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9.1 The science of genetics has ancient roots

 Pangenesis, proposed around 400 BCE by 
Hippocrates, was an early explanation for 
inheritance that suggested that

• particles called pangenes came from all parts of the 
organism to be incorporated into eggs or sperm and 

• characteristics acquired during the parents’ lifetime 
could be transferred to the offspring.

– Aristotle rejected pangenesis and argued that 
instead of particles, the potential to produce the 
traits was inherited.
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9.1 The science of genetics has ancient roots

 The idea that hereditary materials mix in forming 
offspring, called the blending hypothesis, was

• suggested in the 19th century by scientists studying plants 
but

• later rejected because it did not explain how traits that 
disappear in one generation can reappear in later 
generations.
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9.2 Experimental genetics began in an abbey 
garden

 Heredity is the transmission of traits from one 
generation to the next.

 Genetics is the scientific study of heredity.

 Gregor Mendel

• began the field of genetics in the 1860s,

• deduced the principles of genetics by breeding garden peas, 
and

• relied upon a background of mathematics, physics, and 
chemistry.
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9.2 Experimental genetics began in an abbey 
garden

 In 1866, Mendel

• correctly argued that parents pass on to their offspring discrete 
“heritable factors” and 

• stressed that the heritable factors (today called genes), retain 
their individuality generation after generation.

 A heritable feature that varies among individuals, such as 
flower color, is called a character.

 Each variant for a character, such as purple or white 
flowers, is a trait.
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9.2 Experimental genetics began in an abbey 
garden

– True-breeding varieties result when self-fertilization 
produces offspring all identical to the parent.

– The offspring of two different varieties are hybrids.

– The cross-fertilization is a hybridization, or genetic cross.

– True-breeding parental plants are the P generation.

– Hybrid offspring are the F1 generation.

– A cross of F1 plants produces an F2 generation.
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Figure 9.2D Character Traits
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9.3 Mendel’s law of segregation describes the 
inheritance of a single character

 A cross between two individuals differing in a single 
character is a monohybrid cross.

 Mendel performed a monohybrid cross between a 
plant with purple flowers and a plant with white 
flowers.
• The F1 generation produced all plants with purple flowers.

• A cross of F1 plants with each other produced an F2

generation with ¾ purple and ¼ white flowers.
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9.3 Mendel’s law of segregation describes the 
inheritance of a single character

 The all-purple F1 generation did not produce light purple 
flowers, as predicted by the blending hypothesis.

 Mendel needed to explain why?

• white color seemed to disappear in the F1 generation 
and

• white color reappeared in one quarter of the F2 

offspring.

– Mendel observed the same patterns of inheritance for six 
other pea plant characters.
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9.3 Mendel’s law of segregation describes the 
inheritance of a single character

 Mendel developed four hypotheses, described below 
using modern terminology.

1. Alleles are alternative versions of genes that account 
for variations in inherited characters.

2. For each characteristic, an organism inherits two 
alleles, one from each parent. The alleles can be the 
same or different.

– A homozygous genotype has identical alleles.

– A heterozygous genotype has two different alleles.
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9.3 Mendel’s law of segregation describes the 
inheritance of a single character

3. If the alleles of an inherited pair differ, then one 
determines the organism’s appearance and is called 
the dominant allele. The other has no noticeable effect 
on the organism’s appearance and is called the 
recessive allele.

– The phenotype is the appearance or expression of 
a trait.

– The genotype is the genetic makeup of a trait.

– The same phenotype may be determined by more 
than one genotype.
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9.3 Mendel’s law of segregation describes the 
inheritance of a single character

4. A sperm or egg carries only one allele for each 
inherited character because allele pairs separate 
(segregate) from each other during the production of 
gametes. This statement is called the law of 
segregation.

– Mendel’s hypotheses also explain the 3:1 ratio in the F2

generation.

• The F1 hybrids all have a Pp genotype.

• A Punnett square shows the four possible combinations of 
alleles that could occur when these gametes combine.
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9.6 Geneticists can use the testcross to determine 
unknown genotypes

 A testcross is the mating between an individual of 
unknown genotype and a homozygous recessive 
individual.

 A testcross can show whether the unknown genotype 
includes a recessive allele.

 Mendel used testcrosses to verify that he had true-
breeding genotypes.

 The following figure demonstrates how a testcross can be 
performed to determine the genotype of a Lab with 
normal eyes.
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9.4 Homologous chromosomes bear the alleles for 
each character

 A locus (plural, loci) is the specific location of a gene along 
a chromosome.

 For a pair of homologous chromosomes, alleles of a gene 
reside at the same locus.
• Homozygous individuals have the same allele on both 

homologues.

• Heterozygous individuals have a different allele on each 
homologue.
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9.5 The law of independent assortment is 
revealed by tracking two characters at once

 A dihybrid cross is a mating of parental varieties that 
differ in two characters.

 Mendel performed the following dihybrid cross with the 
following results:

• P generation: round yellow seeds  wrinkled green seeds 

• F1 generation: all plants with round yellow seeds 

• F2 generation:

– 9/16 had round yellow seeds

– 3/16 had wrinkled yellow seeds

– 3/16 had round green seeds

– 1/16 had wrinkled green seeds
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9.5 The law of independent assortment is 
revealed by tracking two characters at once

Mendel needed to explain why the F2 offspring

• had new nonparental combinations of traits and a 
9:3:3:1 phenotypic ratio.

Mendel

• suggested that the inheritance of one character has no 
effect on the inheritance of another,

• suggested that the dihybrid cross is the equivalent to two
monohybrid crosses, and called this the law of
independent assortment.
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9.5 The law of independent assortment is 
revealed by tracking two characters at once

 The following figure demonstrates the law of
independent assortment as it applies to two characters
in Labrador retrievers:

• black versus chocolate color,

• normal vision versus progressive retinal atrophy.
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Figure 9.5B
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9.7 Mendel’s laws reflect the rules of probability

 Using his strong background in mathematics, Mendel 
knew that the rules of mathematical probability 
affected

• the segregation of allele pairs during gamete formation and 

• the re-forming of pairs at fertilization.

 The probability scale ranges from 0 to 1. An event that 
is

• certain has a probability of 1 and

• certain not to occur has a probability of 0.
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9.7 Mendel’s laws reflect the rules of probability

 The probability of a specific event is the number of 
ways that event can occur out of the total possible 
outcomes.

 Determining the probability of two independent 
events uses the rule of multiplication, in which the 
probability is the product of the probabilities for each 
event.

 The probability that an event can occur in two or more 
alternative ways is the sum of the separate 
probabilities, called the rule of addition.
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9.8 CONNECTION: Genetic traits in humans can be 
tracked through family pedigrees

 In a simple dominant-recessive inheritance of 
dominant allele A and recessive allele a,

• a recessive phenotype always results from a homozygous 
recessive genotype (aa) but

• a dominant phenotype can result from either
– the homozygous dominant genotype (AA) or

– a heterozygous genotype (Aa).

 Wild-type traits, those prevailing in nature, are not 
necessarily specified by dominant alleles.
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9.8 CONNECTION: Genetic traits in humans can be 
tracked through family pedigrees

 The inheritance of human traits follows Mendel’s laws.

 A pedigree

• shows the inheritance of a trait in a family through multiple 
generations,

• demonstrates dominant or recessive inheritance, and

• can also be used to deduce genotypes of family members.
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