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BIO 5099: Molecular Biology
for Computer Scientists (et al)

Lecture 2: Evolution

http://compbio.uchsc.edu/hunter/bio5099
Larry.Hunter@uchsc.edu

Housekeeping

Fax number for problem sets: 303-556-2889
Remote video rooms
– UCHSC is School of Medicine 5631
– Colorado Springs is EPC 101
– Boulder (Thursdays only) is STA 308

Remove viewing etiquette:
– Remote students who want to ask a question should just push 

your mic button and say “excuse me” at any time.
– If you are in the same room I am, please use your mic button 

before you ask a question so everyone can hear.
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Errata

I will make mistakes in this class, but I will try to 
correct them as soon as possible. 
I missed by a factor of 1000x the number of extant 
species in the world. (Thanks, Dan)
http://www.all-species.org: “~1.7 million species have 
been identified and described. Estimates of 
undiscovered species on Earth range from 10 million 
to 100 million”

Review of Basic Ideas in Evolution

All organisms are part of a continuous line of descent. 
This is the only statement in biology to which there is 
no exception. 
Evolution is the force that created both the unity and 
the diversity we see today.
Three elements of any evolutionary process:
– Inheritance
– Variation 
– Selection (by reproductive success)
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Inheritance isn't everything

All of an organism's characteristics, taken together, are 
called its phenotype.
Traits and environment create phenotype. 
Organisms with exactly
the same traits may 
have quite different 
phenotypes.  
E.g. Morphology of the
arrowroot plant depends on root depth.

Two different kinds of reproduction
with different inheritance patterns

Single celled organisms reproduce by mitosis
– Offspring have all of the same traits as the parent 
– Exception is due to mutation (random change)

Multicellular organisms reproduce by meiosis, the 
process underlying sexual reproduction. 
– Offspring have a combination of the traits of the parents
– Mutation also occurs

What is the relationship between the traits of the 
parents and the traits of the offspring in sexual 
reproduction?
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Blending versus Particulate Traits

Offspring were long thought to be blends (or averages) 
of traits of parents.
However, if this were true, than all variation would 
very quickly disappear.  Darwin observed this, but 
never resolved the problem.
Answer is Mendel's particulate traits.  Traits do not 
blend, but are inherited as units.
– Traits from either one or the other parent are passed on.

The evolutionary concept of a gene

A gene is (evolutionarily speaking) the basic unit 
(particle) of inheritance.  E.g. flower color
An allele is any one of the alternative forms of a gene.  
For example pink flowers.
You might want to think of genes as variables and 
alleles as values of those variables.  Not a perfect 
analogy, but useful.
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Mendelian Inheritance

Each sexually reproducing organism has two alleles for 
each gene, one from each parent
– If the two alleles are the same, the phenotype reflects it.  These 

organisms are called homozygotic for that allele.
– If the two alleles are different, the phenotype reflects the 

dominant allele.  These organisms are heterozygotic.
– The allele that is not dominant is called recessive.

Recessive alleles are reflected in the phenotype only 
when they are homozygotic.
All the alleles for a gene (or an organism) are called its
genotype.

The Punnett Square

By convention, letters are alleles, capitals dominant.  
Squares are males, circles females.
A cross (breeding event) between two heterozygous 
parents results in four
equally likely genotypes.
Heterozygous phenotypes show
the dominant allele, so
the phenotype ratio is 
3 dominant : 1 recessive Aa

Aa

Aa

AaAA

aa
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Other inheritance examples

Aa

AA

Aa

AAAA

Aa
Aa

aa

aa

AaAa

aa

1 dominant : 1 recessive 4 dominant : 0 recessive

Polygenic traits

Genes are inherited by Mendel's laws, but only 
characteristics that are monogenic (related to a single 
gene) display Mendelian inheritance
Most interesting traits are polygenic.   All continuously 
varying quantitative traits (e.g. height) must be 
polygenic.
Only one clear example of a monogenic trait in human 
beings: red hair. 
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Polygenic example

But redness in wheat kernels is a good example of a 
continuous polygenic trait.

Pedigrees

A pedigree is a tabulation of the appearance of a trait 
(often a disease) in an extended family.  Also a 
schematic diagram of this information
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Linkage

Mendel showed that alleles segregate independently.   
Then he tested genes 
Sometimes inheritance of two genes are independent 
of another, that is
phenotype ratios are 9:3:3:1
Sometimes inheritance of two genes are linked 
together, showing a ratio of  3:0:0:1

Chromosomes

Genes are arranged on chromosomes. 
Most cells in sexually reproducing organisms are 
diploid.  I.e. they have two chromosomes, one from 
each parent.   People have 23 pairs, 22 autosomal 
pairs, and 1 sex pair.
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Linkage and chromosomes

Alleles are arranged linearly 
Each parent passes only one of its two chromosomes to 
an offspring. 
Recombination periodically switches which 
chromosome in the parent is passed along 
Alleles near each other are more likely to be passed 
along than ones further apart
Alleles on different chromosomes are always inherited 
independently.

