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What is Current Status of Recombinant DNA Drugs?

How Do We Go From Disease to Gene to Drug? Hemophilia -
A Case Study

How Is Hemophilia Inherited?
What is the Pedigree Pattern of a Sex-Linked Gene?

How Find a Disease Gene When It is Not Known Where the
Gene is Expressed?

What Vectors Can Be Used For Cloning DNA?

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

How Make a Library of the Human Genome?

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

. What is Chromosome Walking & What Role Did it Play in
Cloning the Factor VIII Gene?

. How Use DNA Testing to Detect Factor VIII Disease Alleles?
. How Isolate a Factor VIII cDNA Clone?

. How Produce Factor VIII Protein For Use as a Drug?

. Transgenic Protein Patent & Regulatory Concerns?

. Diagnostic Disease DNA Testing Legal Concerns?

. How About Gene Therapy?




One of the Most Important Applications of Genetic
Engineering Technology Has Been To Manufacture
ONA Drugs to Treat Human and Animal Diseases
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Cloning: Ethical Issues
and Future Consequences

Created a Multibillion Dollar Biotechnology Industry,
Was Responsible For the Acceptance of Recombinant
DNA Technology in the 1970s,& Lead to
Pioneering Decisions in Patent Law
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Biotech in the United States is a Huge Success and a Big Business
- 350 Billion Dollars
9 In 2011
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Biotech Centers in the US
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It All started With - Life Is Patentable

SCIENCE MAY PATENT
NEW FORMS OF LIFE,
JUSTICESRULE, 5T04

Diamond vs. Chakrabarty

- ;_\‘"""Dv' Decision Assists Industry
SO e SR in Bioengineering in a
e Variety of Projects

are declared
patentable as well




But What About Genes?

Yes - Up to Six Months Ago!

June 13, 2013

Justices, 9-0, Bar Patenting Human Genes

SUPREME COURT OF THE UNITED STATES

ASSOCIATION FOR MOLECULAR PATHOLOGY ET AL.

Syllabus

v. MYRIAD GENETICS, INC., ET AL.

Genes NOT Patentable - But Engineered Genes,
cDNAs, and Transgenic Organisms (6GMOs) Are

Patentablell
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Should You Be Able To Patent Organisms
& Have Intellectual Property Rights?

a. Yes
b. No
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Examples of Recombinant DNA Drugs

TABLE 1.2 EXAMPLES OF PROTEINS MANUFACTURED
FROM CLONED GENES

TABLE 1.1 TOP 10 BIOTECHNOLOGY DRUGS (WITH

Lroduct Application SALES OVER $1 BILLION) 2012
IElood factor VIII Treat hemophilia ]
clotting factor) Function (Treatment
. . of Human Disease
Epidermal growth factor Stimulate antibody production W
in patients with immune system Drug Bevsioper Eonditions)
disorders Enbrel Amgen & Wyeth Rheumatoid arthritis
Growth hormone Correct pituitary deficiencies and Remicade  Johnson & Johnson Rheumatoid arthritis
short stature in humans; other . .,
forms are used in cows to increase Rituxan Roche Non-Hodgkin's lymphoma
milk production Avastin Roche Colon cancer
Insutin Treat diabetes Herceptin  Roche Breast cancer
Interferons Treat cancer and viral infections Humira Abbott Labs Rheumatoid arthritis
Interleukins Treat cancer and stimulate anti- . .
bady ptodictioh Levenox sanofi-aventis Blood clots
Monoclonal antibodies Diagnose and treat a variety of dis- Nt Sanafi-aventis Diabetes
eases including arthritis and cancer Aranesp Amgen Anemia
Tissue plasminogen Treat heart attacks and stroke
activator

These Include: Hormones, Blood Factors, Anticoagulents, Growth Factors,
Interferons, Vaccines, Monoclonal Antibodies,
Bone Morphogenic Proteins, & Many Others




The Molecular Genetics

From Gene To Drug T
Of Hemophllla (Potentially Lethal Disease)

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 fibrinogen, 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 either missing or defective.

A Case Study of Cloning Genes and mRNAs

Reference: Lawn & Vehar, Sci. Amer., January, 1986

Characterization of the human factor VIII gene

Jane Gitschier, William I. Wood, Therese M. Goralka, Karen L. Wion, Ellson Y. Chen,
Dennis H. Eaton, Gordon A. Vehar’, Daniel J. Capon & Richard M. Lawn

Departments of Molecular Biology and * Protein Biochemistry, Genentech, Inc., 460 Point San Bruno Boulevard, South San Francisco,
California 94080, USA

Expression of active human factor VIII
from recombinant DNA clones

William I. Wood, Daniel J. Capon, Christian C. Simonsen, Dan L. Eaton’,
Jane Gitschier, Bruce Keyt', Peter H. Seeburg, Douglas H. Smith,
Philip Hollingshead, Karen L. Wion, Eric Delwart, Edward G. D. Tuddenham',
Gordon A. Vehar™ & Richard M. Lawn
Departments of Molecular Biology and *Protein Biochemistry, Genentech, Inc., 460 Point San Bruno Boulevard, South San Francisco,

California 94080, USA
1 Haemophilia Centre, Royal Free Hospital School of Medicine, London WCIN 1BP, UK

Structure of human factor VIII

Gordon A. Vehar’, Bruce Keyt’, Dan Eaton’, Henry Rodriguez’,
Donogh P. O’Brien’, Frances Rotblat’, Herman Oppermann’, Rodney Keck’,
William 1. Wood®, Richard N. Harkins’, Edward G. D. Tuddenham’,
Richard M. Lawn® & Daniel J. Capon’

* Dep of Protein Biochemistry and * Dep of Mol Biology, G h, Inc., 460 Point San Bruno Boulevard, South San Francisco,
California 94080, USA
hilia Centre, Academic Dep of gy, Royal Free Hospital School of Medicine, London WCIN 1BP, UK

A Case Study of Cloning Genes and mRNAs

Reference: Lawn et al., Nature, November 22, 1984
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http://www.nytimes.com/interactive/2009/09/10/health/Patient Voices.html? r=1&
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DNA Replication is Precise
But Mistakes or Mutations Can Occur - A Review!

