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MendelMendel’’s Principles of Hereditys Principles of Heredity
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2.1 Background: The historical puzzle of inheritance2.1 Background: The historical puzzle of inheritance

2.2 Mendel2.2 Mendel’’s approach to genetic analysiss approach to genetic analysis

2.3 2.3 MendelianMendelian inheritance in humans.inheritance in humans.

Sections to studySections to study
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2.1 Background: The historical puzzle of inheritance2.1 Background: The historical puzzle of inheritance

 Artificial selectionArtificial selection: Purposeful control over mating by choice of : Purposeful control over mating by choice of 
parents for the next generation.parents for the next generation.

 An important practice since before recorded history.An important practice since before recorded history.
 Selective breeding of plantsSelective breeding of plants
 Domestication of animalsDomestication of animals
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The 2800-yr old Assyrian relief

Fig. 2.4
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 By 19By 19thth century, plant and animal breeders had created many century, plant and animal breeders had created many 
strains in which offspring often carried a prized trait.strains in which offspring often carried a prized trait.

 Breeders could not explain why a valued trait would Breeders could not explain why a valued trait would 
sometimes disappear and then reappear in only some sometimes disappear and then reappear in only some 
offspring.offspring.
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Three basic questions of genetics proposedThree basic questions of genetics proposed
by Abbot by Abbot NappNapp in 1837in 1837

1.1. What is inherited?What is inherited?
2.2. How is it inherited?How is it inherited?
3.3. What is the role of chance in heredity?What is the role of chance in heredity?
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Historical theories of inheritanceHistorical theories of inheritance

1.1. One parent contributes most One parent contributes most 
features (features (NicolaasNicolaas HartsoekerHartsoeker in in 
1694).1694).

2.2. Blended inheritanceBlended inheritance –– parental parental 
traits become mixed and forever traits become mixed and forever 
changed in offspring.changed in offspring.

Fig.2.6
The homunculus



2-8Copyright © The McGraw-Hill Companies, Inc.  Permission required to reproduce or display

Plant hybrid experiments before MendelPlant hybrid experiments before Mendel

1. 1. Thomas Andrew KnightThomas Andrew Knight (1797, Britain)(1797, Britain)

But he did not calculate the number!But he did not calculate the number!

FF11 FF11

PParents, Parents, P

First First ffilial, Filial, F11

Second Second ffilial, Filial, F22

Crossbreed Crossbreed graygray garden pea with garden pea with whitewhite garden peagarden pea
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2. 2. Charles Victor Charles Victor NaudinNaudin (France, his work (France, his work btnbtn 18541854--1865)1865)

Reciprocal crossesReciprocal crosses with the same resultswith the same results

Factors Factors must go to different gametes must go to different gametes 
during gamete formation. during gamete formation. 

The The 'specific essence'specific essence’’ controls the traits.controls the traits.

His main publication is Mémoire sur les hybrides du règne
végétal which appeared in Recueil des savants étrangers and 
won him the Grand Prize of the Institute of Botany in 1862.
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2.2 2.2 GregorGregor MendelMendel’’s approach to genetic analysiss approach to genetic analysis

 Discoverer of general principles of 
heredity.

 Performed plant hybrid experiments 
to see whether there is a “generally 
applicable law governing the 
formation and development of 
hybrids”.

 In 1866, he published a paper 
“Experiments on Plant Hybrids”. 

Fig. 2.2

GregorGregor MendelMendel
(1822(1822--1884)1884)
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MendelMendel’’s workplaces workplace

Fig. 2.5
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Keys to MendelKeys to Mendel’’s successs success

Fig. 2.7

1. He chose an ideal experimental organism, the garden pea.1. He chose an ideal experimental organism, the garden pea.
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2. He examined the inheritance of traits with discrete alternati2. He examined the inheritance of traits with discrete alternative ve 
forms.forms.
Discrete trait: Trait that exhibits a clear either/or status (e.g.
purple versus white flowers).
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3. He established 3. He established purepure--breeding linesbreeding lines to conduct his experiments.to conduct his experiments.

Pure-breeding lines: Families of organisms that produce 
offspring with specific parental traits that remain constant from 
generation to generation.

4.4. He carefully controlled his He carefully controlled his matingsmatings to ensure that the progeny to ensure that the progeny 
he observed really resulted from the specific fertilizations he he observed really resulted from the specific fertilizations he 
intended.intended.
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 He worked with large numbers of plants, counted all offspring, He worked with large numbers of plants, counted all offspring, 
subjected his findings to quantitative analysis, and compared subjected his findings to quantitative analysis, and compared 
his results with predictions.his results with predictions.

