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PCR

What Causes Gene Mutations?

How Do Gene Mutations Lead to Genetic Variability?

How Can We Test For Gene Mutations at the DNA Level?
What is Hemophilia and How is it Inherited?

How Can a Disease Gene Be Found When It is Not Known
Where the Gene is Expressed?

What Vectors Can Be Used For Cloning DNA?

What is the Advantage of Using a Virus Vector For
Constructing Genome Libraries?

9. How To Make a Library of the Human Genome?

10. How Find a Gene With Only a Knowledge of the Protein
Sequence?

11. How Use DNA Testing to Detect Factor VIII Disease
Alleles?

12. How Isolate a Factor VIII cDNA Clone?
13. How Produce Factor VIII Protein For Use as a Drug?
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The Second Genetic Engineering Revolution - The Polymerase Chain &

=
%% Reaction (PCR) is a Molecular Xerox Machine That Can Amplify DNA =
= Sequences in a Test Tube Without Cloning! &

Kary Mullis
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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! = Have to Clone “Gene” First ]




What Are the Advantages of PCR?

—— No Cloning Steps - RE Digestion, Annealing, Ligation, Transformation, & Sorting Clones
DNA
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recombinant plasmids by their
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Bdﬂdl clone
f-"d & 00§

Copyright © Pearson Education, Inc., publishing as Benjamin Cummings.
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and Future Consequences
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PCR Has Many Uses, Has Changed Many Fields, and Lead To
New Ones That Have Had a Big Impact On Our Lives

1. ﬁ?llfy Any DNA Sequence, or Gene, From “Tiny” Amounts of DNA or
Biological Materials IF ORIGINAL SEQUENCE KNOWN

2. 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
3. Used In:
1. DNA Fingerprinting-Individual Identification-Genetic Disease Screening

2. Forensics (Crime Scenes, Mass 6raves, Criminal Suspects, Wrongfully
Convicted)

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

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

Human Origins & Migrations

Ancient Genome Sequences & Evolutionary Studies

Specific mMRNA Detection

“Cloning” Specific DNA Sequences

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

4. 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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3.DNA s heated to
72°C, the optimal
Primers annealfo DNA {emporaure forTag
DNA polymerase to
‘oxtond primers.

@
o
o =
Taq DNA polymerase:
. sy

o

Copyright © The McGraw-Hill Companies, Inc. Permission
NA segment

f -l to be amplified
—

v o=

G, ===

R

/

1o denature

DNAis denaiured
into single strands

——
> T >
AM00A0A000 5

N

toallow annealing

I ‘
iEre
EH
(Eee

5 &3

3.0
22 apml
temperature for Taq
DNA polymerase to

Primers anneal o DNA
‘extend primers.

\ 5 3
2.DMAs patod
72 opmal
Prmers sl toONA | | iompaaurofor
DNA polymerase to
ot s
v s
N @ e
o v \
¥ s é |
Taq DNA poymorase = 5
bt Taq DNA polymerase.
5 mi
9 ¥

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

Using PCR to Determine Your DNA Fingerprint & Identity

o be ampliied
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What is YOUR
DNA Fingerprint?
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Using DNA
Fingerprints to
Identify Individuals
& Genes They
Don't “Lie”

Unique Pattern
of DNA Bands
= Fingerprint




Using PCR To Determine an Individual’s Ancestry

; : *‘-‘“‘\:’ “ ! e '
DNA Trlbes : ha r ,,e Discover Your Past! ] ! ! ¢

I DNA inherited v/ Determine if two people are related \ K
ﬁ“’"’"““""“"‘"dl'“mﬂ“ ineal v’ Determine if two people descend from the same 4 L8
norlineal v Find out if you are related to others with the sarmé saﬂvavﬂe » 0
v’ Prove or disprove your family tree reSearch = B¢ |
v' Provide clues about your ethnic origin

® Our Pren includes
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PCR Started a New Industry

Adopted? Maternal & Patemal Testing
Find out about your ancestry...” ==

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

Using PCR to Amplify Neanderthal Bone DNA &
Sequence The Entire Genome!

Analysis of one million base pairs of
Neanderthal DNA From a 45,000 Year-Old Bone

Richard E. Green', Johannes Krause', Susan E. Ptak’, Adrian W. Briggs', Michael T. Ronan? Jan F. Simons?, Lei Du?,
Michael Egholm?, Jonathan M. Rothberg?, Maja Paunovic’} & Svante Paibo'




Using PCR To Detect Human Pathogens

(Viruses, Fungi, Bacteria)

1 Warts and HPVs |

THE
FACTS

WHAT YOU

.
V I ro e ™ DIVISION OF HIV/STD
@ S q VIRGINIA

: ‘//DHDEPARTMENT
. HIV-1 Genotyping System OF HEALTH

“This booklet has been reviewed and approved by a state panel for use in gereral seftings.”

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

And Consumer Fraud in the Natural
Food Industry

DNA
Genetic Code of Life

DNA barcoding detects contamination and
e substitution in North American herbal products

BMC Medicine, 11, 222, 2013

70

Entire Genetic Code
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Barcoding = DNA Fingerprinting!
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Genetic Diseases Can Also Be Followed in Families Using
DNA Methods (e.g., PCR) & Pedigrees - With DNA Markers
Linked to the Disease Phenotype

RESEARCH METHOD

WA alele: a allele:
There is no recognition

A restriction enzyme cuts the
DNA fragment in two at its sequence, so the DNA
recognition sequence. is not cut.

|
\ RFLP Is revealed by /

electrophoresis, probing,
and blotting.

=] Long fagment ’ <« RFLP - Restriction
— Short fragments
Fragment

Length Polymorphism

9
Aa
9

-— —
A

This gel shows the RFLP patterns of the
members of this family.

PCR Can Be Used To Analyze Gene in A
o~ Single Embryo Cell

Genetic Code of Life
@ o g @ Q
O @ Q What is The

ettt Impl ication of
Entire Genetic Fode “ ‘Femhze e This Pr‘ocedur‘e
Sl @ @ @ Considering That
PGD The Human
Pre- ) @ @ @ Genome Has Been
Imgl Gn'l':flOﬂ Cultore invitro T- to 10-cell stage Sequenc ed?
eneTIC
DNA Fingerprinting Diqgnosis “
Remove a single cell from each embryo
’ (d) ‘
Cloning: Ethical Issues u U u u u u
and Future Consequences L Hyv—zh : e(lthANAmenchsceHbyFC(;

