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THEMES
A’ Gene Structure & Function
Genetic 2:2 of Life PGI’"" One

< What is the Function of a Gene?
*  What are the Properties of Genes?
*  How Was DNA Discovered?

il *  What is the Evidence That DNA is the Genetic Material
or @ Sacteria (6riffith and Avery Experiments)?

e Is Transformation Universal?
¢« What is the Structure of DNA?
. What is the Structure of a Chromosome?

DNA Fingerprinting e What is the Colinearity Between Genes & Proteins (how does
DNA—>protein)?
*  How Do We Know That Genes Function Independently of One
Another?

: e What is the Anatomy of a Gene?
Cloning: Ethical Issues +  How Do Switches Work to Control Gene Activity?

d Future C
. M |- What Are the Possibilities For Manipulating Genes in the
Future?

Plants of Tomorrow




Understanding Genetic Engineering

Reguires a Basic Understanding of Genes
And How They Work

What Are the DNA Implications of Generating an E.
coli Cell Producing GFP Protein?

b E. Coli Producing GFP Protein

pGLO Plasmid DNA

pGLO

(5,400bp)

Hindll EcoRl

1. DNA Replicates

2. DNA Directs the Cell to Produce a Specific Protein & Express a
New Trait

3. DNA is Stable From Cell Generation to Generation - i.e. Cells
Derived From the Original Transformed E. Coli Express the 6FP
Gene

4. The E. coli GFPGene Transformation Experiment Shows Directly
That DNA is the Genetic Material/




Other Experiments We Discussed Showing That
DNA is the Genetic Material

DNA
Genetic Code of Life

Entire Genetic Code
of a Bacteria

DNA Fingerprinting

Cloning: Ethical Issues
and Future Consequences

- Researchers Say They Created a ‘Synthetic Cell’

The genome pioneer J. Craig Venter has taken another step in his quest to create synthetic life, by synthesizing an
Plants of Tomorrow

What Were Considered the Properties of a Gene
BEFORE It Was Known That DNA Was

DNA

Lol +he Genetic Material - In the 1930s and 40s?

1. Replication - Transmitted With

Chromosomes
2. Stability (Mutations)
et 3. Universality
a) All Cells

b) All Organisms

4. Direct Cell Function/Phenotype

DNA Fingerprinting

or First Half of 20" Century Proteins Were Considered the Genetic Material

+ How Can These Properties Be Tested Experimentally?

C.Ianing: Erhical Tasves - What Predictions Follow From These Properties?
ond Future Consequences If DNA is the Genetic Material, THEN What.....?
- How Was DNA Shown to be the
.~ : Genetic Material?
ants of Tomorrow




W How Was DNA Shown to be
Geneic Code of e the Genetic Material?

Entire Genetic Code
of a Bacteria

DNA Fingerprinting

Cloning: Ethical Issues
and Future Consequences

Plants of Tomorrow

Frederick Miescher Discovered DNA in the Nuclei of

White Blood Cells in 1869

A 150 Years Ago
Genetic Code of Life i -

Entire Genetic Code
of a Bacteria

DNA Fingerprinting

Cloning: Ethical Issues
and Future Consequences

Plants of Tomorrow

But-.... The Function of DNA Was Not Understood Until
75 years Later in 1944/l




Evidence That DNA Is the Genetic Material Starts With Pneumonia

= TO STOP SPREAD OF " [eer . P N |
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Spanish Flu (HIN1) Killed 50-100 million People World-Wide from 1918 to 1920
Most From Secondary Bacterial Infections
No Vaccines or Antibioticsl
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HELP US TO KEEP CHICAGO THE
HEALTHIEST CITY IN THE WORLD
JI)IN DILL ROBERTSON

OMMISSIONER OF HEALTH

Frederick Griffith & The Transforming Principle
The First Genetic Engineering Experiment (unintentional))

4 $trepfb¢qccus
gmumom'aev.;, \

Note:
Diffferent
Strains of
trepfococcus
Preumoniae

Exist in

Frederick Griffith

Nature
1879-1941
Type L, II,
etc.

Invented the Word “Transformation”
Not Understood For Another 50 Years
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Griffith - J. Hygiene,
1928

Smoot Virulent Bacteria Can Mutate To Rough
Avirulent Bacteria & Vice Versal

Spontaneous
Mutations

Always Retain
the Strain

‘ Type
Rough >
Avirulent © o® SItoRI

Never ST to RIT

As Too Many
Genes Are
« Involved!