 He was a brilliant practical experimentalist.He was a brilliant practical experimentalist.
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Monohybrid crosses reveal units of inheritanceMonohybrid crosses reveal units of inheritance
and law of segregationand law of segregation

Fig. 2.9
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 The F1 yellow peas consist of two types.  One breeds true, the The F1 yellow peas consist of two types.  One breeds true, the 
other can produce some green peas. other can produce some green peas. 

 One form must be hidden when plants with each trait are One form must be hidden when plants with each trait are 
interbred.interbred.
 Trait that appears in F1 is Trait that appears in F1 is dominantdominant..
 Trait that is hidden in F1 is Trait that is hidden in F1 is recessiverecessive..

 Disappearance of traits in F1 generation and reappearance in Disappearance of traits in F1 generation and reappearance in 
the F2 generation disproves the hypothesis that traits blend.the F2 generation disproves the hypothesis that traits blend.
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 Each unit of inheritance comes in two alternative forms, Each unit of inheritance comes in two alternative forms, 
allelesalleles..

 For each trait, every plant carries two copies of a unit of For each trait, every plant carries two copies of a unit of 
inheritance, one inherited from the mother and the other inheritance, one inherited from the mother and the other 
from the father.from the father.

AllelesAlleles are alternative forms of a single gene.are alternative forms of a single gene.

To explain his observations, Mendel proposed:
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MendelMendel’’s first law: Law of segregations first law: Law of segregation

Fig. 2.10a
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Fig. 2.10b
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The The PunnetPunnet square: visual summary of a crosssquare: visual summary of a cross

Fig. 2.11
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The Product Rule:
The probability of two independent events
occurring together
= probability of event A  probability of event B

The Sum Rule:
The probability of either of two mutually exclusive    
events occurring
= probability of event A + probability of event B

MendelMendel’’s results reflect basic rules of probabilitys results reflect basic rules of probability
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 Cross Cross YyYy YyYy pea plants.  pea plants.  
 Chance of YY offspringChance of YY offspring

 Chance of sperm with Y allele: 1/2Chance of sperm with Y allele: 1/2
 Chance of egg with Y allele: 1/2 Chance of egg with Y allele: 1/2 
 Chance of YY = 1/2 x 1/2= 1/4Chance of YY = 1/2 x 1/2= 1/4

 Chance of Chance of YyYy offspringoffspring
 Chance of sperm with Y allele and egg with y allele: 1/4Chance of sperm with Y allele and egg with y allele: 1/4
 Chance of sperm with y allele and egg with Y allele: 1/4Chance of sperm with y allele and egg with Y allele: 1/4
 Chance of Chance of YyYy = 1/4 + 1/4 = 1/2= 1/4 + 1/4 = 1/2
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Additional crosses confirm predicted ratiosAdditional crosses confirm predicted ratios

Fig. 2.12
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Phenotypes and genotypesPhenotypes and genotypes

 Phenotype: Phenotype: Observable characteristic of an organism.Observable characteristic of an organism.
 Genotype:Genotype: Pair of alleles present in an individual.Pair of alleles present in an individual.
 Homozygous:Homozygous: Two alleles of trait are the same (YY or Two alleles of trait are the same (YY or yyyy).).
 Heterozygous:Heterozygous: Two alleles of trait are different (Two alleles of trait are different (YyYy).).
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Phenotypes versus genotypesPhenotypes versus genotypes

Yy  Yy

1:2:1
YY:Yy:yy

3:1
yellow: green

Fig. 2.13
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Test cross reveals unknown genotypeTest cross reveals unknown genotype

Fig. 2.14
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DihybridDihybrid crossescrosses

 A A dihybriddihybrid is an individual that is heterozygous at two genes.is an individual that is heterozygous at two genes.

 Mendel designed experiments to determine if two genes Mendel designed experiments to determine if two genes 
segregate independently of one another in segregate independently of one another in dihybridsdihybrids..
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 First constructed trueFirst constructed true--breeding lines for both traits, crossed breeding lines for both traits, crossed 
them to produce them to produce dihybriddihybrid offspring, and examined the F2 for offspring, and examined the F2 for 
parental or recombinant types.parental or recombinant types.
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F2
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MendelMendel’’s second law: s second law: 
Law of independent assortmentLaw of independent assortment

During gamete During gamete 
formation, different formation, different 
pairs of alleles pairs of alleles 
segregate segregate 
independently of independently of 
each other.each other.
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9 genotypes
= 32