DNA | RNA
pair pair
{ T v } BASE PAIR
RULES
pair { (C3 g } pair

B \V/\V/ e e e
A

Replication®
\VNA\\/ e See
ZJ REPLICATION

<) Mutation As

New Base Pair C mispairs with A Change in
Replica.ﬁon(@ \ attempted repair 4%0/ Phenofype

y
Gene A BEReE™e
Allelic Variant

Change DNA Sequence From A = T to 6=C

—

. Change Protein Amino Acid Sequence = Alter Function! /




Different Events Cause Gene Mutations

NAA Starting sequence
Genetic Code of Life TCTCGC}MHF‘@%H%EH
1al (6] [al (el [6] (Gl [ [al 6] |6 [al [¥] 6] 6] [a
Type of mutation and effect on base sequence
(a) Substitution
Transition: Purine fgf piine, pyrimmor pyrimidine —_—
JEEVERA EVEEEL
Alfc |al gNc a [Tfa| 7| Ichlal 7| Ic Ic] |a
E"f"‘fe 6;2‘:": Fode Transversion: Purfne for g rimidirfe, pyrinfidine for purine snps
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DNA Fingerprinting |r|de|$
(c) Insertion
mim -
1 . 0 8 O
Al () [al [] [ il [c] [a] [z [al le] [c] [al ] Ic] [c] [a
(d) Inversion Site of inversion —
' 1 '
Cloning: Ethical Issues 5 7| [of [x[ [ &l o] TAT [ &l 6] Tx] [a [&] 6] | =
and Future Consequences 3 al (6] [al (] |¢] [a] Ir] [al €] I€] [al [7] €] I€] [ 5
l—
large
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3
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Human Genetic Disorders Occur As A Result
of Mutations: Change Code-Alter Protein

Normal HBB Sequence
Polar

Thr Pr ( L Amino acids] N N T
ﬁug—\. . "‘9 . r e S ‘Q e 59 5 (b) Sickle-cell anemia is pleiotrophic
é s M ld@ld|d ‘ G QA A Nuoeotes

Sickling of red blood cells
Abormal HBB Sequence L

Nonpolar (hydrophoblc) Rapid destruction Clumping of cells; Accumulation
@ @ 39 Amino acid] of sickle cells interference with of red blood cells
U circulation in spleen
N A
TITIY @( Sw MUEAREA o |
Anemia Local failures Enlargement and
thee é) (c)r{;uipolf l l in blood supply damage to spleen

hemoglobin
Fatigue, heart damage, Damage to
overactivity of heart, kidney,
bone marrow muscle/joints,
Glutamic acid Valine brain, lung,
gastrointestinal tract

2.The protein:

(made of two . - .
uand two (c) B-chain substitutions/variants

B chains) 6’ P d’d’(?{?(?d’d’d’d’d’ Ammo-ac;d posmon

Free & Laid fibers 1 2 3 . 726 £ s7---125~v1<f6

e @ proteins @ iy ) Normal (HbA) Val | His |Leu Glu Glu|Glu HIS Val|Glu| His

oy 9 o :Fd’;ﬂp‘%;f > HbS Val| His[Leu| Val | Glu| Glu| His | Val [ Glu| His

3. Red blood HbC Val| His|Leu| Lys| Glu| Glu| His | Val | Glu| His

ol \ HbG San Jose | Val| His|Leu| Glu|Gly | Glu| His | Val |Glu| His

of hemoglobin HbE Val| His|Leu| Glu| Glu|Lys| His | Val | Glu| His

molecules HbM Saskatoon Val| His|Leu| Glu| Glu| Glu| Tyr | Val | Glu| His

/ Hb Zurich Val | His|Leu| Glu| Glu| Glu| Arg| Val | Glu| His

HbM Milwaukee 1 | Val| His|Leu|Glu| Glu| Glu| His | Glu| Glu | His

Disk-shaped Sickle-shaped HbDB Punjab Val| His|Leu| Glu| Glu| Glu| His | Val | GIn| His

Note Change in Protein Structure Leading to Sickle-Cell Anemia Phenotype!




Inherited Disease

Old Testament-Circumcisions

Royal Family-Europe

Wound
Factor XIl Factor Xlla
Factor XI Factor Xla

o]

Factor IX Factogk

Factor VIl

(Absent in hemophilia B)
o g (Absent in hemophilia A)

Factor X Tactor xa

e @ Factor V

Prothrombin Thrombin

Fibrinogen Fibrin
Blood clot

a = activated form

Hemophilia Has Been Known As An
For >2500 Years!

First Reference to Hemophilia is in the Old Testament

Genesis 17:10-14

‘This is My covenant that you shall keep between Me
and you and your descendants afler you: every
male among you shall be circumcised. You shall
circumcise the flesh of the foreskin.........At the age
of eight days every male among you shall be
circumcised throughout your generations............ an
uncircumcised male...that soul shall be cut off from
its people, he has invalidated My covenant.’

The Talmud also makes reference to families in whom
children have died as a result of circumcision
(Babylonian Talmud, Chapter Yewamoth p6d4b) [6].
SHoUld @ molher 10se Lwo cluldren of Shou

WO SISIeTS
lose a child each afler circumcision, subsequent children
of the woman, the two sisters or of any other sisters of

¢ same lamily snould not be arcumcised untl they
are older, or possibly not at all. This is thought to be the
carliest reference to haemophilia; it was recognized in
the Talmud that this condition was transmitted by
the mother.

Abraham was circumcised at 93 and gave birth to
Isaac at 99. His wife - Sarah - was 90!




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 sznthesized in liver and
circulated in inactive form
Prothrombin e Thrombin

circulating
in plasma
FE 80, Figure 49.10 (Part 2) S ———
Fibrinogen _’ Fibrin
circulating
in plasma
LIFE 8e, Figure 49.10 (Part 1) LIFE: THE SCIENCE OF BIOLOGY, Eighth Edition © 2007 Sinauer Asscciates, nc. and W. . Freeman & Co.

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

How Does Blood Clot After Wounding?

WOUND SURFACE CONTACT Eighf
. Proteins/Genes
Post-translational
Fi xn meu—’ . .
Inactive JActive Modification Required:

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

FACTOR X1 FACTOR Xla

L Hemophilia A
FACTOR IX FACTOR IXa /
H h-l. B @ l#FACTOﬂVIII @
emopnilia
P s oo O ()

®NOO W=

Fibrinogen

FIBRINOGEN  FIBRIN CLOT

CLOTTING CASCADE begins when cell damage at a wound somehow activates the en-
zyme factor XII; it ends with the conversion of fibrinogen into fibrin by thrombin. At each

step an inactive protein is converted into a protease, or protein-cutting enzyme (color), Wha'r Happens If Any Of
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- These Proteins Or Genes

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. Ar.e Mu-'-a-red‘)
H

ATryn® 2009
Anti-Thrombin?? —— Anti-Thrombin Deficiency v

- ic di No Blood Clot!
@ (At-III) genetic disease o Blood Clo




Hemophiliacs Have Mutations in Factor VIII,
Factor IX, or Factor XI Genes

Some Important Genetic Disorders

Disorder
Cystic fibrosis

Sickle cell anemia

‘Tay-Sachs disease

Phenylketonuria

Copyright ©

Symptom

Mucus clogs lungs, liver, and
pancreas

Blood circulation is poor

Central nervous system
deteriorates in infancy

Brain fails to develop in
infancy
nbane

Companies, inc aispay.

