
8/25/2010

1

Review of the Major 
Events in Genetics in 
Early 1900s and 
importance of Sexual 
Reproduction and 
Recombination.

First, the discovery of 
linkage by Bateson 
and Punnet (1906) in 
peas.

Ratio did not fit 9:3:3:1 expected by Mendel’s rules in F2 of dihybrid/two 
point cross (double heterozygote) of two dominant loci.

Second, the first genetic map constructed by 
undergraduate Alfred Sturtevant and Thomas 
Morgan (1911), using several two point 
crosses. 
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Third, Morgan and 
Bridges, one of his 
students, began making 
three point crosses for 
increased efficiency and 
accuracy. 

Bridges and Olbrycht’s (1918) map of seven X-linked genes in Drosophila.
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Fourth, Understanding the Evolutionary Importance of 
Recombination
Generate variation, new combinations of alleles.

A, B, C represent favorable mutations.  

Figure a) Mutations occur regularly, but the only way all three can get into a single 
individual creating the most fit individual is for the new mutation to occur in an 
individual that already carried the preexisting good mutation.

Figure b) Mutations occur in separate individuals, but through sexual reproduction 
and recombination, can quickly become established in a single individual.

During the linkage and mapping discoveries of the early 
1900s, there was a major transformation in the understanding 
of the “genetic” bases of sex determination.

Early thoughts on sex determination:

• “The determination of sex is not by inheritance, but 
by the combined effect of external circumstances.”
– Edmund Wilson 1894, The Cell in Development 

and Inheritance, McMillan Press

“Th f f i t l id h• “The force of experimental evidence has now 
become irresistible that sex determination must now 
be treated as a form of heredity…”
– Edmund Wilson 1911

Several Events were responsible for this new understanding: 

1) Rediscovery of Mendel

2) Confirmation that genes were on chromosomes

3) Discovery of sex chromosomes

Tenebrio (mealworm)

Sister chromatids 
not visible

Nettie Stevens (1905) was 
the first to see sex 
chromosomes

Soon after, Morgan 
and students using 
Drosophila: 

Identified sex linked genes,

Saw sex chromosomes in Drosophila, 

Began to unravel the mechanisms of sex determination.
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Recall, with most Mendelian 
traits we do not see different 
ratios in male and female 
progeny!!progeny!!

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.  

F th fi t ti th t thFor the first time we see that the 
reciprocal crosses give different 
results!!!

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

During this work

They found some exceptional 
progeny!!

Again, these results supported the 
notion that genes were on 
chromosomes since the exceptional 
males and females were all found to 
have chromosome abnormalities!

These results also revealed the 
mechanism for sex determination 
in Drosophila.

It is not the presence of the Y that 
makes a male.  It is the number of 
X chromosomes!!!

X chromosome nondisjunction is 
responsible for the exceptional 
progeny that appeared in Bridges’ 
experiment.

Note: XO (no Y) are males, and 
XXY are females!!
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They concluded that

1) Y is irrelevant for sex 
determination (but not fertility)

2)  Ratio of X chromosomes 
and sets of autosomes (ploidy 
level) seems to be critical

For typical males with one X 
in a diploid (2N) individual, 
the X/A ratio = 0.5.

For typical females with two
Xs in a diploid (2N) 
individual, the X/A ratio = 1.0

It is this X chromosome ratio that 
give Drosophila the array of traits 
that distinguish males from females.

So how do the number of X chromosomes make an 
individual either male or female?

Several steps in the process:

1) Need to count the number of X chromosomes and sets of 
autosomes.

2) Once the count has been made, a specific gene (Sex-
lethal Sxl) needs to be turned “on” in females and “off” in 
males.

3) This gene is responsible for beginning a cascade of other 
t d d f th d l t f l f lsteps needed for the development of male or female 

morphology.  

Step 1: Count X chromosomes, get X/A ratio ( # of X / # haploids sets 
of autosomes).  

If X/A = 1/2

If X/A = 1

Sxl is not expressed male

Sxl is expressed
female
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The Enhancers (Green) 
from 1 X are not sufficient 
to overcome the 
Repressors (Red) from

sis genes dpn gene

Repressors (Red) from 
the 2 autosomes.

