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Vocabulary
• Character: A general feature of an organism  - hair color
• Trait: A specific state of a character – brown hair
• Gene: A fundamental unit of inheritance – gene for hair color
• This will be expanded on as we learn more

• Allele: a specific version of a gene – the allele for brown hair
• Dominant trait: The state of a trait that is expressed (observable) even 

when other alleles are present   
• Recessive trait : The state of a trait that can only be expressed when a 

the allele for a dominant trait is absent
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Mendel’s Laws
•The First Law (Law of Segregation)
• Mendel’s Experiment revealed the particulate nature of genes

•The Second Law (Law of Independent Assortment)
• Mendel’s Experiment revealed that in general, each character 

has its own gene and alleles and they are passed down to 
offspring without regard to any other gene or allele
• The results anticipate the role chromosomes play in genetics 
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The Monohybrid Cross as a Punnett Square
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The green and yellow alleles 
segregated and thus the 
green (recessive) phenotype 
reappeared
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The Dihybrid Cross

X

XParental

F1 all yellow, round

Self cross F1

This time we consider 
two characters at the 
same time.
Yellow or Green
Smooth or Wrinkled

F2?
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If the genes for the two characters (color and shape) 
assort independently, the phenotypes of a dihybrid cross 

will be in a 9:3:3:1 ratio  
YR Yr yR yr

YR YYRR YYRr YyRR YyRr

Yr YYRr YYrr YyRr Yyrr

yR YyRR YyRr yyRR yyRr

yr YyRr Yyrr yyRr yyrr

= 9
= 3

= 3

= 1
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Basic Mendelian genetics experiments might 
mislead you!

•Dominant and Recessive are not aspects of every gene
• Incomplete Dominance
• Heterozygote is a new (third) phenotype

•Codominance
• Heterozygote shows phenotype from both alleles

•Mendel’s 1st Law still applies!
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Paint and Snapdragons
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Paint and Snapdragons
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Paint and Snapdragons

Paint does not segregate 

Alleles do
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Basic Mendelian genetics experiments might 
mislead you into thinking

•A gene may have more than two alleles!
•ABO Blood types: 3 alleles
• i, iA and iB

• Phenotype A = iAiA or iAi
• Phenotype B = iBiB or iBi
• Phenotype AB = iAiB (Codominance)
• Phenotype O = ii
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Genes with many alleles
• Variation in clover leaves is due to 

many alleles
• Genes used in DNA forensics
• Major Histocompatibility Complex 

(MHC) genes can have 100’s of 
alleles
• Differences detectable by odor 
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Epistasis: still Mendelian just with a twist
• Epistatic traits require more than one gene to be 

manifested.
• Make sure you understand “gene” versus “allele” 
• Black, Chocolate and Golden Labs

• Many characters turns out to be epistatic once they are better 
understood

BBEE, BBEe, 
BbEE, BbEe

bbEE, bbEe BBee, Bbee
bbee

Gene for pigment type
Gene for pigment use
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•Manx Cat: 
• Full Tail or No Tail or Dead

• Sickle-Cell: HbA and Hbs

• HbAHbA = normal
• HbAHbs = Resistant to malaria, sickle cell only under low 

oxygen pressure
• An example of “Overdominance”

• HbsHbs = sickle cell anemia (often fatal)

Pleiotropy: One gene, many characters
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Genes transmitted as per Mendel 
But the phenotype has an environmental influence

• Most genes have some environmental influence 
in their expression
• This can be very complex
• we will have a lot to say about this later

• Some simple examples are known
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Where do I keep my genes?
*At least where do I keep most of them.
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Structure of a Chromosome
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How do you get half your genes into a gamete?
Exactly in half,  BUT in such a way that a copy of every gene is in 

each sperm produced

Blue eyes

Blue eyes
Brown hair

Brown hair
Long ears

Short ears

Straight teeth

Crooked teeth 
Gamete:
Sperm or Egg
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Nope!
Blue eyes

Blue eyes
Brown hair

Brown hair
Long ears

Short ears

Straight teeth

Crooked teeth 

Blue eyes

Blue eyes
Brown hair

Short ears
Brown hair

Long ears

Straight teeth

Crooked teeth 

No Teeth No Eyes
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One copy of each gene must get into the gamete

Blue eyes

Blue eyes
Brown hair

Brown hair
Long ears

Short ears

Straight teeth

Crooked teeth 

Blue eyes Blue eyes
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One copy of each gene must get into the gamete

