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What is Hemophilia?
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 Advarrra%e 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?
12.
13.
14.

How Produce Factor VIII Protein For Use as a Drug?
Transgenic Protein Patent & Regulatory Concerns?
How About Gene Therapy?
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One of the Most Important Applications of Genetic
Engineering Technology Has Been To Manufacture
Drugs to Treat Human and Animal Diseases
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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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Useful Proteins
from Recombinant Bacteria

Sci. Amer., 1980 by Walter Gilbert and Lydia Villa-Komaroff

Edible Vaccines

by William H.R.Langridge Sci. Amer., ZOOOI

Transgenic Livestock

Scigy Amer., 1997

as Drug Factories
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Examples of Recombinant DNA Drugs

TABLE 1.2 EXAMPLES OF PROTEINS MANUFACTURED
FROM CLONED GENES

Product

Application TABLE 1.1

Blood factor VIII
clotting factor)

Treat hemophilia

Epidermal growth factor

Growth hormone

Insulin
Interferons

Interleukins
Monoclonal antibodies

Tissue plasminogen
activator

These Include:

Stimulate antibody production
in patients with immune system
disorders

Drug
Enbrel

Correct pituitary deficiencies and Remicade
short stature in humans; other
forms are used in cows to increase

milk production

Rituxan

Avastin

Treat diabetes Herceptin

Treat cancer and viral infections Humira

Treat cancer a.md stimulate anti- Levenox
body production
Diagnose and treat a variety of dis- Lantus

eases including arthritis and cancer Aranesp

Treat heart attacks and stroke

TOP 10 BIOTECHNOLOGY DRUGS (WITH
SALES OVER $1 BILLION) 2012

Developer

Amgen & Wyeth
Johnson & Johnson
Roche

Roche

Roche

Abbott Labs
sanofi-aventis
sanofi-aventis

Amgen

Function (Treatment
of Human Disease
Conditions)

Rheumatoid arthritis
Rheumatoid arthritis
Non-Hodgkin’s lymphoma
Colon cancer

Breast cancer
Rheumatoid arthritis
Blood clots

Diabetes

Anemia

Hormones, Blood Factors, Anticoagulents, Growth Factors,
Interferons, Vaccines, Monoclonal Antibodies,
Bone Morphogenic Proteins, & Many Others
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The Molecular Genetics
Of Hemophllla (Potentially Lethal Disease)

-

5

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 cither missing or defective,

A Case Study of Cloning Genes and mRNAs

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



DNA Replication is Precise
But Mistakes or Mutations Can Occurl!

DNA | RNA
i A A ir
par{ T v } > BASE PAIR
pair{ 8 (03 } pair RULES
Gene A P Rare Base
‘ ‘d’ ‘ ’ BASE PAIR Mismatch
Replication® -
i e See
THeATen Mutation As
New Base Pair mustin| € Mispairs with A Change in
. . attempted repair o Phenof e
Replication® -~ o YP
Gene A’ RESULTING

. . DEFECT
Allelic Variant

Change DNA Sequence From A = T to 6=C

. Change Protein Amino Acid Sequence = Alter Function!
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Different Events Cause Gene Mutations

Starting sequence
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Human Genetic Disorders Occur As A Result
of Mutations: Change Code-Alter Protein

Normal HBB Sequence

Polar

Le) Thr
1
r r

Abormal HBB Sequence
Nonpolar (hydrophobic)

Amino acids}

Nucleotides|

Amino acid]

Nucleotides|

- I'he polyp
the B chain of

epuae.

Valine

hemoglobin
Glutamic acid

2. The protein:
(made of two

o and two

B chains) & @
e Free &
proteins @

h 11
Chromosome a: Red biso

cell making 1
thousands

of hemoglobin
molecules

Disk-shaped

IPPPP PP PP

Long fibers

-

Sickle-shaped

(b) Sickle-cell anemia is pleiotrophic

Sickling of red blood cells
Rapid destruction Clumping of cells; Accumulation
of sickle cells interference with of red blood cells
l circulation in spleen

' .

Enlargement and
damage to spleen

Anemia Local failures
l in blood supply

Fatigue, heart damage,
overactivity of
bone marrow

Damage to
heart, kidney,
muscle/joints,

brain, lung,

gastrointestinal tract

(c) B-chain substitutions/variants
Amino-acid position

Normal (HbA) Val | His [Leu|Glu | Glu| Glu| His | Val | Glu | His
HbS Val| His|Leu| Val | Glu| Glu| His | Val | Glu | His
HbC Val| His|Leu| Lys| Glu| Glu| His | Val | Glu| His
HbG San Jose Val| His|Leu| Glu|Gly | Glu| His | Val | Glu| His
HbE Val| His|Leu| Glu| Glu| Lys | His | Val | Glu | His
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
HbDf Punjab Val| His|Leu|Glu| Glu| Glu| His | Val | GIn| His

Note Change in Protein Structure Leading to Sickle-Cell Anemia Phenotype!
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ARTICLE Nature, October 28, 2010

doi:10.1038/nature09534

A map of human genome variation from
population-scale sequencing

The 1000 Genomes Project Consortium*

The 1000 Genomes Project aims to provide a deep characterization of human genome sequence variation as a foundation
for investigating the relationship between genotype and phenotype. Here we present results of the pilot phase of the
project, designed to develop and compare different strategies for genome-wide sequencing with high-throughput
platforms. We undertook three projects: low-coverage whole-genome sequencing of 179 individuals from four
populations; high-coverage sequencing of two mother-father-child trios; and exon-targeted sequencing of 697
individuals from seven populations. We describe the location, allele frequency and local haplotype structure of
approximately 15 million single nucleotide polymorphisms, 1 million short insertions and deletions, and 20,000
structural variants, most of which were previously undescribed. We show that, because we have catalogued the vast
majority of common variation, over 95% of the currently accessible variants found in any individual are present in this
data set. On average, each person is found to carry approximately 250 to 300 loss-of-function variants in annotated
genes and 50 to 100 variants previously implicated in inherited disorders. We demonstrate how these results can be used
to inform association and functional studies. From the two trios, we directly estimate the rate of de novo germline base
substitution mutations to be approximately 10 ° per base pair per generation. We explore the data with regard to
signatures of natural selection, and identify a marked reduction of genetic variation in the neighbourhood of genes,
due to selection at linked sites. These methods and public data will support the next phase of human genetic research.

