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Genetic Diseases Run In Families



RECESSIVE Genetic Disease



Dominant Genetic Disease
(Alagille Syndrome is Dominant)



CellCell
NucleusNucleus

ChromosomesChromosomes

ProteinProtein

4 DNA letters, A,G,C,T

DNA Makes Protein



Genetic Code

A codon is made of 3 base pairs 
64 codons total

1 1 codoncodon (AUG) encodes (AUG) encodes 
methioninemethionine andand starts starts 
translation of all proteinstranslation of all proteins

3 codons stop 3 codons stop 
protein protein 
translationtranslation

61 61 codonscodons encode encode 
20 amino acids20 amino acids
(redundant code)(redundant code)

U A AA U G

Met

G C A

Ala



Disease-Associated Mutations

A mutation is a change in the base pair sequence



Disease-Associated Mutations 
Alter Protein Function

Functional proteinFunctional protein Nonfunctional or Nonfunctional or 
missing proteinmissing protein



JAG1 PROTEIN

20p12

AGS critical 
region

Cloning of Alagille Syndrome Disease 
Gene (JAG1)

JAG1

CREGFR (16)DSLSP TMNT

Extracellular Intracellular
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AGS Family 1
( exon 4)

CA A A G G G G GT T T T T T T

T A ACAGA

G

GGT A G G GT T T T

A

D

deleted
normal

SSCP :

sequence :



DSL TMSP CREGF-Like Repeats (16)

1104delAG
aa residue 230 results in coding frameshift

leading to a stop codon at
aa residue 240

predicted truncated 
protein

Effect of the 1104delAG Mutation 
is a Premature Truncation



Localization of Mutations in Jagged1
DSL TMSP CREGF-Like Repeats (16)

3102ins5

3019delTG
3024CC->TG

3094T->A
3052delGT

2531delCA

1329+2T->G

2509del5 (2 pts)

1104delAG

2531del4

1762-12T->G

1116C->T

2066delC

1874delCA

1620C->T
1708ins4

1072GCA->TG

2886C->T

2271insG



JAG1 Mutation Summary

§ Mutations in 95% patients (clinically defined)
§ Inherited in 40% (de novo in 60%!)

–Where are mutations in remaining 5%?
–Why is there such variable expressivity?



Mouse models of AGS

•Abnormal bile ducts

•Heart defects

•Eye anomalies

•Hypoplastic kidneys

•Good AGS model!

J1N2+/-

WT

Jag1 +/- mouse does not phenocopy AGS but…



C444Y 

Notch2

C373Y c.5930-1G->A

AGS NOTCH2 Mutations
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AGS Genetics Summary

1. Diagnostics
• JAG1 mutations in 95%
• NOTCH2 mutations in 1%
• Inherited in only 40% of cases

2. Spectrum of clinical features

3. Understanding Signaling/Development



Variable Expressivity in AGS
Family R



22% of people with a JAG1 mutation have all the 
criteria for a diagnosis of Alagille Syndrome

35% of JAG1+ people have no overt clinical signs

Variable Expressivity of JAG1 
Mutations



What Causes Variable 
Expressivity?

1. Absolute concentration of JAG1-probably not

2. Variation in other genes?
• Compare mild to severe patients (association)

• frequency of CNV’s 
• SNPs (candidate genes?, genome wide 

association)
3.  Stochastic effects?



Approach to Genetic Testing

• 1.  Identify mutation in affected child
• 2.  Screen parents (inherited 40% cases)

• 3.  Screen additional family members
• 4.  Prenatal diagnosis is available if mutation 

is found within a family

• Cannot predict disease severity



Will AGS Recur in My Next Child or 
My Child’s Child?

• Possibly (dominant disease)
• Child may be first affected person in family

–with a new mutation not present in parents
–future children to parents at minimal risk

• Other times a parent may have a mild or 
unsuspected form of AGS
–future children are at risk (50%)



Did I Do Anything to Cause the 
Alagille Syndrome?

• NO   



Strategies For Family Planning
• Clinically investigate each parent for signs of 

disease

• Identify the gene in the patient

• If a gene is identified, search for that gene in 
each parent.



Scenarios for Family Planning

• Child has ALGS  - and a mutation is identified

• Neither parent has clinical evidence of AGS
• Neither parent has genetic evidence of AGS

• The likelihood of AGS in the next child is low (<5%).

• The first child with AGS is likely carrying a new mutation 
(which is true about 60% of the time)



Scenarios for Family Planning

• Child has AGS  - and a mutation is identified in the child

• One parent has clinical evidence of AGS, or
• One parent has genetic evidence of AGS

– 50% risk for the next child
• The disease may be less severe or more severe than the 

first child, and minimal disease is possible.



Scenarios for Family Planning
• One parent carries the disease or a mutation

• The risk of a subsequent child being affected is “high” (50%)
– Adopt
– Sperm donor (if father is the affected parent)
– Egg donor (if mother is the affected parent)
– Regular conception, genetic testing, termination

– Amniocentesis
– CVS – chorionic villous sampling
– If the gene is identified in the fetus, likelihood of ALGS is 

proven 



Family Planning Scenarios
• One parent carries a mutation
• The risk of a subsequent child being affected is “high” (50%)
• Abortion is not an option for family reasons

• Have a child without intervention – “taking the odds”
• Pre-implantation Genetic Diagnosis

– Egg and sperm are harvested
– In vitro fertilization of multiple embryos
– 1 cell removed per embryo and tested for mutation
– Embryos that are negative for the mutation are implanted 

into the uterus of the biologic mother





PGD: methods

• Biopsy
– 1 -2 blastomeres at 8 cell stage embryo

• Frozen embryos at cleavage stage

– Polar body

• FISH

• PCR for known mutations
• Sex fetus for X-linked diseses



��������	
�	���

��
����
��	�
����

���������



Fluorescence in situ hybridization:  FISH
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Maternal mosaicism for a Jagged1 Deletion

50% of cells have JAG1 deleted 50% cells not deleted



FISH assay for JAG1 deletions

JAG1

20q control

Del(20)

Interphase FISH shows 
deletion of

JAG1 (red) probe



Pre-implantation Genetic Diagnosis
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