Sex Determination
. «7| in 8-cell Embryol

Analyze PCR products on gel

Plants of Tomorrow




DNA Testing Can Be Carried Out
Before Child Birth During Pregnancy

o \ Fetus /Amniotic fluid
Chorionic |_(8-10 weeks) withdrawn
villi

Uterine wall

= Catheter Amniotic fluid

Fetus (14—16 weeks)
Chorionic villus
sampling

RESEARCH METHOD V

Amniocentesis

Supernatant

Ve

Biochemical
tests Fetal cells

Several weeks —/ Cell culture

later

RESEARCH ARTICLE New Non-Invasive DNA Tests Are Available Based on PCR

PRENATAL DIAGNOSIS

Maternal Plasma DNA Sequencing Reveals the
Genome-Wide Genetic and Mutational Profile
Of the Fetus Science Translational Medicine, December 8, 2010 (61,1-12)

Sequencing DNA From the ; T
Blood of a Pregnant Woman A New Era in DNA Testing!!
Allows the Complete Genome Science
Of the Fetus to Be Decoded! T .
ranslational

~107% of DNA in Maternal Plasma is From the Fetus

Maternal venipuncture

Cell-free fetal
DNA in maternal

needle aspiration transcervical catheter

Enps nGenais January, 2013




PCR is

A Cyclical Process of DNA Replication

Copyright © The M Hill Ci

ies, Inc. Permission required for reproduction or display.

DNA segment
to be amplified
——

¥ o

I

Requires
Template

Primers

Knowledge
of Specific
Sequence

Nucleotides
Heat-

Stable DNA

Polymerase

Thermo
Cycler

Repeat Steps or Cycle

DNA polymerase to
extend primers.

5 3
3 - 5
Taq DNA polymerase
. —

2" Molecules
of DNA
Where n =

2 @

& 5

Number of
Cycles

Diagnostic For Amplified
DNA Sequence (Between Primers)

DNA Fragments All The Same Size
Primer-Sequence-Primer

\ 4

Using Gel Electrophoresis to Visualize PCR Products

1 23 45 6

Specific Diagnostic
DNA Band Unique to
DNA Sequence Being

Amplified

* Target-Specific Band
* Diagnostic For Specific
DNA Sequence
* Band Size Unique For Specific
Sequence
* Primers "Surround” the Target Sequence

Can Amplify One DNA Sequence From
An Entire Genome or an Entire Genomelll
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DNA Replication is Precise
But Mistakes or Mutations Can Occur

DNA | RNA
. A A .
pair pair
{ T u } BASE PAIR
RULES
g g } pair

Gene A Rare Base

pair {

‘9 \\//" aessd | Mismatch
. . A
Replication® ‘ " \ ’ MUTATON See
<) ggm&T'ON . Mutation As
New Base Pair C mispairs with A Change in

Replication® g attempted repalt o, Phenotype
Gene A’ BEEE&?NG
Allelic Variant

Change DNA Sequence From A-T to 6-C

. Change Protein Amino Acid Sequence = Alter Function!




“Mutant” Forms - Enol & Imino

Tautomers Change Base Pairing Rules During
DNA Replication & Result in Mutations

Normal Forms - Keto & Amino

HN

E\Q

Guanine (keto) Thymine (keto)

HNH s NH

S| @A

°
- 4
=z
X
=]

ine (keto) Cytosine (amino) Adenine (imino)

Cﬁoslne llmlnol

Tth etic Diversit,

%
L Y.

Lead To Mistakes in DNA Replication

s [{NH

Guanine (enol)

Adenine (amino)

& Mutations 3 Genetic Diversity
Chemistry Leads to Biology!!
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Different Events Cause Gene Mutations

Starting sequence
Type of mutation and effect on base sequence
(a) Substitution
Transition: Purine fgf p&ine, pyrimighn&for pyrimidine B —
i A EVEEEH
Transversion: Pu nefor yrimidirfe, pyrinfidine for purine snps
TYC A [cfcl | AT & l&f[T! (Al 6| 6] |T]
AR T gfic Gl T Rlic gl Al T clicl A ]
B N ENENEEREEER
(c) Insertion —E"\a— 'ndels
i
AR
(d) Inversion Site of inversion —
5' 1 3
|| ﬁMHHHHH%HH ;
large
: changes
5' 3
, HHHHPHHHMWW .|




Alternative Forms of the Same
Gene Lead to Genetic Diversity

Alleles [

Green (xa) . Can Fo"OW These
Traits With DNA

%mé Markers As Well

mutations result in
genetic diversity!!!

Spontaneous Mutations Give Rise To Alleles, or
Different Forms of the Same Gene, And result in
Small DNA Sequence Changes (e.g., SNPs or Single
Nucleotide Polymorphisms)

WHAT ARE THE PROPERTIES OF
A GENE?
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1. Replication

S 2. Stability (Mutations)
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@ How Does A Gene Lead To A Phenotype?

® mRNA Synthesized
by Transcription

* Complementary to
Transcribed, Non-Sense

e rang o Strand
+ Same Sequence As Sense
Template strand Strand

|:Codons]

® mRNA Translated

. : : into Protein by

mRNAW Translation of The
Codons Genetic Code

I

Dw,_mm acids Genetic Code on mRNA
: Peptide bond | Translated to Protein

l Sequence
Protein

Insulin

. Sequence of Gene
Know Sequence Sequence of mRNA
Know Protein Sequence of Protein

Colinearity of Sequences!

——| Engineer New Protein

The Genetic Code is Universal!

o [How Know?]
ow,, 88 68 B
codons ch- i\,CﬁI GAT m TG'T wuum B

A CAA GGT CAT ATT'
TGC GA~ ‘GAG* GGC CAC ATC

e DB DD DD DBDB® || Ui
2. Triplet
TTA AGT :
g o - 3. Punctuation
cTG L) 006 TG ACG atc [7as |4. Degenerate
CTT  AAA TTIT IOC'T” TCT ‘AC'T : TAT .GTT, TAG
CTC AAG ATG ~TICc. TGG TAG 'GTC TGA

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 Universall
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Expression of Jellyfish Green
Fluorescence Protein (6 P) in Pigs Shows
That Genetic Code is Universalll

Copyright ® The McGraw-Hill C i . Permission required for rep ion or display.
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\«‘Vﬂ How Do We Treat a Genetic Disease? j} “
\/ From Gene To Drug i S

Due to Mutations in a Different Class of Blood Proteins
The Molecular Genetics
of Hemophilia

(Potentially Lethal Disease)
Hemophiliacs bleed because a defective gene deprives them of a key

blood-clotting protein. The protein has now been made artificially

by i1solating the normal gene and then inserting it into cultured cells

by Richard M. Lawn and Gordon A. Vehar

W Reference: Scientific American, March 1, 1986
i

T/
/- 3]

A Case Study of Cloning Genes and mRNAs
(Pick Up After Class)




A Cascade Of Events After
Wounding Leads to A Fibrin Clot

A

Platelet

Red blood cell Collagen fibers Platelet plug Fibrin meshwork

Clotting factors:
1. Released from platelets and injured tissue

2. Plasma proteins sxnthesized in liver and
circulated in inactive form
Prothrombin ) Thrombin

circulating
in plasma \
JIFE 8e, Figure 49.10 (Part 2) LI T SN OF BROLOGY. g B © 53 e st . W 4 P § o
Fibrinogen ﬁ Fibrin
circulating
in plasma
LIFE 8e, Figure 49.10 (Part 1) LIFE: THE SCIENCE OF BIOLOGY, Eighth Edition © 2007 Sinaver Associates, Inc. and W, H. Freeman & Co.