® Sequenced Genomes of ~900 individuals

®* From Seven Different Global Populations

® Found 250-300 Loss-Of-Function Mutations (KOs) Per Person
® 50-100 Variants in Disease Genes Per Person

® 10-8 Mutations Per bp Per Generation (~30 per Genome)

® 3,000,000 Unique SNPs Per Person
® 750,000 Unique Indels Per Person




Hemophilia Has Been Known As An Inherited
=5, Disease For >2500 Years!

Old Testament-Circumcisions

Royal Family-Europe

Wound
A\
Factor XII Factor Xlla
Factor XI Factor Xla

e

Factor IX Factoge
(Absent in hemophilia B) o [1 Factor VIl
(Absent in hemophilia A)

Factor X Ad

e l} Factor V

Prothrombin Thrombin

Fibrinogen * Fibrin
Blood clot

a = activated form



First Reference to Hemophilia is

Genesis 17:10-14

‘This is My covenant that you shall keep between Me
and you and your descendants afler you: every
male among yvou 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.”’

s in the Old Testament

The Talmud also makes reference to families in whom
children have died as a result of circumcision
(Babylonian Talmud, Chapter Yewamoth p64b) [6]

lusc. a child each afler circumcision, subsequent children
of the woman, the two sisters or of any other sisters of
the same lamily T he)
are older, or possibly not at all. This is thought to be the
earliest 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 ) Thrombin
circulating
in plasma

IFE 8e, Figure 49.10 (Part 2)

Fibrinogen _b Fibrin
circulating
in plasma

LIFE 8e, Figure 49.10 (Part 1) LIFE: THE SCIENCE OF BIOLOGY, Eighth Edition © 2007 Sinauer Associates, Inc. and W. H. Freeman & Co.

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




How Does Blood Clot After Wounding?

WOUND SURFACE CONTACT E i ghf
7N Post-translational Proteins/Genes
Inactive JActive Modification Required:

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

7 O\

FACTOR X1 FACTOR Xla

mmgi}mm /I,Hemophilia A I
/@ r—%\l/uw:mvm

S,
Hemophilia B mmne

® [—J\m
PROTHROMBIN W‘J
. ) \1,
~ N\

FIBRINOGEN  FIBRIN CLOT

®NOO R ®N=

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), What 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 Pro"'e ins Or' Genes

vates factors VI 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 1X. Ar.e Mu-‘-a-‘-edo
L]

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

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



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

Copyright © The McGi Hill Cs i Inc. ission required for reproduction or display.
RSB IRERAN Some Important Genetic Disorders
Dominant/ Frequency Among
Disorder Symptom Defect Recessive Human Births
Cystic fibrosis Mucus clogs lungs, liver, and  Failure of chloride ion transport Recessive 1/2500 (Caucasians)
pancreas mechanism
Sickle cell anemia Blood circulation is poor Abnormal hemoglobin molecules Recessive 1/600 (African Americans)
Tay—Sachs disease Central nervous system Defective enzyme (hexosaminidase A) Recessive 1/3500 (Ashkenazi Jews)
deteriorates in infancy
Phenylketonuria Brain fails to develop in Defective enzyme (phenylalanine Recessive 1/12,000
infancy hydroxvlase)
Hemophilia Blood fails to clot Defective blood-clotting factor VIII X-linked recessive 1/10,000 (Caucasian males)
Huntington disease Brain tissue gradually Production of an mbhibitor of brain Dominant 1724,000
deteriorates in middle age cell metabolism
Muscular dystrophy Muscles waste away Degradation of myelin coating of X-linked recessive 1/3700 (males)
(Duchenne) nerves stimulating muscles
Hypercholesterolemia Excessive cholesterol levels in = Abnormal form of cholesterol cell Dominant 1/500
blood lead to heart disease surface receptor

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 Defective Factor VIII Gene 1/10,000 males 80%
Hemophilia B Defective Factor IX Gene 1/30,000 males 20%
Henophilia C Defective Factor XI Gene Autosomal <1%

Hypothesis For High Frequency in Males? Both Factor VIII & IX Genes

on X-Chromosome (2-2>d" s)
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Human Disease Genes Have Been Mapped To

Specific Chromosomal Locations

Huntington’s disease

Familial colon

Neurodegenerative

cancer disorder tending to

One in 200 people  strike people in their

have this gene; of ~ 40s and 50s

those, 65% are likely
to develop the

disease

1 2 3
Gaucher Retinitis
disease pigmentosa
A chronic Progressive
enzyme degeneration|
deficiency of the retina

Glaucoma

Increased fluid
pressure on the

" Neurodegenerative
eyeball, progressive disarder 9 » Muscular dystrophy
loss of vision Familial . (Duchenne and Becker
hypercholegterolemla types) Progressive
Tay-Sachs disease Extremely high deterioration of the
Fatal hereditary Amyloidosis cholesterol muscles
disorder involving Accumulation in Down syndrome
lipid metabolism the tissue of an Congenital mental
insoluble deficiency marked by Azoospermic
_ fibrillar protein three copies of factor
chromosome 21 Decreased sperm
production or a
q lack of sperm
e emophilia
13 14 15 16 17 18 19 20 21 22
Retinoblastoma Breast 2‘:\2 gEfICIEHCY
A relatively common cancer T adrenoleukodystroph
tumor of the eye 5% to 10% susceptibility g\lerve diseaseyportgygd
accounting for 2% . of cases to infections. oil
of childhood Alzheimer's First hereditary _ ™
malignancies disease condition treated Amyotrophic Hemophilia )
Degenerative Polycystic kidney by gene therapy lateral Blood defect making
nerve disease disease sclerosis it difficult to control
marked by Cysts resultingin ~ Myotonic (Lou Gehrig's hemorrhaging
premature enlarged kidneys dystrophy disease) Fatal  NeyrofiBM® i
senility and renal failure Frequent form of degenerative type 2

