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CSCM-125-01
There’s a gene for that?

Week 2: 
My Laws!
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Essential terms for Mendelian Genetics
• Gregor Mendel (1822-1884)

• For this class we will do “minimal Mendel”

• Follow several generations of peas

Many generation where
Green Peas mated to 
Green Peas produced
Green Peas “True Breeding” for Green

2
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True Breeding = A parent reliably 
produces offspring that look like the 
parent when breed to a similarly true 
breeding parent

Later, this term will be replaced with “Homozygous”
3
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Then Mendel had a little fun
•What if he breed true breeding green peas with true 

breeding yellow peas?

•What would happen if the genetic material is particulate?
•What would happen if the genetic material blends?
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X

X

X

First Filial
Generation (F1)

X

X

X

“True Breeding”
for Green

“True Breeding”
for Green

Parental 
Generation

(P)
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“Dominant” and  “Recessive” 
DO NOT IMPLY GOOD OR BAD

• Yellow is not better than Green 
in any evolutionary sense
• All you can infer is that: 
The presence of the genetic code for 
yellow peas will override (or mask) 

the expression of the genetic code for 
green peas when they are present in 

the same individual

Parental
Generation

(P)

First Filial
Generation

(F1)
6
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Phenotype vs. Genotype
• PHENOTYPE: What you can 

observe
• GENOTYPE: The specific 

genetic makeup of the 
character in question
• Now things gets interesting 

and we need Mendel’s First 
Law 

Parental
Generation

(P)

First Filial
Generation

(F1)
7
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•The PHENOTYPE of a 
GREEN PEA is?
• “GREEN”

•The PHENOTYPE of a 
YELLOW PEA is?
• “YELLOW”

• The GENOTYPE of a 
YELLOW PEA is?
•A little more complex

Parental
Generation

(P)

First Filial
Generation

(F1)

8
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Character/Trait
• A Character is a feature of an 

organism
• “Eye Color”

• Trait is a specific form of a 
character
• “Green Eyes”

Gene/Allele
• A Gene is the fundamental unit 

of inheritance. 
• A “Gene for Eye Color”

• An Allele is a specific ordered 
sequence of DNA from a gene 
• An “Allele for Green Eyes”

Character versus Trait

9
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Character:Trait
• A Character is a feature of 

an organism
• “Eye Color”

• Trait is a specific form of a 
character
• “Green Eyes”

Gene:Allele
• A Gene is the fundamental 

unit of inheritance. 
• A “Gene for Eye Color”

• An Allele is a specific 
sequence of DNA from a 
gene 
• An “Allele for Green Eyes”

Character:Trait & Gene:Allele
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Vocabulary Check
• 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

11

11

Peas have a pollen parent 
and an egg parent

Parent A
Egg 

Parent B
Pollen

• Parent A was selected by Mendel 
because it was “True Breeding”
• All their known ancestors were 

green

• Same is true of Parent B
• All their known ancestors were 

yellow

• All the offspring (F1) are all 
phenotypically yellow
• Thus we can say “yellow is 

dominant to green”
12
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What are the genes for pea color 
in the F1 peas?

Parent A
Egg 

Parent B
Pollen

• They MUST have the allele for 
Green and the allele for yellow
• Right? (Make sure you understand 

this)

• So the Yellow allele is dominant 
to the Green allele
• AND…Organisms can have two 

copies of same allele or two 
different alleles
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Why Two?
•This is because if you are the product of an egg and 

pollen (or an egg and sperm if you are an animal) 
you get one allele from each gamete
• Gamete = a sex cell such as an egg, or a sperm or a 

pollen grain

• Note: in biology, “Sex” can mean ”reproduction by mixing genes 
from two individuals”. In these usage the term does not necessarily 
mean Boy/Girl, Male/Female Man/Women. There are species with 
more than one sex, meaning more than two kinds of gamete (not 
just sperm and egg)
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In words
Parent A

Egg
• Parent A has 

two identical 
alleles for 
pea color
• Green

• One Green 
allele goes to 
a baby pea

Parent B
Pollen

• Parent B has 
two identical 
alleles for 
pea color
• Yellow

• One Yellow 
allele goes to 
a baby pea
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Symbolically 
Parent A

Egg
Parent B

Pollen
G/G Y/YY

G/Y

G
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A note on symbols
• Often a capital letter of the dominant phenotype is used
• If Yellow is dominant: 
• Y (capital) would be the Yellow allele
• y (lowercase) would be the Green allele

•Modern molecular techniques (DNA sequencing) have 
changed how genes and alleles are symbolically represented 
•What matters is you know the difference between gene, 

allele and that a variety of symbolic conventions can be used 
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Mendel’s First Law

•Experiment
• Parental Generation: true breeding Green and true 

breeding yellow peas are crossed.
• The F1 generation are all Yellow (Yellow dominant to 

Green)
• Cross the F1 Yellow peas with themselves to the the F2 

(Second Filial Generation)
• Look at the F2 peas

18
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XParental (P)

First Filial (F1)

G/G Y/Y

G/Y

Second Filial (F2)

Many
plants can 

self-pollinate

Many pea pods, but
they all looked the same

Key Result: 
The P1 Phenotype reappears

On average:
3 Yellow for
every 1 Green

19
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Why is the First Law called
The Law of Segregation?