Spon'raneous Mufuhons

R |
| Sugar No Sugar &~
Capsule Capsule e

Virulent Avirulent

11

Streptococcus pheumoniae
Flash Forward to 2021/
50,000 Deaths/Year in the USA

Virulence Capsule Biosynthesis

Sdar Molecule Enzyme

Virulence. — Comhl d
e ——Ofopasn — sule
CaP ap u phosphoglucomutase Cps3M
———— Ribosomes —___
_ Nudkeoid Cle1-P
\ glucose-1-phosphate
__—Plasma £ uridylyltransferase Cps3U

membrane
UDP-Glec + PPi

NAD*

UDPG dehydrogenase Cps3D
NADH

A

Flagellum

UDP-G|

UDP-gle type 3 capsular
polysaccharide synthase Cps3S

membrane

Peptidoglycan

(GleAGle),

Cell wall§| Quter membrane

Llabsent in some bacteria)

J. Exp. Med. 181, 973, 1995

Streptococcus Strains Depend On the
Sugar Type in the Capsule - Which is a Product
Of MANY Genes!

The Gugar Capsule Protects the Bacteria From Mammalian Host Antibodies
Capsule = Virulence No Capsule = Avirulence
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Streptococcus pneumoniae Genome Has Been Sequenced!

o Virulence
#% e e Capsgle/ .

S}

W

400 kbp ”,

NP

Note Genes on BOTH .
DNA Strands! ”’"

600 kbp

T

N »

700 kbp .~
~

.‘i
B00Kkbp
)

- N
oo -
TR )
. v
AW

w2

200 nm

2,160,837 bp and 2,236 Genes
At Least 13 Genes Specify Capsule Formation
What Happens If One of These Genes Is Mutated?

Science 293,498 (2001)
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Streptococcus pneumoniae Virulence
Capsule Sugars - Different Strains Have Different Sugars
Glucose
UDP-GlucA
Glucose-6-P——p  UDP-Glc ——— | TDP-Rhamnosel /Pe% (SIS
\ UDP-Glucose Tred GG
UDP-ManNAc | Type 4 (- 7 ; T )
Fructose-6-P———% UDP-GIcNAC ——> | UDP-FucNAc | C2PSUle e e
m TYPE 2
0; H,0, [ Y }A:W -
Acetyl-P _—
Different Sugars - Different Sugar Genes!
Acetate
Common genes Type-specific genes
. pneumoniss VP IE DD DIDED DD DD
i P EIE T FE T T ST EEE

Different Strains Have Different Sugars Encoded By Shared & Distinct Genes
Involved in Capsule Sugar Synthesis

Cannot Mutate From One Strain to Another - Too Many Genes Involved

14



can Mutate Smooth to Rough But Never Smooth
Strain X to Smooth Strain Y

i -’

e ' | smooth 8 & Smooth 3 | [A]

Type —4)--D-GlepA-(1-4)-B-D-Glep-(1->4)--D-Gilep-(1->4)-c-D-Gialp-(1 >

Type 3 —3)--D-GilepA-(1>4)-B-D-Glep-(1->

Cellobiuronic acid

Rough * #&" 4
Avirulent * eg®

SN Form g /

>

I No Smooth 8 to Smooth 3 I

- Spontaneous Mutations e N
K  Sugar _— No Sugar &~
@% Capsule \Smooth 8 gRough>8 Capsule ‘B

| Virulent | Only Smooth 8 to Rough 8 |
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J. Hygiene, 1928
The Griffith Experiment
With Smooth and Rough Pneumonia Bacteria

Spontaneous Mutations

A Sugar _— No Sugar %
Capsule Capsule e
Always Same Strainlll!
Virulent Avirulent

16



The Griffith Experiment (92s)

Hypothesis: Material in dead bacterial cells can transform living bacterial cells

Method: CONTROLS BOILING KILLS m DEAD SI +
I 1 SMOOTH CELLS LIVE RII

,i.:, =
Live ST | @

?
Qi *%)
]

Living Living Dead Mix:
S strain R strain S strain Living R strain
(virulent) (non-virulent) (heated) Dead S strain

Results: l' l’ l
~r

Mouse dies Mouse lives Mouse lives Viouse dies
Has living S strain No § strain No living S strain i j

Live RIT

o % \ Dead ST 9 8® g
v ) ‘ L‘ <0

4 g dln
RIT Transformed Into ST
Conclusion: A chemical substance from one cell is genetically transforming another cell

LIVE Rough Cells TRANSFORMED by DEAD Smooth Cells!l!

