



Streptococcus pneumoniae Genome Has Been Sequenced! 

2,046,115 bp and 1,987 Genes J. Bacteriology 
2001 

Note Genes on BOTH 
DNA Strands! 

Virulence 
Capsule 



The Griffith Experiment  
With Smooth and Rough Pneumonia Bacteria 

Smooth 
Virulent 
Form 

Rough  
Avirulent 

Form 

Smooth Rough 

Spontaneous Mutations 

J. Hygiene, 1928 

virulent avirulent 



The Griffiths Experiment 

LIVE Rough Cells TRANSFORMED by DEAD Smooth Cells!!! 
HOW?  What Was the Transforming Principle? Hypothesis? 

1 2 3 4 



What is the Transforming Principle? 
Experiments of Avery, McCleod, & McCarty 

Fast Forward to the 1940s! 

Oswald Avery 
1877-1955 

Colin McCleod 
1909-1972 

Macyln McCarty 
1911-2005 

J. Exp. Med.,1944 

DNA is the Genetic Material! 
One of the Major Reasons Watson and Crick  

Considered DNA As the Genetic Material  
In Order to Solve DNA Structure 



1. Does the Transforming Principle Come From the 
Mouse or Bacteria? 

2.  If From the Bacteria -- What Component? 
3. How Devise Techniques to Determine What is the  

 Transforming Principle? 
a)   Transformation in Test Tube 
b)   Isolation of Macromolecules 
c)   Isolation of Enzymes (e.g., DNase, RNase) 

Avery et al. Experiments 



Does the Transforming Principle Come 
From the Mouse or Bacteria? 

Hypothesis?  Predictions?  Experiment? 

Mix in Test Tube 
Look at Morphology  

on Agar Plate 



Table 2-2  Molecular Biology of the Cell (© Garland Science 2008) 

What Are the Major Chemical Components of a Bacterial Cell? 
What Could Be the Transforming Principle? 

Macromolecules 
Monomers Polymers 

1. What is 
Predicted 
if DNA 
is the 
Genetic 

Material? 
 

2. How Test 
Hypothesis? 



Macromolecules and Their Cellular Functions 



Figure 4-2  Molecular Biology of the Cell (© Garland Science 
2008) 

Testing Macromolecules 
For Transforming Activity 

First Transformation  
Experiment With Purified 

Molecules!! 



Does the Avery et al. experiment  
show conclusively that  

DNA is the genetic material? 

a. YES 

b. NO 



THE Critical Experiment by Avery et al. Showing 
That DNA IS THE GENETIC MATERIAL 

When DNase Destroyed DNA There Was No Transformation & 
Only Rough Cells Were Found in the Culture  

If Smooth DNA Not Present, Rough Cells Cannot Be 
Transformed Into Smooth Cells! 



THE  
Critical 

Experiment by  
Avery et al. 

Showing That 
DNA 
Is  

the Genetic 
Material 

When 
Dnase Destroyed 

DNA 
There Was 

No  
Transformation  

& 
Only Rough Cells 

Were Found 
In Culture 



Predictions 
Replication 
Phenotype 
Stable 

Results 
Yes 
Yes 
Yes 

Cell Processes 
 
1.  S DNA Taken 

Up By R-Cells 
2.  S Gene 

Transcribed 
Into S mRNA 

3.  S mRNA 
Translated 
Into Smooth 
Protein 

4.  Smooth Protein 
Helps 
Construct 
Sugar Capsule 
and Protects 
Bacteria From 
Antibodies 
∴Cells 
Virulent 

Transformation is a Basic Genetic Engineering Process Today! 
Transformation=Ability of Cell Phenotype To Be Changed by DNA! 

How Did Avery et al. Experiments Verify the 
Hypothesis That DNA is the Genetic Material 



Can Bacteria Be Transformed With  
Other Genes/Traits? 

Because the Transforming Principle is DNA 
Any Gene Can Be Transformed (e.g.,AntibioticR to AntibioticS) 

Cohen & Boyer  
Experiment That 
“Invented” 

Genetic Engineering 



Engineering “Mighty Mouse” With a Rat Growth Hormone Gene 

Needle With 
DNA 

Egg Cell 

Holding Pipet 

DNA Specifies a Trait & 
Replicates 



All Organisms Can Be Transformed!! 
Genetic Engineering Has Come a Long Way Since Griffiths 

Experiments in 1928!! 

NY Times-1974 



Even Plants Can Be Transformed With “Naked” DNA! 

