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Gene interactions: Epistasis

Physiological interactions; biochemical pathways alter phenotypic 
expression. 

Morphological interactions; the phenotype of one character prevents us 
from viewing the phenotype of another characterfrom viewing the phenotype of another character.  

Typical Mendelian ratios are obscured, but Mendel’s postulates are still 
the underlying rules.

Gene interactions: Linkage – Physical Interactions

Sutton (1902) noted that there were more genes than chromosomes.  Thus 
some genes on the same chromosome should not be transmitted 
independently of each other.  
Morgan and co-workers (1910 and earlier) proved genes were on 
chromosomes

Progression of thought:
*All genes are independent (particles).
Concept: Mendel’s Law of Independent Assortment

*Chromosomes independently assort but genes do not.  
Concept: Chromosome Theory of InheritanceConcept: Chromosome Theory of Inheritance 

*Genes which lie at specific positions on chromosomes (locus) are more 
independent as the distance between a pair of loci is increased. 
Concept: Linkage and Recombination 

T. H. Morgan and students used Drosophila to demonstrate that 
Mendel’s genes were on chromosomes and to show that “sex” was a 
genetic trait.

Male x Female

Female x Male
GG WW   x  gg ww GG ww x   gg WW

Gg Ww

Recall that when Mendel made reciprocals 
or changed the combination of genes, it did 
not affect results

Mendel observed 
these ratios in the F2

Gg Ww

If genes are linked to each other or to the sex “gene” the various 
combinations that Mendel tested will not be equivalent!
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Recall, with most Mendelian 
traits we do not see different 
ratios in male and female 
progeny!!progeny!!

Fig 6.3  Morgan’s experiment 
studying the inheritance of white 
eyes in Drosophila.

Females Males
all Red-eyed ½ Red-eyed, 

½ white-eyed

Also, recall Mendel made 
reciprocal crosses which gave 
the same results.  

For the first time we see that the 
reciprocal crosses give different 
results!!!

And… Female and Male 
F1 gave different results!!

Fig 6.4  Experimental tests of 
Morgan’s hypothesis that the gene 
for eye color in Drosophila is X-
linked.

Females Males

½ Red-eyed, ½ Red-eyed  
½ white-eyed ½ white-eyed

First examples of Sex-
linked (X-linked) 
genes.

Characteristics of X-
linked genes are...

1) Reciprocal crosses 
give different results

2) Males and females 
have differenthave different 
phenotypes in some 
crosses

Are there X-linked genes in humans?

Yes!

Who expresses these genes most often?

Males!Males!

Feel bad for males day!!
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While this figure is 
not wholly 
accurate on the 
screen, can 
anyone NOT see a 
number?

Nicholas, last 
Czar of Russia 
and Alexandria

QueenQueen 
Victoria, 
she’s 
unhappy!

Why was she not happy?  She has been 
transmitting hemophilia to her kids (sons 
get it, daughters pass it on)!!g , g p )

You will be happy to know 
that British Royalty is OK

Tragic ending,.. until 
Disney

More, “feel bad for 
males!!” Recessive 
gene for baldness.

XB _ = hair

XB XB *  Xb Y

Xb Xb, Xb Y = bald

XB Xb *  XB Y
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While Hemophilia, Color Blindness and some kinds of baldness, are on 
the X chromosome in humans, there are many other genes there as 
well (e.g. Muscular Dystrophy that we mentioned the first day of class).

As you saw in the hemophilia 
pedigree a characteristic of 
sex linked traits deduced 

Muscular Dystrophy

from pedigrees is that they 
show most often in male 
progeny.

Color Blind

Hemophilia 

Actor Michael 
Berryman

Anhidrotic 
ectodermal 
dysplasia (lack of 
sweat glands)

Captain Rixx – Star Trek 
TNG

Pluto

Which answer is possible for this pedigree?

Auto Rec Y N Y Y Y

Auto Dom Y N Y N N

X-linked Rec Y N Y N Y

Which answer is possible for this pedigree?

A B C D E

X-linked Rec Y N Y N Y

X-linked Dom Y N N N N

OK, back to history.