HOW? What Was the Transforming Principle? Hypothesis?

17

What Was The Transforming Principle?
Experiments of Avery, McCleod, & McCarty
Fast Forward to the 1940s!

A

Col)n McCleod
1909-1972

DNA is the Genetic Material!

One of the Major Reasons Watson and Crick
Considered DNA As the Genetic Material
J. Exp. Med. 1944 In Order to Solve DNA Structure

18



What Was The Transforming Principle?
Experiments of Avery, McCleod, & McCarty
Fast Forward to the 1940s!

N
\\'b

k
COIL McCleod
1909-1972

,“

DNA is the Genetic Material!

One of the Major Reasons Watson and Crick
Considered DNA As the Genetic Material
J. Exp. Med. 1944 In Order to Solve DNA Structure
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W
STUDIES ON THE CHEMICAL

DNA
Genetic Code of Life

NATURE OF THE SUBSTANCE
INDUCING TRANSFORMATION
OF PNEUMOCOCCAL TYPES

Entire Genetic Code
of a Bacteria

OSWALD T. AVERY, COLIN M. MacLEOD, anp
MACLYN McCARTY

DNA Fingerprinting

| 3. Of Experimental Medicine 79 (2), 137-158 (1944) |

w»
J STUDIES ON THE CHEMICAL NATURE OF THE SUBSTANCE
INDUCING TRANSFORMATION OF PNEUMOCOCCAL TYPES
Cloning: Ethical Issues
and Future Consequences INDUCTION OF TRANSPORMATION BY A DESOXYRIBONUCLEIC ACID FRACTION
IsoLaTED ¥rROM PNEUMOCOCcUs Tyee III

By OSWALD T. AVERY, M.D., COLIN M. MAcLEOD, M.D., axp
MACLYN McCARTY,* M.D.

Plants of Tomorrow




Avery et al.Questions?

. How Devise Techniques to Determine What the

Does the Transforming Principle Come From the
Mouse or Bacteria?

If From the Bacteria -- What Substance?

Transforming Principle is
a) Transformation in Test Tube

b) Isolation of Macromolecules

c) Isolation of Enzymes (e.g., DNase, RNase)

Design Experiments To Show!!!

21
Does the Transforming Principle Come
From the Mouse or Bacteria?
Mix in Test Tube Look at Morphology
on Agar Plate
(@ Live RIT — Dead ST — Live ST
[8. 58] Heatxilled
e 11
| s ®
Time Livimm
Bacteria & Bacterial Extract Can | ’%m!
Transform ~ Smooth
Rough IT to Smooth Il e
Conclude: (1) Mouse Not Involved & (2) Molecules Inside
Bacteria Contain Transforming Principle
22
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What Are the Major Chemical Components of a Bacterial Cell?
What Could Be the Transforming Principle?

1 Wha.r iS /—\/’ lons, small molecules (4%)
; H ospholipids (2%
Predicted 0% oner i P
if DNA RNA (6%)
is the S
Genetic o 2
Material? = 5
Proteins 15%) g
€
2. How Test b
Hypothesis? )/
Bacterial cell Polysaccharides (2%) |
Monomers Polymers
SUGARS jmmPp{|  POLYSACCHARIDES i
FATTY ACIDS mmp| | FATS, LIPIDS, MEMBRANES l
AMINO ACIDS | PROTEINS 1
‘ NUCLEOTIDES )y | NUCLEIC ACIDS 1 ‘
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The Critical Experiment by Avery et al.Showing That
DNA is the Genetic Material

Hypothesis: The genetic material of the cell is either protein or nucleic acid (DNA or RNA)

m . Remove lipids and sugars from
Heat-killed Lipids a solution of heatilled S cells.

S ool ° - Sugars Proteins, RNA and DNA remain

Add Add Add -
proteinase RNase -~ L DNase Treat solutions with
enzymes to destroy
: protein, RNA or DNA
NO PROTEIN R NO DNA
Add R cells IAdd to culture containing living R cells. I
[ _J

Observe for transformation by testing

T for the presence of virulent S cells
appear

No DNA - No Transformation!




