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Mendelian Genetics Gregor Mendel

Figure 11.1

Mendel and the Black Box

• Gregor Mendel – monk who worked with pea
plants
– Strong training in the sciences and mathematics
– Good experimental design and meticulous records

• First person to comprehend some of the most
basic principles of genetics.

• Published paper in 1866
– Said parents pass on discrete heritable factors

Mendel and the Black Box

• Opposed two theories of the time
1) Pangenesis

- Hippocrates theory
- Acquired traits of the adult migrate to gametes

2) Blending Hypothesis
- Early 19th century
- Heritable traits from each parent blend in young
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11.2 The Experimental Subjects:
Pisum sativum

The Experimental Subjects

• Worked with pea plants
– Easily trace 7 traits with 2 distinct forms each

• Dominant
• Recessive

– Easily do both self-fertilization and cross-
fertilization

• Allowed him to keep track of parentage

The Experimental Subjects

• Started with plants that had a given set of traits
– Cross bred them

• Then observed which of those traits showed up
in succeeding generations.

• Kept going until he had true-breeding varieties
– All identical to the parent plant
– For all offspring

Cross Pollination

Figure 11.3

(yellow seeds)

Parent 
generation X

(green seeds)

Before fertilization occurs, peel back the 
closed petals of a pea plant (in this case, 
one that came from a line that yielded 
yellow peas). Then pull out the pollen-
bearing stamens with tweezers so that 
self-fertilization is no longer possible.

Next, gather pollen from 
another plant by dabbing 
its anthers with a 
paintbrush.

cross-
pollination

Finally, rub these pollen grains onto 
the stigma of the first plant. The 
results of the cross-pollination can 
be observed when the fertilized 
 eggs mature into seeds in the 
  ovary, meaning peas in a pod. 
    The resulting seeds are yellow 
      in this case because yellow is 
        dominant over green.

offspring 
(yellow seeds)

1.

2.

3.
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Phenotypes and Genotypes
• Phenotype

– any physical feature, bodily characteristic, or
behavior of an organism

– In Mendel’s plants
• purple flowers
• white flowers
• Others…

Genes
• Genes

– One of Mendel’s central insights
• The basic units of genetics are material elements

– In his pea plants, came in pairs
– Heritable traits

– We know…
• Genes code proteins
• These proteins dictate physical outcomes, or features
• Cause the differences among individuals

– Therefore, determine phenotype

Phenotypes and Genotypes

• Genotype
– The genetic makeup that determines a phenotype
– The specific genes present on the chromosomes

• Mendel realized that the phenotypes in his
plants were being controlled by their genotypes.

Alleles

• Alleles
– The alternative forms of genes
– Pairs of alleles in the case of the peas
– Homologous chromosomes contain the same sets of

genes
• The two different versions of a gene are alleles of that

gene or trait
• One allele from one parent, the other allele from the

other parent
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Alleles Dominant/Recessive
• Dominant/Recessive alleles

– When one allele is expressed (seen physically) over
the other

• Dominant allele
– The allele that is seen in the phenotype

• Recessive allele
– The allele that is not seen in the phenotype

Freckles

Widow’s peak

Free earlobe

No freckles

Straight hairline

Attached earlobe

Dominant Traits Recessive Traits Homozygous/Heterozygous
• Homozygous

– Both alleles are the same
– May be homozygous dominant or homozygous

recessive
• Heterozygous

– Alleles differ
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Dominant/Recessive

Individual B:
homozygous

dominant

Individual A:
heterozygous

Individual C:
homozygous

recessive

Allele for Blue Eyes (recessive)
Allele for Brown Eyes (dominant)

Phenotypes and Genotypes

Table 11.1

Starting the Experiments

• Mendel
– realized that it was possible for organisms to have

identical phenotypes
• for all his pea plants to have yellow seeds, for example

– and yet to have differing underlying genotypes

Three Genotypes Yield Two
Phenotypes

Figure 11.7

Y Y Y y Y y y y Three genotypes yield . . .

two phenotypes.

yellow green
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Genes Retain Their Character

• Another of Mendel’s insights
– Genes retain their character through many

generations
• rather than being “blended” together.

• Genes that coded for green pea color
– were retained in their existing form over many

generations.

