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Linkage analysis

Independent assortment
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Linkage analysis

Useful markers:
- Highly polymorphic
- Numerous loci
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Physical mapping

Chromosome morphology
- Deletion mapping
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Precise Localization of NFI to 17qll.2 by Balanced Translocation
David H. Ledbetter,” Donna C. Rich,* Peter O'Connell,t Mark Leppert,t and John C. Carey}

Physical mapping

*Institute for Molecular Genetics, Baylor College of Medicine, Houston; tHoward Hughes Medical Institute and Departments of Human
Genetics and fPediatrics, University of Utah Medical Center, Salt Lake City

Chromosome morphology
- Deletion mapping
- Translocations
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Figure | (G-banded cytogenetic analysis of the patient’s 17;22
translocation. To the lef: are idiograms of chromosome 17 and 22
at approximately the 550-band stage of resolution (Harnden and
Klinger 1985). The arrows indicate the breakpoints in 17q11.2 and
22q11.2. To the right is a partial karyotype of the patient, from a
single cell cut out twice for breakpoint comparisons. From left, the
top row pairs the normal 17 with the derivative 17 and the normal
22 with the derivative 22. The bottom row pairs the normal 17 with
the derivative 22 and the normal 22 with the derivative 17.



" Physical mapping
Chromosome morphology
- Deletion mapping
- -Translocations
Deletion Duplication | .
— —, E - Dosage mapping
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/ Linked marker location

I
Region implicated by linkage analysis
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Chromosome morphology
- Deletion mapping
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Functional cloning

Positional cloning
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The Respiratory Epithelium

Functional vs non-
functional DNA

Conservation

Unmethylated CG islands
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Query
1

Arabidopsis thaliana SABRE (1)

500 1,000 1,500 2,000 2,500
kug
it

Arabidopsis thaliana KIP (2)

Oryza sativa (3)

Zea mays (4)
Oryza sativa (5)

Zea mays APT1 (6)

Selaginella moellendorffii (7)

Physcomitrella patens (8)
Ostreococcus tauri (9)

Rattus norvegicus (10)

Mus musculus (11)

Pongo abelii (12)

Homo sapiens KIAA0100 (13)
Gallus gallus (14)

Xenopus tropicalis (15)

Ciona intestinalis (16)

Apis mellifera (17)

Anopheles gambiae (18)
Drosophila melanogaster (19)
Caenorhabditis elegans (20)
Saccharomyces cerevisiae (21)
Saccharomyces cerevisiae (22)
Schizosaccharomyces pombe (23)

Saccharomyces cerevisiae (21) NP_015442.1

-

Saccharomyces cerevisiae (22) NP_013559.1

Schizosaccharomyces pombe (23) NP_594183.2

Ostreococcus tauri (9) XP_003080077.1

Physcomitrella patens (8) XP_001779593.1
— I_: Selaginella moellendorffii (7) XP_002969704.1

Oryza sativa (5) ABF95966.1

Zea mays APT1 (6) NP_001106066.1

Oryza sativa (3) ABF98216.1

Zea mays (4) DAA50499.1

Arabidopsis thaliana SABRE (1) NP_176121.3
Arabidopsis thaliana KIP (2) NP_001078738.1

Caenorhabditis elegans (20) NP_493625.4
Apis mellifera (17) XP_624880.3

|_‘: Drosophila melanogaster (19) NP_647789.2

Anopheles gambiae (18) XP_315477.2
Ciona intestinalis (16) XP_002122817.1
Danio rerio (24) NR_023325.1

Xenopus tropicalis (15) XP_002937671.1

0.1

Gallus gallus (14) XP_415819.3

Rattus norvegicus (10) XP_220636.3

Mus musculus (11) NP_001002004.2
Pongo abelii (12) XP_002827215.2

Homo sapiens KIAA0100 (13) NP_055495.2

Similarity searches

BLAST

Within species using
proteins with similar
functions

Across species as we
already saw



Finding the new
mutation
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Sequence affected and
unaffected individuals
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RNA-seq
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Exonic reads

Base-resolution expression profile

Yy

Nucleotide position

RNA expression
level




COMMON SENSE
|S LIKE DEODORANT.
THE PEOPLE WHO
NEED IT MOST
NEVER USE IT.

Candidate gene

Scientific knowledge +
Common sense/logic

Common sense is not
a gift, it’s a punishment.
Because you have to
There deal with everyone

IS nc?;r]hcl)r']g who doesn’t have it.

uNncoMMmMon
than common

sSense.
Frank Lloyd Wright




GWAS, linkage analysis & SNPs

Patients \

Patient DNA Non-patient DNA

¥ N

Compare

¢ , differences

3

to discover i

) © 4

2

SNPs associated
with diseases

Non-patients

Disease-specific SNPS Non-disease SNPS
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Multifactorial Inheritance & Common
Diseases



Population frequency

Population frequency

Population frequency

aa Aa AA
Genotypes
>
Short Tall

s Ul fln

aabb aabBb aaBB AaBB

Aabb AaBb AABb
AAbb

Ganotypas

Short Tall

Short Tall

Multifactorial model

Polygenic
Multifactorial

Recurrence risk:

- 1 with family members
affected

- 1 with proband severity

- | more rapidly in distant
relatives

- Varies with population
prevalence



Threshold
A

Low

Liability

High

Low

Liability
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Threshold model

Liability distribution

Threshold of liability



Single vs
multifactorial

[ Severity of
pul

monary phenotype Major Gene plus modifiers

[ Meconium ileus J

(genetic or otherwise)

Multiple genes and
environmental factors with

combined effect to cause

[Gastroirtest'nal phenotype] l ( Microbial infections ]

[ Rhinosinusitis susceptibilityj

. the disease



Single vs
multifactorial

Major Gene plus modifiers
(genetic or otherwise)

Cigarette
smoking

Multiple genes and
environmental factors with

combined effect to cause
Excess

alcohol
consumption

vitamins &

antioxidants T ; i the disease

Genetics

ShEmILy Gender &

ethnicity




Nature Nurcura
Either way it’s your parents fault




Twin studies

Monozygotic v Dizygotic
Concordant v Discordant

Concordance rate:
MZ DZ
Measles 0.95 0.87
Epilepsy 0.69 0.14
(idiopathic)

Intraclass correlation
coefficient

MZ DZ
Height 0.94 0.44

Homework: Heritability




Adoption studies




So now you have a
multifactorial disease on your
hands with a genetic
component.

