1.6 Sex chromosomes and sex determination

1.6.1 Sex chromosome

Most animals show sexual dimorphism; in other words, an individual can be either male or female, 1, Most
these cases, sex is determined by special sex chromosomes. In these organisms, there are two Categorje ’
chromosomes, sex chromosomes and autosomes (the chromosomes other than the sex chromosomes), wq, ::
the chromosomes in a genome are autosomes. The sex chromosomes are fewer in number and majority of Genes
on the sex chromosomes are also not directly involved in sex determination.

Let us look at the human situation as an example. Human body cells have 46 chromosomes: 22 homologoys Pairs
of autosomes plus 2 sex chromosomes. There are two types of sex chromosomes in human- X and Y, In female
there is a pair of X-chromosomes. In males, there is a non-identical pair, consisting of one X and one Y, Hence:
human females are homomorphic and males are heteromorphic. The Y-chromosome is considerably shorter tp,
the X. The X and Y-chromosomes harbor different numbers of genes. The Human Genome Project has identified 397
passible genes on the human Y-chromosome, but fewer than 100 of them seem to be functional. By comparisgy
it has identified more than 1000 genes on the human X-chromosome. '

— Autosomes
(22 pairs)

Human nuclear __|

chromosomes — Male - XY (Heteromorphic)

—— Sex chromosomes —
(1 pair)

— Female — XX (Homomorphic)

During meiosis in females, the two X-chromosomes pair and segregate like autosomes so that each female gamete
receives one X-chromosome. Hence, the female is said to be the homogametic sex. During meiosis in males, the
X and Y-chromosomes pair and segregate so that half of the male gametes receive X and the other half receive Y.
Therefore, the male is said to be the heterogametic sex.

The human Y-chromosome can be divided structurally into three regions:
1. Male-specific region of the Y-chromosome,

2. Pseudoautosomal regions (PAR1 and PAR2), and

3. Heterochromatin region.
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Figure 1,29 Schematic diagram of human Y-chromosome Indlcating the protein-coding genes within the male-specific
reglon of the Y-chromosome, pseudoautosomal reglons (PAR1 and PAR2) and heterochromatin region.

pARs contaln 20 protein-coding genes (16 genes in PAR1 and 4 genes In PAR2). PARs are present in both X and
y-chromosomes. The pairing of the X and Y-chromosomes is made possible by a major pseudoautosomal region
(PARi) of 2.6 Mb located at the tips of the short arms of both chromosomes and a minor pseudoautosomal region
(PAR2) of 320 kb located at the tips of the long arms of both chromosomes. Genes in the PAR1 segment have
some Interesting properties: they are not subject to X-inactivation and because of the crossing over, alleles at these
locl do not show the normal X-linked or Y-linked patterns of inheritance, but segregate like autosomal alleles. The

ma|e-speciﬂc reglon of the Y-chromosome contains 23 protein-coding genes and numerous pseudogenes.
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Figure 1,30 At each end of the human X and Y-chromosomes are the PARs, which recombine during meiosis and
therefore contaln the same genes. The non-pseudoautosomal portion of the X (NPX) and male-specific zegion of the Y
(MSY) do not recombine with each other. Differences between X and Y arise because of differences in NPX and MSY genes.

1.6.2 Sex determination in animals

Whether an animal will become a male, a female, or a hermaphrodite is determined very early in development.
Hermaphrodites are individuals that contain both male and female sex organs. Hermaphroditism is rare among
animals. Some animals such as gastropods and earthworms are simultaneous hermaphrodites (e.g. simultaneously
contain both male and female sexual organs) whereas many fishes are sequential hermaphrodites (born males and
change Into females or begin life as females and then change to males). Sex-determining mechanisms in animals

are diverse, These mechanisms may be genotypic and environmental.

Genotypic sex determination

In genotypic sex determination, an individual’s sex is established by its genotype (e.g. mammals, birds, amphibians,
:‘f“t Insects, some reptiles and fish). in many animals, presence or absence of a particular chromosome or number
chromosomes determines the male and femate sex. Basically, four types of chromosomal sex-determining

m . :
echanisms exist in animals: the XY, ZW, X0 and haplodiploid system.

