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fLos Angeles Cimes

Green sea slugs use plant genes to live on sunlight

The creature, which makes its own chlorophyll, incorporates algae genes into its system and
retains chloroplasts for photosynthesis. The finding may have uses in genetic engineering and

therapies.
By Amina Khan
January 16, 2010
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Chloroplasts are normally
found only in plant cells

Algae genes for chlorophyll
biosynthesis have been
incorporated into the sea slug
genome -
Horizontal Gene Transfer!
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Review of Last Tuesday’s Lecture:
What Are Genes & How Do They Work -
Part One

. What Are the Functions of Genes?
. What Is Gene & Genetic Diversity

. What is the Evidence For DNA Being the
Genetic Material

a) Griffith & Avery et al. Experiments
b) Modern Genetic Engineering Experiments
. Structure of DNA

. Genes & Chromosomes in Prokaryotes &
Eukaryotes
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Gene Action Leads to Specific Traits -
Genotype Specifies Phenotype

;;% Replication 1. Replication

( !IGGNOTYPC I ‘] Info{n{ation
5 3

DNA| moommoocsb
’ NA

Collection of Genes

Information

l

Q00 a0 Transcription .
% (RNA synthesis) 2. Gene Action
I

Information

BRNA|' "3’
——I L mRNA
Information

Translation
(protein synthesis)
\/
Ribosome
I Phenotype I +
Protein| Protein 3. Cell Function (Trait)

Collection of Traits

Genetic Engineering Alters Cell Function By Changing the Genotype
How is this Demonstrated Experimentally?
Design an Experiment!



Alleles Account for Variability in Traits -
Breeding Takes Advantage of this Natural Genetic Variability

Mendel’ s Traits Resulted from
Different Alleles of the Same Gene

Tomato Genetic Diversity

DOMINANT RECESSIVE

@  Sphericalseeds x Wrinkled seeds Q

. Yellow seeds x Green seeds 0
% Purple flowers x White flowers g\
ey, Inflated pods x Constricted pods .

Green pods x Yellow pods

Y .
& Axial flowers x Terminal flowers i‘,
Tall stems x Dwarf stems
= L2 (Tm) (0.3 m)

This Genetic Variability
Arose Spontaneously
By RARE Mutations



The Griffiths Experiment

EXPERIMENT

HYPOTHESIS: Material in dead bacterial cells can genetically transform living bacterial cells.

Kill the virulent S strain Mix dead S strain cells with living,
bacteria by heating. nonvirulent R strain bacteria.
METHOD
Living
S strain
(virulent) |

Injection gﬁ

RESULTS Mouse dies Mouse healthy Mouse healthy Mouse dies

]
A

Living S strain cells No bacterial cells No bacterial cells Living S strain cells

found in heart found in heart found in heart \ found in heart )

CONCLUSION: A chemical substance from one cell is capable of genetically transforming another cell.

The Transforming Principle




HYPOTHESIS: The chemical nature of the
transforming substance from pneumococcus is DNA.

METHOD

= Heat-kill virulent S strain bacteria,
homogenize, and filter.

S strain
(killed)

Experiments by

Ave Y et al. Tlfe*n:;m;':fw'm
Showed that =
DNA Is L5 &
the Genetic =] |
‘sf‘
&

Material e,
5 Only Rough Cells

Virulent S strain and R strain bacteria § R straj:nl')yactena J W e r‘ e F ou n d
Cultures treated with In C u l Tu re

RNase or protease
contain transformed
S strain bacteria...

%
o

When
Dnase Destroyed
DNA
There Was
No
Transformation

RESULTS

...but the culture
treated with DNase
does not.

CONCLUSION: Because only DNase destroyed the
transforming substance, the transforming substance is

DNA.




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

double-stranded DNA

1. Complementary Strands

2. A=T and 6=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

5’ FiTS)

7. Sequence of One Chain
Automatically Specifies

I Sequence of Complementary
3

sugar-phosphate  hydrogen-bonded
backbone base pairs

DNA double helix

Chain (Basis of Replication!)

Watson and Crick, Nature, 1953



Genes Reside at Specific Locations

<+ Ichthyosis (scaly skin)

——— Albinism of the eye

Duchenne muscular dystrophy

Retinitis pigmentosa

A form of hemolytic anemia

Cleft palate, X-linked

Some forms of gout
Lesch-Nyhan syndrome
Hemophilia B

/ Fragile X mental retardation

Manic-depressive illness
Colorblindness
Hemophilia A

Diabetes insipidus

]

Linear DNA Circular DNA

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



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

L ]
heterochromatin —

X10

10% of chromosome arm ~40 genes

) I IV | 0 D N | i AR

o L . Genes Are Defined/
Gene :é‘: B Gene Gere Precise Regions of
1% of chromosome containing 4 genes 3 4 j DN A
© - = == | 5
X10
Structural
one gene of 3.L><1()‘w\'
(D)= . - - e One Genel
5’ lregulatoryDNAl exon intron lgeneexpression 3
sequences . protein
5. folded protein
Genes Act As Individual Units?
How Know? Experiment! Genetic Engineering Antibiotic?

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



THEMES

DNA
Genetic Code of Life

Entire Genetic Code
of a Bacteria

What is the Function of a Gene-Review?
How Are Genes Regulated - Switched On & Off?
How Does DNA Replication Occur?

What is the Polymerase Chain Reaction (PCR) and How
is PCR used?

How Do Mutations Occur?

How Can Pedigrees Be Used To Follow the Inheritance
of Mutant Genes?

How Do Mutations Change Phenotypes?

What is the Colinearity Between Genes & Proteins
(how does DNA—protein)?

What Is the Genetic Code?

0. How Do Gene Expression Processes Differ in
Eukaryotes & Prokaryotes?

Cloning: Ethical Issues 11. How Can Splicing Cause One Gene To Specify Several
and Future Consequences Different Proteins?

12. Yol-It's in the DNA Sequences- What Are the
Implications For Genetic Engineering?

DNA Fingerprinting

50 ON o0 hwhE

Plants of Tomorrow



A Conceptualized Gene

On Switch Beginning End

Transcription

Promoter Coding sequence
\ | [ /
< T 2
3' 5!
-30 -20 -10 +10 +20 +30

+1
Upstream Downstream

Sense Strand
Nontemplate strand 5’ CTGCCATTGTCAGACATGTATACCCCGTACGTCTTCCCGAGCGAAAACGATCTGCGCTGC 3'}
DNA

Template strand 3’ GACGGTAACAGTCTGTACATATGGGGCATGCAGAAGGGCTCGCTTTTGCTAGACGCGACG 5’

Transcribed Strand |

SI

3’ Primary RNA
transcript
Figure 4-10b

Molecular Cell Biology, Sixth Edition
© 2008 W.H.Freeman and Company



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

Gene X
Beginning> End
5 END > 3’ END
TATAAT YAGCTCGAAC ATTTT
START SENSE STRAND)
M “SWQITQCH” Genetic Code (Function) TE‘BSW:‘]T%TA?N Downstream)
Next Gene PROMOTER r_imuscm“n snu@ Next Gene
@TATTAAC GAGCTTG T@AAA

Z

" RGCUCGAAC,

CONTROLS 5 END 3’ END | COMPLEMENTARY TO
MRNA X TRANSCRIBED STRAND
When & = TEMPLATE FOR RNA
where a gene
becomes
active? START END
' TRANSCRIPTION TRANSCRIPTION

k UNIQUE CELL TYPES !

Note: mRNA Sequence = Sense Strand Sequence



A Chromosome Contains Many Genes That
Work As Individual Units

What delineates each gene?

