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THEMES

DNA
Genetic Code of Life

1. Continuation of How Do Genes Work - Parts One and Two
2. What is Hemophilia?
3. How Is Hemophilia Inherited?
. 4. What is the Pedigree Pattern of a Sex-Linked Gene?
Shis i 5. How Find a Disease Gene When It is Not Known Where
the Gene is Expressed?
6. What Vectors Can Be Used For Cloning DNA?
7. What Are the Advantage of Using a Virus Vector For
Constructing Genome Libraries?

DNA Fingerprinting
8. How Make a Library of the Human Genome?

9. How Find a Gene With Only a Knowledge of the Protein

Sequence?
? 10. What is Chromosome Walking & What Role Did it Play in
Cloning: Ethical Issues Cloning the Factor VIII Gene?
and Future Consequences
11. How Use DNA Testing to Detect Factor VIII Disease
Alleles?

12. How Isolate a Factor VIII cDNA Clone?
13. How Produce Factor VIII Protein For Use as a Drug?
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How Do Genes Work (Lecture 3 Continued)

DNA canre Iicate)
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Information coded in the Information in RNA is passed
sequence of nucleotide bases to polypeptides, but never
in DNA is passed to a sequence the reverse (polypeptides to
of nucleotide bases in RNA. nucletic acids).
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DNA Replication Occurs Semi-Conservatively

Meselson & Stahl, PNAS, 1957

template S strand

S strand

S’ strand | b © © © o © © © o o

parent DNA double helix "m"l‘"'"un

2 e e & @ & @& & ®
template S’ strand

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

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

3. New DNA Molecules are Precise Copies of Parental DNA
- Eacg Containing One Newly Synthesized Complementary
Stran



PCR is A Cyclical Process of DNA Replication

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
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Using PCR in Crime Scenes
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How Do Genes Work - Mutations!

DNA canre licate)
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sequence of nucleotide bases to polypeptides, but never
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DNA Replication is Precise
But Mistakes or Mutations Can Occurll

DNA | RNA
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Change DNA Sequence From A = T to 6=C
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‘ — & Big Tomato to Small Tomato



Mutation in Genes Are Rare
BU? Are Inher'“'ed (1 out of 107 replications)

parents

|:| Normal CF gene

One Gene Per ﬂ -
- Mutant CF gene
Gamete f carrier carrier

R+ Mutation in the Hﬁ Uﬁ

Cystic Fibrosis Gene |
Two Genes per offspring
Somatic Cells O
normal normal B
How Follow Inheritance? DNA Marker or

What Allows Disease To Be Followed? Fingerprint!



Alternative Forms of the Same
Gene Lead to Genetic Diversity
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Nucleotide Polymorphisms)



Mutations Can Occur Different Ways

— 1.

(b) Point mutation,
missense

DNA
Protein:

- Phe - Arg - Trp - Pro - Ala - Leu -

(c) Point mutation,
stop codon

DNA
Protein:

- Phe - Arg - stop - = = =

DNA
Protein:

(d) Deletion mutation,
reading frame shifted 1 base lost, no. 6

1

- Phe - Arg - Gly - Arg - Leu - Phe

DNA
Protein:

(e) Deletion mutation,
reading frame unchanged [ 6 bases lost, nos. 7-12 |

- Phe - Arg - Ala - Leu -

Base-Pair Change

2. Insert or Delete Base

3.

(Indel)

Move Gene, or Part
of Gene, to New
Location (Switches
Change)

Function of
Protein
Lost and/or
Changed

Phenotype
Chan;)é':s,




Human Genetic Disorders Occur As a Result of Mutations

Copyright © The M Hill C ies, Inc. Permissiy

required for repi ion or display.

Some Important Genetic Disorders

~Disorder Svimptom

Defect

Dominant/
Recessive

Frequency Among
Human Births

X-linked recessive

1/10,000 (Caucasian males)

Dominant

172,000

Hemophilia Blood fails to clot Defective blood-clotting factor VIII

Huntington disease Brain tissue gradually Production of an inhibitor of brain
deteriorates in middle age cell metabolism

Muscular dystrophy Muscles waste away Degradation of myelin coating of

(Duchenne) nerves stimulating muscles

Hypercholesterolemia Excessive cholesterol levels in - Abnormal form of cholesterol cell
blood lead to heart disease surface receptor

DIPLOID

Dominant

X-linked recessive

Dominant

1/3700 (males)

1/500

Recessive

GENOTYPE |=[ F | F

Recessive

Recessive
Recessive

DIPLOID Wild type
PHENOTYPE

Mutant

Mutant

Wild type

Mutant

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

Need One Allele

Need Two Alleles
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ARTICLE Nature, October 10, 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
10-8 bp Mutations per Generation (30 per Genome)




Pedigrees Can Be Used To Follow Disease Genes in Human Families

The Royal Hemophilia Pedigree
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Pedigrees Can Be Used To Determine If

a Trait is Dominant or Recessive

e Each Type of Inheritance Predicts
Specific Results in Each Generation

Cloning: Ethical Issues
and Future Consequences
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Dominant

(A) Dominant inheritance

Generation | (parents) it

individual has an
affected parent.

Muscular Dystrophy
Huntington Disease

Generation Il é :
About 7 of the offspring (of
both sexes) of an affected
Generation I ‘ I.J_—I i 6 6 parent are affected.