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)

Defective enzyme (phenylalanine

hydroxylase)

Recessive

Recessive

1/3500 (Ashkenazi Jews)

1/12,000

Blood fails to clot

Defective blood-clotting factor VIIT

X-linked recessive

1/10,000 (Caucasian males)

I Hemophilia
untington disease

Muscular dystrophy
(Duchenne)

Hypercholesterolemia

Bramn tssue gradually
deteriorates in middle age

Muscles waste away

Excessive cholesterol levels in
blood lead to heart disease

Production of an inhibitor of brain Dominant 1724,000

cell metabolism

Degradation of myelin coating of X-linked recessive 1/3700 (males)
nerves stimulating muscles

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 €

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

(225 s)

Entire Genetic Code
of a Bacteria

DNA Fingerprinting

Cloning: Ethical Issues
and Future Consequences
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Human Disease Genes Have Been Mapped To
Specific Chromosomal Locations

Familial
cancer

One in 200 people

have this

those, 65% are likely
to develop the

disease

D

e =

Gaucher
disease
A chronic
enzyme
deficiency

Glaucoma
Increased fluid
pressure on the

eyeball, progressive

loss of vision

|

Huntington'’s disease Cystic fibrosis

colon Neurodegenerative Mucus fills up the lungs, interfering
disorder tending to with breathing. One of the most
strike people in their prevalent genetic diseases in
gene;ol 405 and 505 the United States

Spinocerebellar ataxia
Destroys nerves in the|
brain and spinal cord,
resulting in the

Ioss of muscle inthe skin
control l

liaC | :

|
Hemochromatosis

Retinitis

Multiple

pigmentosa Abnormally high exostoses
Progressive absorption of iron A disorder of
degenerationy from the diet cartilage and
of the retina bone

Familial polyposis
of the colon

Abnormal tissue growths
frequently leading to cancer
Parkinson’s disease
Neurodegenerative

disorder

Familial
hypercholesterolemia
Extremely high

Tay-Sachs disease
cholesterol

Fatal hereditary
disorder involving Accumulation in
lipid metabolism the tissue of an
| insoluble
fibrllar protein

Amyloidosis
Congenital men

three copies of
chromosome 21

B e 15 16 7 8 | 10 20 21
Retinoblastoma Breast ‘S\x ;;E‘itimcy |
Arelatively common cancer it
tumor of the eye 5%10 10% susceptibity
accounting for 2% § of cases o infections.
of childhood Alzheimer's First hereditary
malignancies dissase; condition treated  Amyotrophic
o Degenerative  Polycystic kidney by gene therapy  lateral
nerve disease  disease sclerosis

marked by Cysts resultingin  Myotonic (Lou Gehrig's
premature enlarged kidneys ~ dystrophy disease) Fatal
senilty and renal failure  Frequent form of degenerative

adult muscular nerve ailment

dystrophy

Malignant melanoma
Tumors originating

|

Multiple endocrine
neoplasia, type 2
Tumors in endocrine
glands and other tissues

Down syndrome

deficiency marked by

Sickle-cell disease
Chronic inherited anemia,
primarily affecting people
of African descent, in which
red blood cells sickle, or
form crescents, plugging
arterioles and capillaries

(phenylketonuria)
An inborn error of
metabolism that
frequently results

in mental retardation

Muscular dystrophy
(Duchenne and Becker
types) Progressive
deterioration of the
muscles

al
Azoospermic
ctor
Decreased sperm
production or a
lack of sperm

ALD
(adrenoleukodystrophy)
Nerve disease portrayed
wvmig(gr120's Oif

Hemophilia

Blood defect making
it difficult to control
hemorthaging

Tumors of the auditory
nerves and tissues
surrounding the brain




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

Copyright © The

Duchenne muscular dystrophy
Becker muscular dystrophy
Chronic granulomatous disease
Retinitis pigmentosa-3

Norrie disease
Retinitis pigmentosa-2

Slderoblasuc anemia I
S

Il

o syndrome
PGK deficiency hemolytic anemia |

Anhidrotic ectodermal dysplasia

Agammaglobulinemia
Kennedy disease

Pelizaeus-Merzbacher disease

Alport syndrome
Fabry disease

Immunodeficiency, X-linked, with hyper IgM

Lymphoproliferative syndrome

Albinism-deafness syndrome

Fragile-X syndrome

deficiency: favism
Drug -sensitive anemia
Chronic hemolytic anemia
Manic—depressive illness, X-linl
Colorblindness, (several forms)
Dmon enita

o or display.
Ichthyosis, X-linked
Placental Slerc\d sullatase deficiency
Kallmann synd
Chondrodysp\asla puncla(a X-linked recessive
Hypophospha(emla
Aicardi syndrol
Hypomagnesemwa X-linked
Ocular albinism
Retinoschisis

Advenal hypoplasia
G\ycerol kinase deficiency

| ] Omithine ranscarbamylase deficiency

Incontinentia pigmenti
Wiskott-Aldrich syndrome
Menkes syndrome

/ Androgen insensitivity
Choroideremia

Charcot-Marie-Tooth neuropathy

Cleft palate, X-linked

Spastic paraplegia, X-linked, uncomplicated

Deafness with stapes fixation
PRPS-related gout
Lowe syndrome

Lesch-Nyhan syndrome
HPRT-related gout

Hunter syndro

emOBhlha B

TKCR syndrom
Adrenoleukodys(rophy
Adrenomyeloneuropath

Emery-Dreifuss muscular dyst
Diabetes insipidus, renal
Myotubular myopathy, X- inked

The human X
chromosome

N1'ur'e, March, 2005

Factor IX
Fac1’or‘ VIII

No1'e: Factor VIII gene is
» closely linked to
“—— Colorblindness Gene

rophy

The X chromosome has ~1098 Genes and 150,000,000 bp (150
Mb). 168 Mendelian Diseases Explained by 113 X-Linked Genes
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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, Inc. Permission required for reproduction or dispiay.

uuuuuuuuuuuuuuuuu

The Royal Hemophilia Pedigree
George Il

Geneaton . Original Mutation in Carrier

Edy

Duke DV LT—' Grand Duke of Hesse
| Prince Albert Queen Victoria :'—‘
King
i ictori: Sl lice