N DNA
Helix

g‘:\_isyf 7 ﬂ \ ger:e 1 - ger:e 2 l \gene SY_
. Y Ay | 5 N1 A y
Psiton of Genes s I M I &
1’ 2' & 3 in Templa.‘.e 3, TCGACCAGGTGCAIGCAT TAGGTCGTCTGCGTCAGCCT GGATTCGG...... 5DL\IA
chromosome Notice sequence of each gene
Discrete Units! Evidence? 4 \4 N
5’ 5, mRNA1 3’5 mRNA2 3’5 hmF{NJA£3 3’
Notice- Each gene, mRNA, & T A
protein has a unique prder/ ¥ ¥ ¥
sequence of monomeric units protein protein 2 protein 3.
N-1Arg| ¥ Pro CN Val | lle | Cys | C N Ag| > C protein
Central Dogma Function 1 Function 2 Function 3
-.6enes -> Functions in Cells Note sequence of each protein

via Proteins
Cells duplicate & stay the same
-> DNA replication

VERY IMPORTANT CONCEPT!
COLINEARITY BETWEEN GENE SEQUENCE AND PROTEIN SEQUENCE
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and Future Consequences
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o o

A “Simple” Gene Reviewed

. Sense Strand = Genetic Code
. Sense Strand = 5 = 3’ Direction (all DNA

sequences specified 5° =& 3')

. AntiSense Strand = Complement of Sense Strand

& is Transcribed Strand

. MRNA = 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 -
WHY IMPORTANT FOR
GENETIC ENGINEERING?

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



Control Switches Are Unique DNA Sequences
& Can Be Cloned

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

[11 ” 11 ”

wawitch

(e.g. hormone/receptor protein)

Enhancers (e.g. TGTTCT) ) K CAAT box TATA box

=

1) Activator proteins bind to : 80 nt |

enhancer sequences in
the DNA.

2) DNA bending brings the
bound activators closer to
the promoter. Other

@ ©
Transcription o

transcription factors factors - )
and RNA polymerase
are nearby. I T ]
RNA
polymerase
3) Protein-binding domains

on the activators attach to

certain transcription factors RNA

and help them form an polymerase
active transcription initiation T — W ~
complex on the promoter that e =

stimulates RNA synthesis by Transcription o —
RNA polymerase. Initiation Complex ~~  RNA synthesis

Copyright © 2009 Pearson Education, Inc.



Control Switches Are Unique DNA Sequences
& Can Be Cloned
AND used to re-engineer organisms!!
Switches act independently of genell

Control Switches
Upstream Regulatory Region Promoter  GENE —>

When/Where! (Switch)
RE1 RE2  RE3 RE4 RED RE6
A X A ‘

Regulator
Pgofeinsy ’ . ' . .

Turn genes J;l‘rf's bge"‘ ionfrol timing of When appropriate transcription factors
on & off A (nbrain gene expression are boiund at RE1, RE4, and RE5,
O SRY Gene binding of this transcription factor to
@ Eye Gene Increases rate  Turns gene OFF in RE6 allows RNA polymerase to begin
of transcription  most other tissues transcription

Genome Projects Each Switch = Unique DNA Sequence | | No “Hocus
Reveal Both the Pocus”

Genes & the Logic _ Yol It's in
that Controls them! RULE: Sequence — Biology!l the DNA!




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

(B Insulin
/ G \ Gene
ﬂﬁ ‘; Blood stem cell ‘
st Esophagus — ’

Myeloid stem cell Lymphoid stem cell

\

WA
MCA(NY R g :
) 57 ;. 3 " & = ¥
O\ y | W \ |
y \\ 3 Stomach
e N "‘A:
B, G «

Myeloblast Lymphoblast

\ v (8N '
Granulocytes / l \ Pl s X o i | intestine
; Basophil =\ %
Eosinophil #’ _BUsie™ e, L e o
3 % . r —>Small
Y ‘ , ‘ N slr JhP | intestine
Red blood B lymphocyte Natural i A 9 A, '

cells = Neutrophil & ‘ T lymphocyte killer cell

A ¢
. L ; J

T
latelets White blood cells

e large

Hemoglobin
Gene

Antibody Genes
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Cloning: Ethical Issues
and Future Consequences

Plants of Tomorrow

THE GENE AND SWITCHES ARE
UNIQUE DNA SEQUENCES

1. They Can Be Cloned & “Shuffled” & Engineered

Creating| New |Genes That Have No Counterparts
in Nature. & (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 Seed)

4
Human Genes + Plant Seed Switch

3. All Genes are Regulated & Controlled by Switches.
Genome Projects Reveal Both The Genes & The
Switches & Wiring Together of All Switches in

Gene. & Program of Life From Birth to Death

Yol It's in the Sequencesl!



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

Replace the Head
Switch With the
Leg Switch by
Genetic
Engineering

Eye Gene

rrg P Caloors, ons . Hader

Eye Gene

+
° |I .
Leg Switch  [RECLUNCTEREF NN

/(" tissue

G

o Abnovmal zcindie of the ryelr=a gena M43
CogErecerec an eye an e feg cra iy




Eye Regulatory Network

DNA
Genetic Code of Life

Regulatory Genes Like the Eye Gene
O Control the Activity of Other Genes!
. . 5’ 3’ gye Prote" Gene 1——|Protein 1
Switch | Eve Gene _Gene 3___, |Protein 3
‘ L ——__Gene 4 Protein 4
Wﬁ'r'ks dlm Eye Regulatory Protein |
DNA Fingerprinting ead: Binds to Control Switches Eye on Head!

| to Turn Genes Onl

o Prote" Gene 1——|Protein 1
Leg . __,|Protein 2
R Aomkeod | Switch | Y Gene Gene 3___,|Protein 3

———_Gene 4 Protein 4
Normally Eye Gene is

OFF in Leg. Switch Only |
Works in Leg. Eye on Leg!

Plants of Tomorrow
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Entire Genetic Code
of a Bacteria

DNA Fmgerprmhng

Cloning: Ethical Issues
and Future Consequences

Plants of Tomorrow

100 Years Into The Future

. 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?

. If We Understand How Genes Are Choreographed

& All the Sequences That Program them

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!




How Do Genes Work-A Review

o ¢ ! @ Gene Activity to
Q) Replication BTN — Function &
Phenotype

( y m Inside of cell
\
y .ﬂ*"W;W' YA

/4
\ 4 |

/f "' Transcription __/5@9 Foure )
Profein " ‘ m (RNA S'-j‘nthp:-sis’, ~N 125
|
! o :
" Translation | See Figures
M o ‘ ( See Figures
Function \ 128 and 12.9

Gene Activity

® Proteins
Enable Trait

(protein synthesis) \12.10-12.13

| RALARS- (A
A\ = Ribosome /
Phenotype 5—— Function -

(Trait) \

o

A Gene is NOT Expressed
Unless a Functional Protein Produced!



How Are Genes Replicated
During Each Cell Generation?

One “A” Cell AT

~— A Genome Replicated

A Ge no m e F Cf\\f\‘f NVAVAVAVAVAVAAVAVAVAVAVAVARILAARAVAA AV AV Y
NARARAARRNRNN
Novnnn v——‘\\mc\\::Cf—‘\\m\c\\C
— — —

How is The DNA Sequence Copied/
Replicated Each Cell Division?

Pass on Genes to Next Generation Precisely?

BASIC OF LIFE!