Cystic fibrosis

Mucus fills up the lungs, interfering
with breathing. One of the most
prevalent genetic diseases in

the United States

Sickle-cell disease
Chronic inherited anemia,
primarily affecting people
of African descent, in which

Spinocerebellar ataxia red blood cells sickle, or
Destroys nerves in the| form crescents, plugging
brain and spinal cord, Malignant melanoma arterioles and capillaries
resulting in the Tumors originating
loss of muscle in the skin
control
I .
emopatiia C- 8 9 10 11
Hemochromatosis Multiple Multiple endocrine
Abnormally high exostoses neoplasia, type 2

from the diet

of the colon

Parkinson's disease

adult muscular

absorption of iron

A disorder of  Tumors in endocrine

cartilage and  glands and other tissues

bone

Familial polyposis

Abnormal tissue growths
frequently leading to cancer

nerve ailment

dystrophy

PKU
(phenylketonuria)
An inborn error of
metabolism that
frequently results

in mental retardation

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 McGraw-Hill C: Inc. required for ion or 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 transcarbamylase deficiency

Incontinentia pigmenti
Wiskott—Aldrich syndrome
Menkes syndrome

Duchenne muscular dystrophy
Becker muscular dystrophy

Chronic granulomatous disease
Retinitis pigmentosa-3

Norrie disease
Retinitis pigmentosa-2

Androgen insensitivity

Charcot-Marie~Tooth neuropathy
Choroideremia

Cleft palate, X-linked

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

Sideroblastic anemia
Aarskog—Scott syndrome

PGK deficiency hemolytic anemia
PRPS-related gout

Anhidrotic ectodermal dysplasia

Factor IX
Factor VIII

Agammaglobulinemia Lowe syndrome

Kennedy disease Lesch-Nyhan syndrome

. ‘ HPRT-related gout
Pelizaeus-Merzbacher disease

Alport syndrome

! Hunter syndroi
Fabry disease

Hemophilia B . .
somws”. Note: Factor VIII gene is

Drug-sensitive anemia >
Chronic hemolytic anemia C I ose l llnked 1'0
Manic—depressive illness, X-linked

Colorblindness, (several forms)™®

Dyskeratosis congenita C | b l N d G

TKCR syndrome O or. l n ness ene
Adrenoleukodystrophy

Adrenomyeloneuropathy

Emery-Dreifuss muscular dystrophy

Diabetes insipidus, renal

Myotubular myopathy, X-linked

The X chromosome has ~1500 Genes (2008) and
150,000,000 bp (150 Mb)

Immunodeficiency, X-linked, with hyper IgM
Lymphoproliferative syndrome

[V

Albinism—deafness syndrome

Fragile-X syndrome
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Hemophilia A and B Genes (Traits) Are Sex Linked

Copyright @ The McGraw-Hill Companies, Inc. P

Generation

<

Vi

Vil

Copynight © The McG

Hill Ce ies, Inc. ission required for

The Royal Hemophilia Pedigree

ion or display.

George Ill
.. Original Mutation in Carrier
Duke of Kent Grand Duke of Hesse
Prince Albert Queen Victoria O——0 OoO—
= ;
® Bettmann/Corbis
o (=2 & & & & &
Frederick Victoria Ednariv Alice Duke of Alfred L Helena  Arthur Leopold Beatrice JJ| Prince
1 Hesse v Henry
No hemophilia No hemophilia
German King
Royal George V CF— [
House Irene Czar Czarina Earl of Princess | Mauric| Leopfld  Queen Alfonso
| Nicholas Il Alexandra Athlone  |Alice Eugenie King 9'
' Spain
0 Doo0n B 0 BOOOO BO @MB BOO O OB
Duke of King Earl of Waldemar Prince Henry Anastasia Alexis Viscount Alfonso Jamie Juan Gonzalo
Windsor George VI Mountbatten Sigismond Tremation
‘LL] 6 Prussian Russian
; Royal Royal
Queen Prince Margaret House House King Juan
Elizabeth Il Philip Carlos
é IJ__] |£| No evidence No evidence
C)_ of hemophilia of hemophilia
Princess Prince Anne Andrew Edward
Diana Charles Spanish Royal House

‘JJ_E British Royal House

William Henry

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

ission required for

ion or display.




Hemophilia A and B Inheritance

NORMAL FATHER CARRIER MOTHER

Meiosis &
Gamete
Formation

Y
Fertilizati
NORMAL NORMAL CARRIER
DAUGHTER SON DAUGHTER

SEX-LINKED INHERITANCE of hemophilia results from the location of the factor YIII
gene on the X chromosome. A male carrying a mutant factor VIII gene lacks normal factor
VI and is hemophilic. A female carrier is protected by the normal gene on her second
X chromosome, but half of her davghters will be carriers and half of her sons will be he-
mophilic, In the case of a hemophilic father (not shown), his sons will not be hemophil-
ic, because they receive his Y (not his X) chromosome, but his daughters will be carriers.