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

Dead ST ?IAE ff DNA fragments
] N

Cell Processes

1. SI DNA Taken Up
By RII-Cells &
Incorporated Into

Live RII & chrombsome
Cells )

Predictions | Results

Replication | Yes
Phenotype Yes
Stable Yes

Chromosomes

2. ST Genes
Transcribed Into
SI mRNAs

3. ST mRNAs
Translated Into

Smooth I Proteins

4. Smooth I Proteins
Helps Construct

Sugar Capsule and

1. DNA Satisfies Criteria For Being the Genetic Material Protects Bacteria
2. Replicates
3. Directs Production of Strain/Capsule Type Er‘ggh: \r}Trl‘z?:r:$ s
4. In All Progenitor Cells _
Transformation is a Basic Genetic Engineering Process Today!
Transformation=Ability of Cell Phenotype To Be Changed by DNAI!
25

Incorporating Engineered DNA

Genetic Engineering/ Transformation Involves

the Chromosomes of Different Organisms

or Genes Into

Enter Target Cell

Genotype f Engineered Gene MUST \ /Engineer‘ed Gene CAN BE\

2. Use Target Cell Machinery L
Enzymes to Become Part of 2.
Chromosome 3.

3. Replicate With Target Cell
Chromosome

4. Use Target Cell Protein Synthesis

From Same Organism
From Different Organism
From a Combination of
Organisms Stitched
Together by Genetic
Engineering

Machinery to Make a New Protein
Phenotype\ Phenotype Trait! / \

Gene Engineering Shows that Gene Processes Are Universallll

13



All Organisms Can Be Transformed//
Genetic Engineering Has Come a Long Way Since Griffiths
Experiments in 1928/

27

5’
Begln ——>TGARRATCCARRARARTAGGA
GTTTGGTGTTTEEGTTTTAGG
TAGGARATARTTTGGGTCTTT
TTTAGGTTTCGGGTTTGEGTT
ATTTGAGTGTTTGACATTTGA
ARTTTCGGTGTTTCATCTTCG
TGGGTGTGCCAGTGGCGTGAG
TGTTCCCCGETTTCGTCARCT
TACGGTTTAGGGTTTACCARG
TTAGGGTTTAGGGTTTGAGAT
GGCGGCCATTTCTCATGTTTG
ARACARAGCCTGARRATCARA
Sequence or | SR arootarant
Order of CGTTCCCCOGTTCCGTCAACT

What is A Gene?

The B-Globin Gene ‘

Blood Protein Carries Oxygen to All
Genes From Lungs = Energy

ATCARGTACCCATGTTTGGGA

i TGAACGTCAATGAACACGAAA
NUCIeo'h des AAARARRATAGGAAATCGACCC

i ABARRAGGGAGGOTGOCCATT
Coding DNA ACTATCACGTAACAACARRRC
Strand ATTTTTTTGCGTGEGTGTGLC

A Gene is a Unique Sequence of
Nucleotides Specifying a Function

> ATARATAGATTTTTCCCTTGT
(Coding Strand) | CCTTTTCCATGTTCARGTACT
TTTCTCATGTTTTGARGTCAR
CCTGARRATCCARRRRRATAG
CAGTGGCGTOAGACATTGGAG
GATACGTCARCTAACACGTAA
CATGTTTGGGATTTTTTTCCE
AGARCCCARRARARATAGTCT
GRRRTCGACCCTTTTCCATGT
GGGCAGCCATTTCTCTTGTTT
ARRACARAGCCTGAATATCTA
GTGAGTGTGCCAGTGACGTGA
TCGTTCCCCBGTTCCTTCAAC
GTTCARGTACCCATGTTTGGG
TTGBACGTCARAGARRCCARA
CAARRARATAGGARRTCGACC
AGARARTGOAGGGCOGCCAART
CTGACACGTARRAARCARAGCT
TTTTTTCGCGTGOGTETGCCA
ARRRTAGTCCCGTTCCCCOTT
TTTTCCATGTTCAATTACCCA
TCTCATATTTGGACGTCARAG +—

DNA Sequence = Biology!
What If Sequence Changed?

SEQUENCE @ FUNCTION

Relative to Coding or
3’ Sense Strand of Gene

28
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Genes and Genomes Can Be Sequenced!

Water Gilbert Fred Sanger

LLAN M. MAXAM AND WALTER GILBERT

Al G
PNAS February, 1977

A new method for seduencing DNA. The Nobel Prize in Chemistry 1980

$ 5

DNA
Genetic Code of Life

Entire Genetic Code
of a Bacteria

DNA Fingerprinting

Cloning: Ethical Issues
and Future Consequences

Plants of Tomorrow

Genes & Genomes Differ Because
the Sequence of DNA Differs!!

