JNTETEPMUHAILIMS MTOJIA ¥
"KUBOTHBIX



HepBI/IIIHBIs nosioBbie kieTku (I1TIK) y miexkonutaronumx, mporu3BOAHbIC KIETOK

BHYTPEHHEN MACCHI, BBISIBIISIFOTCSA B IOTPAHUYHOM PAWOHE XKEITOYHOTO MEIIKA U

ajiaHTorca BOIM3M 3aHen yacTy Kuiky. 3areM [IITK MUrupupyroT B MoJIOBBIE
(roHagHBIC) BAJIUKU

Somite

Foregut Hindgut

Heart Allantois

Primordial
germ cells

Figure 19.6
Pathway for the migration of mammalian pri-
mordial germ cells. (A) PGCs seen in the yolk

Yolk sac L /MCSOHCPhrOS sac near the junction of the hindgut and allan-
Cloaca Dorsal tois. (B) The PGCs migrate through the gut
@) - TEsentary and, dqrsally, up the dorsal mesentery apd into
the genital ridges. (C) Four large PGCs in the
—— hindgut of a mouse embryo (near the allantois

and yolk sac) stain positively for high levels of
alkaline phosphatase. (D) Such alkaline phos-
phatase-staining cells can be seen migrating up
the dorsal mesentery and entering the genital
ridges. (A and B from Langman 1981; C from
Heath 1978; D from Mintz 1957; photographs
courtesy of the authors.)

germ cells




Mapképubimu Oenkamu [TTTK muexkonuTaromumx aBisitoTcs Gakrop
Tpanckpuniuu Oct4 u menoynas gocdarasa

W

Figure 19.7

Expression of Oct4 mRNA correlates
with totipotency and ability to form
germ cells. (A) Oct4 transcription factor
is stained green with a fluorescent anti-
body, while all cell nuclei are stained red
with propidium iodide. The overlap (in-
dicated by the yellow color) shows that
Oct4 is found only in the inner cell
mass. (B, C) An Oct4/lacZ transgene dri-
ven by the Oct4 promoter region shows
its expression (dark color) (B) in the
posterior epiblast of the 8.5-day mouse
embryo and (C) in migrating PGCs in
the 10.5-day embryo. (D, E) Labeled an-
tibody (brown) staining shows Oct4
protein in the nuclei of (D) oogonia in
postnatal ovaries and (E) spermatogonia
in postnatal testes. (A-C after Yeom et
al. 1996; D, E from Pesce et al. 1998;
photographs courtesy of H. R. Schéler.)




ITITK apo3oduiibl 000COONAIOTCS B palioHE TOISPHBIX I'paHyll (Ha 3aJHEM
KOHIIE 3apO/IbIIa) B X0Je 9-T0 JAeaeHus saep

(A)

Figure 19.2

The pole plasm of Drosophila. (A) Electron micrograph of polar
granules from particulate fraction of Drosophila pole cells. (B)
Scanning electron micrograph of a Drosophila embryo just prior to
completion of cleavage. The pole cells can be seen at the right of
this picture. (Photographs courtesy of A. P. Mahowald.)



Murpanus I1TTK npo3oduisl u3 palioHa MoIsIpHOM M1a3Mbl B paiiOHbI
jaTepaibHOUN Me3onepMbl 10-12 napacerMeHTOB, i€ 00pazyroTcs roHabl. CrieBa
oOpaboTka antuTenamu K Vasa (A-F), u k engrailed (D)- cneuuduueckue
mapkepsl [ITIK. Cropasa - cxemarndecku npeacrasieH myTh murpanuu [I11K B

(A) Vasa probe labeling
the pole plasm

gonadal mesoderm

germ cells Alignment with
abdA, abdB

TCJIC 3apOoJblia

Figure 19.12

Migration of germ cells in Drosophila embryos. The left col-
umn shows the germ plasm as stained by antibodies against
Vasa, a protein component of the germ plasm (D has been
counterstained with antibodies to Engrailed protein to show
the segmentation, and E and F are dorsal views.) The right
column diagrams the movements of the germ cells. (A) The
germ cells originate from the pole plasm at the posterior
end of the egg. (B) Passive movements carry the PGCs into
the posterior midgut. (C) The PGCs move through the en-
doderm and into the caudal visceral mesoderm by dia-
pedesis. The wunen gene product expressed in the endo-
derm expels the PGCs, while the product of the columbus
gene expressed in the caudal mesoderm attracts them.
(D—F) The movements of the mesoderm bring the PGCs
into the region of the tenth through twelfth segments, where
the mesoderm coalesces around them to form the gonads.
(Photographs from Warrior et al. 1994, courtesy of R.
Warrior; diagrams after Howard 1998.)



