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Characterization of the human genome: codon 
bias, gene density, GC content, 
recombination, and CpG islands	


Biosciences 741: Genomics	

Fall, 2013	

Week 9	


Outline	


•  Chromosome bands and regional variations in GC content	


•  CpG islands as an indicator of gene density, which is also 
correlated with promoter type	


•  Regional variations in recombination, cytosine 
deamination, and GC content	


•  Codon bias in mammals, and regional variations in codon 
bias	
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Comparison to the chicken genome (Gordon et al., 2007)	


•  Human chromosome 19 has a gene-dense, GC-rich end, and a gene-poor, AT-
rich end.  	


•  The former is orthologous to chicken minichromosome 28, the latter is 
homologous to a portion of chicken chromosome 11.	


•  The authors found that most of the genes in both regions were orthologous to 
human genes on chromosome 19.	


•  The authors mapped 31 human-chicken syntenic breakpoints (gaps in the 
human-chicken alignment).  All were in the GC-rich region!	


•  72 lineage-specific genes were identified (mostly paralogs).  These lineage-
specific genes were over-represented at or near syntenic breakpoints.	


•  The results are consistent with a model in which recombination (including 
illegitimate recombination) is more common in GC-rich regions, and the 
formation of lineage-specific genes (such as paralogs) often occurs via 
illegitimate recombination.	
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Detecting	

recombination 	

events in	

African-	

Americans	


Hinch et al. (2011)	

Nature 476, 170-175.	
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Recombination hotspots	

in the MHC – one	

hotspot is African-specific	


Hinch et al. (2011)	

Nature 476, 170-175.	


GWAS identifies PRDM9 as main locus	

that was associated with African-specific	


recombination events.	


Hinch et al. (2011)	

Nature 476, 170-175.	
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PRDM9 & RNF212	


•  PRDM9 (PR domain containing protein 9) contains multiple zinc 
finger (DNA binding) domains, plus multiple PR and Kruppel box 
(protein interaction) domains. 	


•  PRDM9 has been characterized biochemically as a histone H3 lysine 
methyl transferase and helps to regulate crossovers during meiosis 
(among other things).	


•  RNF212 (ring finger protein 212), like other ring finger proteins, is 
believed to function as a ubiquitin ligase, in other words it adds 
ubiquitin side groups to lysine residues.	


•  Mouse RNF212 is haplo-insufficient and essential for meiotic 
crossovers.  Immunocytological experiments have shown that 
RNF212 functions to couple chromosome synapsis to the formation 
of crossover-specific recombination complexes – localization of 
RNF212 to a subset of synapsis sites is a key early step in the 
crossover designation process.  	


Hinch et al. (2011) Nature 476, 170-175.	


rs6889665 T is the derived allele and predicts usage of African-specific	

recombination hotspots.  Other “hot” alleles were derived from it.	
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African vs. European	

recombination hotspots	

for PRDM9.	


Hinch et al. (2011)	

Nature 476, 170-175.	


Hinch et al. (2011)	

Nature 476, 170-175.	


Agreement	

between	

AA vs. YRI	

hotspots	
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Discussion questions - week 9	

•  Why do some human genes have much higher third codon GC content (GC3) 

than the flanking DNA, but other genes do not?  Would you expect such 
genes to be associated with CpG islands?  What does this tell us about codon 
bias in the human genome?	


•  What is “biased” about gene conversion in the human genome?  Is biased 
gene conversion good for you?  If so, why?  If not, why not?	


•  Does the “pseudoautosomal region” of the human Y chromosome have a 
higher or lower recombination rate than the rest of the Y chromosome?  
Why?  How does this appear to affect the GC content along the Y 
chromosome?	


•  Suggest several plausible reasons (as many as possible) why AT-rich regions 
in mammalian (and bird) genomes tend to have low to extremely low gene 
densities.	


•  Suggest several plausible reasons (as many as possible) why AT-rich regions 
in mammalian (and bird) genomes tend to correlate with properties such as 
chromatin structure, replication time, recombination rate, etc.	


Discussion questions (continued)	


•  Discuss the evidence that a derived PRDM9 SNP controls 
African-specific recombination hotspots. How do we know 
that this allele is derived? Is this SNP allele likely to be 
functional? How did African-Americans provide unique 
evidence in this study?  How does this study alter our 
understanding of the factors affecting the length of 
haplotypes in African populations?  Why is the number of 
zinc fingers in PRDM9 important?	