DNA §equeﬂce Biological
Bég"’"“g "@d m===p>  Uniqueness

If You Know the DNA Sequence, You Can

Engineer Anything! Even Make New
Genes & Genome!

by a Chemically Synthesized Genome

Creation of a Bacterial Cell Controlled

15



There Are Four Different Nucleotides in DNA

=l - oy - - @
Ribose or Nucleoside Phosphatg Nucleotide
deoxyribose Note Numbering

& Polarity of Sugar

l Pyrimidines
15 O

| |
/V\N H_v,‘u\c/,\NH

] i
) C. HC C.
\N/ \O \N/ %o
H H i
Cytosine (C) Thymine (T) Uracil (U)
Purines l NH, 0
: |- Il
N gl Mo
y, e NN yb o ® NH
I
N/ /\Néu N/U\N¢U\NHL)
H H
Adenine (A) Guanine (G)

[ Polarity of Sugar Leads to Polarity of DNA (and RNA) - 5' to 3" |

31

Nucleotides Have Polarity
Based on What is Bonded to the Five-Carbon Sugar
Phosphate on 5’ Carbon and OH on 3’ Carbon

phosphate Note Polarity
sugar 5 — 3
‘ + Begi5nni OH Esnd
sugar base
phosphate nucleotide

The Sugar is the HUB
DNA Sequence Defined By Nucleotide Order

DNA Sequence = Functional Uniqueness = Biology

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

32
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Tautomers Change Base Pairing Rules!!!

Normal Forms - Keto & Amino

“Mutant” Forms - Enol & Imino

©

[Thymine (keto) Adenine (amino)

N

":Q
- HN G \ NH

[c
S

........ i
O s HNH

2=

o
Cytosine (amino) Guanine (keto) Cytosine (amino) Adenine (imino) Cytosine (imino) Adenine (amino)

Thymine (enol)

H

QQIT-? QO 3

| ;@ /{/ (1

[ E—T T

Guanine (keto) Thymine (keto)

Guanine (enol)

!

And Lead To Mistakes in DNA
Replication & MutationsI»Genetic
Diversity
Chemistry Leads to Biology/!/

33

Nucleotides Are Joined By 5 to 3’ Phosphodiester Bonds
Polarity Defined By Sugars & Order Specified By Bases

(a) (b) .
5 ? Short-Hand Notation
@ -0—p=0 c A e
é Polynucleotide formation
i 3 |3 |3
heso. B . ol =
N 2 phosphate .
) N n 5" 5 5 ribosesugar = 5
3" phosphodiester bond R
) —) N
Phospho- | _ |_ prosphae ()
:hs‘:or O_T_o 5 CA-G 3' ) ?
on —
o 5
|

Q>0
OPMO©O

H,C50 A tibose sugar Dinucleotide
H H Nucleotides
H H
o M 1. Nucleotides That Join 5’ to 3’
Phospho- -0 ||’ °
diester S 2. This is the Basis All Biol
i (:) is is the Basis For All of Biology
HC50 |G 3. Order is Maintained During DNA
v H_H Replication

&(H
3 w 4.  Basis of All Genetic Engineering

lolecular Cell Biology, Sixth Edition
@ 2008 W.H. Freeman and Company
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Clues to the Double Helix-Chargaff’ s Rules
Purines = Pyrimidines

1AL Chargaff's Data on Nucleotide Base Composition in the DNA of Various Organisms

Percentage of Base in DNA Ratios
Organism A 1 G @© AT G:C
Staphylococcus afermentams 12.8 12.9 36.9 37.5 0.99 0.99
Escherichia coli 26.0 23.9 24.9 25.2 1.09 0.99
Yeast 31.3 32.9 18.7 17.1 0.95 1.09
Caenorhabditis elegans* 31.2 29.1 19.3 20.5 1.07 0.96
Arabadopsis thaliana* 29.1 29.7 20.5 20.7 0.98 0.99
Drosophila melanogaster 27.3 27.6 22.5 22.5 0.99 1.00
Honeybee 34.4 33.0 16.2 16.4 1.04 0.99
Mus musculus (mouse) 29.2 29.4 2407 19.7 0.99 1.10
Human (liver) 30.7 31.2 19.3 18.8 0.98 1.03

*Data for C. elegans and A. thaliana are based on those for close relative organisms.

Note that even though the level of any one nucleotide is different in different organisms, the amount of A always approximately equals the amount of T,
and the level of G is always similar to that of C. Moreover, as you can calculate for yourself, the total amount of purines (A plus G) nearly always equals
the total amount of pyrimidines (C plus T).