Mapping genes

By studying inheritance patterns in pedigrees, it is 
possible to identify which genes are near each other on 
a chromosome.  This information is called a linkage 
map.
In animals, we can also create inbred strains which 
have entirely homozygous alleles. These strains are 
useful for understanding patterns of dominance and 
polygenic traits (among many other things).
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Variation revisited 

Sexual reproduction is an important source of 
variation, but it only reshuffles alleles that already 
exist.  How do new alleles arise?
Only through random changes in genes, called 
mutation.

Acquired characteristics 
are NOT inherited

Phenotypic adaptations to the environment are not a 
source of genotypic variation. 
– This incorrect idea is known as Lamarckian inheritance 

(Darwin believed in it!)
– Lamarck hypothesized that Giraffes' necks grew longer as they 

stretched for distant leaves, and that their elongated necks were 
inherited by their offspring.   He believed in “progress toward 
perfection”

– Instead, shorter-necked giraffes have fewer offspring.
– Genotypic adaptation is a population phenomenon, not an 

individual one.
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Mutations

Most mutations are deleterious (anti-selective)
Many more are neutral (make no difference)
Very few are advantageous
– But advantageous mutations spread rapidly through a population

Significant change may require a series of mutations 
(also possibility of single mutations having large 
phenotypic effects)
– Each must be independently advantageous.  E.g. origin of wings 

from radiative appendages

Selection

Not everything is a trait!   If there is no heritable 
variation (no polymorphism), then selection cannot 
operate.  
– Nearly 4 billion chestnut trees died in the US around 1900 due 

to a fungal disease.  No matter how strong the selective pressure, 
since there was no variation in resistance, then there was no 
selection for it.  

Let's see how selection works on genes.
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Selection on Mendelian traits

Five possible combinations of differential fitness in 
Mendelian traits
– Both homozygotes (AA and aa)
– Either homozygote but not both (AA xor aa)
– Heterozygote and one of the homozygotes (AA/Aa/aA or 

Aa/aA/aa)
– Only the heterozygote (Aa and aA)
– All alleles 

[Easy case, since the gene is either fixed or eliminated]

Selection against one homozygote

Classic example of a recessive disease, e.g. Type I 
diabetes.  
No aa's reproduce.  So proportion of a alleles in the 
population drops very quickly, although persists 
because of heterozygotes (carriers).
Can have weaker selective pressure (since insulin 
treatment) so some aa's reproduce.  Just slows the 
effect down.
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Selection against both homozygotes

Heterozygote is advantageous; called a balanced 
polymorphism. 
Example is sickle cell.  Homozygous aa is sickle cell, 
and selected against.  Homozygous AA has increased 
susceptibility to malaria.

Selection in continuous traits

Directional selection pushes the trait toward an 
extreme (in response to selection pressure)
Examples: Color of Pepper Moths in London; DDT 
resistance in mosquitos.
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Stabilizing selection

Stabilizing selection is the opposite of directional.  
Selection pressure is toward the middle of some 
distribution.   Example is birthweight (too big or too 
small is bad).

Micro- versus Macro- evolution

Changes in the characteristics of a population over 
time is called microevolution.  It was relatively 
uncontroversial, even in Darwin's time.
The creation of new types of organisms is called 
macroevolution, and was the real controversy.
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What is a species?

Morphological definition.   Based on the appearance of 
the organism.  Members of a species look similar to 
each other. 
But these definitions are arbitrary. 
– Widespread existence of mimicry!
– Which morphological changes matter?
– What about similar morphology during different stages of 

development?

Reproductive definition of species

The reproductive definition: 
"A group of actually or potentially interbreeding 
individuals that are reproductively isolated from 
others"
Reproductive definition means that individuals 
exchange genes with (and only with) other members of 
their species.
Still somewhat problematic: what is potentially 
interbreeding? 
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Speciation

How do new species come into being?
– Physical/geographic isolation, leading to

• Reproductive isolation 
• Differing selection pressures

– Polyploidy
• Change in the number of chromosomes due to failure to segregate 

properly.
• Instant change, but hard to sustain.
• However, many plants appear to have arisen this way

– Diversifying selection

Diversifying selection

Opposite of stabilizing selection: pressure away from 
the middle of a continuous trait.
Can occur when interbreeding populations are 
distributed over an environmental discontinuity (e.g. a 
polluted location)
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Controversies about Evolution

Evolution has many opponents, most (but not all) of 
which are religious fundamentalists.
When stated as a matter of belief, there is no dispute, 
but sometimes opponents make arguments against 
evolution. 
The National Academy of Science has done a nice job 
of summarizing the biological side of this story:

http://books.nap.edu/html/creationism

Randomness and Design

How can such exquisitely adaptive creatures come into 
being by accumulated mutation?
Gradually!  Eyes have arisen several times. Probably 
starting with simple photosensitive cells (like 
flatworms), to formation of photosensitive units with 
light focusing lenses (like some insects), etc.
Parts evolved for one function can be exapted for 
another.  (e.g. clear heat shock proteins).