•Alleles “segregate” (verb: set apart from the rest or 
from each other).
•The information contained by an allele does not mix 

(or dilute, like paint). 
• The alleles retain their original properties 

20
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XParental (P)

First Filial (F1)

G/G Y/Y

G/Y

Second Filial (F2)

G/G G/Y or Y/Y

Genotypes of 
F2 offspring
•We know a Green Pea 

has two G alleles: G/G
• But a Yellow Pea can be 

Y/Y or G/Y because Y is 
dominant to G.
• P1 are Homozygous
• F1 are Heterozygous 
• Two different alleles

• F2 can be Homozygous 
or Heterozygous 21
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OK, That was a lot!
3 Yellow to 

1 Green 
because alleles 
segregate, and 

don’t blend

All we are 
saying, is give 
Peas a chance
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Paint and Snapdragons

23
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Paint and Snapdragons

24
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Paint and Snapdragons

Paint does not segregate 
Alleles do 25

25

Why we need to know this
• Phenotypes are what we can see and what natural selection 

can act upon
• Because some genes mask the effect of other genes, we need 

to be aware of genotype
• Dominant and Recessive are classic examples that drive home 

the difference between genotype and phenotype
Homozygous
(for Green)

Homozygous
(for Yellow)

Heterozygous 
(but we only know this 

if we know the 
genotypes of the 

parents)

If we know Yellow is dominant to 
Green, then we know the genotype of 
the Green Peas. The Yellow peas may
be homozygous or may be 
heterozygous 26
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Other Things To Know
• Not all characters are controlled by genes that show dominance
• The snapdragons show incomplete dominance

Both parents gave 
the same genetic 
information
“Homozygous” 

Each parent gave 
different genetic 
information 
“Heterozygous”

Both parents gave 
the same genetic 
information
“Homozygous” 

In this case we know the genotype just by seeing the phenotype

27
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The Monohybrid Cross as a Punnett Square

X

X P

F1 all yellow

Self cross F1

F2 progeny in 
3 to 1 ratio

YY  X  GG

YG

YG X  YGY YG G Egg

Po
lle

n/
Sp

er
m
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The Monohybrid Cross as a Punnett Square

X

X P

F1 all yellow

Self cross F1

F2 progeny in 
3 to 1 ratio

YY  X  GG

YG

YG X  YG

Y G

Y

G

YY
YY

GG

GG
Egg

Po
lle

n/
Sp

er
m
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The Monohybrid Cross as a Punnett Square

X

X P

F1 all yellow

Self cross F1

F2 progeny in 
3 to 1 ratio

YY  X  GG

YG

YG X  YG

Y G

Y

G

YY
Y
Y

GG G

G

Egg

Po
lle

n/
Sp

er
m
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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?

31
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Put symbols for the genotypes
X

We infer that the genotype of these F1 yellow and round peas 
is YG WR because the parents were true breeding. We assume
that color and shape are controlled by two distinct genes

F1 progeny: YG RW

YY WW GG RRY = Yellow
G = Green
W = Wrinkled
R = Round Which traits are dominant?

32
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What type of alleles can a YGWR pea 
pass on to offspring?

X

Eggs (or Pollen) will 
get either the Y allele 
or the G allele

YYWW GGRR

YGRW

Y Y G G

33
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What type of alleles can a YGWR pea 
pass on to offspring?

X

Eggs (or Pollen) will 
get either the R allele 
or the W allele

YYWW GGRR

YGRW

YR YW GR GW

34

Punnett Square from dihybrid F1 progeny: YGWR

35

Egg

Po
lle

n/
Sp

er
m

F1 progeny
YGRW

Which fertilized 
eggs will be Yellow 
and Round?