¥
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In the XY system, the females are homogametic with a palr of X-chromosomes (XX) and males are heter,
with one X and Y-chromosomes (XY). Almost all mammals, many flles and some fishes, males are hEterog Metj,
AMes:

In the 2w system, as In birds, shakes, butterflles, and some fishes; males are homogametic (22), ang ¢ et
are heterogametic (ZW). SMalgg

In the X0 system, as In grasshopper; males have only one X-chromosome {X0) and females have two X-chromqs
(XX). OMeg
In haplodiploid systems, as in honey bees, male progeny normally develops from unfertilizeq e
haploid and have just one set of chromosomes. The fertilized honey bee eggs, which are diploid ang have re
sets of chromosomes, differentlate Into queens and worker bees. Thus, in honey bees, sex is determinea by
fertilization or non-fertilization of eggs, rather than the presence or absence of sex chromosomes, the

ggsl‘ Wh[ch a

Different systems of sex determination

1. XY system (Example - Human) XX (female) ‘ XY (male)
2. XO system (Example - Grasshopper) XX (female) XO (male)
3. ZW system (Example - Birds) ZW (female) ZZ (male)
4. Haplodiploid system (Example - Honey bees) Diploid (female) Haploid (male, drones)

Worker bee (imperfect female)
Queen (perfect female)

Sex determination in grasshopper is by the XO method. The somatic cells of a grasshopper are analyzed and found to
contain 23 chromosomes,

1. What sex Is this individual?

2. Determine the frequency with which different types of gametes (number of autosomes and sex chromosomes) cap
be formed in this individual.

3. What is the diploid number of the opposite sex?

Solution

1. Male

2. 1/2(11A + 1X) : 1/2(11A)
3. 24

Environmental sex determination

Sex is also determined by environmental factors, such as temperature, PH, sacial interactions and seasonality. In
many species, sex is determined by the temperature at which the egg is incubated during a temperature sensitive
period and cannot be predicted by zygotic genotype. This peculiar mechanism Is termed temperature-dependent
sex determination. The temperature dependent sex determination has been shown to exist in all crocodiles and
the majority of turtles along with a few species of lizards. In these reptiles, the temperature of the eggs during

a certain period of development is the deciding factor in determining sex, and small changes in temperature can

cause dramatic changes In the sex ratio. Often, eggs Incubated at low temperatures produce one sex, whereas €3%°

incubated at higher temperatures produce the other. There are several hypotheses concerning the Ph‘lsw'ogic?l
control of sex determination by temperature, but there is little conclusive evidence in support of molecular b_aSls
involved. In some species, sex sterold hormones serve as an important factor for male and female sex determinatio™
It appears that the €nzyme aromatase (which can convert testosterone into estrogen) is important in temPemture

se
dependent sex determination in turtle. The activity of aromatase or its synthesis is temperature sensitive. Aromat?
actlvity is higher at female- than at male-producing temperatures.
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sex determlnatlon In mammals

fhe sex of eutherian (or place_nta|) mammal is determined by Its sex chromosomes. Primary sex determination Is
dictated by whether an organism has an XX or an XY karyotype. Females have two X-chromosomes In all of thelr
somatic cells whereas males have one X and one Y. Individuals with a Y-chromosome develop as males no matter how
many x-chr.omosomes they have, whereas Individuals without a Y-chromosome develop as females. Thus, primary
sex determination is based on the presence of the Y-chromosome. Primary sex determination is the determination
of the gonads—the egg-forming ovaries or sperm-forming testes. In contrast, secondary sex determination Is the
determination of the male or female phenotype by the hormones produced by the gonads.