.. D 7
Duke of ena Arlh Leopold Beatrice || Prince
Hesse Henry
No he m philia
1 ’ (J) IJ_-l I'h Iil d)—y—D
Czar Czarina Earlof  |Prince M: Leop§id  Queen ffonso
| e roea | e il i Eugeni Idng of
Spain
a0 BmodQ <5 I A
Ana I iscount Alf Jamie Juan Gonzalo
Sg o Tremation
N P R é
v y O
H House King Ji
Carlos
No evidence No evidence
vi g of hemophilia of hemophilia
Spanish Royal House
Vil
Wiliam  Henry

Note: 1. Males Obtain Detective Gene From Mothers
2. 50% of Sons Of A Maternal Carrier Have The Defective Gene

Hemophilia A and B Sex-Linked Inheritance

Carrier Female
Egg X X

Sperm

X XX XX
Q Carrier Q Healthy

Y XY XY
3 Hemophiliac 3 Healthy

Healthy Male

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




DNA Testing Can Be Used To Detect The Presence of
Disease Gene Alleles: This is Now Done Using PCR

N
(3
b\@\\
] &
& oS 006“
&V o ot
&t et © N4 o' W&
& o o £
N O S

Genomic DNA from:

Sickle-cella-globingene' O El C. - ’

5' 3 oy
) (T T s : : ; Large Di Allel
CCTATEG 1 1 1 1 | Isease ele
Disease Allele et mmmm | e - | — - :(-) fragments
A A% 0
Mstll Mstll cut ! ; ! ! !
witen e e RFLP
Mstll | l 1 i 1
Normal adyltja-globin gene 1 : \‘ 1 1
Normal Allele EEE H B L1 lll = Ty Simall Normal Allele
' A 55 A 3 ! ! ! ! ! fr. 1ts
3 5 9
A L1 A
Mstll A Mstll Southern blot
.. Mstll or PCR
Restriction 1
Enzyme = Note: Mutations Are Family Specific & Markers
“Vb"d';“”“ For Most Disease Genes Need to Be Determined
probe

For Each Family

© 2009 John Wiley & Sons, Inc. All rights reserved.
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Should You Be Able To Patent a
Diagnostic DNA Test For a Human
Disease Gene?

DNA Fingerprinting

a. Yes
b. No
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and Future Consequences
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DNA Tests Can Now Be Used To Detects Hundreds
of Genetic Disease Alleles

TABLE 11.1 GENETIC DISEASE TESTING

Genetic Disease Condition
Cancers (brain tumors; urinary bladder, prostate,

ovarian, breast, brain, lung, and colorectal cancers)

Cystic fibrosis

Duchenne muscular dystrophy

Familial hypercholesterolemia

Hemophilia

Huntington disease

Phenylketonuria (PKU)

Severe combined immunodeficiency (SCID)

Sickle cell disease

Tay-Sachs disease

G

il

Genetic Basis for Disease and Symptoms

A variety of different mutant genes can serve as markers for genetic
testing.

Large number of mutations in the cystic fibrosis transmembrane conduc-
tance regulator (CFTR) gene on chromosome 7. Causes lung infections and
problems with pancreatic, digestive, and pulmonary functions.

Defective gene (dystrophin) on the X chromosome causes muscle weakness|
and muscle degeneration.

Mutant gene on chromosome 19 causes extremely high levels of blood
cholesterol.

Defective gene on the X chromosome makes it difficult for blood to clot
when there is bleeding.

Mutation in gene on chromosome 4 causes neurodegenerative disease in
adults.

Mutation in gene required for converting the amino acid phenylalanine
into the amino acid tyrosine. Causes severe neurological damage, includindy
mental retardation.

Immune system disorder caused by mutation of the adenosine deaminase
gene.

Mutation in R-globin gene on chromosome 11 affects hemoglobin structur
and shape of red blood cells, which disrupts oxygen transport in blood and
causes joint pain.

Rare mutation of a gene on chromosome 5 causes certain types of lipids to|
accumulate in the brain. Causes paralysis, blindness, retardation, and
respiratory infections.

The Era of Personalized DNA Testing is Here!

?

Research and
record family
history

Provide cell
sample

|

Sample DNA isolated and applied
to personalized DNA microarrays

/ N
\ Results calculated, /

communicated

..

Lung cancer

Alzheimer's
disease

to patient
Susan’s Genetic Profile Lisa’s Genetic Profile
Trait Risk Trait Risk
Addictive : Greater than Cystic fibrosis  :100%
behavior general population diagnosis

: Greater than

general population
Colon cancer: Less than

general population
- Less than

general population

Type Il diabetes:Less than
mellitus general population

Cardiovascular :Greater than
disease general population




And Many, Many More........
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OMIM’®

Online Mendelian Inheritance in Man®
An Online Catalog of Human Genes and Genetic Disorders

Genetic Screening Issues

Genetic Code of Life ‘Why Screen For Genes?
‘When is a Test Accurate Enough?

‘Mandatory or Voluntary Screening?
Entire Genetic Code ‘Who Should Be Tested?

of a Bacteria
‘Employer & Insurance Company Testing?
‘Protection From Genotype Discrimination?
el - Testing for Genetic Diseases With No Cures?

‘How Ensure Privacy & Confidentiality?

-Obligations to Inform Others (Spouse/Sibling)
Cloning: Ethical Tssues of Genetic Disorder Knowledge?

and Future Consequences
‘Genetic Databases??

‘Patents on Tests?

Plants of Tomorrow




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 is
Expressed . Must Use Genome Library

The Problem
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How Clone A Gene When You Don’ t Know
Where it is Expressed !

(b)  Vessel damage (c) Analysis of presence or

blood-clotting factors

Wild-type

person  Hemophiliac
+
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Inactive Xl —  Active Xl Factors
Xil
Inactive XI —» Active XI 2]
X + +
viil + - -
Inactive IX — Active IX 3
Prothrombin
Inactive X _, Active X Fibrinogen
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Find Factor VIll clone

Asxons

kbO 20 40 60 80 100 120 140 160 180 200

Structure of gene
6. as determined from
clone

| How Find Gene & cDNA? |
Protein — Gene - mRNA — Drug !




Knowledge of the Protein Sequence and the
Genetic Code Makes it Possible to Identify a Gene

Expression in cultured

cells

Figure 5-1
Molecular Cell Biology, Sixth Edition
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Cloned gene
DNA sequencing

Database search to identify

gene

Protein
Localization
Biochemical studies
Determination of structure

and Company

. 1. Protein — Gene — Drug

protein-coding sequence
PCR isolation of corresponding

I Factor VIII Strategy (1985) I

or

Genomics

2.