What Would You Predict For a Single-Stranded DNA?

THE COMPOSITION OF THE DESOXYPENTOSE NUCLEIC
ACIDS OF THYMUS AND SPLEEN* J. Biological Chemistry,

¥ ERWIN CHARGAFF, ERNST VISCHER,} RUTH DONIGER, CHARLOTTIE July, 1948
GREEN. anp FERNANDA MISANI

35

Clues to the Double Helix-Chargaff’ s Rules
Purines = Pyrimidines

36
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DNA

Genetic Code of Life

Entire Genetic Code
of a Bacteria

DNA Fingerprinting

Cloning: Ethical Issues
and Future Consequences

DNA
Genetic Code of Life

Entire Genetic Code
of a Bacteria

DNA Fingerprinting

Cloning: Ethical Issues
and Future Consequences

Plants of Tomorro

Reflections on The Double
Helix

MOLECULAR STRUCTURE OF
NUCLEIC ACIDS

A Structure for Deoxyribose Nucleic Acid

E wish to suggest a structure for the salt

of deoxyribose nucleic acid (D.N.A.). This
gtructure has novel features which are of considerable
biological interest. Nature, April 25, 1953

We are much indebted to Dr. Jerry Donohue for
constant advice and criticism, especially on inter-

atomic distances. We have also been stimulated by
a8

knowledgo of the general nature of the unpublished
ex runen%ar resu[{s and_ 10eas o Dr. ﬁ H. F.

19



GENETICAL IMPLICATIONS OF
-~y THE STRUCTURE OF
GentcCoeof e DEOXYRIBONUCLEIC ACID

By J. D. WATSON and F. H. C. CRICK

 Medical Research Council Unit for the Study of the
Molecular Structure of Biological Systems, Cavendish

Laboratory, Cambridge Nature, May 30, 1953

Entire Genetic Code

of a Bacteria no.aser  May 30, 1953 NATI Our model suggests possible explanations for a
number of other phenomena. For example, spon-
taneous w may be due to a base occasionally

D.NA. oceurring 1n one o{ Ifg oss =§§1¥ ;au;omgrlc forms.
/ Again, the pairing between homologous chromosomes
BRSETTSUCAR at meiosis may depend on pairing between specific
/"‘°“’““" bases. We shall discuss these ideas in detail else-

BASE™ SUGAR where.
\‘,,,osm,i or the moment, the general scheme we have
DNA Fingerprinting m(_SUCM/ prf)posed for the reproduction of deoxyribonucleic
N acid must_be ref arae)a aS speculative. ﬁven T 18
P BTt e ST o AR, ] (11at rauch
BASESUGAR remains to be discovered before the picture of genetic
\,mmm duplication can be described in detail. What are the
wnst —sochi” polynucleotide precursors ? ‘What makes the pair of
N chains unwind and separate ? What is the precise
/“"03’"‘" role of the protein ? Is the chromosome one long pair
3 | of deoxynbonuclexc ae1d chains, or does it consist of
Cloning: Ethical Issues ¥ie, 1. Ghemicalformula of ¢ g, 2. Thls fare s purly

and Future Consequences || RN aai :‘:’“’éﬁi&?‘:ﬁ: fnv?é"pmfvbﬁ'; SPITo our pro-
Fotiing tho. chaina” tagether, posed structure for deoxynbonuclelc acid may help
rhe veriog s ™ to solve one of the fundamental biological problems—

the molecular basis of the template needed for geneti
replication. The hypothesis we are suggcsting'gxs-{'mi
Expluined Replicm-ion %ﬁe .Eempfafe is the pattern of bases formed by one
Explained Spontaneous Mutation chain of the deoxyribonucleic acid and that the gene

contains & complementary pair of such templates.

Plants of Tomorrow

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

1. Complementary Strands
double-stranded DNA 2. A=Tand 6=C (Four Bases)
5 3. Sequence of Strands Differ
—! & H H 4. Bases to Interior
3 1 3 ﬁ 3 j q 3 ﬁ H , | 5. Phosphafe-Sugar Backbone on
Exterior
sugar-phosphate hydrogen -bonded 6. DNA Strands in OPPOSH'C
backbone base pairs Direction (Only Way Helix Fits)
DNA double helix 7. Sequence of One Chain

Automatically Specifies Sequence
of Complementary Chain (Basis of
5 Replicationl)
8. No Constraint on Sequence

(4n=n # base combinations = Diversity)
DNA has dimensions (Know # bp Know
Length: 204 diameter, 3.44/bp, 10bp/turn)

3" 19. Sequence = Biology

Watson and Crick, Nature, 1953

40



Complementary Base Pairs Are Essential For Genetic Engineering
Engineering, Analysis of Recombinant Plasmids, and Polymerase Chain
Reaction (PCR)

1. Annealing Two Two Molecules Together (*Cut & Splice")

2. Heteroduplex Analysis

3. Colony Hybridization

REGION OF

TOAD DNA HOMOLG%\

PLASMID DNA LACKING
{ TOAD DNA . . .