Males develop functional testes. Both the ovaries and testes diverge from a common precursor, the bipotential
gonad (sometimes called the indifferent gonad). Testes are induced from the blpotential gonad by the activity of
the protein encoded by the Sex-determining Reglon Y (Sry), located on the Y-chromosome. This protein Is called
sex-determining region Y protein (also known as testis-determining factor). When Sry protein Is not present, as
in XX individuals, or non-functional in XY individuals, the bipotential gonads generally do not follow the testicular
pathway and instead develop into ovaries. Considerable evidence suggests that the Sry gene Is necessary to Initiate
testes development. Sry protein is a transcription factor with a DNA-binding high-mobility group box domain. It
binds to the enhancer of the autosomal gene Sox9 (SRY-related HMG BOX gene 9) and elevates expression of this
key gene in the testis-determining pathway. If Sox9 is expressed ectopically in the developing gonads of an XX
mouse embryo, the embryo develops as a male, even if it lacks the Sry gene, suggesting that Sry normally acts
by inducing the expression of Sox9 gene. The Sox9 protein acts as a transcription factor. It is expressed In males
in all vertebrates, unlike Sry, which is found only in mammals. The Sox9 protein activates Fgf9 (fibroblast growth
factor 9) synthesis, which stimulates testis development. Sox9 and Sry also act to block the ovary-forming pathway,
possibly by blocking p-catenin.

Sry gene is expressed only in a subset of the mesodermal cells of the developing gonad and it causes these cells
to differentiate into Sertoli cells, which are the main type of supporting cells found in the testes. The autosomal
gene Sox9 is also known to be essential for Sertoli cell differentiation. The Sertoli cells produce an anti-Mullerian
hormone (also called Muillerian-inhibiting factor), which suppresses the development of the female reproductive tract
by causing the mullerian duct to regress. This duct otherwise gives rise to the oviduct, uterus, and upper part of the
vagina. Meanwhile, the other group of mesoderm cells (those that did not form the Sertoli epithelium) differentiate
into a mesenchymal cell type, the testosterone-secreting Leydig cells. The male sex hormone testosterone is
responsible for inducing all male secondary sexual characters.

In the absence of normal Sry expression, the cortex of the undifferentiated gonad develops into an ovary. The
supporting cells become follicle cells instead of Sertoli cells. Other somatic cells become theca cells instead of Leydig
cells and, secrete the female sex hormone estrogen instead of testosterone. Estrogen enables the development of
the Millerian duct into the uterus, oviducts, cervix and upper portion of the vagina. This normal process of female
development is sometimes referred to as the vdefault’ pathway.

Genic balance theory of sex determination in Drosophila

Fruit flies also have XX females and XY males. However, the mechanism of sex determination in Drosophila differs
from that in mammals. In mammals, the Y-chromosome plays a pivotal role in determining the male sex. In
Drosophila, the Y-chromosome is not involved in determining sex. Rather, in Drosophila, genes present on the
Y-chromosome involved in sperm formation In adults, but not in sex determination. Calvin gridges suggested in
1921 that sex in Drosophila is determined by the balance (ratio) of autosomal alleles that favour maleness and
alleles on the X-chromosomes that favour femaleness. He found that a ratlo of X-chromosomes to autosomal sets
determines the sex of Drosophila. A normal diploid male contains 2 sets of autosomes and XY-chromosomes.
Similarly, a normal diploid female has 2 sets of autosomes and two X-chromosomes.
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Table 1.3 Sex determination by genic balance In Drosophlla

o ——— e e T T T T T e ———————————— x____ ——
Number of Number of Total number of X/A ratlo Se
X-chromosome Autosomal sets (A) chromosomes . .
2 9 1.5 Meta female
3
2 2 8 1.00 Female
1 4 1 Female
1 - T B
2 3 11 ) 0.67 Intersex
! 2 7 0.50 Male
1 3 10 0.33 Meta male

Bridges resufts show that in Drosophila factors that cause a fly to develop into a male are not Iocalllzm:1 o: tthsiex
chromosome, but are instead found on the autosomes. X-chromosomes contain genes for some female-determining
factors. A sex switch gene directs the female development. This sex switch gene termed sex-lethal (Sx/) is located
on the X-chromosome. In the on state, it diverts female development and in the off state maleness. Other genes
located on the X-chromosome and the autosomes regulate this sex switch gene. Activation of the Sx/ gene relies

on a ratio of X-chromosomes to sets of autosomes. The presence of the Y-chromosome In Drosophila, although it
is essential for male fertility, has nothing to do with the determination of sex,