It was pretty evident that genes were on chromosomes and 
Sutton made that astute observation:

# chromosomes <<< # genes;# chromosomes <<< # genes;

So why did everyone always see Mendel’s Independent 
Assortment???

They didn’t!!
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Discovery of Linkage 
in 1906!

Fig 8.2  Bateson and 
Punnett’s experiment 
with sweet peas.

Punnet and Batson 1906 Discover Linkage in Peas

Purple vs. Red Flowers 
Long vs. Round Pollen

Parent 1 Parent 2 F1Parent 1 Parent 2
Red, Long x White, Round
RR LL x rr ll Rr Ll

F1
Red, Long

F2
3/4 L_ 9/16 Red Long

3/4 R_ 1/4 ll 3/16 Red Round

3/4 L_ 3/16 White Long
1/4 rr 1/4 ll 1/16 White Round

Bateson and Punnett 1906 discover linkage in sweet peas

• Red vs white flower,   Long vs. round pollen
•
• Parentals RRLL X rrll
• F1 RrLl

• F2 Observed Expected
• R_ L_ 583 9/16 * 803 = 451.7
• R_ ll 26 3/16 * 803 = 150.6
• rr L_ 24 3/16 * 803 = 150.6
• rr ll 170 1/16 * 803 = 50.2
• 803 803

• X2 = (583 – 451.7)2 +  (26 – 150.6)2 +  (24 -150.6)2+  (170 – 50.2)2 =533.6
• 451.7     150.6 150.6 50.2
• d.f. =3 P<<0.001
• Reject the Null Hypothesis

What is the null 
hypothesis??
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The frequency of each cell of 
the Punnett Square would be 
1/16 if genes were 
independent and each 
gamete had a ¼ frequency 
giving a 9:3:3:1 ratio of 
phenotypes.

What would be the 
phenotypic ratio if the genes 
were completely linked?

3:1!!!

Note, there are many 
hidden recombination 

Genetic basis of the 
results of Bateson and 
Punnett’s experiment.

events in this F2 
analysis!

Bateson and Punnett 1906 discover linkage in sweet peas

Red vs white flower,   Long vs. round pollen

Parentals RRLL X rrll
F1 RrLl

Observed Expected
F2 Independence 9:3:3:1 Complete Linkage 
R_ L_ 583 9/16 * 803 =  452 3/4 * 803 = 602
R_ ll 26 3/16 * 803 =  151 =     0
rr L_ 24 3/16 * 803 =  151 =     0
rr ll 170 1/16 * 803 = 50 1/4 * 803 = 201rr ll 170 1/16  803     50 1/4  803   201

803

You can see that what Bateson and Punnett found was somewhere in 
between independent assortment and complete linkage!!  

How do you quantify this?

With a Test cross, all 
recombination events 
are observed!

A testcross for linkage between 
genes in sweet peas.

Two classes of progeny are seen 
in a 2-point test cross.

Parental or Non Recombinant

And

Recombinant (non-parental)

Recombination frequency is

Fig. 8.12  An experiment 
involving two linked 
genes, vg (vestigial wings) 
and b (black body), in 
Drosophila.

Recombination frequency is

(92+88)/1000 = 0.18
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4 types of gametes
2 types of gametes

4 types of gametes, but you can not predict the 
frequency

Aa Bb X aa bb

A B a b

bb a ba b

A B

A b

a B

Gametes
a b

If the numbers are:

34

14

16 A) 70a B

a b
16

36

What’s the recombination 
“distance” between the genes?

A) 70 
B) 50
C) 35
D) 30
E) 15
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Aa Bb X aa bb

A B a b

bb

If the distance is 20% recombination:

a ba b

A B

A b

a B

Gametes
a b

A) B) C) D) E)
25 30 40 50 20a B

a b

What are the expected 
percentages of the 
gametes?

25 30 40 50 20
25 20 10 0 30
25 20 10 0 20
25 30 40 50 30

Aa Bb X aa bb

A B a b

bb a ba b

A B

A b

Gametes
a b34

14 A) 70

I gave you these percentages for the gametes.  
Hopefully you chose a recombination frequency of…

a B

a b
16

36

A) 70 
B) 50
C) 35
D) 30
E) 15