Oldest Youngest

Siblings

(B) Recessive inheritance

Generation |
(parents)

Recessive

[E One parent is heterozygous...)

...and the

recessive allele is

passed on to 2 of the
phenotypically normal offspring.

Generation Il d) é_

W L

both heterozygous

—D ?These cousins are

J

Generation Il

4]

Generation IV

7 Yo L
ufe] |

400

Mating of heterozygous recessive parents may
Si Ck' e Cell Anemia produce homozygous recessive (affected) offspring

]

Cystic Fibrosis
Tay-Sachs Disease

Heterozygote
(unaffected
Unaffected  Affected phenotype)

Female O . O
Male l:' . E

Mating O—D

Mating
between
relatives




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

RESEARCH METHOD

A allele: a allele:
A restriction enzyme cuts the There is no recognition
DNA fragment in two at its sequence, so the DNA
recognition sequence. is not cut.
. GAgITC
TTAA — S CL

~
\ RFLP is revealed by /

electrophoresis, probing,

and blottlng )

. . 1 / Long fragment
RIEESTR
DN A F ' nge r'pf' ' n"'s —} [— Short fragments
Type 1 Type 2
homeczygote omozygote Heterozygote
(AA (aa)
A pedigree is constructed. j
T2 l/
4

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




PCR Can Be Used To Analyze Genes During Pregnancy

Copyright © The McG Hill C ies, Inc. Permission required for reproduction or display. Copyright © The McG Hill C ies, Inc. Permission required for reproduction or display.

J

y b Cells from the chorion

Amniotic fluid

) Uterus
\ Ultrasound device

Hypodermic syringe
Suction tube

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

TABLE 13.2

Dominant/ Frequency Among
Symptom Defece
Blood fails to clot Defective blood-clotting factor VIII ~ X-linked recessive 1/10,000 (Caucasian males)

172,000
deteriorates in middle age cell metabolism
Muscular dystrophy Muscles waste away Degradation of myelin coating of X-linked recessive 1/3700 (males)
(Duchenne) nerves stimulating muscles
Hypercholesterolemia Excessive cholesterol levels in - Abnormal form of cholesterol cell Dominant 17500

blood lead to heart disease surface receptor
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PCR Can Be Used To Analyze Mutant Gene in A
Single Embryo Cell Before Pregnancy

PGD
Pre-
Implantation
Genetic
Diagnosis

‘ Fertilize in vitro

(b)

What is The
Implication of
This Procedure

Considering That
The Human
Genome Has Been
Sequenced?

Remove a single cell from each embryo

T

d)

Amplify Y-chromosome-specific DNA in each cell by PCR

Sex Determination
in 8-cell Embryo!

(e) S 1 2 3la 5 s 8
et s e

Mo|e-specific»'_4 P - p— e g— p— !

fragment | m— - S | ‘

Analyze PCR products on gel




"Mutations” Can Also Occur By
Large Chromosomal Changes

Relocation of Loss of

genetic material ¢ Deletion ) genetic material
TSI

Translocation
@QMOQIJMWM\V}\VI\Q

From anoﬁ'ner \ I /

chromosome Wild-type sequence )
N\

Missing chromosome(s)

(z

version 4 l

Extra chromosome(s)

Cﬂ“mmmmmw

D,

(PRI AN

@Mmow N/ \V/\V/ V77NV V7Y, Gain of

Duplication

These changes affect many genes!

e.g. Down's Syndrome (3 Chromosome #215s)



A Down's Syndrome Karyotype
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@ How Does A Gene Lead To A Phenotype?

DNA Codon-bearing

strand

Template strand

L 81 | J

[—Codons—]

l l l l l Codons

‘ Peptide bond |
|
Protein

Insulin

Know Sequence
Know Protein

® mRNA Synthesized
by Transcription

- Complementary to
Transcribed, Non-Sense
Strand

- Same Sequence As Sense
Strand

@ mRNA Translated
into Protein by
Translation of The
Genetic Code

—>»| Engineer New Protein

Genetic Code on mRNA
Translated to Protein
Sequence

. Sequence of Gene
Sequen*ce of mRNA
Sequer*ce of Protein



The Genetic Code is Universa

r How Know?]

\.

AT
1?!\ o !
R S

‘s

) P 1. Universal
2. Triplet
3. Punctuation
,,zr j | 4. Degenerate

For RNA, The Ts are replaced by Us.

[}

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

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

Design An Experiment to Show Code is Universal!
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An Elaborate Cellular Machinery Requiring
Thousands Of Genes is Required To
Produce Proteinz Enc<|>|ded By Specific
enes!!

/ Nucleus

Gene
A

RODFRLDIOLDIDP DI
DNA

i Transcription
LV NN W S TV

Pre-mRNA l Transcription

It takes Genes
to Express

completed
Pre-mRNA .
- (and Replicate)
MRNA l Processing A GENElll
Inside of l Translation
cell mRNA

,! ~Ribosome
eesetiiiitten

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




How Do Genes Work & What are
Genes in Context of..

DNA
Genetic Code of Life

Thinking About The Consequences of GMOs
éo?£"“p|£btt) . What is a Gene?