Perynsanus mojia MOXET
OCYIIECTBIATHCA Y )KUBOTHBIX

pa3IMYHBIM 00pa3oM Onaroaaps
TCHECTUYCCKUM (PaKTOpaM MM (M)
(pakTOpaM BHEIIHEH CpPEIbl



XPOMOCOMHOE OIPEIEIICHUE MOoJIA.

Y JKMBOTHBIX CYIIECTBYIOT MOJIOBBIE XPOMOCOMBI, TaK YTO
IOJI OMPEAECIIAECTCS B 3aBUCUMOCTH OT YHCJIa M COCTaBa
IIOJOBBIX XpOMOCOM. CaMKH )KUBOTHBIX MOTYT OIPEACIISIThCS
reHoTunamMu XX, WZ. Camipl - reHotunamu XY, Z7 niu XO0.
[Ipumepsl - XX- caMKH, X Y- caMmIIbl - HACEKOMBIE (MYXH),
PBIOBI, MPECMBIKAIOIINECS, MICKOUTAIOIINE
XX-caMku, X0-camiibl (HaCEKOMBIE) BOASHOM Kjom Protenor,
HEKOTOpPbIC 0A00YKH U KPYIJIbIC YEPBH.

WZ- camku, ZZ-camiibl - HEKOTOpBIE BUIbI 0a004YEK, BOASHOMN
kjion Lygaeus, pblObl, 36MHOBOJIHBIE, ITPECMBIKAIOIIHCS,
IITHULBI
XX- repmadpoautsl, X0 -camIiibl - HEMATOIbI
(omHOBpeMeHHO) XX, WZ -camxu XY, ZZ -

CaMIIbl - HEKOTOPBIE€ PhIOBI 1 HEKOTOPHIE MPECMBIKAOIITUECH.
JIMmIouIHBIE 0COOM — CAaMKHM, TaINIOUIHBIE — CAMIIbI
(mepernoOHYaTOKPHLIbIE HACEKOMBIE)



X and Y chromosomes were first linked to sex

™

XX/XO sex determination

In 1906, Edmund B. Wilson demonstrated
that females of the hemipteran msect
Protenor contain 14 chromosomes,
including 2 X chromosomes. Oogenesis
produces gametes with 7 chromosomes.
Males contain 13 chromosomes, including
a smgle X. Spermatogenesis produces
gametes with either 6 (without a X) or 7
(with a X) chromosomes.

*=. determination early in the 20th century

(a) Protenor mode

it
T

Autosomes X

HiH
i

Autosomes Xs

XX Female (12A + 2X) XO Male (12A + X)

11
HiH
T

| Autosomes X
1

HHIH

T
Y

Autosomes Xs

Male (12A + X) Female (12A + 2X)

1:1 sex ratio




X and Y chromosomes were first linked to sex

determination early in the 20th century

(b) Lygaeus mode

HiHH HiH

‘ X
. it
| |
2 3 Aut Xs | Aut
XX/XY sex determination pasisbloiaiisel skl
3 ’ " XX Female (12A + 2X) XY Male (12A+ X +Y)
Wilson also experimented with |
Lygaeus turicus. The species has . Gnristn i Gamete l
= ormation fOfmdthﬂ

12 autosomes. In addition, females [
have 2 X chromosomes, while the 1] § ! 4 } * * *
males have a single X and a e R
smaller heterochromosome labeled ' RERERIMERRRRRE

R

the Y chromosome. Oogenesis * { } * * i ] A ;
produces (6A + X) gametes. JRRRRRENY I RRRRAER
‘ Autosomes Y ;- Autosomes Xs

Spermatogenesis produces
(6A a X) and (6A i Y.) gametes MNPIe(IZA + X + Y) Female (IZA ' 27)5)7
g :

1:1 sex ratio
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Y pbI0 HapsAay ¢ pa3aeJbHOIOJBIMA BUAAMHU €CTh U
repmMa@poauThbl.