Sex-Linked Inheritance
@ Carriers — 1/2 Sons + No Daughters!
Only One X-Chromosome is J

Parents 2n
C Eeiosis D)

A\ 4

|Gamefes n

Fertilization

|

CChildren> 2n




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

\C
(3
2
01?\0" 01.“\9 ,‘o&‘\ o

e ov o R
enomic rom: [I O %0 %@" %z\, %O ‘;\&

Sickle-cell a-globin gene C) ['l Cb -

e O Large
geacacc||f|| ~ TTT7° i s =l See| fragments
3a A° : l I : I
Mstll Mstll i i i i i
Mutation Cut ! ' ' : ;
with L
Mstll : : : : :
Normal adult a-globin gene : : : : :
Bnzamnni _— - - -
e[l o > — — - — — Small
GGACTCC
"""" . ' ' ' ' : fragments
A A> Southern blot °
Mstll A Mstll MOV NG
Mstll
= Note: Mutations Can Be Family Specific & Markers

Hybridization
probe

© 2009 John Wiley & Sons, Inc. All rights reserved.

For Disease Gene Need to Be Determined For Each Family



DNA Testing For Hemophilia A

1165bp — — —
Blot
879bp @ =mm — —
X3
| L‘
Pedigree xixh XY

[
: B O

X" = Mutation D = Affected ®) = Carrier

Do You See An Error in this Figure?




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

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, including
mental retardation.

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

Mutation in R-globin gene on chromosome 11 affects hemoglobin structure
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.




Kerry Mullis & PCR




What Was Known About Factor VIII
Before Gene Cloned?

. Blood Protein (But Perhaps Synthesized Elsewherel)

. Could be purified in small amounts from >20 Liters of

human blood +cow blood + pig blood

. Short Stretch of Protein Sequenced = Known Protein

Sequence!

. Hemophilia A could be treated by blood transfusions from

normal individuals, .. clotting factor in blood.

.. How to go From Protein to Gene



The Problem

For Factor VIII- Not Known Where Gene is

Expressed .. Must Use Genome Library

Early 1980’s

Key:
Protein

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
(a) Albert Victoria Key = O Normal female

(1819-1901) @ Carrier (heterozygous) female

. D oot i Key Concept

. ﬁg 25 Sj‘% 4@9 M s ¥

i
v OO oopn mpom 00

9 10 11 12 13 4

Where it is Expressed !

(c) Analysis of presence or absence of
blood-clotting factors

Wild-type

(b)  Vessel damage

A 4

Sequence
Known

Inactive XII' —  Active XII Factors person Hemophiliac
X + +
Inactive XI — Active XI Al + +
IX + +
Vil + - -
Inactive IX — Active IX X + +
\ + +
P_rot_hrombin + +
Inactive X _, Active X Fibrinogen + +
— Factor VIII
v
Prothrombin £,y Thrombin
t
Fibrinogen — Fibrin
Purified e H
Factor VIII
R
1 Obtain amino AA1 AA2 AA3 AA4 AAS
. acidsequence 7 o o o T
A
Reverse translation
2. RS AAA TTG GCC TAT CGG
Synthesize degenerate nwcice ATAGCC
3. oligonucleotides TTTAACCGGATAGCC ...
TTGAACCGGATAGCC
4 Probe library
* t Intron
Find Factor VIl clone Exons
5. ' A
Structure of gene
6. as determined from L L L L L L L L L L ,
clone kb 0 20 40 60 80 100 120 140 160 180 200

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

How Clone A Gene When You Don’ t+ Know



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

Cloned gene
DNA sequencing
Database search to identify

.. 2 protein-coding sequence
Expressionin cultured 1 PCR isolation of corresponding
cells gene

Protein
Localization
Biochemical studies
D (-]

etermination of structur

Figure 5-1
Molecular Cell Biology, Sixth Edition
© 2008 W.H.Freeman and Company

[ . 1. Protein — Gene — Dr'ug ] IFacfor VIII Strategy (1985) I
or

- 2.|6ene — Protein Using Sequencing GenBank
Genomics and Genetic Code -

'3- Just Sequence Everything + Identify Protein-
GenBank Huge




Steps Required to Clone Factor VIII

Gene

1.Make Genome Library
Because Factor VIII
Gene in Genomel!

2 .Purify Protein from
Blood- that’s where it
works (wasn’t known
where made)

3.Reverse Translate using
the genetic code a
portion of the protein
sequence

4.Synthesize a DNA probe
complementary to Factor

VIII gene corresponding
to protein sequence

5. Screen Genome Library

Entire Gene on The Clone?

Gene

GENOMIC CLONING

TOTAL .
GENOMIC

N

NZ
DNA 7‘(_/(//:\
LN

CLEAVE WITH
RESTRICTION ENZY!|

A
\

al

o

e — é
z

IDENTIFY SOURCE OF FACTOR VIIl mRNA

[—— 9
)
= === ==

JOIN TO
PHAGE DNA

—=

PACKAGE IN PHAGES

PHAGE O
I
|

INFECT
BACTERIA

and cDNA

cDNA CLONING
——— —__~ TOTAL
| ——— mMANA

REVERSE
TRANSCRIPTASE

—_—
—_ cDNA

|
DNA POLYMERASE

o= o= DOUBLE-
o = e STRANDED
cDN.