Clotting Factors Such As Factor VIII
Play A Critical Role in This Process

Protein Factors in Blood Lead To Clotting

Eight
WOUND SURFACE CONTACT Proteins/Genes
Required:

Factor VII
Factor XI
Factor IX
Factor VIII
Factor X
Protein C

FACTOR X.ll FACTOR Xlla .
Inactive | Active

FACTOR X1 FACTOR Xla

F»CYmlel Hemophilia A
@ = \l/+ FACTOR VIII

Hemophilia B .cirr  mitonse O—wiSlie  huerve

® > | + FacToRv \_/

@NO>O RN

Prothrombin
PROTHROMBIN  THROMBIN . o
| Fibrinogen
FIBRINOGEN  FIBRIN CLOT

CLOTTING CASCADE begins when cell damage at a wound somehow activates the en- What Happens If Any of
zyme factor XII; it ends with the conversion of fibrinogen into fibrin by thrombin. At each H
step an inactive protein is converted into a protease, or protein-cutting enzyme (color), These PrOTelns' or Genes,
which activates the next protein. Some steps require cofactors such as factors VIl and V. ,
The cascade includes positive- and negative-feedback loops (colored arrows). Thrombin acti- are Muta*ed F
vates factors VIIT and V; it also deactivates them (by activating protein ), which helps
to halt clotting. Some 85 percent of hemophiliacs lack factor VIIL The rest lack factor IX. ¢

No Blood Clot!




Hemophiliacs Have Mutations in Factor VIII,
Factor IX,

or Factor XI Genes

Copyright © The McGraw- panies, Inc. for

display.

Some Important Genetic Disorders

Disorder Symptom
Cystic fibrosis Mucus clogs lungs, liver, and
pancreas

Sickle cell anemia Blood circulation is poor

Tay—Sachs disease Central nervous system

deteriorates in infancy

Phenylketonuria Brain fails to develop in

infancy

Dominant/ Frequency Among
Defect Recessive Human Births
Failure of chloride ion transport Recessive 1/2500 (Caucasians)
mechanism
Abnormal hemoglobin molecules Recessive 1/600 (African Americans)
Defective enzyme (hexosaminidase A) Recessive 1/3500 (Ashkenazi Jews)
Defective enzyme (phenylalanine Recessive 1/12,000

hydroxylase)

l Hemophilia Blood fails to clot
untington disease rain tissue gradually

Defective blood-clotting factor VIIT X-linked recessive 1/10,000 (Caucasian males) ]

deteriorates in middle age

Muscular dystrophy Muscles waste away
(Duchenne)
Hypercholesterolemia Excessive cholesterol levels in

blood lead to heart disease

Production of an mnhibitor of bramn Dominant

cell metabolism

1724,000

Degradation of myelin coating of X-linked recessive

nerves stimulating muscles

1/3700 (males)

Abnormal form of cholesterol cell Dominant 1/500

surface receptor

18,000 People in US Have Hemophilia & 400 Babies/Year Are Born With Disorder
Prior to 1960s - Average Life Span Was 11 Years

Hemophilia A
Hemophilia B
Hemophilia C

Defective Factor VIII Gene
Defective Factor IX Gene
Defective Factor XI Gene

1/10,000 males
1/30,000 males
Autosomal

80%
20%
<1%

Hypothesis For High Frequency in Males?

Both Factor VIII & IX Genes

on X-Chromosome (224 s)

Factor VIII and Factor IX Genes are Closely
Linked on the X Chromosome

Copyright © The M , Inc

Duchenne muscular dystrophy
Becker muscular dystrophy

Chronic granulomatous disease
Retinitis pigmentosa-3

L\

display.

Ichthyosis, X-linked

Placental steroid sulfatase deficiency
Kallmann syndrome

Chondrodysplasia punctata, X-linked recessive

Hypophosphatemia

Aicardi syndrome
Hypomagnesemia, X-linked
Ocular albinism
Retinoschisis

Adrenal hypoplasia
Glycerol kinase deficiency

] Ornithine

The human X
chromosome

The

deficiency

Norrie disease I—E
Retinitis pigmentosa-2

g

Albinism—deafness syndrome I/L

Fragile-X syndrome

Sideroblastic anemia I
K it

g
PGK deficiency hemolytic anemia I
Anhidrotic ectodermal dysplasia

Agammaglobulinemia
Kennedy disease

Pelizaeus-Merzbacher disease
Alport syndrome
Fabry disease

Immunodeficiency, X-linked, with hyper IgM
Lymphoproliferative syndrome

Size & Bands = Specific Chromosome

NN

Incontinentia pigmenti
Wiskott-Aldrich syndrome
Menkes syndrome

Androgen insensitivity

Charcot-Marie~Tooth neuropathy
Choroideremia

Cleft palate, X-linked

Spastic paraplegia, X-linked, uncomplicated
Deafness with stapes fixation

Nature, March, 2005

PRPS-related gout

Factor IX
Factor VIII

Lowe syndrome

Lesch-Nyhan syndrome
HPRT-related gout

Hunter syndror
Hemophilia B

E%EB gemmency: favism

Drug-sensitive anemia

Chronic hemolytic anemia
Manic—depressive illness, X-linked
Colorblindness, (several forms)
Dyskeratosis congenita

TKCR syndrome
Adrenoleukodystrophy
Adrenomyeloneuropathy
Emery-Dreifuss muscular dystrophy
Diabetes insipidus, renal
Myotubular myopathy, X-linked

Note: Factor VIII gene is
closely linked to
Colorblindness Gene

The X chromosome has ~1098 Genes and 150,000,000 bp (150
Mb). 168 Mendelian Diseases Explained by 113 X-Linked Genes




DNA
Genetic Code of Life

Entire Genetic Code
of a Bacteria

DNA Fingerprinting

Cloning: Ethical Issues
and Future Consequences

Plants of Tomorrow

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

Each Type of Inheritance Predicts
Specific Results in Each Generation

Hemophilia A and B Genes Are Sex Linked &

Recessive Traits When Mutated

Copyright © The McGraw.Hill Companies, In

ssion required for reproduction o display.

Generation

| Prince Albert

Copynght © Tnc. Permission real Gspiay.