I'epmadgpoauTbl MOryT ObITH : 1. CHHXpPOHHBIE
(0OIHOBpPEMEHHO CYIIECTBYIOT AMYHUK U CEMEHHMK) -
Servanus scriba: noouepeayu Me4yT UKPY U e€
OILIOAOTBOPAIOT. 2. ACHHXPOHHBbIE (TOHAABI FT€eHETHYECKH
3alPOrpaMMHUPOBAHbI HA CMEHY THUIIA B X0/€¢ OHTOIeHe3a):
pbI0a - monmyrau;

ITocienuue B CBOIO OUepeab ACJATCH HA
IMPOTOrMHHBbIE (CHAYAJIA «CAMKA») K POTOAHAPUYECKHE
(cHauaJsa «cameny) - Sparus auratus .

Kpome T0ro, Bb100p mojia MoJI0a01d 0CO0OU MOKET
onpeneJasaTbCsd COOTHOIIEHUEM IMOJIOB B CYIIECTBYIOIIIEH
MONMYJAIMH PbIO (MpUMep - pbIOKAa KOPAJLJIOBBIX pU(OB)



M3MeHEeHUsI CTPYKTYpbl TOHa1 repMadpOoaUTHON PHIObI
Sparus auratus

(A) MALE PHASE (B) TRANSITORY PHASE (C) FEMALE PHASE

L

L3
>

Testis

Figure 20.22

Gonadal changes in the hermaphroditic
fish Sparus auratus, shown in section
through the gonad of (A) the male
phase, (B) the transitory phase, and (C)
the final, female phase. (Courtesy of the
family of T. Yamamoto.)



Hapsiny ¢ reHeTnyeckum paxkTopamu (HAJIMYUE MOJTOBBIX
XpPOMOCOM TOTO WJIM MHOTO THUMA) Ha (GOPMUPOBAHUE MOJIA Y
pPBIO, 3eMHOBOIHBIX U MPECMBIKAIOIIUXCA OKa3bIBAIOT
BIIUSHUE (PAKTOPHI BHEIIHEH CPe/Ibl.

Y repMadpOAUTHBIX PHIO BBIBEACHUE U3 UKPBI CAaMIIOB HJIH
CaMOK MOXET 3aBUCETh OT PAa3JINYHBIX (DAKTOPOB, B YHCIIE
KOTOpBIX: pH cpeabl, HaMU4YMe MUTATENbHbBIX BELIECTB,
TeMIIeparypa u ap.

Y penTuimni - TeMneparypa HHKyOaruu sull (4epemnaxu,
KPOKOJIWJIbI, aJUIMTATOPhI, HEKOTOPHIE SAIIEPUIIBI (TEKKOHBI).



Koppensinus mexay cotHomenrueM nojioB F/ (F+M) u Temnieparypoii y pbiObl
Menidia menidia nosiBAs€TCA U HapacTaeT B 0o0Jiee TEIJIBIX BOJax apeana
ooutanus.F-female (camka), M-male (camerr)

Sex ratio: F/(F + M)

1.0
0.8 A

L~ s B ‘
T

L~ 2
0.4 o

/
0.2 i North

| #
15 Nova Scotia

»17 L Prince Edward Island
‘3)3019 -~~~ New York
6’4*9/&21 23 Virginia
& _. 25 North Carolina
€ 27 55 South Carolina
South

Figure 21.13

Relationship between temperature and sex ratio F:(F+M)
during the period of sex determination in Menidia menidia.
In those fish collected from the northernmost portion of its
range (Nova Scotia), temperature had little effect on sex
determination. When embryos were collected from fish at
more southerly locations (especially from Virginia through
South Carolina), the environment had a large effect. (After
Conover and Heins, 1987.)



3aBucsIIee OT TeMIleparypbl (MHKYOaIuHU SIMIT) ONMPEACICHHE T10J1a Y TpeX
IpeACTaBUTEIICH Kilacca IMPeCMBbIKAIOIMUXCs: TprdoBas U KpacHOyXas 4yepernaxu u

aJUTUraTon.
Alligator
Mississippiensis
100 |-
) Trachemys
= scripta
S 75
-4
=
—
s 50
<
5]
oL Macroclemys
25 |- temminckii
0
1 sl

Temperature (°C)

Figure 17.20

Temperature-dependent sex determination in three reptile species:
the American alligator (Alligator mississippiensis), the red-eared slides
turtle (Trachemys scripta elegans), and the alligator snapping turtle
(Macroclemys temminckii). (After Crain and Guillette 1998.)



e
(€] [l
(e o

Percentage of females

(a)

Temneparypo-3aBucuMas I€TEPMUHALINSA 110JIa y AMIEPHULL, YEPEIaX U

KPOKOJIMJIOB

Figure 21.12

Patterns of temperature-dependent sex
determination. In the first three panels,
different temperatures give a predomi-
nance of males or females. In the last
panel, temperature does not play a role.
(After Bull, 1980.)

