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Can mutations ever be “good”?


Ch-ch-ch-changes. . .


Can mutations ever be “good”?


•  Beginning in the 1970s, Barry Hall developed a 
strain of the bacterium Escherichia coli with its 
gene for the enzyme beta-galactosidase missing

– These bacteria now could not use lactose as a food 

source

– Hall then grew the bacteria on a lactose-containing 

medium, creating selection for bacteria that could use 
lactose as a food. . .


– Not only did the bacteria recover the ability to break 
down lactose. . . they evolved two new control genes 
for it as well. 


Can mutations ever be “good”?

•  These evolved beta-galactosidase (ebg) genes didn’t 

“just appear out of nowhere”. . .

– The ebg genes are mutated versions of genes elsewhere in 

the genome, used for other functions (exactly what is still 
uncertain)


– The “wild” ebg enzyme has almost no ability to catalyze 
lactose—but a single point mutation (changing aspartic 
acid to asparagine at position 92) increases its affinity for 
lactose 47-fold


– A second mutation was found (changing tryptophan to 
cysteine at position 977) that increased the ebg enzyme’s 
activity 466-fold, and also enabled it to break down a 
new substrate, arabinose. 




Richard Lenski has been running an evolutionary 
experiment on E. coli populations since 1988, 

encompassing 50,000 generations. (Check out the 
updates at http://myxo.css.msu.edu/ecoli/)


•  A 2001 study of artificially induced mutations in E. coli 
showed that as many as 12% were beneficial when the 
bacteria were being grown on a new substrate, maltose. 
(PNAS vol. 98)


•  In 2008, after over 33,000 generations, one population 
developed the ability to metabolize citrate aerobically, 
which wild-type E. coli can’t do. (PNAS vol. 108)

–  This almost certainly results from multiple mutations, the first 

appearing around generation 27,000. Work is underway to 
characterize exactly what


Additional observations confirm this basic principle: 
mutations in existing genes can and do produce new 

and functional genes with new features


•  A naturally occurring mutation in a Japanese population of 
Flavobacterium (K172), discovered in 1981, gave the bacteria 
the ability to digest byproducts of nylon—which didn’t exist 
before 1937. . .


•  In 1995, a different bacterium, Pseudomonas aeruginosa, was 
selected in the lab to break down the same nylon byproducts. 
Its enzymes are different from the Flavobacterium system.


•  Antibiotic-resistant bacteria keep appearing in both lab 
experiments and “the wild”—including resistance to 
completely human-made antibiotics, such as fluoroquinulones.


Natural mutation rates

•  The frequency of mutations varies between organisms, 

between genes in one organism, between different 
parts of the same gene, and even between different 
nucleotide positions. . . 

– Bacteria and viruses: typical observed mutation rates of 10-6 

to 10-9 mutations per gene per generation

– Lenski’s E. coli: 8.9 x 10-11 per base pair per generation


•  Since E. coli’s genome is 4.6 x 106 base pairs, this works out to one 
mutation every 2442 generations


– Humans: Clinically significant mutations are observed in 
about 10-4 - 10-5 gametes per gene; similar numbers have 
been observed in corn


Natural mutation rates

•  Cairns and colleagues (1988) showed, using E. coli, that 

stressful conditions (starvation by growth on a food source that 
the bacteria couldn’t use) seemed to cause the “right” 
mutations to enable the bacteria to use the food source


•  This is the adaptive mutagenesis hypothesis, and it sounds 
almost Lamarckian—mutations aren’t “random”, because a cell 
can produce those mutations that it needs


•  New interpretation: Stress increases the overall mutation rate, 
but doesn’t make “good” mutations more likely

–  Other sources of selection can also affect the mutation rate, partly by 

acting on the DNA repair genes themselves




Allele Frequency


•  Calculated simply as the sum of all copies 
of a particular allele in a population, divided 
by the sum of all alleles in the population

– When a gene has two alleles, the frequencies 

are usually indicated as p and q

• Modern Synthesis evolutionary theory starts 

by looking at whether and how allele 
frequencies change in a population


Allele Frequency


• Allele frequencies by themselves can 
sometimes be used as indicators of a 
population’s past history

– Human history can be studied by looking at a 

human population’s allele frequencies

– We can also look at the frequencies of alleles 

that only appear in one copy per person—such 
as mitochondrial genes or Y-chromosome 
genes. These are known as haplotypes.


Allele Frequency

•  EXAMPLE: A protein expressed on red blood 

cells called Duffy exists in two alleles, which we 
can call Fy+ and Fy-.


•  In European populations, Fy+ is virtually the only 
allele of the Duffy protein; its frequency is nearly 
100%


•  In African populations, Fy- is virtually the only 
allele of the Duffy protein. 


•  Frequency of these alleles in African-American 
populations: about 30% and 70%


Archaeology shows that agriculture—and presumably 
farmers—appeared in the Middle East in about 8000 BC, 

and slowly spread into Europe.




The combined frequencies of many alleles show a cline (a 
continuous trend) from the Middle East into Europe—which 

is what you’d expect from an ancient migration of people.

Different Native 
American groups 

show different 
frequencies of 
mitochondrial 

haplotypes, but the 
great majority are 
haplotypes known 
as A, B, C, and D.


The A, B, C, and D haplotypes also happen to be common 
among the native populations of northern Asia and Siberia.


A Y-chromosome haplotype called Q is by far the most 
common among Native Americans. It’s also abundant 
among two native peoples of Siberia: the Kets and the 
Sel’kups. The next slide shows this in more detail. . .  