The Royal Hemophilia Pedigree

George Il

in Carrier
Louis Il
Grand Duke of Hesse

s Original Mutation

Duke OV

Queen Victoria

oL b3
0l
i || | e Alice Duke of Ated L Helena Arhur| Leopold Beatrice J| Prince
n Hesse Henry
No hemophilia No hemophilia
German King
1l Royal George V
House Irene Czar Czarina Earl of Princess | Mauric Leopfld  Queen Alfonso
| Nicholas Il Alexandra Athlone | Alice Eugenie g‘pga?'
" o 0 Bbodd Ao bh mo
Duke of King Earl of Waldemar Prince  Henry Anastasia Alexis Viscount Alfonso Jamie Juan Gonzalo
Windsor George VI Mountbatten Sigismond Tremation
Prussian Russian é
v Royal Royal ) O
Queen House House King Juan
Elizabeth Il Carlos
No evidence No evidence
Vi > El of hemophilia of hemophilia
Princess Prince Anne Andrew Edward
Diana Charles Spanish Royal House
Vi British Royal House
William  Henry

Males Obtain Detective Gene From Mothers
50% of Sons Of A Maternal Carrier Have The Defective Gene




Hemophilia A and B Sex-Linked Inheritance

Carrier Female

K Edg | X
g Sperm
> X XX XX
+ Q Carrier Q Healthy
S|y XY XY
@ Hemophiliac @ Healthy

Sex-Linked Inheritance
Q Carriers — 1/2 Sons Afflicted + No Daughters!
Only One X-Chromosome is in &

What Was Known About Factor VIII
Before Gene Cloned?

— 1. Blood Protein (But Perhaps Synthesized Elsewherel)

2. Could be purified in small amounts from >20 Liters
of human blood + cow blood + pig blood

3. Short Stretch of Protein Sequenced = Known Protein
Sequence!

—4. Hemophilia A could be treated by blood transfusions
from normal individuals, .. clotting factor in blood

5. 1980s AIDS Epidemic Caused Many Hemophiliacs to
Get HIV/AIDS (~50% of hemophiliacs got AIDS in
1985)

. How to go From Protein to Gene




For Factor VIII- Not Known Where Gene Was

The Problem

Expressed ..

Must Use Genome Library

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

Victoria
(1819-1901)

(a) Key = O Normal female

(® Carrier (heterozygous) female
[J Normal male

M Affected male

Early 1980’ s

() Analysis of presence or absence of
blood-clotting factors
Wild-type
person Hemophiliac
+ +

(b)  Vessel damage

Inactive XIl — Active XIl Factors

Inactive XI — Active XI

Inactive IX — Active IX

Prothrombin
Fibrinogen

TS
R Ry

Inactive X _,. Active X

\

t
Factor VIll
Prothrombin o0 anc;mbln

Key Concept
v

How Clone A Gene When You Don’ t Know

Where it is Expressed !

Different Than Insulin
Knew Where Protein Made!

—XKe : Purified = ——
Protein e i
=] | & ANy pAR AN M,
sequence 2 Rs"s';e transtation AlAZ T‘TG G‘CC TiT (jGG
- into coding sequence ... AAA TTG GCC TAT CGG.
Known 3, Spnesi e [
4. Probe library Temepees itich
5. e =
6. %3 datcingd rom o 5238000 000 20
|  How Find Gene & cDNA? | mRNA—> Drug
Protein — Gene - mRNA — Drug !
Steps Required to Clone Factor VIII
Gene Gene and cDNA ONA
1.Make Genome Library e e 1.Use Gene probe to
Because Factor VIII R~ mSJgELTS;SE screen cDNA

Gene in Genomel! sl
2.Purify Protein from

—_—— o

I
DNA POLYMERASE

Blood- that’s where it =T ===
works (wasn’ t known P“’*’i’v"m Pﬁ
where made) Qo> S—

PACKAGE IN PHAGES PACKAGE IN PHAGES

3.Reverse Translate using

IDENTIFY SOURCE OF FACTOR VIl mANA

the genetic code a o O O e
portion of the protein ke el
sequence Library e

PLAQUES,
S

4.Synthesize a DNA probe
complementary to Factor
VIII gene corresponding
to protein sequence

5. Screen Genome Library
Entire Gene on The Clone?

TRANSFER TO FILTER PAPER,
RELEASE AND DENATURE DNA

\SFER TO FILTER PAPER
ASE AND DENATURE DNA

TRAN:
RELE.

SYNTHETIC
DNA PROBE

FACTOR VIl
GENE

_ FRAGMENT

library for Factor
VIII cDNA clone

2.How know what
mRNA to use to
make cDNA library?

3.Use gene probe to
probe RNA blots
containing mRNA
from all major
organs (liver,
kidney, blood, etc.)

4 Find Factor VIII
mRNA in liver-
male, liver- secrete
into blood

Why Need cDNA?
Story continued

Want cDNA to Manufacture Factor

a Drug to Treat Hemophilia Al

VIII as




Step One

How to Construct a Human Genome
Library to Find the Factor VIII Gene?

If It is Not Known Where Gene is Active
Can “Look” to Genome Instead of mRNA to
Find + Clone Gene!

Vectors Used in Genetic Engineering Have
Similar Conceptual Properties
But are Used in Different Situations

Table 3.2 A COMPARISON OF DNA VECTORS AND THEIR APPLICATIONS

Genetic Code of Life

Maximum Insert Size (kb) Applications Limitations

Bacterial plasmid
vectors (circular)

~6-12

DNA cloning, protein expression,
¢ g, P P!

subcloning, direct sequencing
of insert

Restricted insert size; limited
expression of proteins; copy
number problems; replication

Entire Genetic Code
of a Bacteria

DNA Fingerprinting

Cloning: Ethical Issues

artificial
chromosome
(YAC, circular)

Ti vector
{ (circular)

DNA
(| Bacteriophage ~25
vectors (linear) <
Cosmid (circular)  ~35
Bacterial ~300
artificial
chromosome
(BAC, circular)
Yeast 200-2,000

Varies depending on type
of Ti vector used

DNA

cDNA, genomic and expression
libraries

cDNA and genomic libraries,
cloning large DNA fragments

Genomic libraries, cloning large
DNA fragments

Genomic libraries, cloning large
DNA fragments

Gene transfer in plants

restricted to bacteria

Packaging limits DNA insert
size; host replication problems

Phage packaging restrictions;
not ideal for protein expres-

sion; cannot be replicated in
mammalian cells

Replication restricted to
bacteria; cannot be used for
protein expression

Must be grown in yeast; cannot
be used in bacteria

Limited to use in plant cells
only; number of restriction
sites randomly distributed;
large size of vector not easily
manipulated