1
Entire Genetic Code | | 2. What is the Anatomy of a gene?
of a Bacteria o HHHH 3. How Does the Gene Replicate?
RNA synthesis 4. How Does the Gene Direct
~ (ranscpton) Synthesis o? a Pro're%!.;
RNA
: : 5 oes the Gene Work
TS :
i o e ’ ]?ngependem‘r;l o\y other Genes?
(translation) 6. What is the Sﬁqu nce &
DNA Fingerprinting t  PROTEN Structure of the Protein?
S =T 7. How does it work in cell?
8. Does the Protein Structure impl
Need Science- any SPo1‘errl'ic3 ‘eHar'mng PY
Based . & 9. Does the Gene Change the
Gge. Quesghonz organism? Fitness?
— : cience-Base
Cloning: Ethical I .
ando;ur?we fcg:;eq:::z:s Solutions-NOT
OPINIONS!

"Behind” All Traits!
There’'s NO HOCUS POCUS |
all hypothesis are testable!! Same Processes!

Plants of Tomorrow
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Genetic Code of Life

The Nuts & Bolts of Genetic
e Engineering

The Factor VIII Story: From Gene
To Genetic Screening To Drug

DNA Fingerprinting

o]
AN B ™
Factor Xila N e — =
ofiﬁ NDC 0026-3796-60 OPEN HERE 2000 IU Range
Factor XI Factor Xia {
o § Kogenate FS ‘
rIX Factor a \\» Antihemophilic Factor i Needleless .
ophia B) @ || - Factor I N\ (Recombinant) ; Reconstitutio
faorx” S facwris B o
- i N with BIO-SET" @
0O | ractorv N
= \ o " Care
Prothrombin Thrombin \ Bayer HealthCare
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The Molecular Genetics
Of H mophlha (Potentially Lethal Disease)

v

——
g

EYa

-

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 eleciron  zymatic reactions culminating in the conyersion of Abrinogen, a sol-
micrograph, which was made by Jon C. Lewis of Wake Forest Uni-  uble protein, into insoluble fibrin strands. In hemophiliaes 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



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

Normal HBB Sequence

Polar
, @ L i {9 : S @ 9 @ﬂl e (b) Sickle-celi anemia is pieiotrophic
[ A [ [ A ‘ A t ‘ Fﬂ Nucleotides

Sickling of red blood cells

Abormal HBB Sequence

Nonpolar (hydrophobic) Rapid destruction Clumping of cells; Accumulation
2 @ @q.) Amino acidd of sickle cells interference with of red blood cells
‘ i =L 1 circulation in spleen
[ A E G" Iw G ﬂ] r@ﬂ @ Nucleotides| l l ‘

e B Anemia Local failures Enlargement and
the B chain of l in blood supply damage to spleen
hemoglobin

Fatigue, heart damage, Damage to

overactivity of heart, kidney,

. . bone marrow muscle/joints,
Glutamic acid brain, lung,

gastrointestinal tract

2.The protein:

Q Valine
!

(made of two | . o .
o and two (c) B-chain substitutions/variants
B chains) P @ o g o g R R Amino-acid position
8 Free ? Long ﬁbers ‘1 2 3 - 6 7 266367125146
@ proteins @ 29 Normal (HbA) Val | His |Leu|Glu | Glu | Glu| His | Val | Glu| His
Chromosome 11 Ly d""n"d’:"d’dl 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
kit l \ 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
1 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

Sickle-Cell Anemia



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

Old Testament-Circumcisions

Royal Family-Europe

Wound
Vs
Factor XII Factor Xlla
Factor XI Factor Xla

e

Factor IX Factoggat
(Absent in hemophilia B) o g Factor VIl
(Absent in hemophilia A)
Factor X Tor Aa
e l} Factor V

Prothrombin Thrombin

a = activated form 0]

Fibrinogen * Fibrin
Blood clot




First Reference to Hemophilia is in the Old Testament

Genesis 17:10-14

‘This is My covenant that you shall keep between Me
and vou and your descendants aller you: every
male among vou 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 1o families in whom
children have died as a resultl of circumcision

Should a mother lose two children or should two sisters

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

earliest reference o 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

Clotting factors:
1. Released from platelets and injured tissue

2. Plasma proteins sznthesized in liver and
circulated in inactive Torm
Prothrombin ) Thrombin -1

circulating
in plasma

Fibrinogen ﬁ 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

JFE 8e, Figure 49.10 (Part 2) LU0 T SCHNCE OF BXOSY, B e © 057 o M, . ok 1 Frms



How Does Blood Clot After Wounding?

WOUND SURFACE CONTACT

et | Post-tfranslational

Inactive |Active Modification
/\

FACTOR X1 FACTOR Xla

/"\lll\ KI,Hemophilia A I
FACTOR IX FACTOR IXa
/@ (——)\l/+ FACTOR VIII
Hemophilia B o

/—\«-\ ACTIVE
T i
@ kmﬁv
PROTHROMBIN W‘J
L =3 \1/
/‘\

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),
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-
vates factors VI and V; it also deactivates them (by activating protein C), which helps
to halt clotting. Some 85 percent of hemophiliacs lack factor VIIL The rest lack factor IX.

ATryn® 2009

Anti-Thrombin?? —» Anti-Thrombin Deficiency

(At-III) genetic disease

Eight
Proteins/Genes
Required:

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

NSO AN

What Happens If Any Of
These Proteins Or Genes
Are Mutated?

v
No Blood Clot!




