B Sweet pea flower —_ ‘50 Strains differing in
) two traits, flower . .
0 X . calor and pollen Review of the Major
W /M Pollen grains—m—ooo grain length, are Events in GenetiCS in

Red flowers White flowers ELL Early 1900s and
Long pollen grains @ Short pollen grains .
e A— importance of Sexual
e hybrids are .
Fi L Piinlor Reproduction and
. parental stains, - Recombination
0 Red flowers \ indicating that red .
W 0% flower is dominant

Long pollen grains

over white and that First, the diSCOVGry of

AT, AR Inkage by Bateson
. short. and Punnet (1906) in
2 % % peas.
Q% o% m Q“O m-‘ %

Red flowers Red flowers White flowers White flowers
Long pollen Short pollen Long pollen Short pollen
grains grains grains grains

583 26 24 170
(Parental) (Recombinant) (Recombinant) (Parental)

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

Scute bristes

Echinus eyes i
Crossveinless wings Wild-type Th_lrd’ Morgan ar.]d
sc ec o sct ect vt Bridges, one of his
R a—Tr—D " N students, began making
a1 @ S g’ three point crosses for
s¢ e v increased efficiency and
Scute bristles accuracy.
Echinus eyes
Widtype /\ Crossveinless wings
5C ec o 5C ec ov
dAdoTr 1 € I )
E
' e 7 | o o
Sc ec [
z Genotype of
maternally inherited Numnber
Class Phenotype X chromosome observed
1 Scute, echinus, crossveinless L1e ec ov 1158
2 Wild-type sct ect ot 1455
3 Scute 5C ect o 163
4 Echinus, crossveinless LA o 130
5 Scute, echinus 5C ec v 192
] Crossveinless sCT o ect ov 148
7 Scute, crossveinless ¢ ect oy 1
B Echinus sct ec o 1
Total: 3248

crosses.
0.5 345
| | | |
35.2 .
| |
y m
&
& &5 c;n"'\ < N
*0;‘@ cf"? @& & A GQQ% xq"%@% 7
¥ N 5 & & ¢
& & & & & 4@ &
sC ec cv ct v g f
[ ] | | l | |
91 "105" 92 " 159 ' 112 " 109!
| 66.8 l

Drosophila X chromosome

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) Asexual: high rate of favorable (k) Sexual: high rate of favorable

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.

mutation z mutation ;
e R
: <Cae
<A < aB ABC <A ABC.
. <g4B"

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

» “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 &fter, 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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X X X Y
P
X
W we w Recall, with most Mendelian
Red-eyed female / White-eyed male traits we do not see different
ratios in male and female

progeny!!
Fi X
w

wt w
Red-eyed female Red-eyed male
whow wtow wt w
Red-eyed Red-eyed Red-eyed White-eyed
femnale femnale male male
Females Males
- 1 -
all Red-eyed 1/2 Re‘_j eyed, Morgan’s experiment studying the
/2 white-eyed inheritance of white eyes in

Drosophila.

During this work

X¥x*  x X"y They found some exceptional
{white) ? {red)d progeny!!

Xwywt XY
{red) 2 (white) &
. y y

Regular offspring

Red @ White 3} Red fertile &  White 9}
. N
hd

iy
96% regulars 4% secondary exceptions

X X X ¥
P X ' r
5 5 it Also, recall Mendel made
White-eyed female Redeyed male reciprocal crosses which gave
the same results.
For the first time we see that the
F1 X reciprocal crosses give different
results!!!
w wt w
Red-eyed female White-eyed male
Fa '. ".
w w w wt w wt
White-eyed Red-eyed White-eyed Red-eyed
female female male male
Females Males Experimental tests of Morgan’s
hypothesis that the gene for eye
Y Req-eyed, Ve ReF"eyed color in Drosophilais X-linked.
Y2 white-eyed Y2 white-eyed
Again, these results supported the
- e . notion that genes were on
chromosomes since the exceptional
White-eyed female X Red-eyed male males and females were all found to

0o
!

MNormal eggs

8

or

Mondisjunctional eggs

8

nullo-X

have chromosome abnormalities!

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

It is not the presence of the Y that

¢\l

'

makes a male. Itis the number of
X chromosomes!!!

Note: XO (no Y) are males, and

redeyed male  [XXY are females!!