I’ll start: YYRR

YR YW GR GW

YR YYRR

YW

GR

GW

35

Punnett Square from dihybrid F1 progeny: YGWR

36

YR YW GR GW

YR YYRR YYRW YGRR YGRW

YW YY YG YG

GR YG YW

GW YG

Egg

Po
lle

n/
Sp

er
m

F1 progeny
YGRW Any with a “Y” 

because Yellow is 
Dominant

AND

Any with an “R” 
because Round is 
Dominant 

36
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We know from the F1 generation that:
Yellow is dominant to Green

Round is dominant to Wrinkled

YR Yr yR yr

YR YYRR YYRr YyRR YyRr

Yr YYRr YYrr YyRr Yyrr

yR YyRR YyRr yyRR yyRr

yr YyRr Yyrr yyRr yyrr

F1 progeny:
YyRr

These possible progeny all have the dominant 
gene from at least one parent for

BOTH Color and Shape

37
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We know from the F1 generation that:
Yellow is dominant to Green

Round is dominant to Wrinkled

YR Yr yR yr

YR YYRR YYRr YyRR YyRr

Yr YYRr YYrr YyRr Yyrr

yR YyRR YyRr yyRR yyRr

yr YyRr Yyrr yyRr yyrr

F1 progeny:
YyRr

These possible progeny all have the dominant gene 
from at least one parent for

Color BUT both recessive genes for Shape

38
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We know from the F1 generation that:
Yellow is dominant to Green

Round is dominant to Wrinkled

YR Yr yR yr

YR YYRR YYRr YyRR YyRr

Yr YYRr YYrr YyRr Yyrr

yR YyRR YyRr yyRR yyRr

yr YyRr Yyrr yyRr yyrr

F1 progeny:
YyRr

These possible progeny all have the dominant 
gene from at least one parent for

Shape BUT both recessive genes for Color

39
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We know from the F1 generation that:
Yellow is dominant to Green

Round is dominant to Wrinkled

YR Yr yR yr

YR YYRR YYRr YyRR YyRr

Yr YYRr YYrr YyRr Yyrr

yR YyRR YyRr yyRR yyRr

yr YyRr Yyrr yyRr yyrr

F1 progeny:
YyRr

This possible progeny has 
BOTH recessive genes for Color and SHAPE

40
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Put it all together you can predict the 
expected phenotypic ratios IF your 
HYPOTHESIS is correct

YR Yr yR yr

YR YYRR YYRr YyRR YyRr

Yr YYRr YYrr YyRr Yyrr

yR YyRR YyRr yyRR yyRr

yr YyRr Yyrr yyRr yyrr

F1 progeny:
YyRr

41
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Put it all together you can predict the 
expected phenotypic ratios IF your 
HYPOTHESIS is correct

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

42
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Independent Assortment:
Mendel’s Second Law

• The fact that Mendel did observe the expected 9:3:3:1 
ratio of progeny meant that his hypothesis of how 
genes travel from generation to generation was 
supported and thus likely to be correct
• It also demonstrated that each character is 

INDEPENDENT of the other characters
• This turns out to NOT be universally true, a fact that 

modern geneticists have used to help study veery 
complex behaviors from a genetic perspective.

43
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The Monohybrid Cross Review

X

X P

F1 all yellow

Self cross F1

F2 progeny in 
3 to 1 ratio

Y y

Y YY

y

YY  X  yy

Yy

Yy X  Yy
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The Monohybrid Cross Review

X

X P

F1 all yellow

Self cross F1

F2 progeny in 
3 to 1 ratio

Y y

Y YY Yy

y Yy

YY  X  yy

Yy

Yy X  Yy

45
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The Monohybrid Cross Review

X

X P

F1 all yellow

Self cross F1

F2 progeny in 
3 to 1 ratio

Y y

Y YY Yy

y Yy yy

YY  X  yy

Yy

Yy X  Yy
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Phenotype

X

X P

F1 all yellow

Self cross F1

F2 progeny in 
3 to 1 ratio

Y y

Y YY Yy

y Yy yy

Phenotype is simply how an 
individual appears

Because Yellow is dominant 
to Green, the following 
example shows the 
phenotypes if the progeny 
receives the following alleles

47
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Genotype

X

X P

F1 all yellow

Self cross F1

F2 progeny in 
3 to 1 ratio

Y y

Y YY Yy

y Yy yy

There is only one combination of 
alleles that yields a green pea 
because green alleles are 
recessive to yellow.

Genotype is the actual 
combination of alleles

For recessive traits you know the 
genotype just by knowing the 
phenotype

48
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Phenotype and genotype?

X

X P

F1 all yellow

Self cross F1

F2 progeny in 
3 to 1 ratio

Y y

Y YY Yy

y Yy yy

For the dominant trait, we can 
not determine the genotype  just 
by looking at the character state. 

The 3 yellow peas (F2) are 
indistinguishable from each 
other visually (same phenotype) 

but there are two possible 
genotypes YY or Yy

49
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Expected phenotype ratios

X

X P

F1 all yellow

Self cross F1

F2 progeny in 
3 to 1 ratio

Y y

Y YY Yy

y Yy yy

= 3

= 1

50
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The Dihybrid Cross

X

XP

F1 all yellow, round

Self cross F1

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

F2?