Plasmids vs. Bacteriophage Vectors

and Future Consequences 1 . Rephcq're

Plants of Tomorrow

2. Selectable

3. Can be used to insert foreign genes/restriction sites
4. Easily isolated + transferred back to cells




Plasmid vs. Bacteriophage Vectors
for Cloning DNA Fragments

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

“Ar'fifiCial ” Transfor.ma.l.ion A Plasmid Vector

Process - Not Efficient - O

Restriction Foreign
endonuclease DIIJA

lacZ gene e No DNA ‘ Active lacZ
inserted gene produces
Medi o - < ]—blue colonies
edium contains - g
ampicillin and X-gal ]—— Inactive lacZ

gene produces
white colonies

; DNA
Ampicillin Restriction enzymes Foreign DNA inserted
resistance cuts within and DNA ligase

gene the lacZ gene are added P
T
O Transform

A Phage Vector

-

N
SO%e

A %l\ll\‘/;tha( did not (akbe Phages }h'at do n;l assemble
" ncotporatediio phage hescs, e o Much More Efficient
“Nafur'alu (_ and phages do not assemble
b e 3 s 8 * Can Use Less DNA
i N S Recombinan ! s
Infection Process T A LY + Get Lots More Clones
nserte ——N0
< l— ct « Need Lots of Clones
)\_headlake_sup Phageveptorwwthrecqmbinanl For‘ Lar‘ge Genome
recombinant DNA in vitro, and DNA infects E. coliand
lambda phage vectors assemble. propagates, killing its host.

Structure of the A Phage and Its Genome

e
(a) » Phage genonfle Not Needed
1 Head 1 Tail 1 Replaceable region 1 Lytic functions | 55 hm
T T T 1] 1 B
S0 e —
Ll I\\\\\II--.-.II I{--»-II
0 10 20 30 40 49kb
5 head
Nul A J N cr4 or 5 nm
(b) % Phage assembly
O Pm .
Preassembled 2 tail 150 nm tail
A\ head
(49kb)
cos cos
Concatomer of . DNA 25 nm fiber
Nu1 and A proteins 1;:"
promote filling of A head
with DNA between COS sites ariiguanaians
4 o

@_ \ genome (1 copy) i \ \ e

A tail attached only
to filled head

Head
genes

Complete A\ virion

i Sanger et al. 1982 J. Mol. Biol. ™=
First Genome Sequence o 2 1




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

FE A

Plants of Tomorrow

A Phage Infects E.coli & Destroys (Lyses) Cells

Phage @ Phage DNA
i _

Bacterial cell —,
Bacterial DNA

Phage attaches to surface
of bacterial cell

Phage injects its
DNA into cell

Phage and bacterial
enzymes make phage
DNA and proteins

Phages can introduce
cell DNA by infecting
other cells

Released
phages can infect
other cells

Phage plaque

Lysed Cells Can Be Seen as Clear
Plaques on Agar Plates

1. Each Plaque is a Virus
Clone Representing One
Viral Infection!

2. Selectable Marker is
Bacterial Cell Destruction &
Plaque Formation




Advantages of A Virus as a
Vector for Cloning DNA

1. Long DNA Segments Can Be Cloned (~20kb) Need Fewer
Clones For Whole Genome!

2. Can Clone DNA Segments In Viral Genome & Self -
assemble With Viral Proteins Into Virus In A Test Tubel

. Make Recombinant Viruses In The Lab!

3. Use “Natural” Infection Process To Generate Large
Number Of Clones For A Eukaryotic Genome Library.

Much Higher Efficiency For Getting Recombinant DNA
—Bacterial Cells Compared With Dna Transformation.

.. Set More Clones Per Amount Of Recombinant DNA!

Using a Bacterial Virus To Clone the
Human Genome

Genetic Code of Life

(a) Phage A DNA Genomic DNA to be cloned
EcoRlI EcoRlI
L ¥
| ‘ 555
| 45 kb 1
l EcoRl l EcoRI
Left “arm~—)-15 kb—f& Right “arm" 3 3
i Wi L s ST
[ J = T | ] T T 5
5 3 5 3’ Restriction
Entire Genetic Code | Nt v r . S 5 frfagrf?ems
. ot necessary for of different
of a Bacteria L A replication sizes
Arms contain all the
genes needed for 5 . .
replication but are too O Anneal Phage “"Arms” to Digested “Foreign” DNA
small for packaging Suitable size for
’ ackaging after
|:@'5' ﬁgatiog w?th arms Concatenate of many
Left arm Right arm 5k rJecomblnam A phages
} ! —
L~ "S- ™ L™ ]
1
, . as Genomic DNA Packaging of DNA in A particles using proteins
DNA Fingerprinting 15 kb and enzymes from A-infected E. coli
One Clone per Plaque
Infection of E. coli cells for A
l replication to clone the DNA Phage clones
in plaque
Q
() Bacterium — (6
Infection Lysis

Lawn of
bacteria

Cloning: Ethical Issues
and Future Consequences

Mixture of Plaques =
Library With All Human
DNA Sequences
Represented

Copyright ©2009 Pearson Education, Inc.

Plants of Tomorrow




Cloning the Human Genome and Screening
for the Factor VIII Gene

45 kb
BamHI  BamHI
Genomic DNA

L Sau3A t \ vector
P varg sites i i
Digest with

Human DNA |— &5 ? - Why?

D

Ith Sau3A Isolate left and

l BamH compatible) right arms.
— Isolate 15-kb —_— I L. R
R [ f =y~ { Restriction Cleavage Site

Note Overlapping=" === fiatmamens

Ligate.

Ff‘Ggmenfs ';::': Raif':“‘ TandemrecomliinantDNAunits
| |
Genomic DA T
Library of
genomic
RERRE
Need 200,000 Phage with 15 kb inserts [Jboicect

for Complete Human DNA Library 5 (X”mes
(3x10°/1.5x10* = 2x105) Nty

What’s the probability of having any sequence in this libraryg,..nibrary by using nuceic acid probe.

Figure 20-6
Introduction to Genetic Analysis, Ninth Edition
© 2008 W. H.Freeman and Company

Why Partial Digestion? An Important Concept!
What is Complete & Partial Digestion?

Constructing a Human Genome Library by Partial Digestion
Creates a Set of Overlapping DNA Fragments/ Clones

Human Sau3A sites o

DNA  #—+HH—H—— i
~20kb (— — Notice: Each Fragment Overlaps!
partial : .

Sau3A Partial Sau3A !

fragments | Random Set If
Overlapping DNAs .. Can Go From One to Next to Next! 22

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

~—

Failure to assemble because there is no overlap.
I(@) Adjacent Sequence both ends of fragments.

fragments Clone.
Break into adjacent fragments.

Break into overlapping fragments.

|(b) Overlapping | Clone.

fragments | Sequence both ends of fragment.
Reassemble string by sequence overlap.