Genes Are Replicated Before Cells Divide

Chromosome @
"1 l chr

DNA A “Clone”

. e Note - Each Clone of Bacteria
ReP"Ca*'on\m | — Contains Clones of Cells

omosome

Cytoplasm N e
Division ., ., -106 cells per colony ~50 colonies per dish
A~ Clones | A Bac‘rer'.ial Colony Contains
G‘;) G‘;’ ) Many Copies of Same Cell, or
‘ Clones, Which are Genetically
Identical!

Each Daughter Cell Contains The Same Collection of Genes

Major Properties of Genetic Material

|
Replication & Stability Clones!




DNA is Stable!
The Sequence of Each DNA Strand
Must Be Maintained Division After Division

Parental Daughter
strands strands

AEEE

Figure 1-10
Molecular Cell Biology, Sixth Edition
© 2008 W.H.Freeman and Company

Each daughter DNA must be identical to the parent DNA,
both in nucleotide sequence and polarity




DNA Replication Occurs Semi-Conservatively

Meselson & Stahl, PNAS, 1957

template S strand

S strand

S’ strand
parent DNA double helix

template S’ strand

1. DNA Structure Allows DNA Sequence to Be Maintained
by Complementary Base Pairing

2. Each Strand Serves as a Template for the Synthesis of a
Complementary Strand

3. New DNA Molecules are Precise Copies of Parental DNA

- Each Containing One Newly Synthesized Complementary
Strand



Semi-Conservative DNA Replication
Explains How DNA Sequence is Maintained Precisely

nucleotide
monomers

The Existing DNA
Strands Act As
Templates

for the Synthesis of
the Other Strand -
Based on
Complementarity of
Nucleotide Bases

The DNA sequence of the template strand specifies the
order of nucleotide added 5° to 3’ in the daughter strand -
determined by base-pairing




DNA Synthesis Occurs in the 5° to 3’ Direction

Growing strand Template strand Growing strand

5" end 3’ end 5 end

Synthesis
5 y
Phosphate
Sugar
Base
The enzyme DNA
polymerase lll adds the
next deoxyribonucleotide,
_. o the —OH group at the
Nucleotidesfare added A V N end of the growing
to the 3’ eng. . ) L
4 >
3 y
Pyrophosphate ion

OH
3 end [ C pairs with G. ! \\{
5’

Pnosphate ions

phosphate groups are
broken, releasing energy

Bonds linking the
5 end
to drive the reaction.

Orientation

* 5" Phosphate and 3’ Hydroxyl Specifies Polar Sequence

e A nrimer i< reaiired for DNA cvnthecis




-

DNA Replication Through
Continuous and Discontinuous Strand Synthesis

3

’

5

Leading Strand

-

%ingsh'and
3

-



DNA Replication is Discontinuous - DNA Synthesis
Occurs 5 to 3’ on a Leading and Lagging Strand

DNA Replication Fork

Replication Fork Unwinding
Fork with Proteins Leading Strand
Concerted Replication Lagging Strand
Trombone Model Fork Growth

Leading strand

As the fork extends, the process
repeats, forming a continuous leading
strand and multiple Okazaki
fragments.

y.
Lagging strand

credits <l ] ] > [

http://www.mcb.harvard.edu/Losick/images/TromboneFinald.swf



DNA Replication Requires An Enzyme - DNA Polymerase

Note: Nucleotide, Primer, & Template
o 5 tnphosphate

Note: Polarity

W — L+
Ho_f ) pyrophosphate
5"t°’3' 3/ sl
pnmer s
incoming HO strand direction of HO
deoxyribonucieoside chain growth
tnphosphate template
3, strand 5 3
fingers “thumb”
incoming
deoxynucleoside
triphosphate
template
strand
POSITIONING UCLEOTIDE
OF INCOMING INCORPORATION
DEOXYNUCLEOSIDE FOLLOWED BY DNA
(B) TRIPHOSPHATE TRANSLOCATION
primer
strand

1. DNA Polymerase Catalyzes 3’ -5° Phosphodiester
Bonds & Copies the Template

2. DNA Replication Needs a Primer, Template, DNA
Polymerase,& Nucleotides



DNA Replication Requires An Origin of Replication

DNA Polymerase Binds

Plasma membrane

DNA Replication Also Requires:
1. Template

2. Nucleotides

3. DNA Polymerase (Machine)

4. “Primer” to Start Replication

Two IDENTICAL Cells - Phenotypically &
Genotypically - From One



ORI
DNA Replication Starts at The Origin of Replication

EcoRl - Apo 1 4359 — Clal-BspD 123
~Hind 111 29
-EcoR V 185
| ~Nhel 229
| | /
Ssp14168 | |/ | f BamH 1375
Ear 14155 I

Aat 11 4284
BsrB - BciV 14209

[ [ SgrA 1409
/ ~Ban 11 471
4054 / [
Eco57 1405 [ a1 485
Xmn 13961

| / ;- Dsc1528
Hinc 11 3905—
Scal 3844 — —Sph1562 . . .
' o DNA Replication is
Pvul3733 — Sal 1651
BsD 13608 Hinc 11 651
Pst13607

Co e Bidirectional From

PshA 1712
Asel3537 —

the ORI

Eag 1939
Bsal 3433 ——

85D 1 3420 w197 O RI
Ahd1 3361 — — BStAP 11045
BspM 11063 C (0] )
PIM 11315
£co57 13000 Bsm11353
Sty 11369 .
A 1 e Hypothesis For
||| Aval-BsoB 11425 - .
PpuM 11438 T D t
| Moty WO birection
Dsa 1 1447
o 1 148 Synthesis?
AL - BspLUTT 1 2473 y ¢
BsrB | 2408 Bsg11656
Ear12351— Xmn 12029 BspE 11664
Sap 12350 Pvu I 2064 BsaB 11668
Nde 12295 BsmB 12122
BStAP12291
BStZ17 1 - Acc | 2244 Drd12162

BsaA 1 2225 PfIFI - Tth11112217
— —

DNA Polymerase Binds to The Origin of Replication (ORI) to
Begin DNA Synthesis

How Control Division?



DNA Replication Moves Bidirectionally From Origin

EcoRlI
Origin , restriction
site
EcoRIl -, -

Ll 1

Circular viral
chromosome

Genetic Engineering
Concept

Replication

4 bubble
el

A~~~

Foreign DNA Segments
Use the ORI of
Chromosomes/DNA into
Which They Are Inserted

e.g., bacteria insect resistance

gene uses plant ori P
> N :» ) ‘ﬁﬁ

sl

<———Time of replication

Figure 4-32
Molecular Cell Biology, Sixth Edition
© 2008 W.H.Freeman and Company



The Origin of Replication is a Specific Sequence

( Strand seperation initiates at the origin

Three 13bp repeats & Four 9bp repeats
GATCTNTTNTTTT  TTATNCANA

v v The origin has two sets of repeats

\_| s anomsesesosaen | ) |LIMER 2 3 4
™BnaA monomers bind at 0bp repeats
I, - <|3 mer§ > J-mers >

DnaA binds to o
13bp repeats < 2451 >

DNA strands

separate at

13bp repeats 1. How Do you C'One an
Origin of Replication?

DnaB/DnaC

joins complex, 2. Specific Sequence - What Does
forming This Mean For Genetic Engineering?

replication forks

‘@@?