Hemophiliacs Have Mutations In Either Factor
VIII or Factor IX Genes

Copyright © The McG: Hill C '_ Inc. ission required for or display.
LR IR ERFAN Some Important Genetic Disorders
Dominant/ Frequency Among

Disorder Symptom Defect Recessive Human Births
Ciystic 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 17600 (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

;nF‘Jnl‘U I1\'l|rl'\\'\ I‘) N \

s

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

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

blood lead to heart disease surface receptor

Hemophilia A Defective Factor VIII Gene 1/10,000 males
Hemophilia B Defective Factor IX Gene 1/30,000 males

Hypothesis For High Frequency in Males? || Both Genes On X-Chromosome 2 ="

S




Hemophilia A and B Genes (Traits) Are Sex Linked

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

George Ill —
Generation Ol"lglﬂﬂ'
Edward . Louis Il
Duke of Kent _J Mu‘ra""onl LI_J Grand Duke of Hesse
| Prince Albert Queen Victoria O—— O—+1
c ,
© Bettmann/Corbis
o a o] —$ &
I Edward VIl D
Frederick Victoria Alice Duke of Alfred Helena Arthur Leopold Beatrice
1] Hesse
No hemophilia No hemophllia
German King
m Royal George V [l D [
House Irene Czar Czarina Earl of Princess Queen Alfonso
Nicholas Il Alexandra Athlone  |Alice Eugenie King 9f
' Spain
G om weewas &1 0 0000 moO BE BOOL O Om
Duke of King Earl of Waldemar Prince Henry Anastasia Alexis Viscount Alfonso Jamie Juan Gonzalo
Windsor George VI Mountbatten Sigismond Tremation
E] 6 Prussian Russian
v i Royal Royal
Queen Prince Margaret House House King Juan
Elizabeth Il Philip Carlos
(5 |£| é No evidence No evidence
Vi O— of hemophilia of hemophilia
Princess Prince Anne Andrew Edward
Diana Charles Spanish Royal House

5?, British Royal House
Vil

William Henry

Note. 1. Males Obtain Detective Gene From Mothers
2. B50% of Sons Of A Maternal Carrier Have The Defective Gene



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

Copyright © The McGi Hill Ce ies, Inc. ission 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

1 Androgen insensitivity
Charcot-Marie-Tooth neuropathy
Choroideremia

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

Duchenne muscular dystrophy
Becker muscular dystrophy

Chronic granulomatous disease
Retinitis pigmentosa-3

Norrie disease
Retinitis pigmentosa-2

Sideroblastic anemia
Aarskog—Scott syndrome

PGK deficiency hemolytic anemia
PRPS-related gout

Anhidrotic ectodermal dysplasia

Agammaglobulinemia |____’__
Kennedy disease

Factor IX
Factor VIII

Lowe syndrome

Lesch-Nyhan syndrome
. ; HPRT-related gout
Pelizaeus-Merzbacher disease

Alport syndrome

: Hunter syndro
Fabry disease

Hemophilia B

Note: Factor VIII gene is

G6PD deficiency: favism

e Closely linked to
Colorblindness, (several forms) Co I or‘b I indness Ge ne '

Immunodeficiency, X-linked, with hyper IgM
Lymphoproliferative syndrome

Albinism—deafness syndrome I/L

Fragile-X syndrome

Dyskeratosis congenita
TKCR syndrome

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)




Hemophilia A and B Inheritance

NORMAL FATHER

CARRIER MOTHER

Meiosis &
Gamete
Formation

CARRIER
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 genc on her second
X chromosome, but half of her daughters will be carriers and half of her sons will be he-
mophilic. In the casc 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
Q Carriers — 1/2 Sons + No Daughtersl!
Only One X-Chromosome is &

Parents 2n

CMeiosis>

|Game1'es n

Fertilization

l

CRidreR> 2n




—>1.

—>4,

What Was Known About Factor VIII
Before Gene Cloned?

Blood Protein (But Perhaps Synthesized Elsewhere!)

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

human blood +cow blood + pig blood

. Short Stretch of Proteins 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
Sequence

Known

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

(a) Albert Victoria

Key = () Normal female
(1819-1901)

@ Carrier (heterozygous) female

Key Concept
[] Normal male

lj d)TD [:] B Affected male *

PRLOPM 00 How Clone A Gene When You Don't Know
Where it is Expressed !

10 11 12 13 14

(c) Analysis of presence or absence of

(b)  Vessel damage f
blood-clotting factors

s . Wild-type
Inactive XII' —  Active XII Factors person Hemophiliac
X + +
Inactive XI — Active XI Al * +
IX + +
Vi + - -
Inactive IX — Active IX X + +
\ + -
Prothrombin + +
Inactive X _, Active X Fibrinogen + +
— Factor VIII
v
Prothrombin £,y Thrombin
t
Fibrinogen — Fibrin
Purified e H
Factor VIII
I
1 Obtain amino AA1 AA2 AA3 AA4 AAS
. acid sequence Rimeg= "= i me ot e
¥ [
Reverse translation
2 * into coding sequence .. AMATTG GOC TAT CGG.
3 Synthesize degenerate TTMAC}:GGMAGCC
- oligonucleotides TTTAACCGGATAGCC ...
TTGAACCGGATAGCC
4 Probe library
. ) Intron
5 Find Factor VIl clone Exons
- /AN
Structure of gene
6. as determined from i A 5 K i 3 3 5 . S )
clone kb 0 20 40 60 80 100 120 140 160 180 200

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




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

[ Cloned gene

J

DNA sequencing
H
Expression in cultured 2 1
cells
H

Figure 5-1
Molecular

Biochemical studies

_Protein
Localization
D

etermination of structure]