Drosophila gynandromorph

A gynandromorph is an organism that contains both male and female characteristics. A gynandromorph can
have bilateral asymmetry, half female and half male, or they can be mosaic. A classic example is the Drosophila
gynandromorph. Such conditions arise as a result of non-disjunction or chromosomal lagging during mitosis in the
zygote or In nuclei in the early embryo. If one of the X-chromosome is lost in one of the dividing somatic cells,

it results in an XX cell line and an XO cell line. If this chromosomal lagging occurs early in the development, a
Drosophila that is part male (XO) and part female (XX) develops. A gynandromorph can have bilateral asymmetry,
in which chromosomal lagging has occurred at the one-cell stage i.e. during the first mitotic division, causing the
fly to be half male and half female. Gynandromorphs di

7 ffer from the intersexes. Intersexes are genetically similar
throughout their bodies and usually sterile, but a gynandromorph consists of two genetically different tissues.

Female

Figure 1,31 Gynamdromorphs In Drosophila,
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Chromosomal Sex Determination in Drosophila

Although both mammals and frust fhes produce XX females and XY malos, the ways
in which their chromosomes achieve these ends are verv different. In mammals, the
¥ chromasome playe a prvotal role in determinming the male sex. In Drmsoplula, the Y
chromosome is not involved in determinmg sex. Rather, in fhes, the Y chromosome
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FIGURE 4.13 Gynandromorph insacts ; )
(A1 0. medanagastar in which the kefi side srems to be a collection of genes that ane actve o forming sperm o adults, but not in
is fermala (XX} and tha nght sids 15 maks sew determination
{¥i. The male side has lost @n X chromo A frunt ty's sex s determined predominantly by the number of X chromosomses in

wama bagning the wild-type allsles of ey
cefor swl wing shape, themely alowing

sxproagion of tha ecazzee alloles aoain
SYE BNd TITLIILE Wing on the remaining

coch cell [f there is only one X chromosome ina diplod eell, the fly 1= mabe. It there are
bwo X chromosomes in g diploid cell, the ly is female. Should a fy have twa X chro
mesomes and three sets of autosomes, it 1s @ Mos@e, where some of the cells ane male

¥ chramosome, [5) Birdwing butisrfy and some of the cells are female. Thus, while XO mammals are sterile females (no '
Orrithapera crossus The smaler mais chromosome, thus no Sry gene), XO Drosoplile are sterile males (one X chromosome
nali in re<l, biack, and yallow, whil tha per diploid sety.

temala half = larger and brown. (A, draw- In Drosppinla, and i imsects in general, one can observe gynandromorphs—anumals
ingy by Edlith Wallsce from Margan and in which certain regions of the body are male and other regions are female (FIGURE

Brdgas 1810; B, Montreal Insectanum,

; 6131 Gynandromaerph frut Mes resull when an X chromosome is lost from one embry-
photograph by the author) i

onic nucleus. The cells descended from that cell, instead of being XX {female), are X0
(male). The XO cells display male charactenshos, whereas thie XX cells dusplay fomale
traits, suggesting that, i Drsophils, each cell makes its own sexual “decision.” [ndeed,
in their classic discussion of gynandromerphs, Morgan and Bridges (1819) concluded,
“Male and [cmale parts and thoir sex-linked characters are stricthy sell-determining,
each developing according to s own asprmtien,” and each sexual decision s “not mber-
tered with by the asprrabions of its neghbors, nor 1s i overruled by the achion of the
grmads " Although there are organs that are exceptioms to s role (notably the external
geratalia), it remains a good general Frri.nn:l.pl.c of [hosaphula sexual development

