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The Smallest Unit of Evolution

ÁOne common misconception is that organisms 

evolve during their lifetimes

ÁNatural selection acts on individuals, but only 

populations evolve

ÁConsider, for example, a population of medium 

ground finches on Daphne Major Island

ÁDuring a drought, large-beaked birds were more 

likely to crack the remaining large seeds and survive
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Figure 21.1
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Figure 21.2
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ÁThe average beak depth increased in the finch 

population because birds with smaller beaks were 

less likely to survive the drought

ÁThe finch population evolved, not its individual 

members
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ÁMicroevolution is a change in allele frequencies in 

a population over generations

ÁThree main mechanisms cause allele frequency 

change

ÁNatural selection

ÁGenetic drift

ÁGene flow

ÁOnly natural selection consistently causes adaptive 

evolution
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Concept 21.1: Genetic variation makes evolution 
possible

ÁVariation in heritable traits is a prerequisite for 

evolution by natural selection

ÁMendelôs work on pea plants provided evidence of 

discrete heritable units (genes)
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Genetic Variation

ÁPhenotypic variation often reflects genetic 

variation

ÁGenetic variation among individuals is caused by 

differences in genes or other DNA sequences

ÁSome phenotypic differences can be classified on 

an ñeither-orò basis 

ÁSuch traits are usually determined by a single gene

ÁOther phenotypic differences are due to the 

influence of many genes and vary in gradations 

along a continuum
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Figure 21.3
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ÁGenetic variation at the whole gene level (gene 

variability) can be quantified as the average percent 

of loci that are heterozygous
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ÁGenetic variation can be measured at the molecular 

level of DNA (nucleotide variability)

ÁNucleotide variation rarely results in phenotypic 

variation

ÁMost differences occur in noncoding regions 

(introns)

ÁVariations that occur in coding regions (exons) 

rarely change the amino acid sequence of the 

encoded protein
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Figure 21.4
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ÁPhenotype is the product of both inherited genotype 

and environmental influences

ÁNatural selection can only act on phenotypic 

variation that has a genetic component
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Figure 21.5
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Figure 21.5-1
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(a)

(a) Caterpillars raised on a diet of oak flowers



Figure 21.5-2
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(b)

(b) Caterpillars raised on a diet of oak leaves



Sources of Genetic Variation

ÁGenetic variation can result from the production of 

new genes and alleles through mutation or gene 

duplication

ÁSexual reproduction can also result in genetic 

variation through the recombination of existing 

alleles
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Formation of New Alleles

ÁNew alleles arise by mutation, a change in the 

nucleotide sequence of DNA

ÁOnly mutations in cells that produce gametes can 

be passed to offspring

ÁA ñpoint mutationò is a change of a single nucleotide 

in a DNA sequence
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ÁThe effects of point mutations can vary

ÁMutations in noncoding regions of DNA often result in 

neutral variation, differences that do not confer a 

selective advantage or disadvantage

ÁMutations in genes can also be neutral because of 

redundancy in the genetic code
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ÁThe effects of point mutations can vary

ÁMutations that alter the phenotype are often harmful

ÁMutations that result in a change in protein 

production are sometimes, though rarely, beneficial
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Altering Gene Number or Position

ÁChromosomal mutations that delete, disrupt, or 

rearrange many loci are typically harmful

ÁDuplication of large chromosome segments is 

generally harmful, but duplication of small pieces of 

DNA may not be

ÁDuplicated genes can take on new functions by 

further mutation
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ÁGene duplications likely played a major role in 

evolution

ÁFor example, an ancestral odor-detecting gene in 

mammals has been duplicated many times: Humans 

have 380 functional copies of the gene; mice have 

1,200

ÁThe increase in the number of copies of these genes 

enabled mammals to detect faint odors and 

distinguish among many smells
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Rapid Reproduction

ÁMutation rates are generally low in animals and 

plants

ÁThe average is about one mutation in every 

100,000 genes per generation

ÁMutation rates are often lower in prokaryotes, but 

short generation times allow mutations to 

accumulate rapidly
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ÁMutation rates are faster in viruses because their 

RNA genome cannot be repaired by host cells

ÁViruses are also able to accumulate mutations 

rapidly due to their short generation times
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Sexual Reproduction

ÁIn organisms that reproduce sexually, most genetic 

variation results from recombination of alleles

ÁSexual reproduction can shuffle existing alleles into 

new combinations through three mechanisms: 

crossing over, independent assortment, and 

fertilization
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Concept 21.2: The Hardy-Weinberg equation can be 
used to test whether a population is evolving

ÁGenetic variation is required for a population to 

evolve, but does not guarantee that it will

ÁOne or more factors that cause evolution must be at 

work for a population to evolve
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Gene Pools and Allele Frequencies

ÁA population is a localized group of individuals 

capable of interbreeding and producing fertile 

offspring

ÁPopulations are not always isolated from one 

another geographically, but individuals typically 

breed with other members of their own population
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Figure 21.6
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