Cell Biology, Sixth Edition

© 2008 W.H.Freeman and Company

Database search to identify
protein-coding sequence
PCRisolation of corresponding
gene

[ .. 1. Protein — Gene — Drug ] I Factor VIII Strategy (1985) I

or

Genomics

and Genetic Code

2.|6ene — Protein Using Sequencing GenBank

_v» 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

CLEAVE WITH
RESTRICTION ENZYME

=" —————1]
[N = ]

JOIN TO
PHAGE DNA

v

PACKAGE IN PHAGES

prace ()
| :
I

INFECT
BACTERIA

and cDNA

cDNA CLONING

—— ——_~ TOTAL

— ——— —— mAN,

REVERSE
TRANSCRIPTASE

e SN

|
DNA POLYMERASE

PACKAGE IN PHAGES

NTIFY SOURCE OF FACTOR VIl mRNA

AN
(O) pmce
AT

I

& INFECT
BACTERIA

Library™,

P PLAQUES
7~

TRANSFER TO FILTER PAPER.
RELEASE AND DENATURE DNA

FACTOR VIl
1 cDNA

cDNA

1.Use Gene probe to

screen cDNA
library for Factor
VIII cDNA clone

.How know what

mRNA to use to
make cDNA library?

.Use gene probe to

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

.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

Vegts Maximum Insert Size (kb) Applications Limitations

Bacterial plasmid Ge-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

Cagyright © 2000 Poarso

|_ Plasmids 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 Plasmid Vector

Process
Restriction Foreign Transform
endonuclease DNA
lacZ gene f—-L@ No DNA Active lacZ
ol inserted : gene produces

o > |— blue colonies
_ Medium contains | - - .
ampicillin and X-gal . :l— Inactive lacZ

gene produces

DNA ) 2
Ampicillin Restriction enzymes Foreign DNA inserted white colonies
resistance cuts within and DNA ligase
gene the lacZ gene are added
Transform
a Copyight © The M 48 Campanien, . Permisason ey or feprochicion o Gapiey
A Phage Vector
DM )
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 S
. ¢ 2 5 &
InfeC'rlOﬂ Pl"OCCSS N S5+ Recombinant ‘ , / S
e DNA /
Inserted DNA———= 3.
< é——————» @l
A head takes up Phage vector with recombinant
recombinant DNA in vitro, and DNA infects E. coliand
lambda phage vectors assemble. propagates, killing its host.



Structure of the A Phage and Its Genome

(a) xPhage genomfe N5t Needed
Head l Tail l Replaceable reglonl Lytic functions ! €&

Y head
Nul A 55 nm
(b) » Phage assembly ¢
O Pm 150 nm g tail
Preassembled A tail Jz_
A head =
(49kb) E
cos cos ;
'\\I, . “\'f/' g
Concatomer of . DNA 25 nm ¢ i fiber
g
12 nm

promote filling of A head
with DNA between COS sites

@'_ A genome (1 copy)

lx tail attached only

lNu1 and A proteins

to filled head

Complete A virion

Tail genes

One of First Genome Sequences How Efr-the-Genome “fit” info the Head?




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

Phage @ Phage DNA
\!/,
‘ Phages can introduce

cell DNA by infecting
%’ other cells Cell DNA

Bacterial cell —/
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

B are assembled



Lysed Cells Can Be Seen as Clear
Plaques on Agar Plates

1. Each Plaque is a
Virus Clone
Representing One
Viral Infectionl

2. Selectable Marker is
Bacterial Cell Destruction
& Plaque Formation




Advantages of A Virus as a
Vector for Cloning DNA

1. Long DNA Segments can be Cloned (~20kb) Need fewer
clones for whole Genome!

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

. Make Recombinant Viruses in the Lab!

3. Use "Natural” Infection process to Generate Large
Number of Clones for a Eukaryotic Genome Library.

Much higher efficiency for getting recombinant DNA —
bacterial cells compared with DNA transformation.

. set more clones per amount of recombinant DNA!



Using a Bacterial Virus To Clone the Human Genome

(a) Phage A DNA Genomic DNA to be cloned
EcoRl EcoRl
1 '
45 kb
l EcoRl l EcoRlI

Left “arm”-=—]

L

~15 kb —f= Right “arm”

LI

’ 3’ ' 3'
M T
T T
3’ 5 3 5

l

fragments
Not necessary for of different
A replication sizes

Arms contain all the

genes needed for 5’
replication but are too D
small for packaging Suitable size for
|:§|'5' backaging afies Concatenate of many

ligation with arms

; recombinant A phages
Left arm Right arm ——15kb

e —|
Genomic DNA Packaging of DNA in A particles using proteins
15 kb and enzymes from A-infected E. coli

One Clone per Plaque

Infect|on of E. coli cells for A
repllcatlon to clone the DNA Phage clones

in pl
/m plague
Bacterlum/g : ) @ﬁ_’
(b)

Infection Lysis

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
BamHlI  BamHI

Genomic DNA
Sau3A Bacteriophage A vector

Human DNA »% i; sHtes Why? g;g’:;tlwnh
W’lthSaMBA =
amHI compatible)

Isolate 15-kb
fragments.

Isolate left and
right arms.

Note Overlapping—> o acgr Tt
Fragmen'rs Left  Right Tandem recombinant DNA units

arm arm
| |

-~

Genomic DNA Units stuffed into
15kb phages in V|tro

DD DD Do
RERRE
Need 200,00 Phage with 15 kb inserts | heagol

for Complete Human DNA Library o
!

