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Identifying 

genes in 

humans 



Review of vocabulary: 

markers   variable loci (polymorphisms) of known location    people can 
be genotyped to see which marker alleles they have at these loci 

SNPs  single nucleotide polymorphisms  8 million now available 

- these make good markers for association studies but only 2 alleles possible 

- for linkage studies, the ideal marker has many alleles (eg 10) equally frequent in 
population 

genetic linkage  tendency of a short chromosomal segment to be 
inherited intact from parent to offspring    

           - used in linkage methods 

 

haplotype  the combination of alleles inherited together 

 -stay together over many generations, only broken up by recombination 

 

allelic association  excessive co-occurrence of a particular combination 
of alleles due to tight linkage (or other reasons)   

        - used in association methods 



Humans 

• not possible to manipulate genes 

• not possible to design matings  

•  not possible to eliminate environmental effects that may influence 

gene effects 

• forced to deal with naturally occurring genetic and environmental 

variation 

• results from research WILL generalize to world outside lab, more likely 

to be clinically relevant for diagnoses, treatment, unlike some animal 

research 

Success so far: 

Identifying genes for single gene disorders  

Identifying QTLs for some medical conditions  
 

macular degeneration        IBS            type 2 diabetes 

blood group O allele associated with duodenal ulcers - very small  
                       effect, only 1% of variance 



99 loci        accounts for ~16% of genetic variance 





Size of individual gene effects 

For polygenic traits 

• some of the largest gene effects seen for macular degeneration 

5 variants in 3 genes account for ~50% of genetic variation 

 

• smallest effect sizes for height  

180 loci explain about 13% of genetic variation 

 

Few polygenic traits have all heritability accounted for (‘missing heritability’ 

dilemma) 

- current GWAS SNPs and sample sizes not adequate to detect very small 

effect sizes    the larger the sample, the more heritability accounted for   

- epistasis? 

-  G X E? 

Recent study in yeast – polygenic traits, able to account for 100% of genetic 

variance, epistasis ranged from 0 – 50% of genetic variance depending on 

trait.  Huge sample size, environment held constant    (Bloom et al, Nature, Feb 2013) 



Linkage methods :  single gene disorders 

 • linkage will result in alleles of loci that are close together on 
a chromosome being passed on together down the 
generations within a population of related individuals 

- test for cosegregation (cotransmission) of a DNA marker allele along with 
an inferred disease locus in individuals in a large pedigree 

- locus is inferred by looking for affected  phenotype  

  

- provides only an approximate location of a gene for the trait 

  5cM region      several different genes 

 

Examples: location of genes for Huntingtons, fragile X, PKU 

 

Genome wide linkage analysis   

-  large number of markers (SNPs) now available makes it possible to 
systematically search the genome for markers linked to phenotypes 

- small effect of each gene in a complex trait makes this difficult in 
practice 

- linkage methods are not powerful enough to detect genes of very small 
effect 

  



2 Huntington pedigrees showing marker alleles 

Family 1                                            Family 2 
which marker allele is linked to the disease locus in family 1? 

which marker allele is initially linked to the disease locus in family 2? 



Linkage methods:  complex traits 

Much larger sample sizes needed than for single gene traits 

Linkage analysis using pedigrees not powerful enough 

 

Allele-sharing (affected sib-pair) QTL linkage design 
• can be used for dichotomous traits or quantitative traits 

• uses pairs of sibs from many different families, allows larger sample 
sizes 

• look for over-representation of  markers in sib-pairs that both have the 
trait of interest or are more similar for a quantitative trait 

- expect 50% of sib-pairs to share a marker, even if not linked with the trait 

- based on identity-by-descent  (ibd) 

 

Example:   identification and replication of linkage for reading disability on 
chr 6 (6p21, Cardon et al, 1994), since replicated many times 



Association methods: candidate genes 

- look for association between  particular allelic variants – 
often SNPs alleles -  within a gene and variation in 
phenotype for the trait the gene is suspected of affecting 

- not systematic 
- needs candidate loci (genes suspected of being influential in the trait)           

- related individuals not needed 

- more powerful than linkage  

 

Examples:  

Replicated association of a risk allele for late-onset Alzheimers disease   
   apolipoprotein E gene, chr 19 

      risk allele present in 40% of cases, only 15% of controls 

Replicated association of DRD4 7-repeat allele with risk for ADHD 

            risk allele present in 25% of cases, 15% of controls 

for dichotomous traits  

- use chi-square test with null hypothesis of NO association (ie. no 
difference in marker occurrence between cases and controls) 