3. What is the Significance For Genetic Engineering?

4. Can Replicating “Chromosomes” Be Made?



Vectors Require an ORI
To Replicate Genes in Specific Cells

DNA

Genetic Code of Life A le_nid pBR322
Host: E. col 1. ORI is a specific sequence
2. ORI is Genome & Organism
Jhindil Specific
Pstl —a +-BamH 3. DNA Polymerases are

Specific For Each
. = Sal Organism. Therefore need
resistance gene

@@mp) Tetracycline correct ORI to Replicate
Origin of resistance gene Gene in a Specnflc
replication (o (tet") Organism!

+ Recognition Site for Restriction Enzymes

DNA Fingerprinting

Entire Genetic Code Ampicillin
of a Bacteria

Need Bacterial ORI to clone human gene in
Note __,| bacteria. Need human ORI to replicate a bacterial
gene in human cells.

Yol It's in the Sequence= Function
and Fuure Consequences .". Vectors can be Engineered!
Ori’ s can be cloned/synthesized!
MODULARI!!

Plants of Tomorrow



The Polymerase Chain Reaction or PCR
is a Molecular Xerox Machine

Specific Gene

T elected se en
ar f DNA

\J ——

Sizel

How Many Copies Afer 75
20 Replication Cycles? ={=_=

DNA Copies All The Same Size

1. PCR Has Revolutionized DNA Analysis!
Specific DNA Sequences/Genes Can Be “Copied” Directly
From “Tiny” Amount of DNAI

2. No Cloning Needed!

3. But Need Sequence!



Using Gel Electrophoresis to Visualize PCR Products

Specific Diagnostic

DNA Band Unique to

DNA Sequence Being
Amplified

<+<— Target-Specific Band
Diagnostic For Specific
DNA Sequence

Can Amplify One DNA Sequence From
an Entire Genomelll



PCR is a Cyclical Process of DNA Replication

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display. Re Uir'es
‘ R 1. Template
‘I, 2== |Repeat Steps or Cycle P
= il B 2. Primers
ﬂ| L 2" Molecules B 'f)’;”s":aﬁ?gc
e e - of DNA Sequence
gl where n = 4. Nucleotides
T *—w"ﬁ:mx; Number of mcm
to allow annealing
T of primers. Stable A
N K s Cydes < Polymerase
Pri I to DNA &?o%%;%m
i 1111111 '
N s NN, i,
ouorss | ST, OO \
< Cyclez 'rrllllL & Fr.om Ther.mus
\ ° . . aquaticus - a
v I I .
M : bacterium that
:. s ::EH]I}I]IHH:: lives in geysers!
. I

Diagnostic For Amplified
DNA Sequence

\ 4

DNA Fragments All The Same Size
Primer-Sequence-Primer




gFﬂ‘" Polvmerase Chain Reaction

> oo - )
Play | Pause Audio | Text

The polymerase chain reaction is a method for making many copies of a specific
segment of DNA, starting with a very small amount.

Copyright © The McGraw:-Hill Companies, Inc.

http://highered.mcgraw-hill.com/olc/dl/120078/micro15.swf



Requirements For PCR

o0 hw

. Knowledge of a Specific Sequence to Amplify (e.g.,insulin

gene)

a) Must Have First Cloned & Sequenced DNA of Interest
the “Old-fashioned Way”

. Primers That Recognize Specific DNA Sequences &

Initiate DNA Synthesis & DNA Polymerase Binding To
Template

Template (e.g., DNA From Human Cheek Cell)
Heat-Stable DNA Polymerase
Nucleotides

Thermoprogrammer/Cycler To Heat & Cool DNA in Cycles-
Separating DNA Strands, Allowin? Primers To Bind
Complementary Sequences (Anneal), & Permiting New
dsDNA Molecules to Form

It’'s All in the DNA Sequences -- Know Sequence & Can
Synthesize an Infinite Amount of Specific DNA Sequences.
It know Takes One Hour To Do What Used to Take YEARS!




PCR Has Made DNA Cloning and
Recombinant DNA Technology
Obsolete?

a.Yes
b.No



Copyright © The McGraw-Hill Companies, Inc. Permission 1 Cupyrighl © The McGraw-HlI Companies, Inc. Permission 1

< — DNA segment
to be amplified Ioocmw
ﬁ/ &y = B / 4
— = 4 — ==
machina ' machine ’
'gn — = —
1o denature DNA- Gtk DA
DNA is denatured DNA is denatured
o single strands 8B 0o singlo strands
——t— = —t— L
ST = . ST (2 .
fowet tomgeraturo fower temperature
10 allow annealing to afaw anncaling
»JALIANNARAY & > AMARARARANT &
\ s

_/W
[

e
g

Tag DNA polymerase
5 =3 5 =y
3 5

Examples of PCR Applications

Copyﬁght © The McGraw-Hill Companies, Inc. Permission 1
Copyﬁght © The McGraw-Hill Companies, Inc. Permission
3 JY - Se—
5 P ¥ Amdaamn
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Polymerase Chain Reaction is Used to Diagnose Embryos
From In Vitro Fertilization Before Implantation -
Preimplantation Genetic Diagnosis (PGD)

In Vitro Fertilization:
Egg is fertilized with a
sperm in vitro - embryo is
implanted in the uterus

N

Egg collection
Ovary

Embryo \

\Uterus
Sperm Egg
/ \

Embryo

\
g Transfer w

Conception achieved by in vitro fertilization

Mitotic cell division b

< 7
(‘1‘4\8-‘

Q*(»f;,

Microscopic pipette suctions away one
cell for genetlc analysis

Genetic testing of DNA
/ ﬂ ngle cell

Mutatio dtti utatio ittl
embryo d tt ;tl plantation of embryo

PGD - Testing for genetic
defects in the embryo
before implantation



DNA
Genetic Code of Life

Entire Genetic Code
of a Bacteria

PGD
Pre-
Implantation
Genetic
Diagnosis

DNA Fingerprinting

Cloning: Ethical Issues
and Future Consequences

Plants of Tomorrow

PCR is Used To Analyze Gene in

a Single Embryo Cell

9800
S0
0% ©

Remove oocytes following superovulat

‘ Fertilize in vitro

000
@@@

610“9

What is The
Implication of
This Procedure

Considering

That The
Human Genome
Has Been
Sequenced?

single ¢ IH om each embryo

UHHU

Amp”’yY h omosome-specific DNA eoh llbyPCR

le) O”‘v234,565
Ve

F |
Male-specific[iEiiE T e S S e
fragmen' - Readiiand -

Sex
Determination in
8-cell Embryol!

Analyze PCR products on gel




De‘rermlnln%‘rhe Genetic Identity of a
Human Embryo Before Irnplcm’rcn'lon|

Preimplantation Genetic Diagnosis (PGD)



Genetic Diseases Screened Using PGD

Achondroplasia

Cystic fibrosis

Hypophosphatasia

PKU

ADPKD1 Down syndrome Incontinentia pigmenti | Retinitis pigmentosa
Duchenne muscular
ADPKD?2 dystophy Kell disease SCABG oSickle cell anemia
Sonic hedgehog
Adrenoleukodystrophy Dystonia Klinefelter syndrome mutations
Spinal muscular atrophy
|Age-related aneuploidies| Epidermolysis bullosa LCHAD (SMA)

Alpha-1-antitrypsin

Familial dysautonomia

Lesch Nyhan syndrome

Tay-Sachs disease

Alport disease

Fanconi anemia

Marfan syndrome

Tuberous sclerosis

Amyloid precursor protein
(APP) mutation

FAP

Multiple epiphysial
dysplasia

Turner syndrome

ARPKD Fragile X syndrome Myotubular myopathy Von Hippel Lindau

Becker muscular
dystrophy Gaucher disease NF1 and NF2 X-linked hydrocephaly
X-linked hyper IgM
Beta-thalassemia Hemophilia A and B Norrie disease syndrome
Charcot Marie Tooth
disease HLA genotyping Osteogenesis imperfecta
Chromosomal

translocations

HSNF5 mutation

OTC deficiency

Congenital adrenal
hyperplasia

Huntington disease

P53 mutations




Parents Should Be Allowed To Use
PGD to Test Their Embryos For
Any Gene and Select Specific

Combinations of Genes For

Their Child?

a. Yes
b.No



PCR Can Be Used To Analyze Genes During Pregnancy

sired for

Copyright © The McGraw-Hill Comp Inc. P quired for reproduction or display. Copyright © The Hill Comp Inc. production or display.