JOIN TO
PHAGE DNA

PACKAGE I|N PHAGES
@7 PHAGE

hl

|

INFECT
BACTERIA

_ibrar/){J

/"/PLAQUES

TRANSFER TO FILTER PAPER.
RELEASE AND DENATURE DNA

FACTOR VI
__—cONA

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 VIIT 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

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) libraries size; host replication problems

Cosmid (circular) ~35 cDNA and genomic libraries, Phage packaging restrictions;
cloning large DNA fragments not ideal for protein expres-

sion; cannot be replicated in
mammalian cells

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 Varies depending on type Gene transfer in plants Limited to use in plant cells
(circular) of Ti vector used only; number of restriction
sites randomly distributed;
large size of vector not easily
manipulated

Copyright © 2009 Pearson

rulslasmids 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

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

“Artificial” Transformation A Pasmidvector

Restriction Foreign Transform
endonuclease DIIJA
lacZ gene e No DNA Active lacZ
AR inserted gene produces
) ) - = < :l— blue colonies
Medium contains = -
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
Transform
a Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
A Phage Vector
A DNA that did not take Phages that do not assemble
- up DNA insert cannot be cannot infect and propagate
incorporated into phage heads, inside E. coli.
Na"'ur’al K and phages do not assemble.
A genome g < S
. 2 T 8 &
Infection Process N S— Recombinant \ /7 5
— DNA o~ A f
Inserted DNA—(\, § @ -jime
A head takes up Phage vector with recombinant
recombinant DNA in vitro, and DNA infects E. coli and
lambda phage vectors assemble. propagates, killing its host.



Structure of the A Phage and Its Genome

(@) » Phage geno
| Head Tail

Not Needed

| Replaceable region |

Lytic functions

SN

—

o/ \\ 10 [ao\
Nul A J N cro O

Pm*

A tail

(49kb)
Ccos cos

Concatomer of . DNA

(b) A Phage assembly

)

Preassembled
A head

Nu1 and A proteins
promote filling of A head
with DNA between COS sites

@—— )\ genome (1 copy)

A\ tail attached only
to filled head

Complete A virion

\

One of First Genome Sequences

49kb

55 nm

55 nm head
150 nm | 3 tail
25 nm ¢ fiber
-
12 nm

Phage DNA replication proteins

Tail genes

How Can-the::Genome “fit” into the Head?



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

Phage ‘Ei; Phage DNA
\la
I Phages can introduce

cell DNA by infecting
% other cells Cell DNA

Bacterial cell —/ o
Bacterial DNA ——

Released
Phage attaches to surface phages can infect
of bacterial cell other cells

Phage injects its
| DNA into cell

Phage and bacterial
enzymes make phage
DNA and proteins

8 are assembled



Lysed Cells Can Be Seen as Clear
Plagques 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 Genomel!

2. Can clone DNA Segments in Viral Genome & Self-Assemble
with viral proteins into virus in a test tube!

. 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

(a) Phage A DNA Genomic DNA to be cloned
EcoRlI EcoRl
' 1
45 kb
l EcoRl l EcoRl
Left “arm”=—}~15 kb —= Right “arm” ' 3’ ' 3
|_| L‘| l = 3'-5' 5 3’ Bt
5! 3' 5'_3’ . Restriction
=< T s T S et
Not necessary for of different
A replication sizes
L» Arms contain all the
genes needed for 5
replication but are too 3l:l
small for packaging Suitable size for
3 ackaging after
[ B IFi)gatiog w?th arms Concatenate of many
Left arm Right arm 5 kb recombinant A phages
| - -‘—' |
. ™ ™ "I
;, . . . . .
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

Bacterium /& - @ﬁ -~

Infection Lysis

Phage clones
/in plaque

(b)

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
BamHI  BamHI

Genomic DNA
. Sau3A Bacteriophage A vector ™
S 47 sites . .
) Digest with
Human DNA %@ ; Whyo BamHl.
D)
[Fartariges it sausa
l BamHI compatible)

Isolate 15-kb
fragments.

Isolate left and
right arms.

Note Overlapping—" sl g agroenes
Ff‘agmen?s Left  Right Tandem recombinant DNA units

arm arm
| |

-~

Genomic DNA Units stuffed into
15kb phages in vitro

Need 200,00 Phage with 15 kb inserts | tnect .ol
for Complete Human DNA Library S Paaues

(3x109/1.5x10% = 2x10%)

What's the probability of having any sequence in this libraryZ,.., ivrary by usi

ng 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?




An EcoRI Restriction Enzyme Site is Found Only
Once in the Human Genome:

a. Yes
b. No



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= 5GAATTC? .. 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 !

4. Complete Digestion provides no way to find neighbors of clones in
genome- what’s next to gene in chromosome!

(a) Intact human DNA  (b) Distribution of fragment sizes

i ‘ & ‘ ‘ after complete or partial digestion

Principle of
A ECoRT) Someee o0kl Genome
gf::u< ' ot fr\::;nn?:r:tzf Sequencing
A NEREEEN Too!
J-HHR R

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 another!! Build up clones of each chromosomel!



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

Human Sau‘3lA sitezf

1 Ll i ] bl L |- L
DNA f—r—tT L LANLLLI Tt LEL B e a2 2 —ttt—b — — — —— —— + "

~20kb r —— Notice: Each Fragment Overlaps!
partial -

Sau3A 1 Partial Sau3A
fragments | Random Set If

Overlapping DNAs . Can Go From One to Next to Nextl 22

. 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-Hill Companies, Inc. Permission required for reproduction or display.
_\ _\ \ \ \ \

AN A\ \ \ \ \

4 Failure to assemble because there is no overlap.
(a) 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.

—\ —\
e E—
A A
—\ —\
HHHHHH————HHHHHHHH B e
- N
—\ —\
i HHHH—————H
N N
— N\



Step Two

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




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
rotease eptides
NH2 COOH-RERtICEsSy, cOOH
COOH \
COOH H
. NH2 NH
Protein encoded Sequence 2
by gene of interest Purified Sequence by
. Edman degradation
Protein v
1 2 ] 3 4 5 6 7 g8 9] w0 1 12 .
_ Peptide

sequence
2. Make Several .l. e
Probes All Codon | /a 3 sequence
. . ‘ l Least-degljenerate 1 Use
Combinations! 20-base region Genetic
Prepare 20mer COde

. degenerate probe Perfectl I t
3. One Wl” Be t? screen genomic Oﬁzge:n:cclce):::)d:r;etrlh:ry
COI"I"eCT Pr.obe  / library degenerate probe

TGCATTTACATGCAC .
- AAGAAT NOG THAATG TATETBANNENA 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 sequence N| 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!