Punnett Square
• Punnett square

– Visually shows the Law of Segregation
• principle of independent assortment

• Used to calculate
– possible gametes produced by parents

• P generation (parent)
– Possible outcomes of combinations of those

gametes
• F generation (filial)

Punnett Square
• Monohybrid cross

– Combination of two individuals of P generation
– Track inheritance of a single trait

• Mono = 1
– Based on four Mendelian hypotheses

• Different forms of a gene exist (alleles)
• Each organism carries two copies (diploid)
• Gametes only carry one copy (haploid)

– Due to the Law of segregation
• Froms may differ in expression (dominant or recessive)

P-generation    X    P-generation
              F1 generation     X    F1 generation

F2 generation

Solving a Punnett Square
• Determine P generation genotypes

– Diploid
– Example - Brown eyes = BB or Bb

• Determine gametes
– Haploid
– Example - B and B, or B and b

• Cross gametes in a square to yield offspring
– Diploid

• Summarize
– Count the genotypes and phenotypes based upon the

genotypes
• F1
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Punnett Square

Figure 11.5

yy
yy

yy yy

Yy
Yy Yy Yy

malefemale

YYYY
YY

YY

P generation

Y  Y y  y

yy

y y

Y

Y

Y

Y

female 
gametes

male 
gametes

possible 
outcomes in 
fertilization

F1 generation

Yy Yy

Yy Yy

Female gametes are being provided by a 
plant that has the dominant, yellow 
alleles (YY); male gametes are being
provided by a plant that has the 
recessive, green alleles (yy).

The cells of the pea plants that give rise 
to gametes start to go through meiosis.

The two alleles for pea color, which lie
on separate homologous chromosomes, 
separate in meiosis, yielding gametes
that each bear a single allele for seed 
color. In the female, each gamete bears
a Y  allele; in the male, each bears a y
allele.

The Punnett square shows the possible 
combinations that can result when the
male and female gametes come together
in the moment of fertilization. (If you
have trouble reading the Punnett square,
see Figure 11.5b). The single possible
outcome in this fertilization is a mixed
genotype, Yy.

Because Y (yellow) is dominant over y
(green), the result is that all the offspring
in the F1 generation are yellow because
they all contain a Y  allele.

female gametes female gametes

P

P P

Pp

p p

p

pp Pp

A p gamete from the male combines
with a P gamete from the female to
produce an offspring of Pp genotype
(and purple color).

A p gamete from the male combines
with a p gamete from the female to
produce an offspring of pp genotype
(and white color).

1.

2.

3.

4.

5.

(a)  P generation crosses

(b) How to read a Punnett square

1. 2.
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es

Punnett Square

Rules of Probability
• Rule of multiplication

– Product of each event
• Two alleles for each trait

– 50/50 (or 1/2) chance of inheriting one
– Like a coin toss - heads or tails

– Multiply the probability of one allele from one parent by the
probability of one allele from the other parent

• 1/2 X 1/2 = 1/4 or 25%
• Probability of a particular genotype in offspring (F1) of a

monohybrid cross

F1 genotypes

1–2

1–2

1–2

1–2

1–4
1–4

1–4
1–4

Formation of eggs

Bb female

F2 genotypes

Formation of sperm

Bb male

B

B
B B B

B

b

b

bbbb
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11.5 Crosses Involving Two
Characters

Dihybrid Cross

• Cross involving two traits
• Mendel

– Observed that the genes for the different characters
he studied were passed on independently of one
another

– Genes for these characters resided on separate, non-
homologous chromosomes

– Found the physical basis for independent
assortment of chromosome pairs during meiosis.

Dihybrid Cross

• Determine P generation
– Diploid

• Determine gametes
– Haploid

• Cross gametes in square to yield offspring
– Now need 16 squares instead of four
– Use FOIL for calculating gametes

• First, outer, inner, last

• Summarize
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P 
generation

1–2

Hypothesis: Dependent assortment Hypothesis: Independent assortment
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11.6 Reception of Mendel’s Ideas

Reception of Mendel’s Ideas

• Gregor Mendel published his work, but the
significance of it was never recognized in his
lifetime.

• It was only rediscovered 16 years after his
death, in 1900.

11.7 Incomplete Dominance
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Incomplete Dominance

• Not all inheritance works through the principles
Mendel perceived in his peas.

• Incomplete dominance
– neither allele for a given gene is completely

dominant
– heterozygous genotypes can yield an intermediate

phenotype
• Pink snapdragons
• Wavy hair

Incomplete Dominance

Figure 11.10

RR
red

rr
white

P generation

The starting plants are a 
snapdragon homozygous for 
red color (RR) and snapdragon 
homozygous for white color (rr).

F1 generation

When these plants are crossed, 
the resulting Rr genotype yields 
only enough pigment to produce 
a flower that is pink—the only 
phenotype in the F1 generation.

F2 generation

In the F2 generation, alleles 
combine to produce red, pink, 
and white phenotypes.

Rr
100% pink

sperm r

r

rr

R

RR Rr

Rr

R

egg

1
red

: : 1
white

2
pink

1.  