V' Cells from the chorion
| Uitrasound device

'

Copyright © The McGraw-Hill Companies, Inc. Perméssion required for reproduction or display.

TABLE 13.

Dominant/ Frequency Among

Disorder Symptom Defect Recessive Human Births
Hemophilia Blood fails to clot Defective blood-clotting factor VIII ~ X-linked recessive 1/10,000 (Caucasian males)
Huntington disease Brain tissue gradually Production of an inhibitor of brain Dominant 1/24,000

deteriorates in middle age cell metabolism
Muscular dystrophy Muscles waste away Degradation of myelin coating of X-linked recessive 1/3700 (males)
(Duchenne) nerves stimulating muscles
Hypercholesterolemia Excessive cholesterol levels in - Abnormal form of cholesterol cell Dominant 17500

blood lead to heart disease surface receptor



Using PCR To Detect Genes In Ancient DNA

Ancient DNA Milestones

These extinct organisms have yielded
meaningful genetic sequences.

AMBER
FOSSIL LEAVES MAMMOTH

40 MILLION YEARS OLD 17 MILLION 40,000 13,000

B g )
. £ Aag
%‘rl\..‘& k

)

@ R

_—\ !

~ V77 -\ 3

v \,.(‘ 117 -
. - -

MOA QUAGGA THYLACINE
4,300 140 80 PRESENT

Just Need One Molecule of DNAII

An Advanture
65 Million Years In The Making

An Advanture
65 Million Years In The Making




Using PCR To Detect Genes in Mummy DNA

84 BASE-PAIR 471 BASE-PAIR
TARGET SEQUENCE TARGET SEQUENCE

i
.
AL 47 >
gg
29
) g TARGETS
<
; X Sz - /
1 X
T
M UJVEM Y 2o I
: L ¥ & |
RETUTRN ¢ g2 ARTIFACTS
- d « OF| AMPLIFICATION -
T PROCESS
o 3¢
) B
A /
2 MUMMY CONTROL MODERN MUMMY CONTROL MODERN

Sequence to Determine Relationships



Using PCR to Amplify Mammoth DNA From
Fossilized Hair & Sequence the Entire Genomel

Nature, November 2008

Sequencing the nuclear genome of the extinct woolly
mammoth

Webb Miller!, Daniela |. Drautz', Aakrosh Ratan', Barbara Pusey’, Ji Qi', Arthur M. Lesk’, Lynn P. Tomsho',
Michael D. Packard', Fangqing Zhao', Andrei Sher’}, Alexei Tikhonov®, Brian Raney", Nick Patterson®,
Kerstin Lindblad-Toh?, Eric S. Lander’, James R. Knight®, Gerard P. Irzyk®, Karin M. Fredrikson’, Timothy T. Harkins’,

Sharon Sheridan’, Tom Pringle® & Stephan C. Schuster'




Using PCR to Amplify Neanderthal Bone DNA and
Sequence the Entire Genome!

€he New JJork Times
Scientists in Germany Draft Neanderthal Genome

By NICHOLAS WADE

Published: February 12, 2008 SIGN IN TO
RECOMMEND
Scientists report that they have reconstructed the genome of E TWITTER
Neanderthals, a human species that was driven to extinction some =
SIGN IN TO
30,000 years ago, probably by the first modern humans to enter E-MAIL
Europe. (5 PRINT

From a 45,000
Year-0ld Bone
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sexual assault sample

T

Using PCR in Crime Scenes

—— —
L &
ey

o

remove cells

= sperm cells
 non-sperm cells

ao sperm DNA
2o non-sperm DNA
fabric substrate

[ DIFFERENTIAL EXTRACTION |

analyze
—

| Note: Some details of the analytical

| process have been simplified or
omitted for clarity. This should

| not be considered a protocol for

| performing a differential extraction

_________________

Zon-sperm DNA

sperm DNA

Iyse sperm

Crime

Suspect Victims gcene

RG NB

| |

—— —— 25
o f—— S -P 24
— v -

-— . -
—— - -
- —— - 18
— - -—

o
: -4

OS = Suspect
CS = Crime Scene
RG & NB = Victims

DNA Doesn’ t+ “Lie” |l

“Match”
What is
Probability
That This
Will Occur
by Chance?

FORENSIC




Using PCR To Determine an Individual’s Ancestry

What’s Your Tribe?* Discover Your Past!

@ Test your autosomal DNA inherited
from maternal and paternal, lineal
and non-lineal ancestors,

v/ Determine if two people are relate

v’ Determine if two people descend m!
v’ Find out if you are related to others
v
v

® Most comprehensive test available:
896 world populations and
36 unique Genetic World Regions.

Prove or disprove your family treeé'research™ =
Provide clues about your ethnic origin

® Personalize and customize your
analysis with Add-Ons any time.

® Our Premium Kit test now includes
21 powerful STR marker systems.

PCR Started a New Industry

Adopted? 0 1 Maternal & Paternal Testing
Find out about your ancestry...

DNA can reveal ancestors' lies and
secrets LA Times, January 18, 2009



Using PCR To Detect Food Pathogens

Hamburger 1 Hamburger 2
. /T’ -\y.__\ /”.f"-:“' gy
Laboratory _——— - y A TN _———_ Laboratory
strainof & ;@: m q{ﬁ;&&? strain of
non-pathogen o re——— RO i ~-. . pathogen

300 bp ‘ A 400 bp
product _;'—*‘ “““ product
150 bp _—b:}_ | PCR reaction with all four primer pairs | o 225 bp
.......... ' A SO — T E—
product - l 1 - product

mkr

N S — — — —

603 —
— = 400 bp
MW= -—— — 300 bp
234 —
— 150 bp

118 —



Using PCR To Detect Human Pathogens

(Viruses, Fungi, Bacteria)

THE
FACTS

WHAT YOU
SHOULD

KNOW ABOUT A
VIRUS CALLED

ViroSeq

 VDHi:
HIV-1 Genotyping System ([))rE L@'XW&ENT
- in general settings.”

Each Genome Has Specific DNA Sequences That Can Be Used For
Screening and Diagnosis Using PCR



PCR Has Many Uses, Has Changed Many Fields, and Led To
New Ones That Have Had a Big Impact On Our Lives

1.

2.