PLASMID CHIMERA DNA

/ \/ \eog \/ \

A Chromosome Contains One (or Twoll)
Continuous DNA Molecule(s)

DNA in Human &
Eukaryotic
Chromosomes is Linear!

DNA in Most Bacteria
is Circular!

Two DNA Molecules After
Replication!

42
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A Chromosome Contains Many Genes Operating Independently
What is the Evidence?

What delineates each gene?

—
gene 1 gene 2 gene 3.....
ey . ] ———r \ ’
Position of Genes Coding 3 — e T B
1,2,43in CLC LB ), view o
Chr‘omosome Tempque 3, TCGACCAGGTGCA,GCATTAGGTCGTCTGCGTCAGCCT,GGATTCGG. 5,
Discrete Units! Notice sequence of each gene
mRNA1 . mRNA2 N mMRNAS3,
Notice- Each gene, mRNA, & 5 5 35— ————35 3 3
. . Gl UCCAGCAUGCGCAGUCGGA CCUAAGCC.
protein has a unique R A .
order/sequence of monomeric ¥ ¥ ¥
M protein 1 protein 2 protein 3...
- tein
A 7 N 1 7 N prof
Central Dogma N ‘ E‘ H ﬂ‘ H [4
~.Genes -> Functions in Cells via Function 1 Function 2 Function 3

Proteins
Cells duplicate & stay the same ->
DNA replication

Note sequence of each protein

VERY IMPORTANT CONCEPT!
COLINEARITY BETWEEN GENE SEQUENCE AND PROTEIN SEQUENCE
43
A Chromosome Contains Many Genes That Reside at
Specific Positions, or Loci, and Have Unique Functions
What Why Arrows in Different Directions?
Defines Gene geneA geneB gene C
Positions? —1 1 —
—
DNA
double
5 ay— helix
gene expression
\J \J \J
P |,
protein A proteinB proteinC
Because DNA Contains Two Strands--Genes Can Be Transcribed
From Either Strand--But Only One Per Gene
44
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Genes Reside at Specific Locations That Can Be Mapped

—— Ichthyosis (scaly skin)

——— Albinism of the eye Ieu i
thi " 3hon,

Retinitis pigmentosa

A form of hemolytic anemia

Human X .
Chromosome Cleft palate, X-linked MGP of E. coli tr, P
Rarg Genome cys
Some forms of gout
7
emop iha B
Fraglle X mental retardation Se I’ ‘g Iy
] Manic-depressive illness ade T h iS
Colorblindness
Hemophilia A
Diabetes insipidus
Linear DNA Circular DNA
How Know? How Know?
* Note Marker Bands - What are these? How are they useful?
* How Determine Gene Positions? Chromosome Number?
45

Alleles Reside at the Same Position on a Chromosome

Allele Phenotypes
Specify
Markers For Each
Gene Locationl

Gene Engineering Can
Generate New Forms of
Alleles of a Gene and,
therefore, Results in More
Different , :j‘ X ‘ E’W Genetic Diversity

Genes

SSSSSS

[ Resistance to 2
o .
otentate #2 —
\cpr) i
Normal (Mc) | Macrocalyx
(me)
Nor nwumW) wuw )
"‘% -

i mutations result in
o mww\\—/an p« y genetic diversity!!!