Gene — Protein Using Sequencing
and Genetic Code

GenBank

| 3> Just Sequence Everything + Identify Protein-

GenBank Huge

Steps Required to Clone Factor VIII

Gene Gene and cDNA
1.Make Genome Library e - S,
Because Factor VIII R e
Gene in Genome! b .
2.Purify Protein from :ﬂim o
Blood- that’s where it =T ===
works (wasn’t known i e
where made) < S
mooccheuces 3 ek Wpvvazs
3.Reverse Translate using ) 5 ¥
the genetic code a e O : Qe
portion of the protein ek eker

sequence

4.Synthesize a DNA probe
complementary to Factor
VIIT gene corresponding

Library™ ™

TRANSFER TO FILTER PAPER
RELEASE AND DENATURE DNA

€NOMIC, ;o

to protein sequence 6
P 9 ] Cloney |
5. Screen Genome Library B> probe
i L, eoonun I
Entire Gene on The Clone? e o
e >

cDNA

1.Use Gene probe to
screen cDNA
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 VIII as
a Drug to Treat Hemophilia Al




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

Coppint© 2009 Foarson

Vegio Maximum Insert Size (kb) Applications Limitations
Bacterial plasmid | ~6-12 DNA cloning, protein expression, Restricted insert size; limited
vectors (circular) subcloning, direct sequencing expression of proteins; copy
of insert number problems; replication
restricted to bacteria
DNA DNA
Bacteriophage _  ~25 CDNA, genomic and expression Packaging limits DNA insert

vectors (Linear)

Cosmid (circular)  ~35

Bacterial ~300 Genomic libraries, cloning large Replication restricted to
artificial DNA fragments. bacteria; cannot be used for
chromosome protein expression

(BAC, circular)

Yeast 200-2,000 Genomic libraries, cloning large Must be grown in yeast; cannot
artificial DNA fragments be used in bacteria
chromosome

(YAC, circular)

Ti vector
(circular)

&

Varies depending on type
of Ti vector used

libraries

cDNA and genomic libraries,
cloning large DNA fragments

Gene transfer in plants

size; host replication problems

Phage packaging restrictions;
not ideal for protein expres-

sion; cannot be replicated in
mammalian cells

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

wPlasmids vs. Bacteriophage Vectors

1. Replicate

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
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“Artificial” Transformation

A Plasmid Vector

Process o
R ————
Restriction Foreign O Transform
endonuclease DIIIA
lacZ gene e No DNA Active lacZ
A inserted gene produces
2 y & ) ) = < }—blue colonies
Medium contains - eyl
ampicillin and X-gal ]— Inactive lacZ
DNA gene produces
Ampicillin Restriction enzymes Foreign DNA inserted white colonies
resistance cuts within and DNA ligase
gene the lacZ gene are added PR
Transform
a.
A Phage Vector
(\f) > @@’ \)
7
2. DNA that did not take Phages that do not assemble
DNA insert t b tinfect and t o e
e e Yo sseene Much More Efficient
“N 1_ Iu (_  and phages do not assembie.
Inf a ”'F':' vy « Can Use Less DNA
nfection Process N S rocominant \ /7 s
- P L ©p + Get Lots More Clones
Inserted DNA——=y i 3@5
§ cly
2. head takes up Phage vector with recombinant
recombinant DNA in vitro, and DNA infects E. coliand
lambda phage vectors assemble. propagates, killing its host.
b.

Structure of the A Phage and Its Genome

(a) A Phage genon Not Needed
| Head Tail | Replaceable region, Lytic functions | 5% hm
I T T T 1 B e
UL [INANANNN R Fs]]
of 10 [ 20 30 a0\ \| 49kb €80 head
Nul A J N cro O P
(b) % Phage assembly g
Preassembled A tail 150 nm i tail
A head £
(49kb) iE
cos cos e
Concatomer of . DNA 25 nm fiber
-
12 nm

promote filling of A head
with DNA between COS sites

@_ . genome (1 copy)

A tail attached only
to filled head

JNM and A proteins

Complete ) virion

One of First Genome Sequences

Tail genes.

Sanger et al. 1982 J. Mol. Biol. 162:
729-773.




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

Phage 3 Phage DNA
41y
o %’ Phages can introduce

cell DNA by infecting Cell DNA

other cells
Bacterial cell —/ Y lEfi\Z\ %\
Bacterial DNA 4 /\@
o £

Released
phages can infect
other cells

Phage attaches to surface
of bacterial cell

Phage injects its
- | DNAinto cell

Phage and bacterial
enzymes make phage
DNA and proteins

Lysed Cells Can Be Seen as Clear
Plaques on Agar Plates

Phage plaque

Plaque

Bacterial cells

1. Each Plague 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 Genomel!

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 DNAI!

Using a Bacterial Virus To Clone the Human Genome

(a) Phage A DNA Genomic DNA to be cloned
EcoRlI EcoRlI
] ¥
1 ‘ s 55
! 45 kb 1
l EcoRl l EcoRl
Left ) 15kb [ Right 3
eft “arm”=—] - Right “arm” 5 L { 3’
: Ao TEEL TR
| o]
3

3 5’_3' , Restriction
5 3 5 fragments

[}
L Not necessary for
A replication
Arms contain all the
genes needed for
replication but are too
small for packaging

of different
sizes

S

Suitable size for

ackaging after
‘:LS'F ﬁgatiog w?th arms Concatenate of many
Leﬂlarm Righ} arm Y s r‘ecomblnant A phages
C T " ™ |
1
Genomic DNA Packaging of DNA in A particles using proteins
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
B - :
XTI
5 — ’\g@ — S oy ——— O O
®) Bacterium . ..=’
Infection Lysis Plaque Lawn of
bacteria

Mixture of Plaques =
Library With All Human
DNA Sequences
Represented

Copyright © 2009 Pearson Education, Inc.




Cloning the Human Genome and Screening
for the Factor VIII Gene

-~ 45 kb ——————
BamHl  BamHI
Genomic DNA }

o Sau3A Bacteriophage \ vector ™ e —
ALK, / sites Digest with
Human DNA — @Ej ~Why?
\
- Partial digest With Sau3A
l BamHI compatible)

Isolate left and
right arms.

e Is0late 15-kb B
N O I H LSS piscard smaller .
0—1.2 ver app in and larger fragments. Ligate.
Left  Right Tand binant DNA unit:
Fragments S e
Genomic DNA Units stuffed into
15kb phages in vitro

Need 200,00 Phage with 15 kb inserts } itckecoh
for Complete Human DNA Library =

(3x10°/1.5x10% = 2x10%)

What’s the probability of having any sequence in this libraryg, .., irary by using nucleic 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?