—\
< X~
— 2\ A
Y b
—\ —\
L1 L] e ———]
A C— h I
—\
T




Step Two

How Find the Factor VIII

Gene in a Human
Genome Library?

1st

letter

The Genetic Code

Second Letter

c A G
uuu | Phe |ucu vau | T |ueu |cys |u
uuc ucc | ser |UAC UGe c
UUA | oy |UCA UAA Stop |UGA Stop|A
UuG ucG UAG Stop (UGG Trp |G
cuu ccu cAu | His |ceu U
cuc | Leu|cce | Pro |cac CGC | arg | €
CUA CCA CAA | GIn |CGA A
CuG ccG CAG CGG G
AUU ACU AAU | Asn |AGU | ser U
auc | e |Acc | Thr |AAC AGC c
AUA ACA AAA AGA A

L A

AUG Tl ace aac | ° |ace |79 |e
GUU GCU GAU | Asp |GGU U
GUC | val [GCC | ala | GAC GGC | qly (€
GUA GCA GAA | o, |GGA A
GUG GCG GAG GGG G

Properties

 Universal

* Three Nucleotides

* Punctuation
* Degenerate

3rd

letter




Factor VIII Protein — Gene

Using the Factor VIII Protein Sequence and Genetic Code as a
Guide to Synthesize a Factor VIII Probe

H2N H2N

NH2 . . \
Digest with COOH COOH Separate

protease > NH2 COOH Eegtides' COOH

COOH \
COOH \

Protein encoded SequenC NH2 NH2

by gene of interest Pur‘ified ::::,::;::;dation |
Protein

1 2 3 4 5 6 7 8 9 10 1 12

.. Peptide
sequence

2. Make Several l.l " Poseible

Probes All Codon T sequence 1.U
. . Least-degenerate . Use
Combinations! 20-base region

Genetic
Prepare 20mer C d
. degenerate probe  perfectly complementary ode
3 . One Wl I I Be to screen genomic _ologonucleotide in the
library degenerate probe
Correct Probe — e -_/

. AAGAAT NBE THAATE TAGATEAMNENA TCGAATGTC.. Coding Sequence
How many Combinations of Synthetic Probes?
2x3x2x1x2x2x2=96

Using the Genetic Code to go From Protein
Sequence to Gene Sequence

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

(b) Synthesizing DNA probes based on reverse translation

Protein sequenceN)| Glu | Asp | Met | Trp | Tyr LC

5 )
Degenerate coding sequences |GAA|GAT |ATG |TGG|TAT
i GAG|GAC TAC

Sequences that must be ® ® @ @ ® . .
present in the probe = 8 Codon Combinations
@ GAAGATATGTGGTAT
GAGGATATGTGGTAT
GAAGACATGTGGTAT
Mixed Probes GAGGACATGTGGTAT
(Contains All 8

Sequence GAAGATATGTGGTAC
Combinations) GAGGATATGTGGTAC
GAAGACATGTGGTAC

\_ GAGGACATGTGGTAC
1. Need Amino Acid Sequence of Part of the Protein

2. Need DNA Sequences Representing all Codon Combinations
3. Synthesize DNA Sequence Probes!




Finding The Factor VIII Gene Or Part of Genell

Library of phage clones

???W?????W?W

Lawn of
bacteria

Human Genome

. —
Library Clones
Phage clone l Autoradiograph to
. - Transfer plaque to in plaque Film locate desired clone.
b absorbent membrane.
The .
Actual s
Results —
Incubate membrane .
£ Membrane | with radioactive probe. Desired
ol ’ clone
¥
' J“—Master
mwmfx'mamsc % G . Plate
. AR Infect fresh
d
- Peptide l bacterial host.
nlpllmq
DNA .
sequence Purify Factor
Least- degenerate & H
20-base region \Pf‘ObeS Amplify : VIII Genomic

Prepare 20mer desied gene. 5 Clone

degenerate probe Perfectly '

to screen genomic |_Ologonucleotide in the

library / degenerate probe glénlysis, Ninth Edition

1d Company .
AAGAAT==.-M—F-'-II=MTCGAATGTC . Coding Sequence Seguence To See If it

Matches Probe/Protein

The Result-The Factor VIII Gene is Huge- 186,000 bp- The Probe
Identified a Clone Containing Only One Part of Gene Il Why?

EXONS
1 23 4 56 78 910111213 4 15‘1»6:17‘18 19,20 21 22 23\ 2:1 25 26
B II | II 1ol ) | [T [1] |
SN - 1 I | 1 1 ——— — ]
0 20 60 80 . 100 120 140 160 180 200
Ilr}TERFERON Clone IdenTlfled ‘i I SYNTHETIC DNA PROBE , . .
GENE with Probe g === Doesn’ t Contain Entire Genel!
FRAGMENT PROB l J
[_rracen eroe L |
. 2 [ ] | EESRIE S T E ]
Overlapping Clones/DNAs .
I e ) (G T S|
= o
4 EESETE e ) (S —————

How Find Clones with Rest of Gene? Key Question !

Remember - the library contains overlapping DNA clones .. can
use one part of first clone to re-screen library &
walk” to other gene regions- using restriction maps &
sequencing (compare with protein sequence) as guides!

Sequence ---------- > GenBank




Finding the Entire Factor VIII Gene?

Step Three . .
P Walking & Sequencing
Walking Up and Down Genes and Chromosomes
|| a B b =80 kb";, | | E e Eukaryotic DNA
Cut with EcoRl; insert between
Screen with /,,,7\)‘,,Tms' — — \ arms
gene probe A. F= \} —
= — ==
)‘Iibrary/\é\\{"*/:/// 1
-~ 14kb——
& Aclone1
Re ifer'ative Libr‘ar‘y @ Make copies of small fragment by cloning.
Screening Process § Rescreen library.
2 B b Adjacent\ clone 2
Find Over‘lapping % Make copies of sma(ll fralgmer'\t bi clloning, etc.
Clones By  w— ., generated by partal
Restriction Site — e
Mappin m—
PpPing —

Figure 20-13

Basis of Genome Projects & Whole Genome Sequencing

Corlf:gpts_' How know Find Complete Factor VIII Gene?

