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Aims of the SessionAims of the Session

• To provide a framework for understandingTo provide a framework for understanding 
genetic studies.

• To explain the various strategies currently 
available for genetic research includingavailable for genetic research including 
linkage and association studies.

• To summarize the current research on the 
genetics of diabetes.genetics of diabetes.



What is the evidence that diabetes 
h i l ?has a genetic element?

• Risk varies by ethnicity

• Risk increases with family history of 
diabetes

• Twin studies
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Mode of InheritanceMode of Inheritance

Normal weight male

Overweight male

Obese male

Normal weight female

Overweight female

Obese female



Concordance Rates in Identical 
T iTwins

• Type 1 Diabetes
30 50%– 30-50%

• Type 2 Diabetes
– Approaching 100%pp g



How to find the gene(s)?How to find the gene(s)?

• Candidate genesCandidate genes

• Linkage analysisLinkage analysis

• Association studies• Association studies

• Expression studies• Expression studies



PhenotypePhenotype

• All genetic studies depend on having wellAll genetic studies depend on having well 
characterized subjects for the phenotype 
of interestof interest

P bl i t d ith di b t th• Problems associated with diabetes as the 
phenotype of interest
– Variable age of onset
– Environmental factors



BewareBeware…

• Population stratificationPopulation stratification

C f d• Confounders

• Vaguely defined phenotypes



How to find the gene(s)?How to find the gene(s)?

• Candidate GeneCandidate Gene
• Linkage Studies

A i ti St di• Association Studies

All use the presence of variation within the 
genome to act as markers for unknown g
functional variants that give rise to 
disease.



Genetic MarkersGenetic Markers

Si l l tid l hi (SNP )• Single nucleotide polymorphisms (SNPs)

• MicrosatellitesMicrosatellites 



Linkage DisequilibriumLinkage Disequilibrium

• Genetic markers are considered to be inheritedGenetic markers are considered to be inherited 
independently of each other

• When two genetic markers are inherited 
together ≥50% of the time they are said to be in g y
linkage disequilibrium with each other

• If they are always inherited together they are in 
perfect linkage disequilibrium



No RecombinationNo Recombination

Parental 
Genotype

Gamete

Genotypes



No RecombinationNo Recombination

Parental 
Genotype

Gamete

Genotypes



How to find the gene(s)?How to find the gene(s)?

• Candidate genesCandidate genes

• Linkage analysisLinkage analysis

• Association studies• Association studies

• Expression studies• Expression studies



How to find the gene(s)?How to find the gene(s)?
• Candidate genesg

– Genotype specific genes involved in pathways involved in 
maintaining glycemia to identify variations that are associated 
with a phenotype. 
If variants are associated can test for variant being functional to– If variants are associated can test for variant being functional to 
confirm gene variant is cause of disorder

• Linkage analysis• Linkage analysis

• Association studiesssoc at o stud es

• Expression studies



Candidate GenesCandidate Genes

• StrengthsStrengths 
– Hypothesis driven

Limited need for genotyping– Limited need for genotyping

• Weaknesses
– Based on limited knowledge of gene functions
– Non systematic 



How to find the gene(s)?How to find the gene(s)?
• Candidate genesg

• Linkage analysis
U i DNA f f il b t id tif f– Using DNA from family members to identify areas of 
the genome that are inherited along with the unknown 
disease related gene variant
Id tifi f th i t d ith th– Identifies an area of the genome associated with the 
disease

• Association studies

• Expression studies



Linkage StudiesLinkage Studies

• StrengthsStrengths 
– Does not presume knowledge of gene

• Weaknesses
– Requires extensive genotyping
– Will not identify marker gene allele
– Requires replication in multiple populations
– False positives



How to find the gene(s)?How to find the gene(s)?

• Candidate genesCandidate genes

• Linkage analysisLinkage analysis

• Association studies• Association studies
– Using DNA from cases and controls to identify 

marker alleles associated with the phenotypemarker alleles associated with the phenotype 
of interest

• Expression studiesExpression studies



Association StudiesAssociation Studies

• StrengthsStrengths
– Does not require family data

Does not presume knowledge of gene– Does not presume knowledge of gene

• Weaknesses
– Requires extensive genotyping
– Multiple testing
– False positives



How to find the gene(s)?How to find the gene(s)?
• Candidate genesg

• Linkage analysis

• Association studies

• Expression studies
– Takes mRNA from tissues from cases and controls 

d th i RNA hi id tifi hi hand then using RNA chips identifies which genes are 
over-expressed or under-expressed in the cases 
compared to the controls.