Crops in 
 Desert &  
Drought 

Crops to 
Clean  

Environment	



*Chemical  
Free* 
Crops	



Crops as 
 Factories &  
*Vaccines*	



*Healthier* 
Crops	



Longer  
Lasting 
Crops 

Allergen-free seeds/grains*	



Decaffeinated Coffee*	



Drought Resistance*	



Ethanol/Transportation Fuel*	





Genetic Engineering/Transformation Involves 
Incorporating Engineered DNA or Genes Into 

Different Organisms 

Engineered Gene MUST 
Engineered Gene CAN BE 

1. Enter Target Cell 
2. Use Target Cell Machinery 

Enzymes to Become Part of 
Chromosome 

3. Replicate with Target Cell 
Chromosome 

4. Use Target Cell Protein Synthesis 
Machinery to Make a New Protein 
¢ Phenotype Trait! 

1. From Same Organism 
2. From Different Organism 
3. From a Combination of 

Organisms stitched 
together by Genetic 
Engineering 

Gene Engineering Shows that Gene Processes Are Universal ! 
Just Like The GlowGene Experiments !!! 

Genotype 

Phenotype 



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., Smooth Bacteria) 

Transformation of Cells With DNA Uses Normal Cellular Processes to  
Produce a New Phenotype 



Can Bacteria Be Transformed With  
Other Genes/Traits? 

Because the Transforming Principle is DNA 
Any Gene Can Be Transformed (e.g.,AntibioticS to AntibioticR) 

Cohen & Boyer  
Experiment That 
“Invented” 

Genetic Engineering 



How Do Antibiotics Kill Bacterial Cells? 

By Inhibiting Basic Microbial Cell Processes 



Selected Antibiotics and Their Cell Targets 



How Do Bacterial Plasmid Antibiotic Resistance Genes Work? 

Bacterial Enzyme Alters Target 
Enzyme So Antibiotic  

Can’t Affect It 

Bacterial Protein Alters   
Antibiotic  

Making it Inactive 

Bacterial Protein Pumps  
Antibiotic  
Out of Cell 

QuickTime™ and a
 decompressor

are needed to see this picture.

Penicillin chrysogenum 



“Bacterial Cloning” 
Experiment 



What is A Gene? 
Begin 

5’ 

End 
3’ 

Sequence or 
Order of 

Nucleotides 
Coding DNA 

Strand 

The β-globin Gene 
Blood Protein Carries Oxygen to 
All Genes From Lungs c Energy 

A Gene is a Unique Sequence of 
Nucleotides Specifying a Function 

DNA Sequence = Biology! 
What If Sequence Changed? 

SEQUENCE ¢ FUNCTION 

Relative to Coding or 
Sense Strand of Gene 



Different Genes Have  
Different DNA Sequences 

DNA Sequence 
Beginning ª End 
5’                3’ 

Biological 
Uniqueness 

If You Know the DNA Sequence, You 
Can Engineer Anything! Even Make New 

Genes & Genome! 

Alleles of a Gene Differ  
By at Least One Nucleotide 



Figure 1-2  Molecular Biology of the Cell, Fifth Edition (© Garland Science 2008) 

Nucleotides are the Building Blocks of DNA and Genes 

5’ 

3’ 5’ 

3’ 

Note Unique Order 

Note Polarity p 

Note Unique Order 

1.  A Nucleotide = Sugar + Base + Phosphate 

2.  Nucleotides Are Linked In Order By 
 5’ to 3’ Phosphodiester Bonds 

3.  Two Strands of DNA Are Complementary 
 And Have Different Sequences! 



There Are Four Different Nucleotides in DNA 

5’ 

3’ 
1’ 

2’ 4’ 

Note Numbering & Polarity  
of Sugar Phosphate 

Nucleotides Consist of a Sugar Phosphate and a Base 



The Chemical Structures of the Four Nucleotides  
Differ Because of Differences in the Bases 

Chemical Differences in Bases -- Chemistry Leads to Biology!! 



Figure 1-2a  Molecular Biology of the Cell, Fifth Edition (© Garland Science 2008) 

Nucleotides Have Polarity 
Based on What is Bonded to the Five-Carbon Sugar 

Phosphate on 5’Carbon and OH on 3’Carbon 

OH 5’ 
Beginning 

3’ 
End 

5’ 3’ 

Note Polarity 

The Sugar is the HUB 

DNA Sequence Defined By Nucleotide Order 
 
DNA Sequence = Functional Uniqueness = Biology 



Note Structure and Polarity of Deoxyribose Sugar 

Phosphate Attaches 



Nucleotides Are Joined By 5’ to 3’ Phosphodiester Bonds 

5’ 

3
’ 

