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•  Mendel tracked only either-or characters  

•  Used varieties that were true-

breeding  

•  Produce offspring of same 

variety when self-pollinated 

•  Mated two contrasting, true-breeding 

varieties 

•  hybridization 

•  P (parent) generation 

•  F1 generation - Hybrid offspring 

of the P generation 

•  When F1 individuals self-pollinate, the F2 

generation is produced    

Mendel’s Experimental, Quantitative Approach 



The Law of Segregation 

•  Mendel  

•  Crossed contrasting, true-breeding 

white and purple flowered pea 

plants 

•  All F1 hybrids were purple 

•  Crossed F1 hybrids 

•  Many F2 plants had purple 

flowers 

•  But some had white 

•  Discovered ratio of ~3:1 

•  Purple to white flowers  

•  In F2 generation 
   

EXPERIMENT 

P Generation 
(true-breeding 
     parents) 

Purple 
flowers 

 White 
flowers 

× 

F1 Generation 
 (hybrids) 

All plants had 
purple flowers 

F2 Generation 

705 purple-flowered 
plants 

224 white-flowered 
plants 



Mendel’s Model 
•  Mendel developed a hypothesis to explain the 3:1 inheritance pattern he observed 

in  F2 offspring 

•  Four concepts can be related to what we now know about genes and 
chromosomes  

•  1st:  Alternative versions of genes account for variations in inherited 
characters 

•  ie - purple or white 

•  Alternative versions of a gene are now called alleles 

•  Each gene resides at a specific locus on a specific chromosome 

   

Allele for purple flowers 

Homologous 
pair of 
chromosomes 

Locus for flower-color gene 

Allele for white flowers 



•  2nd:  For each character an organism inherits two alleles 

•  One from each parent 

•  Did not know the role of chromosomes 

•  Two alleles at a locus on a chromosome may be identical 

•  True-breeding plants 

•  Alternatively, the two alleles at a locus may differ 

•  Hybrids 

   

Mendel’s Model 

Allele for purple flowers 

Homologous 
pair of 
chromosomes 

Locus for flower-color gene 

Allele for white flowers 



•  3rd:  If the two alleles at a locus differ 

•  Then one determines the organism’s appearance 

•  Dominant allele 

•  And the other has no noticeable effect on appearance  

•  Recessive allele  

•  In the flower-color example, the F1 plants had purple flowers because the 

allele for that trait is dominant 

   

Allele for purple flowers 

Homologous 
pair of 
chromosomes 

Locus for flower-color gene 

Allele for white flowers 

Mendel’s Model 



•  4th:  Now known as the law of 
segregation 

•  During gamete formation, two 

alleles for a heritable character 

separate (segregate) and end 

up in different gametes 

•  The result of homologous pair 

alignment in metaphase I 

•  Thus, an egg or a sperm gets only one 

of the two alleles  

•  Corresponds to the distribution of 

homologous chromosomes to 

different gametes in meiosis    

Mendel’s Model 



•  segregation model accounts for the 3:1 ratio in 

F2 gens of his numerous crosses 

•  Punnett square 

•  For showing all possible combinations of 

sperm and egg 

•  diagram for predicting the results of a 

genetic cross between individuals of 

known genetic makeup 

•  A capital letter represents a dominant allele 

•  P = purple allele 

•  Lowercase letter represents a recessive allele 

•  p = white allele 

P Generation 

Appearance: 
Genetic makeup: 

Gametes: 

Purple flowers White flowers 
PP 

P 

pp 

p 

F1 Generation 

Gametes: 

Genetic makeup: 
Appearance: Purple flowers 

Pp 

P p 1/2 1/2 

F2 Generation 
Sperm 

Eggs 

P 

P 
PP Pp 

p 

p 
Pp pp 

3 1 

Calculating Possible Combinations 



Individual B: 
homozygous 

dominant 

Individual A: 
heterozygous 

Individual C: 
homozygous 

recessive 

Genetic Vocabulary 
•  Homozygous 

•  An organism with two identical 

alleles for the gene for a 

character 

•  Homozygous dominant 

•  Homozygous recessive 

•  Heterozygous  

•  An organism that has two 

different alleles for a gene for a 

character 

•  Unlike homozygotes 

•  heterozygotes are not true-

breeding 

Allele	for	blue	eyes	
Allele	for	brown	eyes	



•  Traits do not always reveal genetic 

composition 

•  Different effects of dominant 

and recessive alleles 

•  Phenotype 

•  physical appearance  

•  Genotype 

•  genetic makeup 

•  PP and Pp plants have the same 

phenotype (purple)  

•  but different genotypes 

   

Genetic Vocabulary 

Phenotype 

Purple 

Purple 3 

Purple 

Genotype 

1 White 

Ratio 3:1 

(homozygous) 

(homozygous) 

(heterozygous) 

(heterozygous) 

PP 

Pp 

Pp 

pp 

Ratio 1:2:1 

1 

1 

2 



The	Testcross	

•  How can we tell the genotype of an 

individual with the dominant 

phenotype? 