What's the probability of having any sequence in this library?2,... library 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?



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= YGATC? .. 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 !

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

after complete or partial digestion —
‘E E E E E EcoRT oo Principle of
b O ™ _4—20Kb) Genome
Partial .
*<H%M% i Sequencing
of each
vtk EEREEER Tooll
{H‘*‘H‘@’HHH'H 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!l Build up clones of each chromosomel!



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

Human l§au‘3‘A S!tezf 1Ll . R

DNA I;L—: :1; . 7 ) ‘3 1211 f‘t‘m_u 50 5 B 5L : : :: : : : %: {f % :: }f: :::: :: "

~20kb — — Notice: Each Fragment Overlaps!

partial —

Sau3A Partial Sau3A

fragments{ Random Set If f '
Overlapping DNAs . Can Go From One to Next to Next! 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 AN \ A \

A Ay AN < AN < (A)

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.

—\ —\
T HHHH—
b A
e\ — N\
HH————————HHHHH
- I

—\ I |

I —_ a1 1] i

b Ta—— )

. ¢



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

H2N H2N
NH2 5 .
D Coon oo e
NH2 COOH COOH
COOH \
COOH H
NH2 NH2

Protein encoded Sequenc
by gene of interest Purified Sequence by

. Edman degradation
Protein

6 7

_ Peptide
sequence
2. Make Several e
Probes All Codon . sequence 1. Use
Combinations! Least-degenerate ) .
om ! 20-base region Geneflc
Prepare 20mer COde

degenerateprobe  perfectly complementary
to screen genomic _ Qlogonucleotide in the
library degenerate probe

TGCATTTACATGCAC .
 AAGAAT NOG THAATG TIASETNBANNENA TCGAATGTC.. Coding Sequence

3. One Will Be
Correct Probe

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: ?

Synthetic

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

. Are Non-Radioactive

00 oo



Finding The Factor VIII Gene Or Part of Gene!l

Library of phage clones

AARARRRRARARRA]

Lawn of
bacteria

Human Genome
Library Clones

Autoradiograph to
locate desired clone.

Phage clone 1

Transfer plaque to in plaque Film

absorbent membrane.

-/

l Incubate membrane 1

with radioactive probe. Desired
clone

Membrane
\

= A

Plate

' s Infect fresh
_ Peptid
eptide 1 bacterial host.

sequence

- Possible
l ! ?e'f,'.‘.m Purify Factor

Least- debenerate \Pf'Obes Amplify VIII Genomic

20-base region

Prepare 20mer desired gene. Cl one
degenerate probe | perfectly complementary
to screen genomic | oOlogonucleotide in the . .
library degenerate probe :Analysis, Ninth Edition
1d Company .
TGCATTTACATGCAC
AAGAA T NOG TAATG TRGATGANMETA T CGAATGTC.. Coding Sequence Seguence To See If it

Matches Probe/Protein




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

EXONS
1 23 4 56 7.8 910111213 14 1516_17.18 19 20 21 22 23 24 25 26

7% i b S | 8 Il L

e oo -~ ne Jooes. oo | | | | | " k. - e

0 20 40 60 . 80 — 00 120 140 160 180 200

N Clone Identified .

gt " with Probe Doesn't Contain Entire Gene!

FRAGMENT PROBE
" =
. 2 | ] [ wal|
Overlapping Clones/DNAs .
3 L | = ]
& ]

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
A a B b B B B E e Eukaryotic DNA
Cut with EcoRl; insert between
A\ arms. \ arms
Screen with e —
gene probe A. )
m — = =
A Iibrary/' P —l
14 kb
B B \ clone 1
2 Make copies of small fragment by cloning.
i Rescreen library.
K B B Lo Adjacent \ clone 2
B Make copies of small fragment by cloning, etc.
— ‘_l, Overlapping A clones
. A a | 2
o= generated by partial
a B b digestion
e B
- = e ————

Figure 20-13
Introduction to Genetic Analysis, Ninth Edition

Basis of Genome wPr'ojec'rs & Whole Genome Sequencing

Conlffa:fs_’ 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 wont

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

Human DNA From
Different Individuals

A

TOTAL
DNA

|
DIGEST

ITH Tag |
:\:L\\
e

\ SEPARATE

DNA
FRAGMENTS

Complet

TRANSFER TO

|
L

Genomic or cDNA

Clone Probe
A

H
HYBRIDIZE

PAPER AND AND
DENATURE ﬁ WASH
|

— M
RADIOACTIVE
R iy
w ‘ i |

Hemophilia™ "

/

NN

|
—

E

1
x
i
|
v

1 2 3. 4
Relatives

Loss of a TaqI site
in Factor VIII Gene

NN N

1T e

— = § [RFLP
r——i 1,400

— —

5

w - ¥ e
U s

V.-_‘:‘,,J i . ”I III I .
%

[T
!

120
THOUSANDS OF BASES

Mutations in Factor Gene

1
160

Once Gene & cDNA Identified!

]
L]

\Poin'r Mutation

LJ
=== ]

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 VI gene mumations in haemophilia A patients without intron 22 inversion.