XX redeyed XX metafenale X0 exceptional
Sparm female {usually dies)
ALOFEEF] T
XY white-eyed XY exceptional YO
male white-eyed female (dies)

X chromosome nondisjunction is
responsible for the exceptional

progeny that appeared in Bridges’
experiment.
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They concluded that Ratlo of X

€h < Sexual
1) Y is irrelevant for sex = = T e
determination (but not fertility j) ((_h LT 5 Nietafernule

2) Ratio of X chromosomes ——

and sets of autosomes (ploidy ?)?@ i3 10 Female

level) seems to be critical

Mormal diplold male ]
j) E T 1.0 Female
i, (2| ™D

075 Intersex

%

0.67 Intersex

2 sets of autosomes
For typical males With one X

in a diploid (2N) individual,
the X/A ratio = 0.5. <

0.50 Male

0.50 Male
For typical females with two
Xs in a diploid (2N)

individual, the X/A ratio = 1.0 ):}D(:T- *Vi3a 0.33 Metomale

l

Itis this X chromosome ratio that
give Drosophila the array of traits

thaJt_',distinguish males from females. 9 o

abdominal
pigmentation

'\_gnf_f_,f R sternite
tf %y bristles
a;g:;tmrsgn_\. % L ; Wi/ ventral
. ab
~~__genitalia ,.33‘-(’ domen

and analia

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
steps 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 XIA=1/2 Sxl is not expressed male
If XIA=1 Sxl is expressed
female
sisB sisC FLY (a)

(sc) SxI sisA (upd?) runt

maternal

gene
Adpn"'fl SX’PE ;H\“'-memc products
transcription gro

X
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Mal X 1 C . 3
ae ¥ CS I Autosomes
i The Enhancers (Green)
sis genes -
dpnigene from 1 X are not sufficient
to overcome the
Mo Repressors (Red) from
R 2 E,‘,e‘P'QSS'D” the 2 autosomes.
Stlp,
Female X o € 1
X Autosomes
The Enhancers from 2 X
chromosomes are
sufficient and Sx| gene is
= Expression turned on.
ot b,
Currant Biology S’“':Pe

Zeidler and Perrimon 2000 Current Biology

Sex Determination in Mammals

1) Freemartin Cows: Fraternal twins with male and female
offspring, 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.

}’| H Metaphase | H H

First meiotic

division
Q Metaphase Il
Mormal Mormal
di \|ur\LI|<J 1 Second meiotic 1I|s|.mct on
division

O@OO @O@O
Olll HOJIRIIIIN

Haploid Trisomic Trisomic  Monosomic Monosomic  Haploid Disomic Disamic Trisomic  Monosomig

gamete gamete {normal) (normal)

Inhumans: 2N =46+1 2N=46-1 Individuals who have extra chromosomes
Trisomic Monosomic  are called aneuploids
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Klinefelter  XXY Turner X0

U e 00 1)

R IR I R R AL IS B § ThAT makes

. N ktﬁpfﬂmﬂ THE GUY !
(i {!f ! H
)”} -;u} {.,I }: ';” 1“} IHI ‘“s ius llu'r “”-l Ilsi l\l SHuDRome"
Moo g a4 ) iv 1S l.l b .')_K "TURME‘E"S‘;HFDRUHE

What is the sex of these aneuploid individuals? 2 ;‘

The XXY Srwummes

SYPDROME')  6ROWS U@ MALE.

WY IV Tag YRESENE oF Two

X Wﬁh},’g"iomiﬁe Tug ¥ wcr}mas
HE SING

@&w 5 W 1’%”‘«.:5’5\1

Male Female Y (or a gene on the Y) is Dominant for sex
) determination in mammals!!
If these were Drosophila, what would the sexes be?
Female Male Chromosome is so small that it does not carry much
else.
S hat i he Y ch ” What is on the Y and the Search for the Male (Testis
0, what is on the Y chromosome anyway* determining factor) gene.
Three major regions of the Y. Sinclair et al. 1990 cloned
Pseudo-autosomal regions Sry
Non-coding heterochromatic “junk” PAR (p arm)
Coding regions: For the coding SRY (encode$ TDF)
sequences there are two classes centromere
of genes.

1) Male specific genes with no
homologs

2) Genes with X “homologs.” Thergléw

genes do not however pair with

the X during meiosis. Heterochromstin
@\ X homologous genes

[ Testis specific genes

For phenotypes, not too much to report. Maybe a
“hairy” gene or two. PAR (g arm)

Human Y Chromosome




So how is sex
determined in
mammals?

In early stages of

embryo development, poramesenephiric

duct (Mitlerian)
structures for both male

and female are initiated
(bipotential).

Hormonal signals
promote the
development of one se
and block the other.