Amplify Any DNA Sequence, or Gene, From “Tiny” Amounts of DNA or Biological
Materials IF ORIGINAL SEQUENCE KNOWN

Study DNA From Limited and/or Degraded Sources Such As:

1. A Single Human Hair or Cheek Cell

2. An Ancient Fossil (e.g., Neanderthal Bone or Mammoth Hair)

3. An Ancient Insect Trapped in Amber

4. Human Remains (e.g., 9/11 Victims)

5. A Single Human Embryo Cell

6. Contaminated Meat To Determine the Causal Organism

Used In:

1. DNA Fingerprinting-Individual Identification-Genetic Disease Screening

2. Forensics (Crime Scenes, Mass Graves, Criminal Suspects, Wrongfully
Convicted)

3. Paternity & Family Relationships (e.g., Immigration, Tracing Lost Children)

4. Disease Diagnosis & Pathogen Identification (Humans, Animals, & Plants)

5. Human Origins & Migrations

6. Ancient Genome Sequences & Evolutionary Studies

7. Specific mRNA Detection

8. “Cloning” Specific DNA Sequences

9. Tracing Plant & Animal Sources (e.g., Stolen Cattle, Cactus)

Need as Little as One Molecule of DNA & Can Replicate an » Amount of Specific
Sequences

Revolutionized How To Study & Manipulate DNA
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DNA Replication is Precise:
But Mistakes or Mutations Can Occur!

BASEPAIR DNA | RNA
RULES
pair{ '{‘: G } pair
Gene A ORIGINAL | - S |
BASE PAIR pair : : pair
Replication® New Base Pair
‘ ’ glLJJEﬁIIGON Rare Base
-~ REPLICATION Mismatch

C mispairs with A

mutation

Replication®
attempted repair .
, e Mutation Seen
Gene A RESULTING As Change in
Allelic Variant el Phenotype

Change DNA Sequence From A = T to 6 = C

. Change Protein Amino Acid Sequence »» Alter Function!

‘ —_— & Big Tomato to Small Tomato




Mutation in Genes Are Rare But Are Inherited

Normal CF gene

Mutant CF gene

]

Mutation in the
Cystic Fibrosis Gene

normal

il

parents

_—

carrier

I

Y
offspring

normal
carrier

I

carrier

I

One Gene per
Gamete

2 + J

Two Genes per
Somatic Cells

How Follow
Inheritance?
What Allows Disease
To Be Followed?

Analyze PCR products on gel

DNA Marker or
Fingerprint!



Alternative Forms of the Same Gene - Alleles -

Lead to Genetic Diversity

Alleles [

L
Xanthophyllous ;ﬁgfa Green (xa)
(Xaxa) ||

12
Susceptibility | Mj
toleafmold »* < leaf mold fro ]
(cfp2) N é
Normal (Mc) | Macrocaly:
(e (mc)
Nonwilty (W)

mutations result in
genetic diversity!!!

35
i
i
i “
e
i 5
o

[P
Normal (Nt) \— Nipple-tip (nt)

[

el

v o
s —
W g
e _—— —_—
{

Analyze PCR products on gel

Can Follow These
Traits With DNA
Markers As Well

Nucleotide Polymorphisms)

Spontaneous Mutations Give Rise to Alleles, or
Different Forms of the Same Gene, as a Result of
Small DNA Sequence Changes (e.g., SNPs or Single




Translating the Genetic Code Into
Proteins is a Conserved Process

;;m\www Replication

Mutations Are ‘l Information
Inherited Because

DNA | X0 .
Alrereg' Gene ol B 1 Mutations Lead To
Replicates ¥ °'Tat'°" Altered Protein
I Because mRNA and
00 N ranscription o
- Encoded By Gene
Information
: ! Changes
RNA | I
o Information  MRNA
|
Translation ‘
(protein synthesis) - &
| Al Mutations Lead to
: Altered Traits/Phenotype
Protein i
_I Protein —" Because Protein

Structure Changed



Mutations Occur in Many Different Ways

(b) Point mutation,
missense

Protein: -— Phe - Arg - Trp - Pro - Ala - Leu -

(¢) Point mutation,

stop codon

Protein: -~ Phe - Arg - stop -

(d) Deletion mutation,

reading frame shifted { 1 base lost, no. 6 |

Protein: - Phe - Arg - Gly - Arg - Leu - Phe

(e) Deletion mutation,

reading frame unchanged [ 6 bases lost, nos. 7-12 |

Protein: - Phe - Arg - Ala - Leu -

Base-Pair Change

Insert or Delete Base
(Indel)

3. Move Gene, or Part of
Gene, to New

Location (Switches
Change)!

Function of Protein Lost
and/or Changed

.Phenotype Changes




Human Genetic Disorders Occur As a Result of Mutations

Copyright ® The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Some Important Genetic Disorders

Dominant/ Frequency Among

Disorder Symptom Defect Recessive Human Births
Hemophilia Blood fails to clot Defective blood-clotting factor VIII X-linked recessive 1/10,000 (Caucasian males)
Huntington disease Brain tissue gradually Production of an inhibitor of brain Dominant 1/24,000

deteriorates in middle age cell metabolism
Muscular dystrophy Muscles waste away Degradation of myelin coating of X-linked recessive 1/3700 (males)
(Duchenne) nerves stimulating muscles
Hypercholesterolemia Excessive cholesterol levels in - Abnormal form of cholesterol cell Dominant 1/500

blood lead to heart disease surface receptor

Dominant Recessive

DIPLOID
GENOTYPE | - | — ===

DIPLOID Wild type Mutant Mutant wild type Mutant
PHENOTYPE

Figure 5-2
Molecular Cell Biology, Sixth Edition
© 2008 W.H.Freeman and Company




Dominant & Recessive Mutations

A = Good Allele
= Mutant Allele

Recessive Mutation

AA, Aa, aA »» no disease

aa »» disease

Carrier | /' Carrier
father mother
8 i | i
N
((
m] | ’ | Un
‘ | yl
| |
B Unaffected y
[] Affected L
[} Carrier
Gﬁ' ﬁ 0 A
1l { P9
1 44 " B (=
1 0n M om |/ 00
| | A
Unaffected Carrier Carrier Affected
son daughter son daughter

U.S. National Librany of Medicine

Dominant Mutation
AA »» no disease
, Aaq, aA aa »» disease

Affected Unaffected
father mother
t w
B Unaffected |
[ ] Affected

’l<
\
'”Dl

Affected Unaffected Unaffected Affected

son daughter son daughter
U.S. National Librany of Medicine



Pedigrees Can Be Used To Follow
Disease Genes in Human Families

The Royal Hemophilia Pedigree

George lll

L. Followed
eneration
Edward Louis Il By
Duke of Kent LF Grand Duke of Hesse .
Bleeding
| Prince Albert Queen Victoria O—{ OoO——1 P henO'rype
/
WY ‘S R T S S b
Il
Frederick Victoria Edward Vil Alice Duke of Alfred =L Helena Arthur Leopold Beatrice Prince
1] Hesse v Henry
No hemophilia No hemophilia
German King |£ é
n Royal George V O— O
House Irene Czar Czarina Earl of Princess  Maurice  Leopold Queen Alfonso
| Nicholas I Alexandra Athlone  |Alice Eugenie King of
. Spain
v O 00000 B 0O BO000 HO @K MOQ O O
Duke of King Earl of Waldemar Prince  Henry Anastasia Alexis Viscount Alfonso Jamie Juan Gonzalo
Windsor George VI Mountbatten Sigismond Tremation
! h (5 Prussian Russian
v Royal Royal
Queen Prince Margaret House House King Juan
Elizabeth Il Philip Carlos
! 6 é &] No evidence No evidence
Vi O— of hemophilia of hemophilia
Princess Prince Anne Andrew Edward
Diana Charles Spanish Royal House

Vi [,]_ } British Royal House

William Henry

Hemophilia = any of several hereditary blood-coagulation disorders
in which the blood fails to clot normally because of a deficiency or
an abnormality of one of the clotting factors.