Blue eyes

Blue eyes
Brown hair

Brown hair
Long ears

Short ears

Straight teeth

Crooked teeth 

Blue eyes Blue eyes
Straight teethCrooked teeth 
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One copy of each gene must get into the gamete

Blue eyes

Blue eyes
Brown hair

Brown hair
Long ears

Short ears

Straight teeth

Crooked teeth 

Blue eyes Blue eyes
Straight teethCrooked teeth 

Brown hair Brown hair
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One copy of each gene must get into the gamete

Blue eyes

Blue eyes
Brown hair

Brown hair
Long ears

Short ears

Straight teeth

Crooked teeth 

Blue eyes Blue eyes
Straight teethCrooked teeth 

Brown hair Brown hair
Long ears Short ears
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Chromosomes in textbooks
BEFORE DNA REPLICATION

AFTER DNA REPLICATION

Showing 
chromosome in 
condensed state

Showing 
chromosome in 
condensed state

Chromosome also look like this 
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Homologous Chromosome Pairs
(one from egg parent, one from sperm parent)

Gene for eye color

The alleles may differ 
between the chromosomes 
(if heterozygous)
But the gene for the 
characteristic is on the 
same position of the 
chromosome

Might 
have gene 
for hair 
color

Might 
have gene 
for ear 
shape
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• P generation
• 1 male w/  white eyes
• 1 female w/ red eyes (wild type)

• F1
• All red eyed flies (red dominant)

• F2 
• A bunch of flies
• About ¼ had white eyes 
• All the white eyed flies were male!

Sex Linkage

26

Sex Chromosomes
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X(Red)

Y
X(Red)
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Colorblindness and 
Hemophilia

• Chromosomes come in pairs (often)
• SOME SPECIES have sex chromosomes 

• Mammals XX = females XY = male
• Birds WW = males, WZ = female

• The genes for colorblindness and hemophilia are recessive and on 
the X chromosome
• They are expressed in all males but only in homozygous females (i.e. more 

often in males)
• Characters on the X (or Y) chromosome do not assort independently with 

sex.

Human Karyotype
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Cool X-Chromosome facts
• Given that males do “just fine” with only one X 

chromosome you might infer that females only need one as 
well.
• This is true, in fact females “shut” one X chromosome off.
• X inactivation, Barr body (when seen under the microscope.
• Used as “sex test” for the Olympics
• Calico cats

XX cell

XY cell
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Neat Y-Chromosome facts
• Smallest chromosome.  Very few genes are found 

on the Y.  The rest is “junk” DNA.
• One gene “SRY” often called the “male gene”
• But that is an oversimplification 

• “Hairy Pinna”
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Experimental Results violating the “Second Law” 
Bateson & Punnett

FLOWER

POLLEN

P GENERATION

FLOWER

POLLEN

F1
Conclusion:

Purple dominant to Red
Long dominant to Round

F1 CROSSED WITH F1

381 PROGENY PRODUCED
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Prediction based on Mendel’s Second Law

9

3

3

1

F2 progeny will 
be found in this 
ratio IF there is 
INDEPENDENT 
ASSORTMENT

32

Prediction based on
Mendel’s Second Law

215

71

71

24

284

21

21

55

Expected Observed
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New hypothesis: Both genes located on the same chromosome.

• Parental Generation
• One parent was PPLL

• The other was ppll

P p

L l

WE SAY “THE GENES ARE LINKED”
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F1 Progeny: Heterozygotic

P

L

p

l

Phenotype

Genotype
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Prophase 1 of 
Meiosis
• Chromosome pairs “crossover”

• A physical exchange of genetic 
material between chromosome pairs

P

L

p

l
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After Crossingover
• New combinations of genes result

• We had PL and pl from parental generation
• Now we also have Pl and pL

P

L

p

l
Parental 

combinations

P

l

p

L

RECOMBINANT
combinations
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Frequency of recombination depends on how far apart the genes are on the 
chromosome 
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Parental

Parental

RECOMBINANT

RECOMBINANT
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Usefulness of “linkage”

• You can map chromosomes based on linkage
• The map simply tells you which genes share the same chromosome and in relative terms how close 

together they are

• Linkage lets you study some genes without really know which gene you are looking at 
• Marker genes are just detectable genes or chromosome locations used to study genes when you do not 

know much else about the gene of interest.
• Linkage means NON-independence so knowledge about one means some knowledge about the other 

linked gene
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