C 
A 
G 

O 
R 
D 
E 
R 

1.  The Order is Specified by the 
 Nucleotides That Join 5’ to 3’ 

 
2.  This is the Basis For All of Biology 

3.  Order is Maintained During DNA 
 Replication 

 
4.   Basis of All Genetic Engineering 
 

Polarity Defined By 
Sugars & Order Specified By Bases 

Short-Hand Notation 
Nucleotide 
sequence 



DNA is a Double Helix of Two Complementary 
Chains of DNA Wound Around Each Other 

1.  Complementary Strands 
2.  A=T and G=C 
3.  Sequence of Strands Differ 
4.  Bases to Interior 
5.  Phosphate-Sugar Backbone 

on Exterior 
6.  DNA Strands in Opposite 

Direction (Only Way Helix 
Fits) 

7.  Sequence of One Chain 
Automatically Specifies 
Sequence of Complementary 
Chain (Basis of Replication!) 

Watson and Crick, Nature, 1953 

5’ 

3’ 

3
’ 

5’ 

5
’ 

3’ 

5’ 

3’ 



Chargaff’s Rules 
Purines = Pyrimidines 

What Would You Predict For a Single-Stranded DNA? 



DNA is Double Stranded 

Bases in the 
interior the helix 

Complementary bases pair: A-T & G-C 

Sugar phosphate 
backbone on 
exterior of helix 

DNA strand polarity is antiparallel 



The Double Helix 

Read Book by Same Name! 



Properties of DNA 

1.  Four Different Nucleotides 
2.  Nucleotides Linked by Phosphodiester Bonds 
3.  Nucleotides Linked in Order 5’ � 3’ 
4.  Two Chains Complementary in Antiparallel 

Direction    5’  3’ 
    3’  5’ 

Sequence differs & only way bases fit in “middle”. 
5.  Bases In Interior Stacked & Bonded by H-bonds 

- Complementary “rungs” on “Ladder”. 
6.  BACKBONE - Sugar/Phosphate Bonds 
7.  No Constraint on Sequence 

 4n = n # Sequences      
8.  DNA has dimensions: 

From X-Ray Diffraction Pictures �  
Know # bp � Know length! 

9.  Order ¢ Biology 
•  20Å diameter 
•  3.4Å/bp 
•  10bp/turn 



Figure 1-29  Molecular Biology of the Cell, Fifth Edition (© Garland Science 2008) 

The Circular E. Coli Chromosome 
One DNA Circle 

Ori 5’ 
3’ strand 

5’ 

3’ Opposite 
polarities! 



A Chromosome Contains One (or Two!!) 
Continuous DNA Molecule(s) 

DNA in Human & 
Eukaryotic Chromosomes is 

Linear! 

DNA in Most Bacteria is 
Circular! 



A Chromosome Contains Many Genes That 
Reside at Specific Positions and Have Unique 

Functions 
Why Arrows in Different Directions? 

Because DNA Contains Two Strands--Genes Can Be Transcribed 
From Either Strand--But Only One Per Gene 

What 
Defines Gene 

Positions? 



Relative Size of a Gene in the Genome 

1.  There are approximately 3,000 million base pairs in the human genome. 
2.  I-10 and I-50 are approximately 3,000 miles in length. 
3.  If the Interstates were the genome and 1 mile = 1 million base pairs ,  

 WHAT WOULD BE THE LENGTH OF AN AVERAGE GENE IN MILES? 
 
A.  0.04  B. 1   C. 3   D. 20   E. 100  
  (200 ft) 
 



Genes Reside at Specific 
Positions or Loci 

Gene Position = Locus = Unique DNA 
        Sequence 



Genes Reside at Specific Locations 

Linear DNA 
How Know? 

Note Bands - What are these? 
How Know Gene Positions? Chromosome #? 

Circular DNA 
How Know? 

Map of E. 
coli Genome 



Figure 4-15  Molecular Biology of the Cell (© Garland Science 2008) 

Organization of Genes on Human Chromosome 22 

Gene 
1 

One Large Gene! 

Genes Are Defined/
Precise Regions of 

DNA 

Genes Act As Individual Units? 
How Know? GloFish Experiment! Genetic Engineering AntibioticR 

Gene 
2 Gene 

3 
Gene 

4 

5’ 

Structural 

3’ 



A Conceptualized Gene 

Sense Strand 

Transcribed Strand 

Beginning End 



Gene X 
Beginning End 

T A T A A T    A G C T C G A A C   A T T T T  

TRANSCRIBED STRAND 

SENSE STRAND 

5’ END 3’ END 

A T A T T A   T C G A G C T T G   T A A A A  

Genetic Code (Function) 
START 
“SWITCH” 

 OR 
PROMOTER 

TERMINATION 
“SWITCH” Downstream 

Next Gene 
Upstream 
Next Gene 

5’ END 3’ END 
A G C U C G A A C  P                           OH 

mRNA X 
START 

 TRANSCRIPTION 
END 

 TRANSCRIPTION 

CONTROLS 
 

When & 
Where a gene 

becomes 
active? 

