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Men are from Mars, Women are from Venus



Chromosomal sex determining system (XY)

Sex chromosome vs. Autosome



Sexual differentiation is very common

Sexual differentiation occurs in organisms as low as on the 

evolutionary scale as bacteria and single-celled eukaryotic algae.



Sexual reproduction in Chlamydomonas reinhardtii
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Sexual dimorphism

Secondary sexual differentiation

Primary sexual differentiation 
(gonads)



Unisexual vs. Bisexual

Hermaphrodite (雌雄同体)



1. Different sex determining system

Nuclear structure of the
Grasshopper sperm



Eg. 1 Nematodes 

• Caenorhabditis elegans

• XX/XO system

• Ratio of sex chromosomes to 

autosomes

• ♀ 2X/2A=1

• ♂ 1X/2A=0.5

XXX

XXX



Protenor butterfly (蓝凤蝶)

♀:   XX+12A ♂: X +12A

X+6A 

X +6A 6A

♀ XX+12A 
♂

X+12A

Gametes

Progeny

Sex ratio 1:1

ⅹ



Eg. 2 Milkweed bug (大乳草长蝽)

• Lygaeus turcicus

• XX/XY system

• Other example

♀:   XX+12A ♂: XY +12A

X+6A 

X +6A Y+6A

♀ XX+12A 
♂

XY+12A

Gametes

Progeny
Sex ratio 1:1

ⅹ

Heterogametic sex
Homogametic sex



Eg. 3 Chickens

• ~78 chromosomes

• Female is the heterogametic sex.

• ZZ/ZW system

• Other organisms: silkworm (2n=28), certain moth and butterflies, 

most birds, some fish, reptiles, amphibians, one species of plant 

(东方草莓).



2. Sex determination in human

• XX/XY

• What determines maleness?

Lack of a second X 
chromosome

Presence of 
Y chromosome



Klinefelter and Turner Syndromes

• Male genitalia, rudimentary testes

• Tall and long arms

• Feminine sexual development：slight 

enlargement of breasts, rounded hips

• Female appearance

• Female genitalia, rudimentary ovaries

• Short 

• Skin flaps on the back of the neck

Lack of a second X 
chromosome

Presence of 
Y chromosome

47, XXY 45, X



XYY syndrome （47,XYY）

• Patricia Jacobs (Scottish geneticist)

• In a Scottish maximum security prison: 9/315 males with 

47,XYY karyotype.

• Characteristic: 

• Usually be dangerous, violent individual with criminal propensities.

• 7/9: subnormal intelligence; all suffered personality disorders.



Sexual differentiation in humans

5th week of embryo



• PAR (pseudo-autosomal region): share 

homology with regions on the X (recombine 

with X during meiosis)

• ★SRY (sex-determining region Y): coding 

testis-determining factor (TDF)

• MSY (male-specific region of the Y)

Y chromosome (p132)



• Q1:  What sexuality will the embryo develop into?

• Q2: What will happen if SRY were translocated to X during 
crossing-over in meiosis? （同源染色体的交叉互换）

XX

SRY

SRY

X

Y



The presence or absence of a Y chromosome
that contains an intact SRY gene is responsible
for causing maleness in humans.

SRY Gene

TDF protein

Genes downstream: 

e.g. SOX9

encode

regulate

SOX9 on chromosome 17



• Males are XY;   female are XX.

• Question: Does Y chromosome cause maleness in fruit flies?

3. Sex determination in Drosophila

X

Calvin Blackman Bridges
Morgen’s lab

maleness

p103





Gene regulation in sex determination

• Sex-lethal gene (Sxl): “master switch” 

in sex determination. X-linked.

• Gene on autosome :

• Transformer (tra)

• Doublesex (dsx)

• RNA splicing/ alternative splicing



4. Sex determination by environment

• Temperature-dependent sex determination (TSD)

• All crocodiles, most turtles, some lizards

• Aromatase (芳香化酶): androgen (雄性激素)→estrogen (雌性激素)

• Thermosensitive factor mediates the transcription of aromatase.
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Conclusion in this part

1. Sex determining system

1. By sex chromosomes：XX/XO，XX/XY，ZZ/ZW

2. By environment：temperature and day length

3. Gene regulation in sex determination

(p127)

Embryo hermaphrodite

雌雄两性阶段

Male

Female

基因控制的级联反应



II. Sex-linked inheritance (伴性遗传)

1. Sex-linked inheritance in drosophila

♂ ♀x

F1

♀

♂

♂
x

2

1

1

Which trait is dominant character? 27



Morgan’s hypotheses

• White-eye gene is recessive gene (w).

• This gene is on X chromosome (Xw).

• It’s allele (X+) which controls red eye trait. 

Red male White female

How to prove?

Reciprocal cross

♂ ♀x
White male Red female

♂ ♀x
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Xw X+ X+

Red femaleWhite male

♂ ♀

♂ ♀

XwX+

White female

Xw

Red male

Genotype of different traits in drosophila
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Prove the 
hypotheses
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Practice
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阅读Bridges的贡献