Probes Can Identify Genes in a Genome Library
Because They Are: ?

a. Synthetic

b. Complementary to Specific DNA Sequences
c. Contain the Correct Amino Acid Sequence
d. Are Non-Radioactive



Finding The Factor VIII Gene Or Part of Gene!l

Library of phage clones

AARASRARARARRS]

Lawn of

Human Genome
Library Clones

bacteria

A 4

Phage clone 1 Autoradiograph to

Transfer plaque to in plaque Film locate desired clone.

absorbent membrane. l /

Incubate membrane .
Membrane | with radioactive probe. Desired
\ clone
A
+—Master
i Plate
. LR Infect fresh

Peptid S

s::u'e:ce 1 bacterial host.

- Possible

DNA o

! ! sequence Purify Factor
Least-degenerate . [/ S H
20-base region N)robes ﬁmpllfg /55 VIII Genomic
Prepare 20mer esired gene. (3 Clone
degenerate probe Perfectly complementary
to screen genomic |_Ologonucleotide in the
library degenerate probe : Analysis, Ninth Edition
1d Company o
. AAGAAT-"?’H‘.’.‘WTCGAATGTC .. Coding Sequence 52 uence 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 7.8 910111213 14 1516_17.18 19 20 21 22 23 24 25 26

R T Il Il i

I S | l I | | | — ]

0 20 40 60 80 .‘.. s 120 140 160 180 200

Clone Identified ==
e " with Probe Doesn’ t Contain Entire Gene!
FRAGMENT PF(OBIE -
. 2 L ] = 3|
Overlapping Clones/DNAs R
3 = J i g |
5 0

4 [ | [

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




Step Th Finding the Entire Factor VIIT Gene?
ep three Walking & Sequencing

Walking up and down Genes and Chromosomes

80 kb
B B I = E BB r E e  Eukaryotic DNA
Cut with EcoRl; insert between
A\ arms. A arms
Screen with e —
gene probe A. / \
= — \ =" )
A Ilbrary/(:g // —l
<~ 14kb —
A H BT ) clone1
3 Make copies of small fragment by cloning.
i Rescreen library.
a B b Adjacent\ clone 2
b Make copies of small fragment by cloning, etc.
- i Overlapping \ clones
— :‘_ generated by partial
a B b digestion
B b
- e
- =—
F igur 20-13
n to Genetic A , Ninth Editio
mm v

Basis of Genome Pr'o jects & Whole Genome Sequencing

Key
Concepts

A 4

How know Find Complete Factor VIII Gene?

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

FRAGMENTS

Human DNA From Genomic or cDNA Loss of a TaqI site
Different Individuals Clone Probe / in Factor VIII Gene
N\ — M NNNNN
g5 L af o o i P
Completegcest, il el | g \\ | | | ]
\y | [ ‘ l [ | 17
S > [ |——> > [T ¢ | RFLP
¢ '\'\ SEPARATE TRANSFER TO E/Aj ‘ HYBRIDIZE
PAPER AND AND
DNA = DENATURE %

|
|
WASH '
k L e
__j. 4 H 1 2 L:_3_: T T
Hemophilia Relatives
| | T s

1 ]
120 160 200
THOUSANDS OF BASES

Mutations in Factor Gene

Point Mutati
Once Gene & cDNA Identified! ot Mutation

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




Factor VIIT Mutations Occur Throughout the Gene

[Haemophilia 11, 481-491 (2005)]

I’nmor VI gene mutations in haemophilia A patients without intron 22 inversion.

VIEC (%) Family histoey  Consanguininy* Inversion  Codont Muation Amino acid change Ixon  Conscrvationd

1 Sporadic NC Normal 51 TTT - TCTY Phe —» Ser 2 FFFF, identical
1.20 Sparadic NC Normal 30 GIT o GAT Val < Asp 3 VVVY, wdenrcal
1 Sparadic NC Normal 102 GGT = GTIT1S Gly = val 3 GGG, wdemxal
2 Sporaxlic NC Normal 104 TCC — COCS Ser =+ Pro 3 8888, identxcal

4 Sporadic NC Normal 143 GAG - AAGS Gla —» Lys 4 EEEE, identical

1 Sparadic NC Normal 2313 dekCAS The «» BITGA 264) 3

2.7 Inherited NC Normal 21 GAA = AAA Gl = Lys 8 EEEE, identical
Q Sporxdic NC Normal 372 OGO — CAC Arg — Hes ) RRRR, xlentxal
3 Inherited NC Normal 527 GG TGO Arg — Trp 11 RRRR, entical
1 Sparadic NC Normal 528 TGO < TACY Cys - Tyr 1 CCOC, sdenncal
1 Inherited NC Normal S92 CAMA = TAA Gln — Stap 12 QQOQQ, wentical
1 Inherited NC Normal 864 delGACA Gly — fs [TAA-B6T| 14

ICAATTAAATGAGAAS

1 Sparadic NC Normal w8 insAS Lys «» B [TGA 984) 14

1 Sporadic NC Introm 1 1107 AGG = TGOS Arg = Trp 14 ROGKK, desimibar
1 Sporxdic NC Normal 1107 AGG — TGOS Arg — Trp 14 RGKK, desimilar
1 Inherited NC Normal 11911194 dclA lle —» fs (TAG-1198) 14

1.40 Sparadic NC Normal 11911194 insA lle < fs (TAA1220) 14

1 Sporadic < Normal 1227 delCs lew = B TGA-1231) 14

2.10 Sporxdic NC Normal 1241 GAC = GAG Asp — Gl 14 DGGE, similar

1 Sporadic NC Normal 1392 1392dcl1418% Pra —» £ (TAG 1446) 14

1 Inerited < Normal 1502 1392del1418% Pra «» £ (TAG 1446) 14

1 Sparadic NC Normal 1441 nsAS 14

1 Inerited C Normal 1441 insAS§

1 Inherited NC Normal 1502 CAG » TAGS Glin » Swop 14 QREQ, dissimilar
1 Inherited NC Normal 1804 delGTY Val «» & (TGA1517) 14