VIE:C (%) Family histoey Consanguiniy * Inversion Cadont Muzation Amino acid change Exom Conservarion)
1 Sporadic NC Normal 51 TTT - TCIY Phe —» Ser 2 FFFF, idenuical
120 Spacadic NC Nosrmal 50 GTT -« GAl Val < Asp 1 VVVY, denxal
1 Sparadic NC Normal 102 GGT = GT1S Gly — val i GGOG, wlemxal
2 Sparaxlic NC Normal 104 TCC — COCs Sr —+ Pro i 88558, wdentxcal
o Sporaxdic NC Normal 143 GAG —» AAGS Glu —» Lys 4 EEEL, identical
1 Spaeadic NC Normal 233 delCAS The «» & (TGA264) "
2.70 Inheritex] NC Normal 121 GAN = ANA Ghi = In 3 EEEE, identical
0 Sparaxhic NC Normal 372 CGC = CAC Arp — His 8 RRRR, sdentxal
3 Inherited NC Normal 527 GG - TGG Arg —» Trp 1" RRRR, dentical
1 Spacadic NC Normal 528 IGC < TALY Cys ~» Tyr 11 OO, sdenncal
1 Inheritex] NC Nuormal S92 CAA — TAA Gin — Stap 12 QOO0 iental
1 Inheritex] NC Normal 864 delGACA Gly — I [TAA-867| 4

ICAATTAAMATGAGAAS
1 Sparadic NC Nosmal R Y insAS Lys «» B [TGA-984) 14
1 Sporahe NC ltrom 1 a7 AGG — TGS Argp = Irp 14 ROGRK, dossim by
1 Sparxdic NC Normal 1107 AGG — TGOS Arg = Trp 14 RGKK, dessmilar
1 Inherited NC Normal 11911194 delA lle » fs (TAG-11938) 14
1.40 Sparadic NC Normal 11911194 insA lle s fs (TAN1220) 14 P
1 Sparadic { Normal 1227 dely lew — B OTGA-1231) 14 -
210 Sporxhc NC Normal 124} GAC — GAG Asp — Gha 4 DGGE, similar E
1 Sparadic NC Normal 1392 1392del1418% Pra » 5 ITAG 1446 14 I
1 Inerited { Normal 1392 1392del 14185 Pra <» s (TAG 1446) 14 =
1 Sparadic NC Normal 144 insAS 14 .{
1 Inerited C Normal 1441 insAS§ -
1 Inherited NC Normal 1502 CAG » TAGS Gin » Swop 14 QREQ, dissimilar =
1 [nherited NC Normal 1504 delTS Val <« & {TGA-1517) 14 ';
1 Sporxhe NC Normal 1535 TGG — TGA Trp — Stop 4 WIELWM, dessimilar -3
hhibitor 96 BU =
1 Sparadic NC Normal 1571 TAT -» TAAS Tyr ~» Swp 14 Y-YY, dissimilar 7z
1 Spoeadic NC Normal 1581 AAA - TAAS Lys <+ Stop 14 KEKK, dissimilar :
.20 Sparxlic NC Normal 1696 CGA — GGA Arp — Gly 4 RRRR, sdentxcal 7z
L.8D Sparadic NC Normal 1729 delA§ Gin —» 5 (TAA-1752) 15 ,'/‘
1 Inherited NC Normal 1751 GAA » AAAS Glu > Lys 15 EEEL, identical c
1 Sparadic NC Normal 1778 TTC «» TCCY Phe < Pro 16 FEFF, identical =
1 Sparxlic NC Normal 1835 TGG — TGAS Trp — Stop 16 WWRWW, ickentical L
740 Sparadic { Normal 1BK2 ATC —» ATAS e —» Ik 17 I, ddemxal =
3 Inherited C Normal 1946 CGA » CAA Arg » Glu 18 RRKR, denncal far
1 Spm.;iu NC Normal 1 966 CGA - TGA Arg s Stap 18 RRRR, sdentical L

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 Sequence!

size markers

RNA or DNA Solution passes through
- Migration gel and membrane to paper towels.
\ Paper towels /%
N7 Z Sponge
32p._jabeled Electrophoresis S——0 | > |

Salt

&

Membrane

Hybridize with unique DNA
nucleic acid probe. transferred
to membrane
" F A -
Filterin | = ‘
“seal-a-meal” | N "‘
bag. | -
[ [ |
|-
Remove P.ro.be
unbound hybridized to
probe. complementary

% sequence

Expose
X-ray film
to membrane.

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

The 21st
Century
1. Use PCR to amplify a Approach!
specific Factor VIII 1
gene region . f?\eq‘éi?f:
e ire
2. Use restriction enzyme ]
(BcL T) to distinguish — 6;?: d&
between normal allele ’ _ Mutati
(1 site) & disease allele —_— _ utation
(no site) rsticton e 2 Then
=] = Normal allele “Bon 17 Exon gl ] Synthesize
. _ . F;Ciggmpliﬁed fragment Pr‘Obes 1-0
= Disease allele 09 (1425p) Test Family
i @‘ W reus Members
R Fragments produced USing PCR
[r—— - |142 bp— Bcll site Indicative of

absent disease allele

o g =199 bp ] Bell site Indicative of
s === |43 bp present normal allele

Only 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

Ultrasound Picture

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

/ | \
probe ’ —_—

Centrifuged
fluid

Fetal cells

DNA
analysis

Chromosomal

analysis

AN E
“f&/xvvyi\
?fﬁ X yf\)g

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

1. Test for Male
Embryos

Remove a single cell from each embryo I 2. TeSf for‘ Pf'esence
of Hemophilia A

(d’u U U u u u Disease Alleles!