Expression StudiesExpression Studies

• StrengthsStrengths
– Does not presume knowledge of gene

Tissue specific– Tissue specific

W k• Weaknesses
– Tissue specific
– Multiple testing 



Genome Wide SignificanceGenome Wide Significance

• Takes into account multiple testingTakes into account multiple testing

L l i d d di• Levels required vary depending on 
whether this is a confirmational study or 

tnot



Genes and Type 1 DiabetesGenes and Type 1 Diabetes



Human Leukocyte Antigen 
C lComplex

• aka HLA complex is associated with riskaka HLA complex is associated with risk 
for many autoimmune diseases including 
Type 1 diabetesyp

• On short arm of chromosome 6On short arm of chromosome 6

• Most highly polymorphic part of the human• Most highly polymorphic part of the human 
genome with some genes in the region 
having 400 known alleleshaving 400 known alleles



HLA alleles and type 1 diabetesHLA alleles and type 1 diabetes
95% of people with type 1 diabetes carry the DR3,p p yp y
DR4 or both alleles

P f th DR3 ll l i i k f– Presence of the DR3 allele increases risk for 
type 1 diabetes by ~7 times

– Presence of the DR4 allele increases risk for           
type 1 diabetes by ~9 times

– Presence of the DR3 and DR4 allele increases 
risk for type 1 diabetes by ~14 times



Insulin Gene (IDDM2)Insulin Gene (IDDM2) 

• Contained in a 4.1kb region onContained in a 4.1kb region on 
chromosome 11 identified by linkage 
analysisy

• May be due to variation in geneMay be due to variation in gene 
transcription

• Accounts for 10% of genetic element of 
type 1 diabetestype 1 diabetes



Other Type 1 Diabetes GenesOther Type 1 Diabetes Genes

PTPN22 genePTPN22 gene
- encodes LYP a protein tyrosine phosphatase 
involved in modulating T cell activationg
- also associated with other autoimmune 
diseases

Cytotoxic T Lymphocyte Antigen 4 (CTLA-4)Cytoto c y p ocyte t ge (C )
- CTLA4 antigen expressed on activated T cells
- in the “IDDM12” region on chromosome 2in the IDDM12  region on chromosome 2



Genes and Type 2 DiabetesGenes and Type 2 Diabetes



Transcription Factor 7-Like 2 
(TCF L 2)(TCF7L-2)

Ch 10• Chromosome 10   

• Encodes for a transcription factor involved in Wnt signaling 

• TCF7L2 expression in human islets increased in T2D, particularly 
in carriers of the TT genotype 

• Over-expression of TCF7L2 in human islets reduced glucose-
stimulated insulin secretion 

T ll l i t d ith• T allele associated with 
– impaired insulin secretion 
– impaired incretin effects 
– enhanced rate of hepatic glucose productionenhanced rate of hepatic glucose production 



Other Type 2 Diabetes GenesOther Type 2 Diabetes Genes
• PPARG Gene

– Codes for peroxisomal proliferator-activated receptor gamma which is the target for the thiazolidinedioneCodes for peroxisomal proliferator activated receptor gamma which is the target for the thiazolidinedione 
drugs.

– Mutation at position 12 causes a coding change in the receptor
– Proline allele associated with 1.20 greater risk  for type 2 diabetes than the alanine allele

• KCNJ11 
– Codes for the KATP channel in the B cell
– E23K variant (glutamate instead of lysine) associated with 1.14 greater risk for diabetes
– Glutamate allelle associated with impaired insulin secretion

• CAPN10 Gene
– Codes for calpain 10 a ubiquitously expressed protease believed to have a role in insulin secretion
– Only susceptibility gene identified purely via positional cloning

• CDKN2A/2B
C f– Codes for cyclin-dependent kinase inhibitors

– Inhibit CDK4 and CDK6
– In mice CDK4 activity is associated with beta-cell mass
– Also tumour suppressor genes







Monogenic DiabetesMonogenic Diabetes



Maturity Onset Diabetes of the 
Y (MODY)Young (MODY)

• Young onset of type 2 diabetes inherited in 
an autosomal dominant fashionan autosomal dominant fashion

• Linkage studies identified several areas on 
the genome and currently 6 mutations 
have been identified which each produce a 
distinct form of MODY



MODY GenesMODY Genes



SummarySummary
• Evidence for genetic element of diabetes initially came g y

from family studies 

• Type 2 diabetes has greater genetic component than• Type 2 diabetes has greater genetic component than 
type 1 diabetes

• Various types of studies used to identify potential genes
– Candidate gene studies 
– Linkage studiesg
– Association studies
– Gene expression studies



SummarySummary

• Handful of identified genes do not explainHandful of identified genes do not explain 
all genetic risk

HLA complex and INS gene main genetic– HLA complex and INS gene main genetic 
factors identified for Type 1 Diabetes

– TCF7L2 PPARG CDNK2A/B KCNJ11 mainTCF7L2, PPARG, CDNK2A/B, KCNJ11 main 
genes identified so far for Type 2 Diabetes

• Monogenic forms of diabetes• Monogenic forms of diabetes