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

46
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Organization of Genes on Human Chromosome 22

(A)  human chromosome 22 in its mitotic conformation,

composed of two DNA molecules, each 48 X 10° nucleotide pairs long

250 genes

heterochromatin
xX10

10% of chromosome arm ~40 genes

@ "I IV N BN | ENiEE B

X10 Genes Are
Gene ooe Gene Gere Defined/Precise
1 1% of chromosome containing 4 genes

. 3 4
© |zt

— E 2 Regions of DNA
X10
Structural
one gene of 3.4 X 10'“p
©: == : HE HH One Large Gene!
5  regulatory DNA exon intron lgeneexpression 3
sequences protein

folded protein

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

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

47
A Conceptualized Gene
Beginning (Switch) o End
Promoter Transcription Coding 7equem:e
5 3
¥ -30 -20 -10 +10 +20 +30 5
Sense Strand Upstream # Downstream

Nontemplate strand 5' CTGCCATTGTCAGACATGTATACCCCGTACGTCTTCCCGAGCGAAAACGATCTGCGCTGC 3}
DNA

Template strand 3’ GACGGTAACAGTCTGTACATATGGGGCATGCAGAAGGGCTCGCTTTTGCTAGACGCGACG 5’

Transcribed Strand (Nonsense Strand) l
5

3’ Primary RNA
transcript
Figure 4-10b
Molecular Cell Biology, Sixth Edition
© 2008 W.H. Freeman and Company

Major Concept in “Making Proteins in
Recombinant Bacteria” Article by Gilbert
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DNA
Genetic Code of Life

Entire Genetic Code
of a Bacteria

DNA Fingerprinting

Cloning: Ethical Issues
and Future Consequences

Plants of Tomorrow

A “Simple” Gene Reviewed

Sense Strand = Genetic Code

Sense Strand =5’ = 3’ Direction (all DNA
sequences specified 5 =+ 3’)

Anti Sense Strand = Complement of Sense Strand &
is Transcribed Strand

mMRNA = Same Sequence As Sense Strand &
Complementary to AntiSense Strand

mRNA =5" = 3’

Switch Turns Gene On - Not Transcribed But
Upstream of Coding Region

Genes Function As Independent Units! How
Know? Design Experiment to Show!

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

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

Myeloid stem cell

@ Gene

Myeloblast

Granulocytes

s, Basophil
,:/ TS0,

Eosinophil f @?’ \ a @
“ M’* Blyr%::yte Q\

Red blood
cells 4 Neutrophil
38 ¢

Insulin

Lymphoid stem cell

@

Lymphoblast

S
intestine
. 2
4

"~

s——Small
A intestine
4 Natural

T lymphocyte killer cell
J

Platelets

T
White blood cells

50
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Control Switches Are Unique DNA Sequences &
Can Be Cloned

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

f )
Activators N\ St ( |
(eg ) ormonelre v protein)
“Control” :ﬁ SwiL/ Gen
Switch \_('_QATGWCT) \_ CAAT box TATA box Yy, 1 E Ch S iTCh HQS
J . Each Sw a

1) Activator proteins bind to
enhancer sequences in

Unique DNA Sequence

2. Genome Projects
Reveal Genes & Logic
Controlled by the
Switches

. Sequence = Biology

. No Hocus Pocus

. Yol It's in the DNAI!

oA w

-
N — Legos!!l
Transcription —
=" BNA synthesis

ipt
RNA polym e. Initiation Complex

51
The Eye Gene Can Be Expressed in
leferen‘r Par'Ts of the Fl¥ by Engineering
the Eye Swi
Replace the Head
Switch With the
Eye Gene Leg Switch by
Genetic
Engineering
Eye Gene ?
- d
Leg Switch
52
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Eye Regulatory Network

DNA
Genetic Code of Life

Control Genes Like The Eye Gene Control The
Activity of Other Genesl!

Eye Structure Genes

. : 5 3 gyebrote  Gene 1 — Protein 1
N ottt Eye - , Gene 2 Protein 2
switch | EyeGene Gene 3__ |Protein 3
- !
L ——__Gene4 Protein 4
Wﬁgﬁf_jf" Eye Protein Binds to
DNA Fingerprinting ) Switches 18 -:-um Genes Eye on Head!
n!
. Eye Structure Genes N
gye Protel® Gene T —— Pr‘o‘te!n 1
' Leg _Yé(&ene 2____ |Protein 2
ke | Switch | Eve Gene Gene 3___|Protein3
Gene 4 Protein 4
Normally Eye Gene is OFF
in Leg. Switch only Works |
in Leg. Eye on Leg!

Plants of Tomorrow

100 Years Into The Future

DNA
Genetic Code of Life If the Entire Human Genome is Sequenced?
If the Function/Protein of All Genes Are Known?
If All the Switches Are Identified & How They Go
On & Off From Birth to Death?
Entire Genetic Code . If We Understand How Genes Are Choreographed &

of & Bacteria All the Sequences That Program them

‘ What Does the Future Hold?

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

What Does This Mean For The Future of Humanity?

Cloning: Ethical Issues
and Future Consequences

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

Plants of Tomorrow
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