I—'Comygr'e Protein & DNA Sequences

The Factor VIII Gene Was Found To Be
Very Large

-+ 186,000 Nucleotides in Length won+

Fit in One Phage Clone)

« 25 Introns

»+ 9,000 Nucleotide Coding Sequence
(cDNA)

+ 2,351 Amino Acids in Protein

Factor VIII Gene

X Chromosome




Factor VIII Mutations Occur Throughout the Gene

[Haemophilia 11, 481-491 (2005)]

actor VIII gene mutations in haemophilia A patients without intron 22 inversion.
VIEC (%) Family histoey ~ Consanguinity®  lnversion  Codont Muation Amino acid changs Lxan

1 Sparadic NC Normal 51 TTT - TCTS Phe —» Ser 2
120 Sparadic NC Normal a0 GTT —» GAT Val -« Asp 3

1 Sporadic NC Normal 02 GGT = GITS Gly = Val 3

Sparadic NC Normal 104 TOC — COOs Ser = Pro 3 5588, ide ntical
Sporadic NC Normal 145 GAG » AAGS Ghi — Lys 4 EE, identical

1 Sparadic NC Normal 233 delCAs The —» 5 (TGA 264) @
27 Inherited NC Normal 321 GAA = AAA Gl = Lys 5
0 Sparadic NC 372 CGO — CAC Arg — i s

3 Inherited NC o 527 GG - TGG Arg —» Trp n

1 Sparadic NC \ semal 528 TGC < TACY Cys —» Tyr 1

1 Inherited NC Normal 592 CAN = TAA Gln = Stop 12 QN ientical

1 Inherited NC Normal 564 delGACA Gly — fs [TAA-867] 14

IsCAATTAAMATGAGAAS

1 Sporadic NC Normal insAS Lys —» £ [TGA 984) 14

1 Sporadic NC AGG TGOS Arg = Trp 14 RGKK, drsimilar

1 NC AGG = TGOS Arg = Trp 14 RGKK, dissimilar

1 NC 1194 dela lle —» fs (TAG 1198) 14

40 Sparadic NC Normal 11194 lle —» fs (TAA-1220) 14 -
1 Sporadic < Normal Lea — 6&(TGA-1231) 14 -
2.10 Sporaxdic NC Normal Asp — Gl 14 DGGE, similar =
1 Sparadic NC Normal Pro » fs (TAG 1446) 14 -
1 d < Pra - £ (TAG 1446] 14 b
1 NC 12 Z
1 C =
1 Inhe mul NC 1502 Gln » Stop 14 QREQ, dissimilar =
1 Inherited NC 1504 Val < £ (TGA 1817 14 =
1 Sporadic NC 1535 Trp — Stop 14 ot
whibitor 96 BL o)
1 Sporadic NC TAT » TAAS Tyr > Swop 14 Z
1 Sparadic NC AAN o TAAS Lys ~» Stap 14 e
0.20 Sparadic NC GA = GGA Arp = Gly 14 v
1.80 Sporadic NC Normal {elA§ Gln —» fs(TAA-1752) 15 =
1 Inherited NC Normal GAA » AAAS Glu > Lys 15 EEEL, identical =
1 Sparadic NC Normal FIC o Tecy Phe <> Pro 16 FFFF, identical =
1 Sparadic NC Normal Trp — Stop 14 WWWW, identical Z
7.60 Sporadic C Normal e — I 17 11, idemical =
3 Inherited C Normal Arg > Gl 18 RRRR, identical [
1 Sparadic NC Normal At s Stop 18 RRRR, ideatcal =

Need To Screen Across the Gene for Markers -- Family Specific

Factor VIII Gene Probes/ Sequence Can
Be Used to Characterize Mutant Genes
& Do DNA Testing for Carriers

Loss of a TaqI site
in Factor VIII Gene

Human DNA From

Different Individuals C|°"€ Probe

Genomic or cDNA /

N %"mm RADIOACTIVE M NNN [N_ N
DNA FACTOR VIl
CONA !: f—1 [ 4200
|_GEL ‘
Complete, %ﬁﬁg{,, o | 5 ; ‘
aib [ —s| | % [RFLP
&3 SEPARATE TRANSFER TO g}j | HYBRIDIZE |
AN PAPER AND : AND
DNA DENATURE g | WASH H
FRAGMENTS
- L 1.400
|

Relahves
1B
1

160

Hemophilia™
| — ]

120
THOUSANDS OF BASES

LI T

1
80

Mutations in Factor Gene

Point Mutation

L4
=

Once Gene & cDNA Identified!

Mutations Arise
Independently in
Families

Use DNA Gel Blots (or PCR) & Factor VIII
Probes to Investigate Presence of
Mutant Alleles in Families (carriers)




Using PCR and RFLPs (Markers) to Screen For the
Hemophilia A Disease Allele/Gene

The 21s*
Century
1. Use PfCR to amplify @ [ o Facror viirgens ‘ Approach!
specific Factor VIII =
gene region (p— 1. Sequence
1ok Polymorphic ol the Entire
2. Use restriction enzyme —L e Gene & Find
(BcL I) to distinguish Bon17 Exon18 | Mutation
between normal allele (12 poplifed fragment
(1 site) & disease allele] ' & Q 2. Then
(no site) 1 QO E {eus Synthesize
E = Normal allele e Fragments produced Primer-s to
[-] = Disease allele T T ] aent I cicease aiele Test Family
- - —==|99bp ] Bcll site Indicative of Member.s
[— == |43 bp present normal allele
Using PCR

Only Can Do This With a Knowledge of DNA Sequence of Wild-type
(Normal) and Disease Genes (Can Vary Family to Family)

Step Four
DNA
Genetic Code of Life

How Find Factor VIII mRNA to
SR Generate a cDNA for Protein
Production in Host Cells?

ONA Fingerprinting Recall: Eukaryotic Genes Provide
Obstacles for Efficient Protein
Production in Genetically
Engineered Cells!

Cloning: Ethical Issues
and Future Consequences

Introns! Switches!

Plants of Tomorrow




Making the Drug
Need cDNA Not Gene

Factor VIII Gene Can Be Used to Find Out Where It is Active Using RNA Blots

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
% Tissue 1 Tissue 2 Tissue 3 Tissue 4 4. Wash away probe. Make
(ovary) (testes) (lung) (blood)

= e o = = = 3

i i i

\ Purify RNA J

| |
VvV

T 7
Ovary RNA Testes RNA  Lung RNA Blood RNA

RNA Blot Is Like a DNA
Blot Except That RNA is
on Gel & Blotted

1 2 3/ 4

2.Load RNA samples [— — 3
in wells of a gel.

3. Separate RNA samples by gel electrophoresis.
Blot onto filter. Expose filter to labeled hybridization probe.

Factor VIII
Gene Is Highly
Active in Liver!