The Sex-lethal gene

Althiough it had long been thought that a frort ly's see was determimed by the X-to-auto

some (X:A) rabio (Brdges 1435), this assessment was based largely on flies with aber

rant numbers of chromesomes. Recent molecular analyess suggest that X chromosomae
numiber alone 18 the primary sex detereninant in normal diplosd insects {Enckson and
Chimitero 2007}, The X chrmomeosome contains genes encoding transcriphion factors that
activate the critical gene in Dmsopinlo sex determination, the X-hinked locus Sex-fethal
(5x]). Thie Sen-lothal protein is a splicing factor thal initiates a coscade of RNA processing
events that will eventually kead to male-specific and femalbe-speci fic transcrption otoes
(FIGURE &.14) These transcription factors (the Doublesew proteins) then differentially
artivate the genes involved to produce either the male phenotype (bestes, spx combs,
pigmentation) or the female phenotype (ovanes, volk proteins, plgmentation).

ACTIVATING SEX-LETHAL [he number of X chromosomes appears to hove only a
single function: activating (or not activating) the early expression of Sex-fethal ® Sxl
encodes an BNA splicing factor that will regulote gonad development and will also

*This gene’s gory name is derved from the Lact that mutations of this gene con result in aber-
mant dosage compensation of X-lmked gones fsee Web Topic ©ue), As a resalt, there s inad
dijuate transcription of those genes encodod on the X chromaosoma. and the embrvo dies.
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sex Determination and Gametogenesis
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regulate the amount of gene expression from the X chromosome. The gene has two
promoters, The eardy promoter is active only in XX cells; the Later promoler s active in
bath XX and XY cella. The X cheomosome appears to encode four protein factors that
activate the early promoter of Sxl. Three of these protaine are transeriphion factors—
Sy, Sewie, and Runt—that Bsd o the varly promoter to activate transenption. The
fourth protein, Unpaired, 15 a secreted factor that reinlorces the other three protoins
through the JAK-STAT pathway (Seflon et al. 20060 Avila and Frickson 2007} [ thewe
factors accumulato wo they are presenl in amounts above a certain threshold, Hhe Sxi
gene 1w achivated through ibs eardy promoter (Evcison and Quintero 20007 Goneales et
al. 008: Mulvey et al. 20040 The resull is the transeription of Sy early in XX embryas,
chiring the syncylial Blavtoderm stagy

Thie Sxf pre-RNA transcribed from the sarly promatur of XX embryos lacks exon J,
which contains a utop codon. Thus, Sl protein that is made early o apliced in & man-
ner nuch thal exon 3w abeent, s early XX embryos have complebe and Functional Sx|
protern (FIGURE 8.16). In XY embryos, the early promoter of Sxd s nol active and no
funchional Sx| protein is present. However, later in development, as eellulanzation is
taking place, the loe promoter becomies active and the Se gene s franscribed in both
males and females. In XX cells, Ssl protein trom the eardy promoter can bind bo st own
pre-mBNA and splice it a “female”™ directon. In this case, Sxl binds to and blocks
the splicing -c-:lrnp'h:x on exon 3 (Johnsan et al. 2000 Sale 2011). As o rosult, exon 3 is
skrpped and 13 not included in the So mENA. Thus, early production ensures that
functional full-length B35%4-amino said) Sal protein s made i the cells are XX (Bell
et al. 1997; Keyes et al. 1992 In XY cells, however, the early promoter 15 not actve
(because the X-encoded transcription factors haven’t reached thie threshald o actvate
the promotert and there is no carly 3xl protein. Therefore, the 5o pre-mBENA of XY
cells 1s spliced in o manner that mefudes exon 3 and s termimation codon. Protem
svnthesis ends at the third exon {after amimo aod 48}, and the 5x] is nonfunctional.

o (P Fumet loral

Tra protein
Fernale
differentiation
gonies

FIGURE 6,14 Proposed reguistony
onsoade for Orosophils somatic s
datermmation, Transcaption tnciors from
tie X chramosomes sclile the S/ gane
in temades () bt nat in maks (X7 Tha
Sax-luthal protoin periorrmes Lires rresin
funciiore, Fimt, it nothaios i own ran.
scription, snauring lurther Sx production,
Suconc, It repressos this trarslation of
sl mmARNA, § factor (hal fecilibstes ran
sctiption from he X chromosama. Thia
aipdallpen e g of (ransadpton
frorm e bwo ¥ chrormosormaos in femalen
with that of the smgie X chromooomae
rimales. Third, Sel erables the aplong
o than framafoemar | [fra ) pree mdEbA