•  Must have one dominant allele,  

•  But could be either homozygous 

dominant or heterozygous 

•  Testcross:  

•  Breeding the mystery individual 

with a homozygous recessive 
individual 

•  If any offspring display the recessive 

phenotype, the mystery parent must be 

heterozygous 
   

TECHNIQUE 

RESULTS 

Dominant phenotype, 
 unknown genotype: 

PP or Pp? 

Predictions 

Recessive phenotype, 
    known genotype: 
                  pp 

× 

If PP If Pp or Sperm Sperm 
p p p p 

P 

P 

P 

p 
Eggs Eggs 

Pp 

Pp Pp 

Pp 

Pp Pp 

pp pp 

or 
All offspring purple 1/2 offspring purple and 

1/2 offspring white 



The Law of Independent Assortment 

•  Mendel derived the law of 

segregation by following a single 

character 

•  The F1 offspring produced in this 

cross were monohybrids 

•  individuals that are 

heterozygous for one 

character 

•  A cross between such 

heterozygotes is called a 

monohybrid cross 

   



•  Mendel identified his second law 
of inheritance by following two 

characters at the same time 

•  Crossing two true-breeding parents 

differing in two characters  

•  Produces dihybrids in the F1 

generation 

•  Heterozygous for both 

characters 

•  A dihybrid cross  

•  Can determine whether two 

characters are transmitted to 

offspring as a package or 

independently 
   

The Law of Independent Assortment 
EXPERIMENT 

RESULTS 

P Generation 

F1 Generation 

Predictions 

Gametes 

Hypothesis of 
dependent 
assortment 

YYRR yyrr 

YR yr 

YyRr 

× 

Hypothesis of 
independent 
assortment 

or Predicted 
offspring of 
F2 generation 

Sperm 

Sperm 

YR 

YR 

yr 

yr 

Yr 

YR 

yR 

Yr 

yR 
yr 

YR 
YYRR 

YYRR YyRr 

YyRr 

YyRr 

YyRr 

YyRr 

YyRr 

YYRr 

YYRr 

YyRR 

YyRR 

YYrr Yyrr 

Yyrr 

yyRR yyRr 

yyRr yyrr 

yyrr 

Phenotypic ratio 3:1 

Eggs 
Eggs 

Phenotypic ratio 9:3:3:1 

1/2 1/2 

1/2 

1/2 

1/4 

yr 

1/4 
1/4 

1/4 1/4 

1/4 

1/4 

1/4 

1/4 3/4 

9/16 3/16 3/16 1/16 

Phenotypic ratio approximately 9:3:3:1 315 108 101 32 



The laws of probability govern Mendelian inheritance 

•  Mendel’s laws of segregation and independent assortment  

•  Reflected in the rules of probability 

•  When tossing a coin 

•  Outcome of one toss has no impact on the outcome of the next toss 

•  In the same way 

•  Alleles of one gene segregate into gametes independently of another 

gene’s alleles 

   



Rr Rr × 
Segregation of 

alleles into eggs 

Sperm 

R 

R 
R R 

R 

R r 
r r 

r 

r 

r 1/2 

1/2 

1/2 

1/2 

Segregation of 
alleles into sperm 

Eggs 
1/4 1/4 

1/4 1/4 

•  Rule of multiplication states  

•  The probability that two or more independent 
events will occur together  

•  Is the product of their individual 
probabilities 

•  Pone(XY) = P(X) * P(Y) 

•  Probability in an F1 monohybrid cross can be 
determined  

•  Using the multiplication rule  

•  Segregation in a heterozygous plant is like flipping 
a coin: 

•  Each gamete has a chance of carrying the 
dominant allele and a chance of carrying the 
recessive allele 

The Multiplication and Addition Rules 

   



•  Rule of addition 
•  The probability that any one of 

two or more exclusive events will 
occur  

•  Is calculated by adding 
together their individual 
probabilities 

•  Pan(XY) = P(XY1) + P(XY2) 
+ P(XY3 ) + P(XYn)… 

•  The rule of addition can be used to 
figure out the probability that  
•  An F2 plant from a monohybrid 

cross  

•  will be heterozygous rather 
than homozygous 

   