Could Also Use PCR (RT-PCR)

(4): Reprinted with permission from Nature 1990 Jul 19; 346(6281):216-7, Sinclair et al. © 1990 Macmillian Magazines Limited

Using Factor VIIT Gene Probe to Identify Factor
VIITI cDNA clone

GENOMIC CLONING Facmr(:LoM«;II

0 H
~ — Liver mRNA
GENOMIC |
DNA RS
S AEVERSE
= TRANSCRIPTASE
|
CLEAVE WITH
RESTRICTION ENZYME T T conA
|
DNA POLYMERASE
e e
—e———

=== o= emmmmm  DOUBLE-
= | o= c===me=s STRANDED

JOIN TO JOIN TO
PHAGE DNA PHAGE DNA
P ¢
== <= Liver cDNA Library

PACKAGE IN PHAGES PACKAGE IN PHAGES

<|) Factor VIIT cDNA -

erace ()
i
|

IDENTIFY SOURCE OF FACTOR VIll mRNA

e S Used to Make Drug !
PLAQUES | e — > 7\2

TRANSFER 10 FILTER PAPER TRANSFER TO FILTER PAPER
RELEASE AND DENATURE DNA RELEASE AND DENATURE DNA

SYNTHETIC

DA PROB HYBRIDIZE _ﬂ HYBRIDIZE
& ! Screen Liver cDNA Library
|

FACTOR VIl
_—— CcONA
-

As FACTOR VIl
WASH CENE

v

 FRAGMENT




Engineer Factor VIII cDNA to Produce Protein in Host
Cell & Synthesize Factor VIII in Mammalian Cells

(a) Transient transfection
DNA

C
Promoter g=u,
Vector { Viral origin of
replication

Transfect cultured cells
by liqid treatment
or electroporation

©-0 /o>

Why Mammalian Cells?

Proteinis ekbressed from cDNA in plasmid DNA

(b) Stable transfection (transformation)

<cDNA
Promoter ==,
Vector
neo’

|
1

Factor VIII
cDNA

Transfect cultured cells
by ligid treatment
or electroporation
Select for G-418 resistance
G-418-resistance clones

|| Purify

Factor VIII

Protein!

IProtein is expressed from cDNA integrated into host chromosomel

Need FDA Approval Before Recombinant DNA Drug Can Be

Marketed and Used to Treat Patients

Figure 2.2 Dfug Developﬁent: A Slow, Expensive, and Risky Endeavor
2!3%?3?35“"’ Phasel Phasell  Phaselll :n"\ea Production ﬁ‘;‘v;‘.’.‘;’;f,?::‘i o
0 5 ¥
500 “'“ ""?',':":32"‘9 Phgilerr& o
1L 70w
1000 "”' Aporoal oM
g L
-]
2 P -
= =0 W Number of compounds "“' i |
é 3000 : ' 100 volunteers “'“ Phase I ,m,
= 350 : (1111 Phase| 100M
W
4500 S L] R
5000 | 20100 100500 10005000 e
: volunteers volunteess  volunteers
e 012 3 45 & 7 8 9 10 11 12 13 14 15 16
Years
ource: Pharma al Research and Manufacturers of

§1300
1200
1100
1000

wasn

400

America




Recombinant Factor \{III

" _ . . / Bayer HealthCare
-\}\ J Bayer BIO|OgIC8| Products EU ~” Biological Products Division

Search | Sitemap

‘ [ About Us | About Hasmopniia | ForKids | Research & Development | Press Releases |

More Resources Recombinant factor VI
Haemophilia Centres in

i

Recombinant factor VIII (rFVIII) is the antihaemophilic factor A, obtained using

Europe recombinant DNA technology. With this technology, pure protein is synthesized
in the laboratory instead of being extracted from blood. In the following pages,

Haemo-QoL Project it will be explained in detail how the knowledge and analysis of DNA, using the

Hemophilia Research new instruments of molecular genetics, have represented both the beginning

Awards and follow-up stages in the development of recombinant FVIII.

AT R e st

s s 2000 1U Range Prophylactic
. Treatment
Kogenate FS ' Costs $300,000/
Antihemophilic Factor Needleless ' Year!
(Recombinant) ?;‘:O”S“‘“‘ . Most Hemophiliacs
with BIO-SET ® Use "On Demand” or
(T . As Needed

\ 1
(wazes) Bayer HealthCare
‘\_:_»/‘ ’

Factor VIIT gene cloned in 1983

Factor VIII (recombinant) approved as drug in 1993!
Ten years from gene — drug! (Off Patent in 2011)

Using Factor VIII to Treat Hemophilia

Formation of a Blood Clot

FIBRIN STRANDS stabilize a blood clot at the site of a wound by A clot in the bloodstream is the result of a complex cascade of en-
trapping the platclets that form the bulk of the clot. The electron  zymatic reactions culminating in the conyersion of ibrinogen, a sol-
micrograph, which was made by Jon C. Lewis of Wake Forest Uni-  uble protein, into insoluble fibrin strands. In hemophiliacs a crucial
versity, shows a clot formed in a suspension of platelets and fibrin. protein in the blood-clotting cascade is cither missing or defective.

A Triumph of Genetic Engineering




The Future: Gene Therapy - A Permanent “Cure”

December 10, 2011

Treatment for Blood Disease Is Gene
Therapy Landmark

By NICHOLAS WADE

TIME-

Gene Therapy Shows Promise for Treating Hemophilia

Bx ALICE PARK Monday, December 12, 2011

The First Ever In-Human Gene
Editing Will Try and Combat

Factor IX - Hemoglobin B

H e m 0 p h I ll a FDA-Appr‘ovgglglinical Trial

The Factor VIII Story -- A Summary

" Purify Small Amounts of Factor VIII
Genetic Code of Life . Obtain Partial or Complete Amino Acid Sequence
Use the Genetic Code to Synthesize Degenerate DNA Probes

Isolate Factor VIIT DNA Clones Complementary to Probe in Genome

Library

Determine if Factor VIII Clones Contain the Complete Gene By
Sequencing and Comparing With Protein Sequence

Entire Genetic Code

of a Bacteria . If Not, “Walk” to Obtain Overlapping DNA Clones That Collectively
Contain the Factor VIII Gene

Sequence Clones To Determine Where the Factor VIII Gene Starts
and Stops

Use Factor VIII Genome Probe to Find Out What Body Organ/Tissue
Expresses the Factor VIII Gene

DNA Fingerprinting . Make a cDNA Library From the Target Organ/Tissue and Isolate a
 — Factor VIII cDNA Clone

. Sequence the Factor VIII cDNA Clone and Compare With Factor
VIII Gene Sequence to Map its Anatomy (I.e., introns, exons,
swtiches) and Ensure That it Contains the Complete Protein Coding

. Sequence
Cloning: Ethical I
andoFmg Ccl)i:eq:;“nc:s . Use Factor VIIT cDNA and/or Genome Fragments as a Probe to Find

RFLP Markers For Disease Alleles -- Or Sequence Disease Alleles to
Find Relevant RFLP Markers By Comparison With Wild-Type
Sequence

Bt ©% . Insert Factor VIII cDNA Into an Expression Vector and Synthesize
; JEr5h N Factor VIII Protein in Host Cells (e.g., Mammalian Cells)
Plants of Tomorrow