4 phenotypes
= 22

Fig. 2.15
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Following crosses with branchedFollowing crosses with branched--line diagramsline diagrams
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Summary of Mendel's workSummary of Mendel's work

 Inheritance is particulate, not blending.Inheritance is particulate, not blending.
 There are two copies of units of inheritance for each trait There are two copies of units of inheritance for each trait 

in a germ cell.in a germ cell.
 Gametes contain only one copy of the unit of inheritance Gametes contain only one copy of the unit of inheritance 

for each trait.for each trait.
 Alleles (different forms of the trait) segregate randomly Alleles (different forms of the trait) segregate randomly 

during gamete formation.during gamete formation.
 Alleles are dominant or recessive, which leads to the Alleles are dominant or recessive, which leads to the 

difference between genotype and phenotype.difference between genotype and phenotype.
 Different pairs of alleles for different traits assort Different pairs of alleles for different traits assort 

independently during gamete formation.independently during gamete formation.
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Mendel solved the three basic questions of geneticsMendel solved the three basic questions of genetics

1. What is inherited? 1. What is inherited? 
Mendel: Alleles of genes.Mendel: Alleles of genes.
2. How is it inherited?2. How is it inherited?
Mendel: According to the laws of segregation and Mendel: According to the laws of segregation and 

independent assortment.independent assortment.
3. What is the role of chance in heredity?3. What is the role of chance in heredity?
Mendel: Inheritance is determined by chance for   Mendel: Inheritance is determined by chance for   

each individual, but it is governed by           each individual, but it is governed by           
defined probabilities in a population.defined probabilities in a population.
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MendelMendel’’s success relied on a scientific approachs success relied on a scientific approach
to solve problemsto solve problems

1.1. Observe a genetic process.Observe a genetic process.
2.2. Analyze data.Analyze data.
3.3. Develop a working model.Develop a working model.
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Rediscovery of MendelRediscovery of Mendel’’s works work

 MendelMendel’’s work was unappreciated and remained dormant for s work was unappreciated and remained dormant for 
34 years.34 years.

 In the late 1800In the late 1800’’s, Darwins, Darwin’’s theory was viewed with skepticism s theory was viewed with skepticism 
because he could not explain the persistence of variation in because he could not explain the persistence of variation in 
organisms.organisms.
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 In 1900, 16 years after Mendel died, three scientists rediscoverIn 1900, 16 years after Mendel died, three scientists rediscovered ed 
and confirmed Mendeland confirmed Mendel’’s laws, giving birth to the science of s laws, giving birth to the science of 
genetics.genetics.
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Four themes in Four themes in MendelianMendelian geneticsgenetics

1.1. Variation is widespread in nature.Variation is widespread in nature.
2.2. Observable variation is essential for following genes.Observable variation is essential for following genes.
3.3. Variation is inherited according to genetic laws and not Variation is inherited according to genetic laws and not 

solely by chance.solely by chance.
4.4. MendelMendel’’s laws apply to s laws apply to allall sexually reproducing sexually reproducing 

organisms.organisms.
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2.3 2.3 MendelianMendelian inheritance in humansinheritance in humans

 Most traits in humans are due to the interaction of multiple Most traits in humans are due to the interaction of multiple 
genes and do not show a simple genes and do not show a simple MendelianMendelian pattern of pattern of 
inheritance.inheritance.

 A fraction of traits (4300, A fraction of traits (4300, 
in 2009) represent singlein 2009) represent single--
genes traits, such as genes traits, such as 
sicklesickle--cell anemia, cystic cell anemia, cystic 
fibrosis, fibrosis, TayTay--Sachs Sachs 
disease, and Huntingtondisease, and Huntington’’s s 
disease.disease.
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In humans, we must use pedigree to study inheritanceIn humans, we must use pedigree to study inheritance

 PedigreePedigree, a family history, is an orderly diagram of a family, a family history, is an orderly diagram of a family’’s s 
relevant genetic features extending through multiple generationsrelevant genetic features extending through multiple generations..

 Pedigrees help us infer if a trait is from a single gene and if Pedigrees help us infer if a trait is from a single gene and if the the 
trait is dominant or recessive.trait is dominant or recessive.
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Symbols used in pedigree analysisSymbols used in pedigree analysis

Fig. 2.20
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A vertical pattern of inheritance indicatesA vertical pattern of inheritance indicates
a rare dominant traita rare dominant trait

Huntington’s disease:  A rare dominant disease.

Fig. 2.21
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A horizontal pattern of inheritance indicatesA horizontal pattern of inheritance indicates
a rare recessive traita rare recessive trait

Cystic fibrosis: a recessive disease

Fig. 2.22
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