The Multiplication and Addition Rules 

Rr Rr × 
Segregation of 
alleles into eggs 

Sperm 

R 

R 
R R 

R 

R r 
r r 

r 

r 

r 1/2 

1/2 

1/2 

1/2 

Segregation of 
alleles into sperm 

Eggs 
1/4 1/4 

1/4 1/4 



Degrees of Dominance  
•  Complete dominance 

•  Phenotypes of the heterozygote and 

dominant homozygote are identical 

•  Incomplete dominance 

•  Intermediate phenotype  

•  Somewhere between the 

phenotypes of the two parental 

varieties 

•  Codominance 

•  Two dominant alleles affect the 

phenotype  

•  In separate, distinguishable 

ways    

Red 

P Generation 

Gametes 

White 
CRCR CWCW 

CR CW 

F1 Generation 
Pink 
CRCW 

CR CW Gametes 1/2 1/2 

F2 Generation 

Sperm 

Eggs 

CR 

CR 

CW 

CW 

CRCR CRCW 

CRCW CWCW 

1/2 1/2 

1/2 

1/2 



Multiple Alleles and Codominance 

   

IA 

IB 

i 

A 

B 

none 
(a) The three alleles for the ABO blood groups 
      and their associated glycoproteins 

Allele Glycoprotein 

Genotype 
Red blood cell 

appearance 
Phenotype 

(blood group) 

IAIA  or IA i A 

B IBIB  or IB i 

IAIB AB 

ii O 

(b) Blood group genotypes and phenotypes 

•  Most genes exist in populations in more 
than two allelic forms 

•  ie - ABO blood group  

•  In humans are determined by three 
alleles for the enzyme (I) that 
attaches A or B glycoproteins to red 
blood cells 

•  IA, IB, and I 

•  Enzyme encoded by the IA allele adds 
the A glycoprotein,  

•  Enzyme encoded by the IB allele adds 
the B glycoprotein 

•  Enzyme encoded by the i allele adds 
neither 



Pleiotropy 

•  Pleiotropy  

•  One gene with multiple 

phenotypic effects 

•  For example 

•  Pleiotropic alleles are 

responsible for the 

multiple symptoms of 

certain hereditary 

diseases 

•  Such as cystic 

fibrosis, sickle-cell 

disease, and  PKU 

   

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 



Polygenic Inheritance 
•  Quantitative characters 

•  Those that vary in the population 
along a continuum 

•  Quantitative variation  

•  Usually indicates polygenic 
inheritance 

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

•  Skin/eye color, height in humans 

   

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

Beak depth (mm) 
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P generation 

1 – 8 
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Skin color 

Eggs 

Sperm 1 – 8 
1 – 8 

1 – 8 
1 – 8 

1 – 8 
1 – 8 

1 – 8 
1 – 8 
1 – 8 
1 – 8 
1 – 8 
1 – 8 
1 – 8 
1 – 8 
1 – 8 

aabbcc 
(very light) 

AABBCC 
(very dark) 

AaBbCc AaBbCc 

1 –– 64 
15 –– 64 

6 –– 64 
1 –– 64 

15 –– 64 
6 –– 64 

20 –– 64 

1 –– 64 

15 –– 64 

6 –– 64 

20 –– 64 



•  In	mammals		

•  two	kinds	of	sex	chromosomes	-	larger	X,	

smaller	Y	chromosome	

•  Regions	on	ends	of	Y	chromosome	

are	homologous	with	the	X	

chromosome	

•  The	SRY	gene	on	the	Y	chromosome	codes	for	

the	development	of	testes	

•  Some	other	animals	have	different	methods	

of	sex	determinaEon	

•  Birds,	fish,	some	crustaceans,	some	

insects	

•  Female:	ZW;	Male	ZZ	  

Sex-linked inheritance 



Inheritance of Sex-Linked Genes 
•  Sex	chromosomes		

•  Have	genes	for	many	

characters	unrelated	to	

sex	

•  Sex-linked	gene		

•  A	gene	located	on	

either	sex	

chromosome		

•  In	humans,	sex-linked	

usually	refers	to	a	

gene	on	the	larger	X	

chromosome	

•  Called	X-linked	
  



•  Sex-linked genes follow specific patterns of inheritance 

•  For a recessive sex-linked trait to be expressed 

•  A female needs two copies of the allele 

•  A male needs only one copy of the allele 

•  Sex-linked recessive disorders  

•  Are much more common in males than in females 

  

(a) (b) (c) 

XNXN XnY XNXn × × XNY XNXn × XnY 

Y Xn Sperm Y XN Sperm Y Xn Sperm 

XNXn Eggs XN 

XN XNXn 

XNY 

XNY 

Eggs XN 

Xn 

XNXN 

XnXN 

XNY 

XnY 

Eggs XN 

Xn 

XNXn 

XnXn 

XNY 

XnY 

Sex-Linked Inheritance 