The Enhancers from 2 X 
chromosomes are 

Zeidler and Perrimon 2000 Current Biology

sufficient and Sxl gene is 
turned on.

Sex Determination in Mammals

1)  Freemartin Cows:  Fraternal twins with male and female 
offspring female is often sterileoffspring, female is often sterile.

Lillie 1916, Keller and Tandler 1916

Hormone Theory of Sex determination in mammals.

2)  Chromosome abnormalities associated with specific traits 
discovered in the 1950s and 1960s.

Metaphase I

Metaphase IIMetaphase II

In humans: 2N = 46 + 1 2N = 46 - 1 Individuals who have extra chromosomes 
are called aneuploidsTrisomic        Monosomic
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Klinefelter XXY Turner X0

What is the sex of these aneuploid individuals?

Male Female

If these were Drosophila, what would the sexes be?

Female Male

Y (or a gene on the Y) is Dominant for sex 
determination in mammals!!

Chromosome is so small that it does not carry much 
else.

So, what is on the Y chromosome anyway?

For phenotypes, not too much to report.  Maybe a 
“hairy” gene or two.

Three major regions of the Y.

Pseudo-autosomal regions

Non-coding heterochromatic “junk”

What is on the Y and the Search for the Male (Testis 
determining factor) gene.

Sinclair et al. 1990 cloned 
Sry

Coding regions: For the coding 
sequences there are two classes 
of genes.

1) Male specific genes with no 
homologs

2)  Genes with X “homologs.” These 
d t h i ithgenes do not however pair with 

the X during meiosis.
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So how is sex 
determined in 
mammals?

In early stages of 
embryo development,embryo development, 
structures for both male 
and female are initiated 
(bipotential).

Hormonal signals 
promote the 
development of one sexdevelopment of one sex 
and block the other.

What is the molecular 
basis of these 
changes?

Which of the following combination of sex chromosomes correctly 
identifies the sex in both Drosophila (D) and  Human (H)?

A B C D E

D  H D  H D  H D  H D  H

XX F  F F  F F  F F  F M  F

Xy M  M M  M M  M M  M F  M

X0 F  M M  M M  F M  F F  M

XXX F  F F  F F  F F  F M  F

XXy M  F F  M F  M M  M F  M

Xyy M  M M  M M  M M  M F  M

Sry is expressed 10.5 -
12.5 days after 
f tili ti

Two types of cells develop, 

Leydig Cells make testosterone

Mouse Model System

fertilization

Sertoli cells make anti-
mullerian hormone (aka, 
Mullerian Inhibiting 
Substance)

Several things can alter the normal 
pathway for sex determinations.

If the SRY gene is damaged or 
deleted XY will be female.

Downstream events such as a 
gene that makes the testosteronegene that makes the testosterone 
receptor, will also cause 
problems!!

Fig 6.14  Testicular feminization, 
a condition caused by an X-
linked mutation, tfm, that 
prevents the production of the 
testosterone receptor.
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Zhang, Stillio, 
Rehman, Avery, 
Mulcahy & Kesseli 
1998

Females = ZW Males = ZZ

Sabo, Kesseli et al. 1995; Szczys, Hughes & Kesseli 2003, 2005

Female = 2N

Male = N
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Environmental 
Sex 
Determination

% males % males

% males % males

Do males and 
females have 
different genotypes?

No!

Environmental Sex 
Determination in Zebrafish

Outbred, High 
Food = almost 
all female

100% 
Female

Inbred, Low 
Food = almost 
all male

Lawrence, Ebersole and Kesseli 2007

100% 
Male

Example of 
extreme sex 
dimorphism!!
!

Bonellia sp. 
(marine 
“spoon worm” 
species)

Females are 
2 meters, 
males are 1-
2 mm.
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Bonellia sp. (a marine “spoon worm” 
species)

Sex Determination in Drosophila

Sisterless genes (sisA, sisB, sisC) products

A) “count” the number of X chromosomes

B) “count” the number of autosome sets

C) When expressed (0n) initiates female development

D) Act as enhancers of Sxl expression

E) Both A and D


