
#1   5' ... C G T T A C C G T T C G A G A A C T T G T G C A ... 3' 

#2   5' ... C G A T A C C A T T T G A T A A T C T G T G T A ... 3' 

“reading frame #1” 

Could look for an initiation codon, but it might be further upstream…. 

“reading frame #2” 

#1   5' ... C G T T A C C G T T C G A G A A C T T G T G C A ... 3' 

#2   5' ... C G A T A C C A T T T G A T A A T C T G T G T A ... 3' 

“reading frame #3” 

So divide into possible reading frames… 

Practice question #1 

Any potential stop codons (to exclude any frames)?? 

If protein-coding sequence under strong functional constraint… 

might expect (mostly) silent nt substitutions between #1 and #2… 

and conservative amino acid substitutions… 

Leu 

Ile 

Pro 

Pro 

Phe 

Phe 

Glu 

Asp 

etc.... 



# non-syn sites = 600 x 75% = 450 

What if protein Y is rich in methionine? 

What type of protein would have a relatively low 

number of non-synonymous sites? 

Protein Y coding sequence = 200 x 3 = 600 nt 

then expect higher # non-syn sites... 

because any change to AUG triplet will alter 

amino acid encoded 

Note however, that number of non-

synonymous changes will depend on 

functional constraint on protein... 

(approximately) 

If high number of codons from 6-member families 

“changes”         comparing sequences from 2 organisms... 

Practice question #3 
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Assumption: human exon 2 closely related to 5’ end of 

(longer) chicken exon 2. What if this was not the case?  

DNA level Protein level 

Note: white boxes represent UTR regions & coloured blocks are 

coding regions 

Practice question #5 

Practice question #4 

Approximately  54% amino acid identity 
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… and punctuated (or episodic) evolution 

- know that rodents have high sub rate (for syn & non-syn sites) - high metabolic rate… 

But elephants have high number of aa subs too (large animal, not high metabolic rate… )   

Molecular clock hypothesis 

- pairwise comparisons of nt sequences with outgroup(s), score differences  

Numbers are # amino 

acid subs for particular 

branch on tree 

- reduced functional constraint ? (“relaxation of purifying selection”)  

But unequal # aa subs  for prolactin since time that rat & mouse shared common ancestor 

- alignment, gap penalty, determine # syn vs. non-syn sites, normalize for length… 

or adaptive evolution?  

Practice question #6 



Comparison of amino acid sequences of protein E (actually 

lysin)  from 25 abalone species  

Diversifying selection (adaptive evolution) vs. purifying selection at various sites? 

Mol Biol Evol 17:1446, 2000 
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KA ~ KS 

Practice question #7 

W > 1.5 W = 0.1 - 1.5 W < 0.1 

 w =  KA / KS 
KA > KS 

KA < KS 

(Topic 4, p.123 in text) 

- N-terminal region shows cluster of sites undergoing rapid change (adaptive evolution)  

    vs. several other regions ( eg. amino acid positions 54-60) which show strong 

functional constraint (important for structural or enzymatic activity of protein?) 
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1000                                  2000  bp 

gene A region from organism X 

Practice question #8 

What might yellow region be?  

or  intron  …? 

additional protein domain...? 

Length of yellow region ~ 1kb ... 

Inversion in downstream flanking 

region (not within gene) 


