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Single Nucleotide Polymorphisms (SNPs),  
population genetics and human genetics 	



Biosciences 741: Genomics	


Fall, 2013	


Week 4	



Human Genetic Diversity	


•  90% of human genetic polymorphisms are caused by 

SNPS; the remaining polymorphisms are structural 
variants including insertions, deletions, and so on.	



•  Types of SNPs (Bentley)	



•  Linkage disequilibrium	



•  The neutral theory of molecular evolution	



•  Techniques used to map human traits & score SNPs	



•  Structural variants & medical applications	





9/19/13	



2	





9/19/13	



3	



Human SNPs in protein-coding sequences	


•  Protein-coding sequences account for ~1.5% of the genome, but only 

~0.9% of the SNPs (the search is limited to minor allele frequency > 
1%).  In other words, roughly half of all SNPs in protein-coding 
sequences have been eliminated by natural selection.	



•  Protein-coding SNPs in the human population are ~50% synonymous, 
which suggests that roughly half of the nonsynonymous SNPs have also 
been eliminated by natural selection.  	



•  Nonsynonymous SNPs in the human population are 66% conservative, 
and 34% nonconservative, which again suggests that the majority of the 
nonconservative SNPs have been eliminated by natural selection.	



•  Taken together, these considerations show that many of the protein-
coding SNPs remaining in the human population are not functionally 
important.  Others are known to cause > 2,000 human genetic diseases.	
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Human SNPs in noncoding sequences	



•  Sequence comparisons with other species indicate that ~5-10% of the 
human genome is under natural selection for a conserved function.  	



•  As the majority of these conserved sequences do not encode a protein 
sequence, it follows that the majority of functional SNPs are likely to be in 
noncoding DNA.	



•  Because many of these functional SNPs have been eliminated by natural 
selection, it follows that < 5% of SNPs in the human genome are likely to 
be functional.	



•  These (rare) functional SNPs may be identified (in part) by sequence 
comparisons (to identify conserved sequences). 	



Figure 3.1  Location of polymorphisms that have been 
associated with various traits in J. C. Venter	
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Human Genetic Diversity	


•  90% of human genetic polymorphisms are caused by 

SNPS; the remaining polymorphisms are structural 
variants including insertions, deletions, and so on.	



•  Types of SNPs (Bentley)	



•  Linkage disequilibrium	



•  The neutral theory of molecular evolution	



•  Techniques used to map human traits & score SNPs	



•  Structural variants & medical applications	





9/19/13	



6	



Mutation and recombination produce haplotypes	



Figure 3.2  Nucleotide diversity 
in natural populations (Part 2)	
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Box 3.1, Table A	


D is a simple estimate of linkage disequilibrium	



(the “linkage disequilibrium coefficient”)	



Chromosomal regions of high linkage disequilibrium correspond to	


chromosomal regions of low recombination frequency	
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The number and length of apparent haplotype blocks 
depend on the spacing between SNP markers used 	



Distribution of linkage disequilibrium across the lipoprotein lipase gene	



Blue boxes indicate significant	


Linkage disequilibrium (LD).	


LD is not limited to exons.	


LD varies by the age of the SNP.	


Haplotypes have fuzzy boundaries.	
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Figure 3.4  Distribution of linkage disequilibrium in the human genome	



Figure 3.5  Tagging SNPs and 
haplotype blocks	



Tagging SNPs are used to define most of the variation in a haplotype.	
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Figure 3.6 Haplotype structure in the human lipoprotein lipase gene���
(homozygotes for the common allele in blue, heterozygotes red, homozygotes for the 

rare allele in yellow).  Two main haplotypes.	



X axis = individuals	



Figure 3.7  Human diversity and population structure	
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Human Genetic Diversity	


•  90% of human genetic polymorphisms are caused by 

SNPS; the remaining polymorphisms are structural 
variants including insertions, deletions, and so on.	



•  Types of SNPs (Bentley)	



•  Linkage disequilibrium	



•  The neutral theory of molecular evolution	



•  Techniques used to map human traits & score SNPs	



•  Structural variants & medical applications	



Natural Selection: Positive vs. Negative	



•  A new mutation that is favored by natural selection is said 
to be under positive selection.  	



•  A new mutation that is disfavored by natural selection is 
said to be under negative selection.	



•  A new mutation that has no significant advantage or 
disadvantage is said to be under no selection (also known as 
genetic drift, also known as neutral evolution).	