Pedigrees Can Be Used To Determine If
a Trait is Dominant or Recessive

Each Type of Inheritance Predicts
Specific Results in Each Generation



(A) Dominant inheritance

Generation | (parents) Every affected e.q.,
individualhasan | Muscular Dystrophy,
ailbofs vl Huntington Disease

Generation Il d)
About 2 of the offspring (of

both sexes) of an affected
Generation 11l 6 H_‘, i 6 d) !'| parent are affected.

Oldest Youngest g

Siblings

‘é One parent is heterozygous...)

(B) Recessive inheritance

Generation | ...and the recessive allele is
(parents) passed on to Yo of the
phenotypically normal offspring.
; v I Heterozygote
Generation Il (') é _ (unaffected
—D Iiesacousinsan. | Unaffected Affected phenotype)
both heterozygous. |

Generation IlI Vv A Female Q ‘ G
ey ——aon |5 8 @

Generation IV &) Mating O—D

N Mating
Mating of heterozygous recessive parents may betvyeen
produce homozygous recessive (affected) offspring. relatives

e.qg.,
Sickle Cell Anemia
Cystic Fibrosis,

Tay-Sachs Disease



Genetic Diseases Can Be Followed in Families
Using Molecular Methods (e.g., PCR)

RESEARCH METHOD

A allele: a allele:

A restriction enzyme cuts the There is no recognition

DNA fragment in two at its sequence, so the DNA
recognition sequence. Is not cut.

|
bl

N
\ RFLP is revealed by /

electrophoresis, probing,
and blotting.

D —

o

. R Z / = \ === | |ong fragment
e f—
DNA F'ngerpr‘"‘.rs —_— — —-—\ Short fragments
Type 1 Type 2
homezygote omozygote/ Heterozygote
(A4 (aa) (Aa)

Aa Aa
o_!, QA pedigree is oonstructed.)
1 2 {/

3 4 5 6 7 8 9
eV eoeovae
aa Aa Aa AA Aa aa Aa
1 2 3 4 (5 6 7 8 9
-—— -_—— L] — -_—— -_—— -_—— L]
-—— o -_— -_— -_—— -_—— -_—
This gel shows the RFLP patterns of the
members of this family.




“Mutations” Can Also Occur By
Large Chromosomal Changes

Loss of
D genetic material

Relocation of

genetic material ¢ Deletion

Translocation
@WQ(I\\WVAVA\)
v

From anoé\er \ I /

chromosome Wild-type sequence
ﬂmmmw\wxwmow\\)

Missing chromosome(s)

Extra chromosome(s)

Inversion / l \ (ISPPRAIAINIISN)

(AR AN

(mw\\o\wmmm\\)

@W\[}\V}\Y}W“ﬂ“) Guin of
Duplication genetic material

These changes affect many genes!

e.g. Down’s Syndrome (3 Chromosome #21s)



Karyotypes Can Be Used To Detect
Changes in Chromosome Structure and Number

Add Add

. /\ Spread
one drop
¥
White L
cells N
il Fix with alcohol
5 and stain
‘\xz‘“
Red cells Stops all Causes White cells
settle out cells at cells to settle out

and are metaphase swell
removed

Cells at Cut out individual
metaphase Photograph and enlarge chromosomes
have burst

Paste in order of diminishing size
with centromere on pencil line



A Down Syndrome Karyotype

|3? é‘zx x§| |64ﬁ3 &5“|

| ¢ |
TERNEY

D E F
I . I
MAGAB XK RAAG  mxxx
13 14 15 16 17 18 19 20
G
I I
Three Chromosome AA AA #

Probablility of disease
increases with age
of the mother

n
(o]
1

\7

n
o
|

per 1000 Live Births
S o
1

Incidence of Down Syndrome

o
|

—

o

1 1 ] 1 T 1
20 25 30 35 40 45
Age of Motheru



How Does A Gene Lead To A Phenotype?

® mRNA Synthesized
by Transcription

- Complementary to
Transcribed, Non-Sense

oM trand oS Strand
- Same Sequence As Sense
Template strand Strand

| ] 1 |
l—Codons—]

@ mRNA Translated

. . : intfo Protein by
mmw Translation of The

l l l l l Codons Genetic Code
L 2o Genetic Code on mRNA
l Peptide bond | Translated to Protein
Proltein ‘ sequence
Insulin
. Sequence of Gene
Know Sequence Sequence of mRNA

Know Protein

Sequence of Protein

—| Engineer New Protein




Human Genetic Disorders Occur As a Result of Mutations

Amino ach

(b) Sickle-cell anemia is pleiotrophic
Nucleotides

Rapid destruction

of sickle cells interference with
circulation
Amino ac l ‘
Anemia Local failures
Nucleotides l in blood supply
< Fatigue, heart damage, Damage to

1. The polypeptide:
the [ chain of

hemoglobin
Valine

overactivity of
bone marrow

heart, kidney,
muscle/joints,
brain, lung,

Glutamic acid . s .
(c) B-chain substitutions/variants

Sickling of red blood cells

Clumping of cells;

gastrointestinal tract

Accumulation
of red blood cells
in spleen

t

Enlargement and
damage to spleen

Amino-acid position

2. Thedprozem 1 2 3...6 72663 67125:.-146
el Normal (HbA) | Val[ His|Leu[Glu|Glu[ GIu[ His[ Val| Glu[ His
B chains) é; @ ci‘?d‘d‘d‘d’d‘d‘d’d’ HbS val| His|Leu| Val | Glu| Glu| His | Val | Glu[ His

9 Free ¥ Long fibers HbC Val| His|Leu|Lys| Glu| Glu| His | Val | Glu | His
& proteins & d’d’d’ HbG San Jose Val| His|Leu|Glu|Gly | Glu| His | Val | Glu | His
PPPPPpp HbE Val | His|Leu| Glu| Glu[Lys| His| Val|Glu| His

2 ?;f’ n‘:':ﬁg HbM Saskatoon | Val| His|Leu| Glu| Glu| GIu| Tyr | vai| GIu| His
s l \ Hb Zurich Val | His|Leu| Glu| Glu| Glu[ Arg| Val | Glu[ His
of hemoglobin HbM Milwaukee 1 | Val| His|Leu|Glu| Glu| Glu| His | Glu| Glu | His
molecules HbDp Punjab Val| His|Leu| Glu| Glu| Glu| His | val | GIn| His

-

Sickle-shaped

Chromosome 11
Disk-shaped

Sickle-Cell Anemia




DNA
Genetic Code of Life

Entire Genetic Code
of a Bacteria

DNA Fingerprinting

Cloning: Ethical Issues
and Future Consequences

4

Plants of Tomorrow

An Elaborate Cellular Machinery Requiring
Thousands Of Genes is Required To
Produce Pro‘reinsG Encolclied By Specific

enesl!!

/ Nucleus

Gene

DIXFOLORPOIOTDI DIV
Do i Transcription
DIDLDHDG OFOOD:

e It takes Genes
Pre-mRNA l ranscription to Express
Pre-mRNA completed P .

(and Replicate)
l Processing
mRNA

A GENEN

Inside of Translation
cell mRNA
l T—~Ribosome
{" uom

__—Protein

Lot (SRS

LIFE: THE SCIENCE OF BIOLOGY, Seventh Edition, Figure 14.1 Eukaryotic mRNA Is Transcribed in the Nucl but in the Cytop
© 2004 Sinaver Associates, Inc. and W. H, Freeman & Co.




Genetic Code Allows the Sequence of Nucleotides in
mRNA/sense Strand of Gene to be Translated into

the Sequence of Amino Acids in Proteins

/

mRN u El@

Protein @

Same Sequence
As Sense DNA Strand .
\ 3
HISSREE

Proteins have
ends too!