What is the molecular
basis of these
changes?

mesonephros

seminal o
vesicle ~352

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

DH DH DH DH DH
XX FF FF FF FF MF
XY MM MM MM MM FM
X0 FM MM MF MF FM
XXX FF FF FF FF MF
XXy MF FM FM MM FM
Xy MM MM MM MM FM

Mouse Model System

Two types of cells develop,

Leydig Cells make testosterone

T

i - I SF1 Male intomal
Sry is expressed 10.5 - %T&mmﬁm ot
12.5 days after ’ talia
fertilization \ ) m gen

¥ SF1 .
SRY Sertoli  AMH Mallarian duct
< soxe Collg — N"'H,z regression
1
Genital I Bipotential "\ sertoli cells make anti-
ridge genad mullerian hormone (aka,
wr1 Mullerian Inhibiting
§F1  sSubstance) ;
DsS 5 Follicular cells Meloran
Follicie
M SFt Jj Femala
Theca ceils internal
’ genitalia

© 1008 Cument Opwaon m Genatics 4 Davelopmen

Testns.
Sli\"- --------- - dgsfu;:nhnnu —& Teshs —& Testostarone
@D Several things can alter the normal
pathway for sex determinations.
D
; .
Il it If the SRY gene is damaged or
feciplor ¥ deleted XY will be female.
Testoaterone
ormphe;
T Downstream events such as a
differantation
gene that makes the testosterone
T receptor, will also cause
|
char s problems!!
2} Normal male with the wild8ype Tén gene.
Tests-
-t omaaan *= determining —8= Testis —&= Tesinaterons
| facter
‘@D
«(EEdD
I
e o st
No testosterons
Fucagibo complei Fig 6.14 Testicular feminization,
acondition caused by an X-
s mpt linked mutation, tfm, that
o prevents the production of the
. u::lT"mW testosterone receptor.
charactmnstcs

[b) Male with e tn nutstion and tesSicular feminization
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Zhang, Stillio,
Rehman, Avery,
Mulcahy & Kesseli
1998

Females = ZW Males =77

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

AND BEES ARE REALLY Ber-LAREE:
MaLES DEVELOP fﬂcm NFERTILI2EP
Cio5. Twe're ML HAPLo/P,

WHERENS AL DIFLOIPS Pee Femile
(Tie VAST WRORITY oF THE WvE )-
OTMEWISE, BEES HAKE PO Sfeigc
SEX CﬁffDMDS-OMETS

Wil You Liste

To ME? | SWEAR,
BUSTER, 1T'S LIKE
Yov'FE oMLY HALF

THERE %HEI’ME:G'/

Female = 2N




Table 1. Different systems of sex determinallon

Classes

In vertehiraless

(a) Alligators (b} Most turlles
) 100 - 100 0
Environmental % males |— % males
Sex
Determination 50 5ui
b
Do males and ' Gl e 4D 20 A0
Temp. (*C) Temp. (*C)
females have
different genotypes? (¢} Snapping turtles (d) Most lizards
100 100 -
No! % males |9 males
|
50 50 |-
u [ 4 - .- 1
20 30 40 %30 30 40
Temp. (*C) Temp. (*C)
n Environmental Sex
m Determination in Zebrafish
100% , .
Female Lo Fiood] Outbred, High
L Food = almost
4 all female
1.2
£ 1
2
; 0.8
Inbred, Low
Food = almost*®
all male o4
0.2
100%
Male [2].IS 0.2 025 3 035 04 045 05
Growlh Rale

Lawrence, Ebersole and Kesseli 2007

Orders
Subsordars LEFEA 150-
Mammals +
Birds
Reptiles
Crocodilians +
Turles + +
squamales
Lizards * +
Snakies
Amphiblans
Anurans + +
Urodales + +
Fish
Teleasts + +
Table takon, wilh parmission, from Ref, 1,
G50, penotypic sex determination.
“I0RY, male helerogaminty.
ALE LW, fomale hotaragimely,
TS0, Wemparnture-dependent sex delerminalion,
Bonellia sp. Example of
(marine extreme sex
“spoon worm” dimorphism!!
species) ]

‘ Females are
2 meters,
males are 1-
2 mm.
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BT Wy
pLARVA =
LP\Npg 0"-1’ oﬂu

D FEMALE, ©

IT WORMS

5 whY
INTD WHER

e

-1V WHICR CA
IT MATURES
WTo A MALE,
JUET A
CENTIMETER
Love, wp

1

Bonellia sp. (a marine “spoon worm”

species)

WRLH Wy
To THE
OVARIES

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
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