51
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Inferred Genotypes
XP

YY         yy : for the color character
rr RR: for the shape character
I picked lower case for recessive and upper 
case for dominant

We infer that the genotype of these 
F1 yellow and round peas is YyRr 
because the parents were true 
breeding and from the results of the 
monohybrid cross. 

F1 progeny: YyRr

52
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What Type Of Alleles Can A YyRr Pea Pass On To Offspring?

X

Offspring will get either Y or y

YyRr

YYrr yyRR

Y Y y y

53
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What Type Of Alleles Can A YyRr Pea Pass On To Offspring?

X

Offspring will get either R or r

THUS there are 4 different possible 
combinations by each parent of the F2

generation

YyRr

YYrr yyRR

YR Yr yR yr

54
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55

If we hypothesize that the F1 progeny really 
do have the genotype YyRr, what do we 
predict if we self cross the F1 yellow round 
peas?

YR Yr yR yr

YR YYRR

Yr

yR

yr

F1 progeny:
YyRr

55
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If we hypothesize that the F1 progeny really 
do have the genotype YyRr, what do we 
predict if we self cross the F1 yellow round 
peas?

YR Yr yR yr

YR YYRR YYRr

Yr

yR

yr

F1 progeny:
YyRr

56
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If we hypothesize that the F1 progeny really 
do have the genotype YyRr, what do we 
predict if we self cross the F1 yellow round 
peas?

YR Yr yR yr

YR YYRR YYRr YyRR

Yr

yR

yr

F1 progeny:
YyRr

57
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If we hypothesize that the F1 progeny really 
do have the genotype YyRr, what do we 
predict if we self cross the F1 yellow round 
peas?

YR Yr yR yr

YR YYRR YYRr YyRR

Yr

yR

yr ?

F1 progeny:
YyRr
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If we hypothesize that the F1 progeny really 
do have the genotype YyRr, what do we 
predict if we self cross the F1 yellow round 
peas?

YR Yr yR yr

YR YYRR YYRr YyRR

Yr

yR

yr Yyrr

F1 progeny:
YyRr

59
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If we hypothesize that the F1 progeny really 
do have the genotype YyRr, what do we 
predict if we self cross the F1 yellow round 
peas?

YR Yr yR yr

YR YYRR YYRr YyRR YyRr

Yr YYRr YYrr YyRr Yyrr

yR YyRR YyRr yyRR yyRr

yr YyRr Yyrr yyRr yyrr

F1 progeny:
YyRr

60
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61

We know from the F1 generation that:
Yellow is dominant to Green

Round is dominant to Wrinkled

YR Yr yR yr

YR YYRR YYRr YyRR YyRr

Yr YYRr YYrr YyRr Yyrr

yR YyRR YyRr yyRR yyRr

yr YyRr Yyrr yyRr yyrr

F1 progeny:
YyRr

These possible progeny all have the dominant 
gene from at least one parent for

BOTH Color and Shape

61
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We know from the F1 generation that:
Yellow is dominant to Green

Round is dominant to Wrinkled

YR Yr yR yr

YR YYRR YYRr YyRR YyRr

Yr YYRr YYrr YyRr Yyrr

yR YyRR YyRr yyRR yyRr

yr YyRr Yyrr yyRr yyrr

F1 progeny:
YyRr

These possible progeny all have the dominant gene 
from at least one parent for

Color BUT both recessive genes for Shape

62
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We know from the F1 generation that:
Yellow is dominant to Green

Round is dominant to Wrinkled

YR Yr yR yr

YR YYRR YYRr YyRR YyRr

Yr YYRr YYrr YyRr Yyrr

yR YyRR YyRr yyRR yyRr

yr YyRr Yyrr yyRr yyrr

F1 progeny:
YyRr

These possible progeny all have the dominant 
gene from at least one parent for

Shape BUT both recessive genes for Color

63
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We know from the F1 generation that:
Yellow is dominant to Green

Round is dominant to Wrinkled

YR Yr yR yr

YR YYRR YYRr YyRR YyRr

Yr YYRr YYrr YyRr Yyrr

yR YyRR YyRr yyRR yyRr

yr YyRr Yyrr yyRr yyrr

F1 progeny:
YyRr

This possible progeny has 
BOTH recessive genes for Color and SHAPE

64

65

Put it all together you can predict the 
expected phenotypic ratios IF your 
HYPOTHESIS is correct

YR Yr yR yr

YR YYRR YYRr YyRR YyRr

Yr YYRr YYrr YyRr Yyrr

yR YyRR YyRr yyRR yyRr

yr YyRr Yyrr yyRr yyrr

F1 progeny:
YyRr

65
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Put it all together you can predict the 
expected phenotypic ratios IF your 
HYPOTHESIS is correct

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

66
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Mendel’s Laws
• The First Law (Law of Segregation)
• Mendel’s Experiment revealed the particulate nature of genes
• We will focus on this

•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 
• We can discuss this if you want

67
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