2.  

3.   

Variations on Mendel

PLAY Animation 11.2: Variations on Mendel

11.8 Lessons from Blood Types:
Co-dominance
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Codominance

• Codominance
– Neither allele is recessive
– In some instances, differing alleles of the same gene

will have independent effects in a single organism.
• ABO blood groups

– Such is the case with the gene that codes for the
type A and B glycolipids that extend from the
surface of human red blood cells.

Codominance
• ABO blood groups

– Multiple alleles
• An individual who has one A and one B allele

will have type AB blood
– In such a situation, neither allele is dominant;

rather, each is having a separate phenotypic effect
– But the O allele is recessive to both A and B

• AA = type A
• BB = type B
• AO = type A
• BO = type B
• OO = type O

Codominance

Figure 11.11

no surface glycolipids

Surface glycolipids 
on red blood cells

Blood type
(phenotype) . . .

. . . has these surface
glycolipids . . .

A AA or AO 

BB or BO

AB

OO

B

AB

O

. . . and is
produced by
these genotypes

11.9 Multiple Alleles and Polygenic
Inheritance
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Polygenic Inheritance

• Human beings and many other species can have
no more than two alleles for a given gene, each
allele residing on a separate, homologous
chromosome.
– Because we’re diploid

• BUT, many allelic variants of a gene can exist
in a population
– With only two of those possessed by any one

individual

Polygenic Inheritance

• Most traits in living things are governed by
many genes.

• These genes often have several allelic variants.

Polygenic Inheritance

• Polygenic inheritance
– Additive effect of 2 or more genes on a single trait
– Skin/hair/eye colors and height in humans

Polygenic Inheritance

• Polygenic inheritance
– tends to produce continuous variation in phenotypes

• there are no fixed increments of difference between
individuals.

• Human skin
– comes in a range of colors in which one color

shades imperceptibly into the next.
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Polygenic Inheritance

• Polygenic traits tend to manifest in bell-curve
distributions
– most individuals display near average trait values

• rather than extreme trait values
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Polygenic Inheritance

Figure 11.13

(a)  Continuous variation in human height (b)  The bell curve
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Polygenic Inheritance

• Gene interactions and gene–environment
interactions are so complex in polygenic
inheritance that predictions about phenotypes
are a matter of probability, not certainty.
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11.10 Genes and Environment

Genes and Environment

• Nature versus nurture
– The effects of genes can vary greatly in accordance

with the environment in which the genes are
expressed

• Genotype and environment interact
– produce that organism’s phenotype

Genes and Environment

Figure 11.14

11.11 One Gene, Several Effects:
Pleiotropy
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Pleiotropy

• Pleiotropy is a phenomenon in which one gene
has many effects.

• Genes work in an interrelated fashion, such that
a single gene is likely to have multiple effects.
– PKU - phenolketonuria
– Sickel cell anemia

Clumping of cells
and clogging of

small blood vessels

Pneumonia
and other
infections

Accumulation of
sickled cells in spleen

Pain and
fever

Rheumatism

Heart
failure

Damage to
other organs

Brain
damage

Spleen
damage

Kidney
failure

Anemia

Paralysis
Impaired
mental

function

Physical
weakness

Breakdown of
red blood cells

Individual homozygous
for sickle-cell allele

Sickle cells

Sickle-cell (abnormal) hemoglobin

Abnormal hemoglobin crystallizes,
causing red blood cells to become sickle-shaped

Summary
• Genes

– code proteins
• Alleles

– different versions of the same gene
– Reside on homologous chromosomes

• Genotype
– Genetic makeup of an individual

• Phenotype
– The physical outcome of the genotype

• Homozygote (homozygous)
– Two identical copies (alleles) of a gene

• Heterozygote (heterozygous)
– Two different copies (alleles) of a gene

Summary
• Dominant allele

– Expressed in phenoptype
• Recessive allele

– Not expressed in phenotype when in heterozygote
• Homozygous dominant - AA
• Homozygous recessive - aa
• Hetrozygous - Aa
• Punnett square

– For calculating possible outcomes of gamete combinations
from a parental generation

• Monohybrid cross
– Cross involving one trait

• Dihybrid cross
– Cross involving two traits
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Summary
• Probability

– Likelihood of an outcome
– Product (multiplication) of individual probabilities
– 1/2 X 1/2 = 1/4

• Incomplete dominance
– No alleles are dominant
– Results in intermediate phenotypes

• Codominance
– No alleles are recessive
– Multiple phenotypic expression

• Pleiotropy
– One gene affecting many physical characteristics

• Polygenic
– Many genes affecting one trait