DNA
Genetic Code of Life

G An EcoRI Restriction Enzyme Site is Found

S dadl Only Once in the Human Genome:

of a Bacteria

’ a. Yes
b. No

DNA Fingerprinting

Cloning: Ethical Issues
and Future Consequences

Plants of Tomorrow




What is the Purpose of Partial Digestion of Human DNA?

Sau 3A= 4bp= ¥GATC¥ .. 1 site every 280bp if digest to completion = 1x107
DNA fragments

Eco RI= 6bp= ¥GAATTC? .. 1 site every 3100 bp if digest to completion (cleaves
every site) = 972,000 DNA fragments

1. Complete Digestion Produces fragments that are too small to clone in A
virus (need 20Kb)
2. Complete Digestion would create huge genome libraries with large #
clones to screen
3. Complete Digestion would break up genes of different DNA fragments-
particularly if human genes big- .. would have one gene on many
different clones- parts separated !
. Complete Digestion provides no way to find neighbors of clones in
genome- what’s next to gene in chromosomel!
(a) Intact human DNA  (b) Distribution of fragment sizes

»H

after complete or partial digestion .
SRS EcoRI[ Somee Principle of
\ Vo co digest +«—20kb! Genome
Partial .
g AR TR AUOTE VO it Sequencing
bobo g NEREERR Tool

048 16 24 32 40 48
Enzyme cuts at one Fragment size (kb) /

random site in five.

Partial Digestion Produces A series of Large, Overlapping DNA Fragments/ Clones
Can connect one clone with anotherll Build up clones of each chromosome!l

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

Human Sau3A sitej

DNA p—t—tt+ + 4t #

~20kb (— — Notice: Each Fragment Overlaps!
partial — )

Sau3A Partial Sau3A ' —t

fragments | pondom Set If ' —_

Overlapping DNAs . Can Go From One to Next to Next! 2.

. An overlapping set for each of the 24 chromosomes would allow
clones to be ordered from beginning to end by restriction mapping
because each chromosome contains one DNA molecule !

Copyright © The McGraw-Hil Companies, Inc. Permission required for reproduction or display.
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~ ~ A ~ A ~ (A)

(a) Adjacent
fragments

Sequence both ends of fragments.
Clone.

>|<Failure to assemble because there is no overlap.
Break into adjacent fragments.

Break into overlapping fragments.
Clone.

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

(b) Overlapping
fragments




Step Two

How Find the Factor VIII
Gene in a Human
Genome Library?

DNA
Genetic Code of Life

Entire Genetic Code
of a Bacteria

DNA Fingerprinting

_
i
'/

Cloning: Ethical Issues
and Future Consequences

Plants of Tomorrow

A Specific Gene Can Be Identified in a
Genome Library if the Amino Acid Sequence
of its Protein is Known Because of the :

a. Double Helical Structure of DNA
b. Antisense Strand DNA Sequence
c. Genetic Code
d. Mutant Gene Phenotype




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 gegtides' COOH
COOH \
COOH \

Protein encoded SCquence NH2 NH2

by gene of interest Purified ~ Sequence by
. Edman degradation
Protein
5 6 7Vv8 9of1w n 12

381 1) W ) ) - Pt

sequence

2. Make Several . ..I Rsre

Probes All Codon .. sequence 1. Use

Least-deéenerate

Comb inations! 20-base region Genetic
Prepare 20mer COde
. degenerate probe  perfectly complementary
3. One Wi Il Be toscreengenomic _ologonucleotide in the
library degenerate probe
Correct Probe SR A,

. AAGAA T NOG THAATIE TRBATEANHENA TCGAATGTC.. Coding Sequence
How many Combinations of Synthetic Probes?
2x3x2x1x2x2x2=96

The Genetic Code

Second Letter
1] c A G
uuu |Phe ucu vau | Twr |ueu |cys (U
U [uuc ucc | ser |UAC UGC c
UUA |,_eu UCA UAA Stop [UGA Stop|A
uuG ucG UAG Stop |UGG Trp |G
cuu ccu cAU | His |ceu 1]
¢ |cuc | Leu|ccec | Pro |cAC CGC | arg |C
1st CUA CCA CAA | GIn |CGA A |3g
cuUG cCG CAG CGG G
letter AUU ACU AAU | Asn |AGU | ser |u |letter
A|AUC | lle |Acc | mr |AAC AGC c
AUA ACA AAA | AGA A
AUG et |ACG aac | YY° |ace |29 |6
GUU GCU GAU | Asp |GGU 1]
G |GUC | ya |GCC | Ala | GAC GGC |aly |C
GUA GCA GAA | cu |GGA A
GUG GCG GAG GGG G
Properties
¢ Universal

* Three Nucleotides
 Punctuation
* Degenerate




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 sequence N)| Glu | Asp | Met | Trp | Tyr LC

5 ,
Degenerate coding sequences |GAA|GAT |ATG | TGG|TAT
| 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!

DNA
Genetic Code of Life

’ Probes Can Identify Genes in a Genome

G md= Library Because They Are: ?

of a Bacteria

Synthetic
. Complementary to Specific DNA Sequences
Contain the Correct Amino Acid Sequence

DNA Fingerprinting . .
Are Non-Radioactive

aooo

Cloning: Ethical Issues
and Future Consequences

Plants of Tomorrow




Finding The Factor VIII Gene Or Part of Genell

Library of phage clones

AAALARARRRRRR

Lawn of
bacteria

Human Genome ]
Library Clones >

Phage clone Autoradiograph to

Transfer plaque to in plaque Film o 1 locate desired clone.
absorbent membrane. 1

Membrane l with radioactive probe. Desired
clone

Incubate membrane 1

-~

; <+——Master
2 Plate

1 2 3 4 5 6 7 8 9 10 11 12

. Peptide i 1 Infect fresh

i - ) ) A 8 () (@) bacterial host.
DNA

Purify Factor
Least-deéenerate . . sequence y

2obase caaton '\Pr‘ obe Amplify <y VIII Genomic
Prepare 20mer desired gene. S C|One
degenerate probe Perfectly ! y o
to screen genomic |_Ologonucleotide in the
library degenerate probe :Analysis, Ninth Edition

1d Company
TGOATT TAGATECAC .
AAGAAT NBGTIRRATIG TAGATBEITGNA TCGAATGTC..  Coding Sequence

Sequence To See If it
Matches Probe/Protein

Using Synthetic Probes To Find The Factor
VIII Gene Or Part of Genell

Lawn or
bacteria

Phage clone
Transfer plaque to in plaque
e ﬁ.‘mmmmm‘ - absorbent membrane.

QUILY QN gy U R >\

"
: Probe \ . Target @

Incubate membrane
# m i i Membrane

with radioactive probe

Autoradiograph to
locate desired clone.

