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Questions of heredity

• Babylonians & Ancient Egyptians ~ 6000 ya: 
agriculture, pedigrees, cross-pollination

• Pythagoras c. 500 BC: male parent dominant

• Empedocles c. 453 BC: blending

• Aristotle: semen was purified blood (this theory 
lasted 2000 years!

• Harvey & Leeuwenhoek: discovered eggs & 
fertilization: 17th & 18th centuries
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Genetic inheritance

• What genetic principles account for the 
transmission of traits from parents to offspring?

• Blending of traits (Darwin) – contradicted 
Darwin’s own theory (eg bottle of ink)

• “Particulate” hypothesis of inheritance: the 
gene idea

– Parents pass on discrete heritable units, genes
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Mendel’s Experimental, Quantitative Approach

• Mendel chose to work with peas

– Because they are available in many varieties

– Because he could strictly control which plants 
mated with which
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How to cross pea plants

Figure 14.2
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Vocabulary
– Character: a heritable feature, such as flower 

color

– Trait: a variant of a character, such as purple 
or white flowers

– Homozygous: an organism has identical alleles 
for a trait

– Heterozygous: an organism has different 
alleles for a trait

– Phenotype: physical traits

– Genotype: contributing alleles to traits
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• Mendel discovered a ratio of about 3:1 purple to 
white flowers, in the F2 generation

Figure 14.3
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• Mendel reasoned that

– In the F1 plants, only the purple flower factor 
was affecting flower color in these hybrids

– Purple flower color was dominant, and white 
flower color was recessive
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Mendel’s Model to explain 3:1 inheritance
1. There are alternative versions of genes: alleles

2. For each character an organism inherits two alleles, 
one from each parent

3. If the two alleles at a locus differ

– Then one, the dominant allele, determines the 
organism’s appearance, the other has no noticeable 
effect

4. The law of segregation

– The two alleles separate (segregate) during gamete 
formation and end up in different gametes
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Alternative alleles

Figure 14.4
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• Does Mendel’s segregation model account for 
the 3:1 ratio he observed in the F2 generation 
of his numerous crosses?

– We can answer this question using a Punnett
square
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• Mendel’s law of segregation, probability and 
the Punnett square

Figure 14.5
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Each true-breeding plant of the 
parental generation has identical
alleles, PP or pp.

Gametes (circles) each contain only 
one allele for the flower-color gene. 
In this case, every gamete produced 
by one parent has the same allele.

Union of the parental gametes 
produces F1 hybrids having a Pp
combination. Because the purple-
flower allele is dominant, all
these hybrids have purple flowers.

When the hybrid plants produce
gametes, the two alleles segregate, 
half the gametes receiving the P
allele and the other half the p allele.

3 : 1

Random combination of the gametes
results in the 3:1 ratio that Mendel
observed in the F2 generation.

This box, a Punnett square, shows 
all possible combinations of alleles 
in offspring that result from an 
F1 × F1 (Pp × Pp) cross. Each square 
represents an equally probable product 
of fertilization. For example, the bottom
left box shows the genetic combination
resulting from a   p egg fertilized by
a   P  sperm. 
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• Phenotype versus genotype

Figure 14.6
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The Testcross

• In pea plants with purple flowers

– The genotype is not immediately obvious

– A testcross:

• Allows us to determine the genotype of an 
organism with the dominant phenotype, but 
unknown genotype

• P _ x pp
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• The testcross

Figure 14.7
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APPLICATION An organism that exhibits a dominant trait,
such as purple flowers in pea plants, can be either homozygous for
the dominant allele or heterozygous. To determine the organism’s
genotype, geneticists can perform a testcross.

TECHNIQUE In a testcross, the individual with the
unknown genotype is crossed with a homozygous individual
expressing the recessive trait (white flowers in this example). 
By observing the phenotypes of the offspring resulting from this
cross, we can deduce the genotype of the purple-flowered 
parent.

RESULTS
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Law of independent assortment

• Are alleles segregated independently of each 
other?

• Crossing two, true-breeding parents differing in 
two characters

– Produces dihybrids in the F1 generation, 
heterozygous for both characters
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RESULTS

CONCLUSION The results support the hypothesis of 
independent assortment. The alleles for seed color and seed 
shape sort into gametes independently of each other.

EXPERIMENT Two true-breeding pea plants—
one with yellow-round seeds and the other with 
green-wrinkled seeds—were crossed, producing 
dihybrid F1 plants. Self-pollination of the F1 dihybrids, 
which are heterozygous for both characters, 
produced the F2 generation. The two hypotheses 
predict different phenotypic ratios. Note that yellow 
color (Y) and round shape (R) are dominant.