1 Sporxdic NC Normal 1535 TGG — TGA Trp — Stop 14 WIELWM, dessimalar
fhhibitor 96 BU

1 Sporadic NC Normal 1571 TAT » TAAS Tyr —» Swp 14 Y-YY, dissimilar
1 Sparadic NC Normal 1581 AAA < TAAS Lys <» Stop 14 KEKK, dissimilar
0.20 Sporaxdic NC Normal 1696 CGA — GOGA A — Gly 14 RRRR, xlentxal
1.80 Sporadic NC Normal 1729 delA§ Gin —» fs (TAA-1752) 15

1 Inherited NC Normal 1751 GAA » AAAS Glu —» Lys 15 EEEL, identical

1 Sparadic NC Normal 1775 TTC o TOoy Phe < Pro 16 FFFF, identical

1 Sporxdic NC Normal 1835 TGG — TGAS Trp — Stop 14 WWRWW, ickentical
7.60 Sporadic < Normal 1882 ATC —» ATAS lle —» Ik 17 L, sdemical

3 Inherited < Normal 1966 COGA » CAA Arg » Glu 18 RRKR, identical
1 Sparadic NC Normal 1966 COA o TGA ‘\'E ~» Stap 18 RRRR, sdenrxcal

Ill.l.\"cl NYIANI NI SNOLLVLAW ANTD 1IIAd

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



Factor VIII Protein Structure & Positions Where
Mutations Disrupt Protein Function and Lead to Hemophilia




How is a Specific Gene Detected in Genome?

DNA can be Transferred “in situ” to paper
& annealed with radioactive probes

DNA Blots!

Probe Represents a
Cloned Fragment
from Genome with a

Unique Sequencel

Solution passes through

RNA or DNA
- Migration gel and membrane to paper towels.
\ Paper towels
-, % NF - Sponge
D + g
— &
32p_jabeled Electrophoresis ~— | = 7

size markers 3
Gel 7

solution l Membrane

Hybridize with unique DNA -
nucleic acid probe. transferre
to membrane

Ge

Filterin
“seal-a-meal” |
bag. {

Remove P'rqbe
unbound hybridized to
complementary

probe.

sequence
“

Expose
X-ray film
to membrane.

P A—

Autoradiogram

Figure 20-12
Introduction to Genetic Analysis, Ninth Edition

© 2008 W.H.Freeman and Company




Using PCR and RFLPs (Markers) to Detect the

Hemophilia A Disease Allele/Gene

1. Use PCR to amplify a
specific Factor VIII
gene region

2. Use restriction enzyme
(BcL I) to distinguish
between normal allele
(1 site) & disease allele
(no site)

=] = Normal allele

-| = Disease allele

Onl

Polymorphic Bcl/l
re?triction site

PCR amplified fragment

—
10 kb
Exon 17 Exon 18
(142 bp)
I 1 2
Il (ﬁ Fetus

.
b

2 3
} bt Fragments produced

[—— =142 bp— Bcll site

absent

Bcll site
present

=== |99 bp
|43 bp :|

Indicative of
disease allele
Indicative of
normal allele

1.

The 21st
Century
Approach!

Sequence
the Entire
Gene & Find
Mutation

2. Then
Synthesize
Probes to
Test Family
Members
Using PCR

y Can Do This With a Knowledge of DNA Sequence of Wild-type

(Normal) and Disease Genes (Can Vary family to Family)




Use Gene Probe to Test for Disease
Gene Prenatally

@Itrasound —_—
probe

Ultrasound Picture

Fig_06-15 Genetics, Second Edition © 2005 W.H. Freeman and Company

Centrifuged
fluid

Fetal cells

i«/

Chromosomal

NA
anaIyS|s

analysis

upﬁ
PRI,

Table 6.5 | Examples of genetic diseases and disorders that can be detected prenatally and the techniques

used in their detection

Disorder

Method of Detection

Chromosome abnormalities
Cleft lip and palate

Cystic fibrosis

Dwarfism

Hemophilia

Lesch-Nyhan syndrome (deficiency
of purine metabolism leading to
spasms, seizures, and compulsory
self-mutilation)

Neural-tube defects

Osteogenesis imperfecta
(brittle bones)

Phenylketonuria
Sickle-cell anemia
Tay-Sachs disease

Examination of a karyotype from cells obtained by amniocentesis or CVS
Ultrasound
DNA analysis of cells obtained by amniocentesis or CVS

Ultrasound or X-ray; some forms can be detected by DNA analysis of cells obtained
by amniocentesis or CVS

Fetal blood sampling* or DNA analysis of cells obtained by amniocentesis or CVS
Biochemical tests on cells obtained by amniocentesis or CVS

Initial screening with maternal blood test, followed by biochemical tests on amniotic
fluid obtained by amniocentesis and ultrasound

Ultrasound or X-ray

DNA analysis of cells obtained by amniocentesis or CVS
Fetal blood sampling or DNA analysis of cells obtained by amniocentesis or CVS
Biochemical tests on cells obtained by amniocentesis or CVS




Using PGD to Detect Hemophilia A Disease Alleles

(a)

Mother is a

Carrier XHXh

Remove oocytes following superovulation

‘ Fertilize in vitro

(b) e Q@

vitro to 6- to 10-cell stage

1. Test for Male
Embryos

Remove gl Mmeahembry | 2. Test for Presence
of Hemophilia A

U U U U U U Disease Alleles!