How do you find the gene?



Heart disease (CAD)

Environmental factors

Genetic factors

Cigarette
smoking

Affecting:
- Lipid profile

Excess
alcohol
consumption

vitamins &

- Inflammation

Genetics

& heredity Gender &

ethnicity
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dietary fat i liver
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and cholesterol saia

intestine

Formation of chylomicrons
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transport to bloodstream
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Familial
Hypercholesterolemia

AD

LDLR mutation (>1000
mutations known thus far)

Adults symptomatic:
- Increased CAD
- Arcus/Xanthomas

Homozygotes worse than
heterozgotes



Familial
Hypercholesterolemia

AD

LDLR mutation (>1000
mutations known thus far)

Adults symptomatic:
- Increased CAD
- Arcus/Xanthomas

Homozygotes worse than
heterozgotes
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Familial
Hypercholesterolemia

AD

LDLR mutation (>1000
mutations known thus far)

Adults symptomatic:
- Increased CAD
- Arcus/Xanthomas

Homozygotes worse than
heterozgotes

ApoB mutations can also
affect binding of LDL to its
receptor



LDL receptor

LDL

Protein
Cholesterol esters
ApoB 100

Plasma
membrane

X
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Coated
vesicle
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Synthesis of
LDL receptors

Synthesis of
cholesterol

~uu DNA
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Recycling ‘

Familial
Hypercholesterolemia

AD

LDLR mutation (>1000
mutations known thus far)

Adults symptomatic:
- Increased CAD
- Arcus/Xanthomas

Homozygotes worse than
heterozgotes

ApoB mutations can also
affect binding of LDL to its
receptor



PCSK9
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Nature Reviews | Drug Discovery

Familial
Hypercholesterolemia

AD

LDLR mutation (>1000
mutations known thus far)

Adults symptomatic:
- Increased CAD
- Arcus/Xanthomas

Homozygotes worse than
heterozgotes

ApoB mutations can also
affect binding of LDL to its
receptor

PCSK9 mutations and new
therapy



DM

Effector T cells are resistant Treg Cells are less
B cells are not required to suppression by Tg,, cells suppressive in
for type 1 diabetes in type 1 diabetes type 1 diabetes

Heterogeneous group of

disorders of glucose

¢

metabolism
( Jkutoantibody
DMI
Impaired maturation - i
Sy Autoimmune (T
Autoantibodies
mark type 1 diabetes
but are not pathogenic - Antigen presentation

- Insulin transcription

Apoptotic
B-cell o, Islet antigen
B-cells are actively |
involved in their
own demise
Islet B-cell

Nature Reviews | Immunology

diabetes  cel/CTLA4, PTPN22)



DM

= Pancreas
keletal muscle 1 g cose-stimulated Liver
Dendritic cell T lnsulin sensitization  insulin secretlon T Lipid storage Hete rogeneous group of
58> 1 Lipid metabolism TG'"°°"°°9°"“'S disorders of glucose
T Antigen uptake
1 A;j}gg;f,”"'a'”" oo sl s metabolism
Adipogenesis
U Mlgratuon T Lipid metabolism
Treg T Glucose DM?2
T lnsulm sensmzatuon homeostasis
4 Inflammation T Remodeling . .
ek Browning - Insulin resistance
acrophage PPARY
1 Inflammation * - activation L — ,?;zr" :c:\'espols“
T M2 or M1 pog

T Lipid metabolism - Insulin secretion

(TCF7L2, KCNJ11)

Brain

T Food intake
4 Inflammation

T Sodium and fluid retention | Osteoblastogenesis
| Diabetic nephropathy T Osteoclastogenesis

- Obesity (PPARy)
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“You went camping and a bear mistook your blood for honey.
Would you mind if I ordered a diabetes test for you?”

DM

Heterogeneous group of
disorders of glucose
metabolism

MODY

- AD inheritance

- No obesity

- Pancreatic Glucokinase

- 5 other mutations
relating to pancreatic
development and
insulin regulation



Obesity

Decreased :
food intake - Environmental and genetic

effects shown in twin and
adoption studies

Leptin-MCR4 (appetite)

FTO-IRX (fat mass)

Increased
body weight



Alzheimer Disease

Presenilin | & 2 (APP

Normal cleavage of Abnormal cleavage of amyloid precursor protein

Oligomer
aggregate
APP (mutations & trisomy

amyloid precursor protein leading to excess amyloid accumulation i
APP \
APP mutations Q E
increase |

B-secretase ( ” ! 2 I )
cleavage « « ” !
o-secretase 4 !

B-secretase & » i APOE4 allele (amy|0|d

cleavage)

) AB peptide
oo/ i / (‘ clearance)
Qb Y- secretas (
D & Extracellular space

Ce((/'h
PSEN1/PSEN2 €m, by,
Cytoplasm an,
mutations increase ytop e
v-secretase
activity
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