Desiredl

Probe Hybridizes to Target Following the ' e
Double-Helix DNA Complementary Base-Pair Rules ‘

I Film\




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 7\ 8\ 9]01112 13 14 15\1q1118 )92021/22 23\2:1 25 26
- S 1 1 1 |
| S S— 1 1 I 1 1 1 — ]
0 20 40 60 80 . 100 120 140 160 180 200
P HQUSANDS.OERASES
INTERFERON Clone Identified | SYNTHETIC DNA PROBE s . .
GENE wi’fh Probe_’ =) Doesn’ t Contain Entire Gene!
|
n u
. 2 [ ] == ]
Overlapping Clones/DNAs .
3 EEEase e o) (e sy v
. o

4 EEEETETeE ]

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

Sten Th Finding the Entire Factor VIII Gene?
ep Three Walking & Sequencing

Walking Up and Down Genes and Chromosomes

80 kb
Eukaryotic DNA
Cut with EcoRl; insert between
\ arms.
Screen with _— — A arms
gene probe A. =0 f—
Mibrary —l
-~ 14kb ——
a A clone 1
Re |1'e r'a.hve L' bl"Gr'Y @ Make copies of small fragment by cloning.
Screening Process ¢ Rescreen library.

a B b Adjacent \ clone 2

B Make copies of small fragment by cloning, etc.

Overlapping \ clones
- generated by partial

& B b
B I
——

9

|
IGEEES S

Figure 20-13
Introduction to Genetic Analysis, Ninth Edition
.......

Corlf:eyp'rs_’ How know Find Complete Factor VIII Gene?

I—’Compar'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

ﬁf‘\ I [ [y

Factor VIII Gene

X Chromosome
1/ L L} | I | T

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

Human DNA From
Different Individuals
N\

Complefewf;,?%g;,

Nl\\

Genomic or cDNA
Clone Probe

RADIOACT IVE
FACT’OH Vil l

L

|_GEL

X0
¢ ”\ SEPARATE

DNA
FRAGMENTS

TRANSFER T'O{
PAPERAND |
DENATURE

2l
¥l

HVBRIDIZE l
AND
WASH

:

Hemophilia/'

Loss of a TaqT site
in Factor VIII Gene

4,200

RFLP

H 1 2 . 4 5
Relatives

TR I ||

HIE L r.’«

I J
160 200

80 120
THOUSANDS OF BASES

Mutations in Factor Gene | =

Once Gene & cDNA Identified!

Point Mutation

.
===

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

Mutations Arise
Independently in
Families




Factor VIIT Mutations Occur Throughout the Gene

[Haemophilia 11, 481-491 (2005)]

actor VIII gene mutations in ha

philia A patients without intron 22 inversion.

(%) Family histoey  Consanguinity®  Inversion Muaticn Amino acid change Lxon  Coos
1 Sporadic NC » TCT§ Phe —» Ser 2 FFFY, ical
1 NC » Asp 3 VWV, identical
1 NC » Val 3 entxal
2 NC - Pro 3
5 NC » Lys 4
1 NC » B (TG, é
NC - Lys i EE, identical
) Sparadic NC — His E RRRR, dlentical
3 Inherited NC » Trp 1 RRRR, identical
1 Sparadic NC » Tyr n CCOC, dentical
1 Inherited NC s Stap 12
1 Inherited NC — fs [TAA ] 14
1 NC w8 » s (TGA984) 14
1 NC ;= Trp 4 K, dessimibar
1 NC - Trp 14 KK, dissimilar
1 NC » f5 (TAG1 14
140 NC 14 ot
1 « 4 -
210 NC 14 . similar =
1 NC 14 =
1 < » B ITAG 1446) 14 "
1 Ne ‘ Z
1 e -
1 Inherited NC » Stop 14 QREQ, dissimilar =
1 Inherited NC » B (TGAIST] 14 =
1 Sparadic NC 14 WLWM, dissimilar o
nhibitor 96 BL c
1 Sparadic NC 14 Y-YY, dissimilar Z
1 Sparadic NC 14 KEKK, dissimilar -
) NC 4 RRRR, dentical z
NC » 5 (TAA-1752) 1S -
e il 1s P
NC » Pro 16 =
NC —+ Stap 16 WWWW, identical
Sparadic C Normal 1882 » I 17 0L, idemical ~
3 Inherited C Normal 1966 » 18 RRRR, identical >
1 Sparadic NC Normal » Stop 18 RRRR, sdentcal =

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

Factor VIII Protein Structure & Positions Where

Mutations Disrupt Protein Function and Lead to Hemophilia




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

The 21st
Century
1. Use PCR to amplify a Approach!
specific Factor VIIL
gene region 1. ﬁ‘quenr:::
e ire
2. Use restriction enzyme Gene & Find
(BCL I) to dls.hngu's}‘ (b) Factor VIIl gene MUTClﬁOﬂ
between normal allele
(1 site) & disease allele — 2. Then
(no site) e resmcnonsie " Synthesize
[E] = Normal allele Exon 17 Exon 18] J Primers to
[-] = Disease allele | Gazomy oo Test Family
? ;92 Members
[ > B < Fetus Using PCR
b

) Fragments produced

Indicative of
absent disease allele
Indicative of
normal allele

rp— —]142 bp— Bcll site

== (99 bp
==w= (43 bp

Bcll site
present

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

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 . -
Blood of a Pregnant Woman A New Era in DNA Testing!!

Allows the Complete Genome
Of the Fetus to Be Decoded!

Science .
Translational

~10% of DNA in Maternal Plasma is From the Fetus

Maternal venipuncture

%y S
. ” & Q\

%, o et L

S gy Y e g b

o gy .”"““\ﬂ =

Tmens neeneis January, 2013




Using PGD to Detect Hemophilia A Disease Alleles

Qge Mother is a
O Q Carrier XHXh

Remove oocytes hllowmg uuuuuuuuuuuu

ulture in vitro to 6- to 10-cell stage

]

’ - 1. Test for Male
: Embryos

2. Test for Presence
of Hemophilia A

U U U - U U Disease Alleles!

Xhy

ngle c urr each embryo

Amplify Y- hmosom specific ONAn soche ell by ok

(e) g 1 2 3 553
5 r-r-ﬁn—r—u—-r-'

Male-specificl £
fragment . - —

Analyze PCR products on gel

Step Four

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

Recall: Eukaryotic Genes Provide
Obstacles for Efficient Protein
Production in Genetically
Engineered Cells! Reasons???