Note: Sequence in mRNA (= Sense Gene Strand) is translated

5 —3" (= beginning of sense strand to end) & Protein made in

N—C direction therefore order Nts in gene = order amino acid
in protein!



The Genetic Code is Universal!

[How Know?]

DNA

codons ' G \ GT  GAA
Amino acid ‘ . ‘ ‘ - ‘ 1 Univer‘sal
2. Triplet
3. Punctuation
- , a0 | 4. Degenerate

ol e BRI . — - TA . | ‘
AR AT TTA ~ el BT Vel AT O TOA
CAAG ATG TC ACC TGG TAC GTC TGA
oS ST ¢ s e i LY S o LA SR LEGNA STV 24 TN e

For RNA, The Ts are replaced by Us.

Know Sequence of Gene-Know Sequence of Protein
Using Genetic Code

Big Implication For Genetic Engineering! Can Make Genes,
Genomes & Specify Proteins Wanted! Can Express Genes
rom One Organism in Another!

Design An Experiment to Show Code is Universal!




DNA
Genetic Code of Life

Entire Genetic Code
of a Bacteria

DNA Fingerprinting

Cloning: Ethical Issues
and Future Consequences

4

Plants of Tomorrow

Expression of Jellyfish Green
Fluorescence Protein (GFP) in Pigs Shows
That Genetic Code is Universalll

Copyright @ The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

®© University of Missouri, Extension and Agriculture Information



DNA
Genetic Code of Life

Entire Genetic Code
of a Bacteria

DNA Fingerprinting

Cloning: Ethical Issues
and Future Consequences

b

Plants of Tomorrow

There is A Colinearity Between The DNA
Sequence of A Gene & The Amino Acid
Sequence of a Protein

2'g N
ene 1 ’ @ rgene 3.....
ene 1 B (o) gigenes...
r AL 4 N
AGCTGGTCCACGTICGTAATCCAGCAGACGCAGTCGGAICCTAAGCC....... -
OO T EEETTTU T O IT T TR untwisted
LLLCLCELEEE R TR PR T DNA
TCGACCAGGTGCA,GCATTAGGTCGTCTGCGTCAGCCT,GGATTCGG.......
mRNA1  H’ mRNA2 3"  mRNA3
r — N\ r ~l N\ r ——
G
AGCUGGUCCACGU  CGUAAUCCAGCAUGCGCAGUCGGA  CCUAAGCC....... mRNA
LECEEETEErEer Feeeeeer e e e e e e ee e e teeee e
protein 1 N protein 2 C protein 3...
A I\ o —
r N\ r A} r
protein
“|Arg Pro 1 val lle Cys Arg| ¥~

I-»Funcﬁonz —— Specific Traits

Genes Function As Individual Units!




i Unique Proteins Have A Unique
cenerc T2 e Composition & Order of Amino Acids &
Have Unique Sizes, Shapes, & Functions
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Cloning: Ethical Issues
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Novel Cell Functions & Phenotypes

Plants of Tomorrow




Eukaryotic and Prokaryotic Gene Expression
Processes Differ Slightly

(A) (B)
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EXRORT General Processes Same
mRNA @ AAAA Eukaryotic Gene Have Introns
s & Non-Coding Region in Genel!
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Eukaryotic Cells Must Remove Non-Coding Region of RNA Before
Genetic Code Can Be Translated Continuously!




RNA Splicing- Removing Non-Coding
Sequences From Primary Transcripts &
Generating Functional mRNAs

i DNA .
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Mutations— Blood Disorders
Where can these occur?

Mutations Can Occur in Coding Region, Switch, & RNA Splice Sites

L. Mutant Phenotype
Implications For Engineering Eukaryotic Gene in Bacterial Cell For Expression?




Yol It’s In The Sequences!

l sequences required for intron removal |
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Specific Sequences Required For RNA Splicing!

What Happens If These Sequences Are Mutated in A Gene?
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Severa s & Proteins

Alternative S Iicirln\?- One Gene
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Gene Activity in Varity of Cells, But... .|l

Primary RNA transcript 1 ) 3 4 5 6 7 8 9 10 11
for tropomyosin:
11 exons ~ NS

Exons Introns

-
Different splicing patterns in different tissues resultin a
\unlque collection of exons In mRNA for each tissue.

Skeletal muscle: Initially processed mRNA transcripts

“Trissing exon 2 e e - 0
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Different mRNA = Different Proteins = Different Functions!

Implication- Human Genome Has Only 25,000 Genes But Can Give Rise to Many
More Proteins which Are Responsible For Producing the Phenotype

Reason Why Human Genome Can Contain Same Number of Genes as

Fly and Plant Genomesl!!

Implications for Genetic Engineering? Use Specific cDNA!



Implications For “Yo - Its in The
DNAII”

DNA

Genetic Code of Life
Modular' OPQGHIZGTIOH Of SCQUCNCZS

1. DNA Replication
Ori
2. Transcription

Entire Genetic Cod :
bty Switch/Regulator

Terminator
3. Processing of RNA (Eukaryotes)
‘ Splicing Sites
4. Translation

DNA Fingerprinting
Start

Stop

Genetic Code/Codons
5. Coding Sequence
ot Puire Comoquences Genetic Code

Modules 2 Anything You Want To Do Using
Genetic Engineering!

Plants of Tomorrow



The Modular Organization of Genes
and Gene Function Implies That
There Are No Limits to How Genes
Can Be Functionally Changed and
Rearranged Using Genetic

Engineering?

a.Yes
b.No



DNA
Genetic Code of Life

Entire Genetic Code
of a Bacteria

DNA Fingerprinting

Cloning: Ethical Issues
and Future Consequences

Plants of Tomorrow

Engineering Genes Requires:

=2

. The Gene & Its DNA Sequences

. A Roadmap of Where Coding Sequence & all
Switches Located (Sequence, Restriction Site

Map)
. Transcription Start And Stop Switches

3
4. Coding Region of Gene (genetic code part)
5
6

N

. Translation Start And Stop Switches
. Kingdom-Specific Switches/ Signals

Note: The General Process of Gene—Protein is the same
in ALL organisms, but the Specific Switches &
Enzymes ?e.g., RNA Polymerase) are Kingdom Specific

Bacteria Human Insulin Bacteria
Transcription | + Coding + | Transcription
On Switch Sequence Off Switch

> Human Insulin in Bacteriall




How Do Genes Work & What Are
Genes In Context of..

DNA
Genetic Code of Life

Thinking About The Consequences of GMOs
<go?‘:"“p,§btt) . What is a Gene?

1
Entire Genetic Code , | 2. What is the Anatomy of a gene?
O O HH 3. How Does the Gene Replicate?
RNA synthesis 4. How Does the Gene Direct
(vanscription Synthesis o'? a ﬁrote[?n?
RNA
: : 5 oes the Gene Wor
S T TR 3 :
otei thesis ?ngependen*ly o OT er GeneS?
(ranstaton) 6. What is the Sequence &
DNA Fingerprinting , PROTEIN Structure of the Protein?
T auiaiiica 7. How does it work in cell?
8. Does _the Protein Structure impl
Need Science- any Potential 9Har'm"? PY
Based Questions & | - DrESnlae s Lagnge the
Cloning: Ethical Issues SCIen.ce-Based
and Future Consequences Solutions-NOT
OPINIONS!

“Behind” All Traitsl!

There’s NO HOCUS POCUS

|
all hypothesis are testablell Same Processes!

Plants of Tomorrow