it lunetional proters, The Tra protins
frreirien s s [ prd- RN m

a femaba-apacific manmar hal provides
st of {he famale body with iis saxunl
fote. Theey als process ha fnesless
pra-mAMA IR 8 formake-apecific mannar,
givmig thia fry female-speciiic bahavior, n
the sbsence of Sl [ard thus the Tra pro
teirve), disw @nd fuitiess pre-mAMAE are
procesged n the mae-specific manrar.
[Thes frutieas gere o discussed m Web
Tope B.7) (Aftar Haker =t gl 1987
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FIGURE &.15 Differertial FMNA splizing and seu-
spacific meprassion of Sas-kethal in tha mynoytial
plastodarm of XX liea, ranscriphon factors from
the twe X chromosomas ore sufficient o sctivale
tha aarfy promoter of the Sy’ gane Thia "earfy”
transcrigt i spliced into on mRNA Boking aeon

3 aund makass & functonal Sl profoe, The sarly
promober of Y fes s nol woiwated, and males
Inek functienal S By tha eodularizing blasiogaenm
elage, t lale promatar af Syl 8 act n bath X0
and XY flian. In XX fios, Sl alreacky presani in the
ambryt prevents tha splcing of en 2 nta mANA
anel lunetioral Sxi protein s made. Ssl then binds
10 il o promoter bo seop 1 ectve, i aleg func-
tiore to splice downaiream pre-mENAL. In XY
ombryes, no Sl present e eeon 2 e apbood
intn the mAMNA. Bacausae of tha terminatan codon
i aven 3, malan do nal o functonal Gl (Al
Salz H011.)

DOSAGE COMPENSATION I tha calls of famale Mas, mama.
teschas, ool mammaks e twice the numbor of ¥ chramonomes s malo colls, how

nea th ganas on tha X chromosome rogualed? The theae groups affar throe ditk
art salibars o b probloem

TARGETS OF SEX-LETHAL  The protein made by the lemale-specifie Sxi tra,
pcript comtaing regiona that are important for binding by RNAL There appear to
be three major RNA largels to which the female-specific Se transcript birds
U b Hhaie 1 the pro- mBRA of Sad stsell, Arathaer tanged s the ol gene thal
coptrols dusage compensation fsee below). Indeed, if the So gene §s nonfune
tienal i a cell with two X chromosormes, the dosage camperisation syatem will
nat work, and the result is cell death (hence the gene’s name), The thind tanget
15 Hhe pro-mBENA of iransformer (fra)—the mext gene in the cascade (FIGURE
&.16; Magmsh et al. 14HE; Hell et al, 1891)

The pre-mBENA of trusfornier (50 namel because loss-of-function mulations
turm females mibo males) s spliced mto a functional mENA by Sal protesn. The
tru pre-mENA 5 made m both male and female cells however, in the pris-
ence of 5xl, the tnr transcript is alternatively spliced to create a female-speafic
mBNA, as well as a nonspecific mENA that s found in both females and males,
Like the male Sa message. the nonspecific i mBNA message contains an cardy
terminztion codon that rendiers the protem nenfunctional (Boggs et al. 1987), In
tr, the second ewon of the nonspecific mRMA contains the termination codon
and 1s not utilized in the female-specific message Eee Figures 604 and 6.16).

How is it that females and males make different mENAs? The female-
rpecibic Sxl protein activates g 37 splice site Phot couses o pre-mENA to be
processed 10 a way that splces out the second exon. To do thas, Sx| protem
Blecks the binding of splicing factor UZAF to the nonspecific splice site of the
try messape by specifically binding (o the polypyrimidine tract adjacent to it
(Handa et al. 19949 This couses L2ZAF to bind to the lower-affintdy (female-
specific) 3' splice site and generate a female-specific mENA (Valearcel et al.
1993), Thae lemalu-specific Tra protein works in concert with the product of the
transformer.] (trel) gene to help generate the female phenolype by splicing the
dontlesex gene o lemale-specilic manner.