Amplify Y-chromosome-specific DNA in each cell by PCR th
(e) d 1 2 3Va4 5 68
Male-specifi —— e e el e
fragment - e —

Analyze PCR products on gel



Genetic Screening Issues

DNA

Genetic Cade 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 Issues Of Genetic DiSOf‘der' K"OWledge?

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.

1: Tissue 1 Tissue 2 Tissue 3 Tissue 4
(ovary) (testes) (lung) (blood)

\ Purify RNA [

J
vy

Ovary RNA Testes RNA Lung RNA Blood RNA

1 2 3/ 4
2. Load RNA samples (=] = | =) | =]
in wells of a gel.

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

b——,!‘—r—’
R
. g

-~

Label

S

DS~

4. Wash away unhybridized probe. Make autoradiograph.

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

kb

0.2

Actin |

Factor VIII
Gene Is Highly
Active in Liver!

Could Also Use PCR (RT-PCR)

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




Using Factor VIII Gene Probe to Identify Factor
VIII cDNA clone

Factor VIIT
GENOMIC CLONING cDNA CLONING
L3
oL N\ J = ——— T ‘ leer‘ mRNA
GENOMIC (A= |
bug :% REVERSE
T TRANSCRIPTASE

CLEAVE WITH
RESTRICTION ENZYME o cDNA

|
DNA POLYMERASE

e —————
& p—————m

— oo emmmmmm  DOUBLE-
[—— ] - STRANDED
| | CONA
JOIN TO JOIN TO
PHAGE DNA PHAGE DNA

< Liver cDNA Library

PACKAGE IN PHAGES

PACKAGE IN PHAGES

v

PHAGE O
|
|

INFECT
BACTERIA

O Factor VIII cDNA -
|

INFECT

IDENTIFY SOURCE OF FACTOR VIIl mRNA

T Used to Make Drug !

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

NTHETIC | |
S,j,\ pRE)BKg HYBRIDIZE HYBRIDIZE

N !
* & Screen Liver cDNA Library
I FACTOR VIII




A cDNA is made by using:

a. Primers

b. mRNA

c. DNA Polymerase
d. All of above



The sequence of a cDNA clone is the same as:

. The Sense Strand of the Corresponding Gene

. The mRNA Template

. The Antisense (Template Strand) of the
Corresponding Gene

d. The Sense and Antisense Strands of the

Corresponding Gene Minus Introns

O U O



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

Promoter Bacterial Gene Promoter/Switch
Ribosome-binding
sequence

Expression
vector

~——BamHI

\Terminator of

transcription

r = Foreign gene Factor VIII cDNA

. BamHl|

—Foreign
gene

T BamH

LIFE 8e, 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 VIII in Mammalian Cells

(a) Transient transfection

cDNA
Promoter gy

Vector () Viral origin of
replication

by ligid treatment

l Transfect cultured cells
or electroporation

‘ ‘ Why Mammalian Cells?

Protein is expressed from cDNA in plasmid DNA

(b) Stable transfection (transformation)
cDNA

Promoter = ‘\Facfor VIII cDNA

Vector

neo’

by ligid treatment
or electroporation

Select for G-418 resistance
G-418-resistance clones

2.
- -

e
l Transfect cultured cells

-,

Purify Factor VIII

iﬁ@\q _— Protein!

Protein is expressed from cDNA integrated into host chromosome




Using Factor VIII to Treat Hemophilia

Formation of a Blood Clot

~

TS

} .

- AN

FIBRIN STRANDS stabilize & blood clot at the site of a wound by A clot in the bloodstream s the result of 4 complex cascade of en-
trapping the platelets that form the bulk of the clot. The eleciron  zymatic reactions culminating in the cony ersion of fibrinogen, a sol-
micrograph, which was made by Jon O, Lewis of Wake Forest Uni-  uble protein, into insoluble fibrin strands. In hemophiliacs o 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 Triumph of Genetic Engineering
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Recombinant Factor VIII

,»C?-a Bayer HealthCare

Search | Sitemap

&y Bayer Biological Products EU ~” Biological Products Division

More Resources

Haemophilia Centres in
Europe

Related Links

Haemo-Qol Project
Hemophilia Research
Awards

Recombinant factor VI

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

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

it will be explained in detail how the knowledge and analysis of DNA, using the
new instruments of molecular aenetics. have represented both the beainning

NDC D026-3796-60 OPEN HERE 2000 IU Range
i . '
| Kogenate FS

Needleless
t -
Antl(l;‘eergg&l;::‘canF:)c = Reconstitution
g 2 Set
with BIO-SET" -
‘ Bayer HealthCare \a { (&

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 Pa.'_en? on YOUR FGCtor' VIII Gene!

Entire Genetic Code
of a Bacteria United States Patent 5,618,788}
Capon, etal. April 8, 1997|
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

echnology.
DN A Fl"lgel'pﬂ nhng 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

y

Cloning: Ethical Issues
and Future Consequences

Plants of Tomorrow




An Individual Should Be Allowed to Patent the
Factor VIIT DNA Sequence:

a. Yes
b. No



DNA
Genetic Code of Life

Entire Genetic Code
of a Bacteria

DNA Fingerprinting

Cloning: Ethical Issues
and Future Consequences

N
'

Plants of Tomorrow

HDWUN =

o

10.

11.

12.

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)