Amp”yYh omosome-specific DNA neah ||byPCR th

(e) 07'12345637

Analyze PCR products on gel



Genetic Screening Issues

Genetic Code of Life *Why Screen For Genes?

*When is a Test Accurate Enough?
‘Mandatory or Voluntary Screening?
B - *Who Should Be Tested?

of a Bacteria

‘Employer & Insurance Company Testing?
‘Protection From Genotype Discrimination?
Sl Testing for Genetic Diseases With No Cures??

‘How Ensure Privacy & Confidentiality?

_ *Obligations to Inform Others (Spouse/Sibling)
Cloning: Ethical Issues Of Genetic DiSOr‘der‘ K"OWIedge?

and Future Consequences

‘Genetic Databases??

Plants of Tomorrow



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 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 unhybridized probe. Make autoradiograph.
(ovary) (testes) (lung) (blood)

E

\ Purify RNA {
1

“

Ovary RNA Testes RNA  Lung RNA Blood RNA

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

0.2
1 12 3/ 4

2. Load RNA samples =) =)= =
in wells of a gel.

Actin

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

( Factor VIII
Gene Is Highly
Active in Liver!

Label

. 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

Factor VIII

TOTAL

GENOMIC /(

DNA / /“

\

CLEAVE WITH
RESTRICTION ENZYME

===0——
o
1

JOIN TO
PHAGE DNA

\

=

PACKAGE IN PHAGES

prace ()
[
INFECT
BACTERIA

IDENTIFY SOURCE OF FACTOR VIIl mMRNA

PLAQUES.

TRANSFER TO FILTER PAPER,
RELEASE AND DENATURE DNA

SYNTHETIC |
DNA PROBE  HYBRIDIZE

FACTOR VIII
GENE
, FRAGMENT

WASH

————-— = Liver mRNA

REVERSE
TRANSCRIPTASE

—— ———— DNA

|
DNA POLYMERASE

o e DOUBLE-
oo == m=m STRANDED
] cONA

JOIN TO
PHAGE DNA

@ Liver cDNA Library

PACKAGE IN PHAGES

v

? e Factor VIII cDNA -

INFECT

R Used to Make Drug !

TRANSFER TO FILTER PAPER,
RELEASE AND DENATURE DNA

|
HYBRIDIZE

SR
& Screen Liver cDNA Library

WASH
\l/ FACTOR VIl

_— cONA




The sequence of a cDNA clone is the same as:

a. The Sense Strand of the Corresponding Gene

b. The mRNA Template

c. The Antisense (Template Strand) of the
Corresponding Gene

d. The Sense and Antisense Strands of the
Corresponding Gene Minus Introns



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

__Promoter Bacterial Gene Promoter/Switch

Expression_ Ribosome-binding
vector /sequence
——BamHI

\Terminator of

transcription

l/ mmm Foreign gene Factor VIII cDNA

p BamHl

—Foreign
gene

T BamH

LIFE 86, Figure 16.16 LIFE: THE SCIENCE OF BIOLOGY, Eighth Edition © 2007 Sinauer Associates, Inc. and W. H. Freeman & Co.



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

(a) Transient transfection

cDNA
Promoter gy,

Vector () Viral origin of
replication

by ligid treatment
or electroporation

g ‘ Why Mammalian Cells?

Proteinis ei(bressed from cDNA in plasmid DNA

l Transfect cultured cells

(b) Stable transfection (transformation)
cDNA

Promoter = \FOCTOP VIII cDNA

Vector

by ligid treatment
or electroporation

Select for G-418 resistance

_ne
1 Transfect cultured cells
l G-418-resistance clones

Purify Factor VIII

@g — | protein

Protein is expressed from cDNA integrated into host chromosome




Recombinant Factor VIII

@ Bayer HealthCare
Bayer BIO|OgIC<’:1| Products EU - Biological Products Division

;,_ m i am Search | Sitemap

“home | About Us | About Haomophila | For Kids | Ressarch & Doveopment | ProssRdases] |

More Resources Recombinant factor VIl
Haemophilia Centres in

AL

Recombinant facter 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 blocd. 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.
O R e E—
NDC 0026-3796-60 OPEN HERE 2000 IU Range PPOPhYlOCTIC

, . Treatment
Kogenate FS | | Costs $300,000/

-

:\‘-. Antihemophilic Factor 3 ?:::r"i?::tion Year!
N (Recombinant) N o Most Hemophiliacs
N with BIO-SET" L 3 Use "On Demand” or

Bayer HealthCare ' As Needed

Factor VIII gene cloned in 1983

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




DNA
Genetic Code of Life

A Patent on YOUR Factor VIII Gene!

Entire Genetic Code

of a Bacteria United States Patent 5,618,788]
April 8,1997

Capon, etal.
eparation of functional human factor VIII and pharmaceutical treatment therewith
Abstract

'unctional human factor VIII produced recombinantly is used in the treatment of human beings diagnosed to be deficient in factor VIII coagulant activity. Also provided are DNA
solates 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

hnology.
DN A Flﬂgﬁl’pﬂ nhﬂg Inventors: Capon; Daniel J. (San Mateo, CA), Lawn; Richard M. (San Francisco, CA), Vehar; Gordon A. (San Carlos, CA), Wood; William I. (San Mateo, CA)
Assignee: Genentech, Inc. (South San Francisco, CA)
Appl. No.: 07/570,096
Filed: August 20, 1990

Cloning: Ethical Issues

and Future C Patent Expired Last Year!
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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 in the bloodstream is the result of a complex cascade of en-
trapping the platclets that form the bulk of the clot. The electron 2y matic reactions culminating in the conversion of ibrinogen, a sol-
micrograph, which was made by Jon O, 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

By 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




DNA
Genetic Code of Life

Entire Genetic Code
of a Bacteria

DNA Fingerprinting

Cloning: Ethical Issues
and Future Consequences
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Plants of Tomorrow
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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)