Doublesax: The switch gene for sex datermination

Thie Diepsoprleilys dioublosen {dee) pene is active in both males and fermalies, Bbul s
primaey Wanscripl is procesed i o sex spucilic manner (Bakes el sl 1987). This
alternative RNA processing is the result of the action of the tra and trad gene
products on the do gene (see FiH'I.-II"L"I i 14 and 6160 [ the Trad and Im‘mir-lpr-
eifie Tra prabeins ane bath present, the det transeripl s processed in a female
specilic manner (Ryner and Baker 199]), The female splicing pattern produces a
female-specitic probein that activates fermale-specific genes (auck an those of Ehe
wolk protemna) and inbibibs male development. 1 no functional Tra w produced,
a male-specific drx transeripl s mace; this transcript encodes a transcnption
factur that inhibils female traits and protes male traits, T the embryvoii
gonad, Dsx regulates all known aspects of sexually dimorphie gonad cell fate.
I XX e, the temale Doubleses probemn (D) combines with the product
af the mberser gene {7} to make o transcriptiom factor comples that 15 nespon
sible for promuoting female- speaific traits. This “Doubleses complex™ activates
the L'L"r'rJHIrss (Wyg) gone, whose Whnit-fa mily product promotes growth of the
frmale portions of the genital disc, It also represses the Fyf gones responsible
for making male accessory organs, actwvates the genes responsble for making
volk proteins, promoles the growth of the sperm stomage duct, and modifies
drricabrnr (bah) gene expression to gve the femaolie-specific pgmentation profile.
In contrast, the male Doublesex protein [Dsx™) acts directly as a transcrption
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factor and directs the expression ol male-specific traits. 1| causes the male regron of
the genitul dise o grow al the expense of the female dise regions. It actwvates the BAIT
homologue Devapentagdegtc (Do), as well as stimulating Fef genes b prodoce the male
griital dise and scorssory structures. D alss comverts certamn cuticular structures
nto clospers and modifies the bricalmre gene o produce the male pigmentation pattern
(Ahmad and Baker 2002 Christiansen et al. 2002

Acconding o thes model, the result of the sex determination cescade summanzed in
Figure 6.14 comes down to the type of mBENA processed from the doubleser transcript. If
there are bwe X chromoesemies, the transonphon factors activating the early promoter of
Saf reach a enitical concentration, and Sx makes a sphicing factor that causes the tros-
former gene transcrapt to be spliced in 2 female-specilic manner. Thes lemale-specific
protein interacts with the trul splicing lactor, causing day pre-mBNA to be spliced in a
female-specific manner, If the dex transcrip! is nol acted on i this way, il is processed
n a "defoult® manner to make the mzle-specific message. Interestingly, the dosireser
gene of flies = very similar to the Dimre] gene of vertebrates, and the two types of sex
determinabion may have some common denominalon

CEREEEEE] ERAIN SEX IN DROSOPHILA  |n addition o the “doubleses”™ macha-
nemm for crestng soeual phanotypes n Dosophie, B soparsts “brain sov” pahway char
acterzed by the fruillass gene provedas indivitusls with e aporopriale sel of courtshp
ond aggresson behaviomn

FIGURE 6.16 Sew-specific AMA spiic-
g in four maor Doeanhila sew-dater-
mining genes. The ore-mBAMNAE (EhowT
n thes canor of dagram| are identizal

1 bolh make e lemale nuckel In sach
cuid, 1 larnals-speoific ianscript is
sy ot the bali, whie the detault tran-
woripd fwhesther male or nonepecific] =
shown i the right. Evons are numbseed,
=nd Sha positions ol Erminaton sodoin
am marked. Sex-fehhal. ransfommer, and
ccastsbmsay i oll part of e geenatic
cancaol ol [pHmary s etstmenation
The tranecriplion patisn of frudtiess
determines the ssconcary chamcieristic
of courtsrp bahaaoe (Aher Boker 1085
Bakne ot al, 2001.)

Scanned with CamScanner