UNIQUE CELLS ! 

COMPLEMENTARY 
          TO TRANSCRIBED 
                   STRAND 
                    =TEMPLATE 
                       FOR RNA 

A Gene is a Specific DNA Sequence That 
Directs the Expression of a Unique Trait 

Note: mRNA Sequence = Sense Strand Sequence 



A “Simple” Gene Reviewed 

Genes Function As Independent Units - 
Design Experiment to Show! 

“Everything” Follows the Double Helix & Its Rules - 
Anti-parallel Chains & Complementary Base Pairing! 

1.  Sense Strand = Genetic Code 
2.  Sense Strand = 5’ � 3’ Direction (all DNA 

sequences specified 5’ � 3’) 
3.  AntiSense Strand = Complement of Sense Strand 

& is Transcribed Strand 
4.  mRNA = Same Sequence As Sense Strand & 

Complementary to AntiSense Strand 
5.  mRNA = 5’ � 3’ 
6.  Switch Turns Gene On - Not Transcribed But 

Upstream of Coding Region 



 A Chromosome Contains Many Genes 

Position of Genes 
1, 2, & 3 in 
chromosome 

Discrete Units! 

VERY IMPORTANT CONCEPT! 
COLINEARITY BETWEEN GENE SEQUENCE AND PROTEIN SEQUENCE 

Notice- Each gene, mRNA, & 
protein has a unique order/
sequence of monomeric units 

Central Dogma 
∴ Genes -> Functions in Cells 

via Proteins 
Cells duplicate & stay the same 

-> DNA replication 

5’ 

3’ 

Coding 

Template 

3’ 

5’ 

What delineates each gene? 

Notice sequence of each gene 

5’ 3’ 5’ 5’ 3’ 3’ 5’ 3’ 

Function 3 Function 2 Function 1 
N C C C 

N N 

Note sequence of each protein 



Control Switches Are Unique DNA Sequences 
& Can Be Cloned 

AND used to Re-Engineer Organisms!! 
Switches Act Independently of Gene!! 

“Control” 
Switch 

“On” 
Switch 





Switches Control Where & When A Gene Is 
Active → Unique Functions → Unique Cells 

Insulin 
Gene 



1.  They Can Be Cloned & “Shuffled” & Engineered 
Creating New Genes That Have No Counterparts 
in Nature.  c Genetic Engineering 

2.  These New Genes Can Be Transcribed in New Cell 
Types (Switch Change) &/or Organisms &/or Both. 
(e.g., Human Genes in Plant Leaves) 

    ò 
  Human Genes Ë Plant Leaf Switch 

 

3.  All Genes are Regulated & Controlled by Switches. 
Genome Projects Reveal Both The Genes & The 
Switches & Wiring Together of All Switches in 
Gene. c Program of Life From Birth to Death  

THE GENE AND SWITCHES ARE 
UNIQUE DNA SEQUENCES 

Yo! It’s in the Sequences!! 



The Eye Gene Can Be Expressed in 
Different Parts of the Fly by Engineering 

the Eye Switch 

Eye Gene  
+  

Leg Switch 

Replace the Head 
Switch With the 
Leg Switch by 

Genetic 
Engineering 

Eye Gene 



Eye Pro
tein 

Eye Regulatory Network 
Control Genes Like The Eye Gene Control The 

Activity of Other Genes! 

Eye 
Switch 

 

Eye Gene 
 

5’               3’ Gene 1 
Gene 2 
Gene 3 
Gene 4 

Protein 1 
Protein 2 
Protein 3 
Protein 4 

Works in 
Head! Eye Protein Binds to 

Switches to Turn Genes 
On! 

Eye on Head! 

Leg 
Switch 

 

Eye Gene 
 

Gene 1 
Gene 2 
Gene 3 
Gene 4 

Protein 1 
Protein 2 
Protein 3 
Protein 4 

Normally Eye Gene is 
OFF in Leg. Switch only 

Works in Leg. Eye on Leg! 

Eye Pro
tein 



100 Years Into The Future 

What Does the Future Hold? 
 

We Will Know at the DNA Level What Biological 
Information Programs Life to Death! 

 

What Does This Mean For The Future of 
Humanity? 

Remember - Mendel’s Law Were Only Rediscovered 
100 Years Ago & Look What We Can Do & Now! 

1.  If the Entire Human Genome is Sequenced? 
2.  If the Function/Protein of All Genes Are Known? 
3.  If All the Switches Are Identified & How They 

Go On & Off From Birth to Death? 
4.  If We Understand How Genes Are Choreographed 

& All the Sequences That Program them 