•  Positive selection or negative selection tend to eliminate 
polymorphisms relatively rapidly, but neutral 
polymorphisms can remain in a population for a much 
longer period of time.	
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Figure 3.2  Nucleotide diversity 
in natural populations (Part 1)	
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Human Genetic Diversity	


•  90% of human genetic polymorphisms are caused by 

SNPS; the remaining polymorphisms are structural 
variants including insertions, deletions, and so on.	



•  Types of SNPs (Bentley)	



•  Linkage disequilibrium	



•  The neutral theory of molecular evolution	



•  Techniques used to map human traits & score SNPs	



•  Structural variants & medical applications	
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Figure 3.12 Population stratification can alter the association between 	


specific alleles and disease conditions	



Figure 3.13  Positional cloning of a candidate complex disease gene���
for type 2 diabetes	
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Figure 3.13  Positional cloning of a candidate complex disease gene	



Figure 3.13  Positional cloning of a candidate complex disease gene	
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Figure 3.15 Genome-wide association mapping	



Figure 3.15 Genome-wide 
association mapping (Part 2)	
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SNP methods	


•  Computational - millions of SNPs, along with their frequencies in the major 

ethnic groups, are already known.  Thus it is possible to “choose your SNP” in 
this way.  	



•  Allele-specific oligonucleotide hybridization - high throughput but can have 
data normalization problems.	



•  Illumina bead assay: add one base with fluorescent tag to a microarray.  Very 
high throughput, very good accuracy.	



•  Pyrosequencing - add one base at a time, measure light flash, wash out and 
cycle with another base.  Similar to above but more complicated.	



•  RT-PCR methods (SYBR green, Taq Man, etc) cost-effective, accurate, and 
flexible.  Not high-throughput.	



•  RFLP electrophoresis methods - require that a restriction site exist or be 
engineered.  Accuracy is questionable, because of variable PCR yields and 
incomplete restriction digests.	



•  Mass spectrometry - moderate throughput, excellent accuracy.	



•  DNA sequencing - expensive, slow, accurate.  The only good way to map 
haplotype blocks (phasing).	



Figure 3.16  Sequencing by hybridization - similar to 
Affymetrix SNP chips	
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Figure 3.17  The Illumina Infinium I and II genotyping assays	



Human Genetic Diversity	


•  90% of human genetic polymorphisms are caused by 

SNPS; the remaining polymorphisms are structural 
variants including insertions, deletions, and so on.	



•  Types of SNPs (Bentley)	



•  Linkage disequilibrium	



•  The neutral theory of molecular evolution	



•  Techniques used to map human traits & score SNPs	



•  Structural variants & medical applications	
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Structures: insertions & deletions	
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Structures: duplications & inversions	



Structures: translocations	
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Mechanisms: non-allelic homologous 
recombination	



Mechanisms: mobile element insertion	
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Mechanisms: replication template switching	



Mechanisms: non-homologous end joining	
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Mechanisms: chromosome shattering 
(chromothripsis)	
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Discussion Questions - week 4	


•  Discuss several reasons why the length of haplotypes (blocks of linkage 

disequilibrium) would be expected to vary between human populations.  Would 
you expect them to be longer (on average) in Europe or in Africa?  Why?  How 
could this be advantageous (or disadvantageous) for finding human disease 
genes?	



•  Discuss the evidence for negative selection acting on human protein-coding 
SNPs, in terms of the observed numbers of coding vs. noncoding SNPs, 
synonymous vs. nonsynonymous SNPs, and conservative nonsynonymous  vs. 
nonconservative nonsynonymous SNPs.	



•  Why are base substitutions (SNPs) about 10 times more common in the genome 
than insertions and deletions (indels)?  Does it follow that most functional 
human genetic diversity is caused by single base substitutions?	



•  What are some of the methods that could be used to identify a functional SNP 
(as opposed to linked but nonfunctional SNPs)?	



•  Why is linkage disequilibrium so important for population and quantitative 
genetic analysis?  Why is it essential that SNP association studies be replicated?  
Does failure to replicate a finding mean that the original study was incorrect?	



Discussion Questions - week 4 (continued)	


•  Discuss some of the mechanisms by which structural variations can cause 

human disease.	



•  A critical issue in analyzing copy number variations (CNVs) in the human 
genome is the extent to which specific genes are haploinsufficient, vs. dosage-
sensitive, vs. neither.  Define these terms.  Which is more common?  Why?	