-    significant result indicates allele IS associated with the trait                          



Genome-wide association studies   (GWAS) 
 
• systematic search of the genome 

• very large number of SNPs densely distributed across entire genome 

are used as markers, essentially using every SNP location as a 

‘candidate gene’ 

• use of microarrays capable of genotyping millions of SNPs at once 

makes this possible 

• SNPs located close together are inherited together in haplotype 

blocks, allows imputation and a reduction in number of markers 

genotyped (only tag SNPs genotyped) 

• identify which SNPs are associated with phenotype 

• Weaknesses:  

     marker itself either has to be risk allele (direct association) or very   

 close to it (indirect association or linkage disequilibrium) 

    SNP coverage discovered to be inadequate, even when millions of  

 SNPs used    ( genome sequencing may solve this problem) 

     

 







In the past, candidate gene association studies were designed poorly, 

many false positive results published. What were the problems? 

1.Linkage and association methods are non-hypothesis driven  
• prone to false positives and false negatives  

 - especially for association studies 

 - large number of studies report results that are result of  

Type 1 errors :  false positives – finding an association when there really is 
not one, leads to failure to replicate positive findings when study is 
repeated 

p<0.05   ½ million SNPs     gives expected 25000 false positives 

   need p<10-7 to give expectation of <1 false positive 

but taking up too stringent significance criteria leads to 

 Type 2 errors:  false negatives - not finding an association when there is one  

            again,  leads to failure to replicate negative findings 

 

  

2.Very small gene effects 

                    both reduce power to detect 

3. Too small a sample size 
Need <1m SNPs, <30,000 sample size to reliably detect associations 



4. Population stratification 

• another cause of errors  

 

•  allele frequencies vary across ethnic groups (‘genetic’ populations) 

 

• between group differences will confound search for biologically relevant 
within group differences 

ie. allele frequency differences between cases and controls will be 
confounded with between ethnic group differences 

 

•  will produce spurious associations unless control group is from same 
population as affected group 

 

       

melanin-producing locus / sickle cell disease 

 

 

 



Gene pathway analysis 

• based on assumption that risk alleles for a disorder will be found in 

genes with functions more closely related to each other than random 

sets of genes 

• using results from all other gene-locating methods, use an analytical 

method to look for nonrandom functional relationships between genes 

containing risk alleles 

• algorithms test whether a given set of loci in the genome is enriched for 

genetic variants that show some relationship with a disorder compared 

to a null expectation 

 

Gene pathway to be tested needs to be developed independently from 

results of gene-finding studies , not biased by including genes found by 

genetic analysis (post hoc bias) 



Common disease networks. 

 GWAS SNPs from related diseases repeatedly perturb recognition sequences of common 

transcription factors. Shown are factors whose recognition sequences harbor ≥8 or ≥6 GWAS 

SNPs in inflammatory or autoimmune diseases (A) and cancer (B), respectively. Edge 

thickness represents number of associations between transcription factor and disease in 

DHSs in relevant tissues. Both networks are significantly enriched for overlap with disease-

relevant GWAS SNPs and include many well-studied regulators. 

Maurano et al, Science 2012, 337, 1190 



Maurano et al, Science 2012, 337 



Other recently developed methods 

• expression pattern studies  -  look at actual gene product (mRNA) 

differences between those with & without disorder, use RNA microarrays 

 

• methylation arrays  -  look at which genes are methylated to help 

determine activity, how it relates to disorders 

 

• locating copy number variants (CNVs)  -  whole genes present as 

extra copies or missing on one chromosome, thought to be cause of some 

genetic variation, not recognized by linkage or association methods 

 

• genome sequencing (resequencing) - allows all variation to be 

studied, not just SNPs 

 







Major outcomes of GWAS in human genetics of 

complex traits 

GWAS = largest biological investigations humans have ever conducted 

total number of people genotyped to date   > 1 million 

• most common diseases have highly polygenic architecture    (1000’s of 

genes) 

• genetic effect sizes of common SNVs (variants) are very small  (<0.1%) 

• genes and biological processes not previously suspected as being 

involved have been identified 

• some loci are involved in several different diseases once thought to be 

completely independent in terms of etiology 

 

HUGE sample sizes needed are only made possible by collaborations, 

often on worldwide scale  (eg International Schizophrenia Consortium) 

most collaborations were self-organized, emerged rapidly from grassroots 

origins   (actual researchers, not government or business corporations)  

 

 

 