• A dihybrid cross

– Illustrates the inheritance of two characters

• Produces four phenotypes in the F2 generation

Figure 14.8
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Probability
• Laws of segregation and independent assortment

– Reflect the rules of probability

• Multiplication rule

– the probability that two or more independent 
events will occur together is the product of their 
individual probabilities

• Example: toss one nickel twice, probability of 
heads once: .5 (what is probability of heads twice 
in a row – heads AND heads)

• .5 x .5 = .25
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• Multiplication rule applies to probability in a 
monohybrid cross
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Figure 14.9

Toss 1 Toss 2
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• Addition rule

– The probability that any one of two or more 
mutually exclusive events will occur is 
calculated by adding together their individual 
probabilities

– Toss a nickel, heads = .5, tails = .5

– Probability of heads OR tails?

– .5 plus .5 = 1.0
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Solving Complex Genetics Problems with the Rules 
of Probability

• We can apply the rules of probability

– To predict the outcome of crosses involving 
multiple characters
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Predicting the outcome of multicharacter crosses

• A dihybrid or other multicharacter cross

– Is equivalent to two or more independent 
monohybrid crosses occurring simultaneously

• In calculating the chances for various 
genotypes from such crosses

– Each character first is considered separately 
and then the individual probabilities are 
multiplied together
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Non mendelian inheritance patterns

• Inheritance patterns are often more complex 
than predicted by simple Mendelian genetics

Single gene:

– Complete dominance

– Co-dominance

– Incomplete dominance
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• Dominant & recessive alleles don’t interact, 
rather they produce different proteins

• Dominant alleles

– Are not necessarily more common in 
populations than recessive alleles

• Most genes exist in populations in more than 
two allelic forms…
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Multiple alleles

• The ABO blood group in humans

– Is determined by multiple alleles

Table 14.2
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Pleiotropy
•A gene has multiple phenotypic effects
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Pleiotropy in 
Action

Anemia, 
infections, 
weakness, 
impaired 
growth, liver 
and spleen 
failure, 
death.

Traits (phenotypes) 
associated with the 
sickle cell allele.

Pleiotropy:

The sickle cell 
allele
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Extending Mendelian Genetics for Two or More Genes

•Some traits

– May be determined by two or more genes
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Epistasis

• In epistasis

– A gene at one locus alters the phenotypic 
expression of a gene at a second locus
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• An example of epistasis

Figure 14.11
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Polygenic Inheritance

• Many human characters

– Vary in the population along a continuum and 
are called quantitative characters

– Human skin, hair and eye colour

Copyright © 2005 Pearson Education, Inc. publishing as Benjamin Cummings

×
AaBbCc AaBbCc

aabbcc Aabbcc AaBbcc AaBbCc AABbCc AABBCcAABBCC

20⁄64

15⁄64

6⁄64

1⁄64

Fr
ac

ti o
n 

of
 p

ro
ge

n y

• Quantitative variation usually indicates 
polygenic inheritance

– An additive effect of two or more genes on a 
single phenotype

Figure 14.12
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Nature and Nurture: The Environmental Impact 
on Phenotype

• Another departure from simple Mendelian
genetics arises

– When the phenotype for a character depends 
on environment as well as on genotype

• Multifactorial characters

– Are those that are influenced by both genetic 
and environmental factors
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• The norm of reaction is the phenotypic range of 
a particular genotype that is influenced by the 
environment

Figure 14.13
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Integrating a Mendelian View of Heredity and Variation

• An organism’s phenotype

– Includes its physical appearance, internal 
anatomy, physiology, and behavior

– Reflects its overall genotype and unique 
environmental history
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• Even in more complex inheritance patterns

– Mendel’s fundamental laws of segregation and 
independent assortment still apply
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Pedigree Analysis

• A pedigree

– Is a family tree that describes the 
interrelationships of parents and children 
across generations
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Pedigrees – family tree of traits (analysis)

• Pedigrees can be used to predict the traits of 
future offspring (genetic disorders)

Figure 14.14 A, B
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Genetic disorders

• May be recessive or dominant

• Recessively inherited disorders

– Show up only in individuals homozygous for 
the allele

• Carriers

– Are heterozygous individuals who carry the 
recessive allele but are phenotypically normal
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Mating of Close Relatives

• Matings between relatives

– Can increase the probability of the appearance 
of a genetic disease 

– Are called consanguineous matings
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Huntington’s disease
– Is a degenerative disease of the nervous 

system

– Has no obvious phenotypic effects until about 
35 to 40 years of age

Figure 14.16
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Multifactorial Disorders

• Many human diseases

– Have both genetic and environment 
components

• Examples include

– Heart disease and cancer
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Genetic Testing and Counseling

• Genetic counselors

– Can provide information to prospective parents 
concerned about a family history for a specific 
disease
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Counseling Based on Mendelian Genetics and 
Probability Rules

• Using family histories

– Genetic counselors help couples determine the 
odds that their children will have genetic 
disorders
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Fetal Testing

• In amniocentesis

– The liquid that bathes the fetus is removed and 
tested

• In chorionic villus sampling (CVS)

– A sample of the placenta is removed and 
tested

• For a growing number of diseases

– Tests are available that identify carriers and 
help define the odds more accurately
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• Fetal testing

Figure 14.17 A, B
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