Making the Drug
Need cDNA Not Gene

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

Copyright © The McGraw-Hill C ies, Inc. ission required for or display.
1 Tissue 1 Tissue 2 Tissue 3 Tissue 4 4. Wash away idized probe. Make

(ovary) (testes) (lung)

(blood)

| ) ! | 24
{ { Purify RNA l I i
E ‘@' N RNA Blot Is Like a DNA
Blot Except That RNA is
Ovary RNA Testes RNA  Lung ANA  Blood RNA on Gel & Blotted
02
1 2 3/ 4
2. Load RNA samples [ — 0= 0
in wells of a gel.

Actin

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

o Factor VIII
B Gene Is Highly
h» Active in Liver!

!

S~~~ 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 VIII Gene Probe to Identify Factor
VIII cDNA clone

GENOMIC CLONING Facmﬁo IN;II

Tom H
o 8 = Liver mRNA
DNA s
= J REVERSE
¢/‘>\ TRANSCRIPTASE
CLEAVE WITH
RESTRICTION ENZYME T/ cONA

|
DNA POLYMERASE

————
—_— = = c===me=s STRANDED
| | CcONA
JONTO JOINTO
PHAGE DNA PHAGE DNA

@ Liver cDNA Library

PACKAGE IN PHAGES PACKAGE IN PHAGES

IDENTIFY SOURCE OF FACTOR VIl mRNA

0 o N
O Qe III cDNA
i 7 Factor VIII c -
| |
S |
ACTERIA
i Used to Make Drug !
PLAQUES. _ SN _,./WS
TRANSFER TO FILTER PAPER, TRANSFER TO FILTER PAPER,
RELEASE AND DENATURE DNA RELEASE AND DENATURE DNA

;:‘;‘L:&'g HveRloize HYBR‘IUIZE
S Ny Y : :
Screen Liver cDNA Library
WASH FACTOR VIl WA|SH
GENE
\//FFU\GM':NY




DNA
Genetic Code of Life

The sequence of a cDNA clone is the same as:

Entire Genetic Code
of a Bacteria

The Sense Strand of the Corresponding Gene
The mRNA Template

The Antisense (Template Strand) of the
Corresponding Gene

The Sense and Antisense Strands of the
Corresponding Gene Minus Introns

cao0 oo

DNA Fingerprinting

Cloning: Ethical Issues
and Future Consequences

Plants of Tomorrow

Use Expression Vector to Allow cDNA to
Produce Protein in Host Cell

Promoter Bacterial Gene Promoter/Switch

Expression_ Ribosome-binding
vector /sequence
<BamHl

Terminator of
transcription

l/ == Foreign gene Factor VIII cDNA

~ BamH" What Needs To Be
’gg;‘?e'g” “Done” to the Human

cDNA to Have it
Expressed in
¢ Bacterial Cells?
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NA mRNA Protein /

™ BamHI

LIFE 8e, Figure 16.16 LIFE: THE SCIENCE OF BIOLOGY, Eighth Edition © 2007 Sinauer Associates, Inc. and W. H. Freeman & Co.




A Factor VIIT Drug/“Cure”
Making Factor VIIT in Mammalian Cells

(a) Transient transfection
c<DNA
Promoter g=o,
Vector () Viral origin of
replication

by ligid treatment
or electroporation

©°0 [

Protein is expressed from cDNA in plasmid DNA

l Transfect cultured cells

Why Mammalian Cells?

(b) Stable transfection (transformation)

cDNA
Promoter o= \FOC“'OI" VIII cDNA
Vector

_neo’

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

l Transfect cultured cells

Purify Factor VIII
Protein!

Protein is expressed from cDNA integrated into host chromosome

Need FDA Approval Before Recombinant DNA Drug Can Be
Marketed and Used to Treat Patients

Figure 2.2 Drug Development: A Slow, Expensive, and Risky Endeavor
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A Long and Expensive Process!




Recombinant Factor VIII

e . . / Bayer HealthCare
Bayer Blologlcal Products EU ~ Biological Products Division
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e e Recombinant factor VIl

Ha?moohi la Centres In Recombinant facter VIl {rFVIIl) is the antihaemophilic factor A, obtained using
Europe recombinant DNA technology. With this technology, pure protein is synthesized
Related Links in the laboratory instead of being extracted from blocd. In the following pages,

it will be explained in detail how the knowledge and analysis of DNA, using the
new instruments of molecular genetics, have represented both the beginning
and follow-up stages in the development of recombinant FVIII.

Haemo-QoL Project
Hemophilia Research
Awards

EEEAACAR R . st

e 2000 1U Range Prophylactic
— Treatment
: ' Costs $300,000/
Antihemophilic Factor Needleless Year!

Reconstitution

(Recombinant) Set Most Hemophiliacs
with BIO-SET L2 Use "On Demand” or
- As Needed

Baver HealthCare

Factor VIII gene cloned in 1983

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

e M There is a Patent on Factor VIII
cDNA & Process To Synthesize
Factor VIII in Cells (in fact severan)

Entire Genetic Code

of a Bacteria [nited States Patent 5,618,788
(Capon , etal. April 8,1997

Preparation of functional human factor VIII and pharmaceutical treatment therewith
Abstract

Functional human factor VIII produced recombinandly is used in the treatment of human beings diagnosed to be deficient in factor VIII coagulant activity. Also provided are DNA
Jsolates and expression vehicles encoding functional human factor VIII, as well as transformed host cells and processes for producing human factor VIII by use of recombinant DNA

fechnology.
DNA Fingerprinting Inventors: Capon; Daniel J. (San Mateo, CA), Lawn; Richard M. (San Francisco, CA), Vehar; Gordon A. (San Carlos, CA), Wood; William L. (San Mateo, CA)
|Assignee: Genentech, Inc. (South San Francisco, CA)
|Appl. No.: 07/570,096
Filed: August 20,1990

Cloning: Ethical Issues

and Future Consequences Many Have Expired

Plants of Tomorrow




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 i
trapping the platclets that form the bulk of the clot. The electron 2y mati
micrograph, which was made by Jon C. Lewis of Wake Forest Uni- u
versity, shows a clot formed in a suspension of platelets and fibrin.  pr

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 NEW ENGLAND JOURNAL of MEDICINE

December 12, 2011

ORIGINAL ARTICLE Factor IX

Adenovirus-Associated Virus Vector—
Mediated Gene Transfer in Hemophilia B
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The Factor VIII Story -- A Summary

Purify Small Amounts of Factor VIII

Obtain Partial or Complete Amino Acid Sequence

Use the Genetic Code to Synthesize Degenerate DNA Probes
Isolate Factor VIII DNA Clones Complementary to Probe in Genome
Library

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

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

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

. Use Factor VIII 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

. Insert Factor VIII cDNA Into an Expression Vector and Synthesize

Factor VIII Protein in Host Cells (e.g., Mammalian Cells)




