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The	genetic	code	is	redundant		

SNPs	can	cause:	
	
•  non-synonymous	(missense)	

codon	change	
	
•  stop	gain	or	loss	
	
•  synonymous	codon	change	



tRNA	abundances	are	not	equal	

•  unequal	number	of	genes	per	tRNA	
•  differences	in	the	expression	of	tRNA	genes	
•  some	codons	can	be	recognized	by	multiple	tRNAs	

(due	to	wobble	base	pairing	and	tRNA	editing)	

Effective tRNA abundance 
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Synonymous	mutations	can	have	a	functional	impact	

•  change	in	translation	speed:	
	->	mRNA	stability	
	->	protein	abundance	
	->	protein	folding	

	

Codon Usage Influences the Local Rate of Translation 
Elongation to Regulate Co-translational Protein Folding. 
Yu et al. Mol Cell 2016. Codon Optimality Is a Major Determinant of mRNA 

Stability. Presnyak et al. Cell 2015. 



Possible	consequences	of	mutations	in	coding	regions	

DNA*	 RNA*	 protein	

protein	with	amino	acid	change	
	
truncated	protein	
	
misfolded	protein			
more/less	protein	

transcription	 translation	

Which	codon	changes	have	a	functional	impact?	



SNP	frequencies	in	a	population	



Allele	frequency	spectrum	

ANRV260-GE39-10 ARI 24 June 2005 13:32

Figure 2
The frequency spectrum of under a selective sweep, negative selection, neutrality, and positive selection.
The frequency spectra under negative and positive selection are calculated using the PRF model by
Sawyer & Hartl (88) for mutations with 2Ns = −5 and 5, respectively, where N is the population size and
s is the selection coefficient. For the selective sweep, the frequency spectrum is calculated in a window
around the location of the adaptive mutation immediately after it has reached fixation in the population.
In all cases, a demographic model of a population of constant size with no population subdivision is
assumed.

developed a test based on the number of alle-
les occurring in a sample. Andolfatto et al. (4)
developed a related test to determine whether
any subset of consecutive variable sites con-
tains fewer haplotypes than expected under
a neutral model. A similar test was also pro-
posed by Depaulis & Veuille (23). A variation
on this theme was proposed by Sabeti et al.
(87) who considered the increase in the num-
ber of distinct haplotypes away from the loca-
tion of a putative selective sweep. Kelly (54)

considered the level of association between
pairs of loci. Kim & Nielsen (55) extended
the method of Kim & Stephan (56) to include
pairs of sites to incorporate information re-
garding linkage disequilibrium.

Macdonald-Kreitman Tests
Finally, the MacDonald-Kreitman test (69)
explores the fact that mutations in cod-
ing regions come in two different flavors:
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Data:	

•  >14	million	SNPs	from	>	140000	exome	sequencing	data	
•  minor	allele	frequencies	down	to	~10e-6	

•  SNP	frequencies	from	gnomAD	(gnomad.broadinstitute.org)	

•  Human	tRNA	gene	copy	numbers	
•  calculate	codon	optimality	measure	

•  tRNA	gene	predictions	from	GtRNAdb	(gtrnadb.ucsc.edu)	



Questions:	

•  How	does	the	SNP	frequency	spectrum	look	for	different	codon	changes?	

•  Which	codon	changes	are	better	tolerated	than	others?	

•  Are	there	amino	acid	changes	that	can	be	tolerated?	
	
	
	
•  Are	the	frequencies	different	for	SNPs	in	highly	expressed	genes?	
	
•  What	genes	have	higher/lower	frequency	SNPs?	

•  Where	within	a	gene	are	slower/faster	mutations?	

•  missense,	nonsense,	synonymous	(slower,	similar,	faster)	
•  different	amino	acid	changes	



What	you	will	learn:	

•  python	

•  reading	and	combining	information	from	different	data	sets	

•  plotting	

•  biology	

Questions?	
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