, ' Snapping turtles Some lizards, snakes,
Lizards, alligators Many turtles (and others), crocodiles and turtles
| | | 1441 | l 1 | ! [ |
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Temperature ('C)



BI/II[BI I'OPMOHOB MYKCKHX M JKCHCKHX I10JIOBBIX
KCJIC3 MIJICKOIIMTAOIINX

« Male sex hormones:
— testosterone, dihydrotestosterone, estradiol

* Female sex hormones:
— progesterone, estrogen, estradiol




DakTOpHI BHCIIHEH CPeIbl, ONMpeae/Iaonme
(opMupoBaHME 110JI1A Y TO3BOHOYHBIX
(mMpecMBIKAIIUXCHA), MOT'YT AeHCTBOBATDH, Yepes
U3MEeHEeHHe 0aJIaHCA MMOJIOBBIX TOPMOHOB.

My»XCKHE TI0JIOBBIE TOPMOHBI - AHJIPOTEHBI (TECTOCTEPOH
U PsII IPYTHX)

JKeHCKure mo0BbIE TOPMOHBI - 3CTPOTECHBI .
[Tokazano uto pepmeHT P450 apomarasa, KaTaIM3UPYyONIAM
IIPEBPAICHUE TECTOCTEPOHA B 3CTPOTEH, Y
IPECMBIKAIOIIAXCS CIIOCOOEH MEHSITH CBOKO aKTUBHOCTb B
3aBUCHUMOCTH OT TEMITEPATYPhl OKPY>KAIOIIECH CPEIbI.
Temmneparypa HHKyOalMK SIUIT B TIOCJIEAHIOIO TPETh PA3BUTHUS
IPECMBIKAIOIIUXCA (Yepenax, KpOKOAUIOB, aJUIMTaTOPOB)
SABJISIETCA ONPEACIAIOMIEH 11 (GOPMUPOBAHUS 1101
BBIBOJAIIMXCS U3 SIAL] )KUBOTHBIX.



CHHTE3 CTEPOUIHBIX MOJIOBBIX
TOPMOHOB y IO3BOHOYHBIX

Biosynthesis of Estradiol-17/

Cholesterol

on Y
Testosterone
(Androgen)

1«—

Cyp19

OH

Oéjﬁ Estradiol-17/
HO (Estrogen)




VY sxuypunasl Bonellia (opranuzma, 0OMTarOIIEr0 HA MOPCKOM KaMEHUCTOM TPYHTE)
(bopMupoBaHUE MOJIa TPOUCXOIUT Y TUYMHKHU B 3aBUCUMOCTH OT MeCTa €€ MPUKPEIUICHUS K
nojiepKuBaroiel cpesae. [lpn ocaxxieHrn Ha CKATMCTBIN TPYHT (hOPMHUPYETCsS caMKa (Teo -
10 cM, poTOBOI XOOOTOK -proboscis -OKoJIO METPa), MPHU OCAKIASHUHN Ha proboscis CaMKH -
dbopmupyercs camer] (1-3 MM JJTUHOI ), KOTOPBIM MUTPUPYET MO KUIIIEYHUKY U OOUTAET B
MaTke (Miau HeQppUanu), OTIOAOTBOPSS SHIIA)

10 cm ——>|

/ Female Bonellia

Proboscis (may — \
extend 1 meter) N

Male Bonellia (lives
symbiotically inside
the reproductive
organs of the female)

Figure 3.1

Sexual dimorphism in Bonellia viridis. The body of the mature fe-
male is about 10 cm in length, but the proboscis can extend up to a
meter. The body of the symbiotic male is a minute 1-3 mm in
length. While the body of the adult female is buried in the ocean
sediments, her proboscis extends out of the sediments, where it can
be used for feeding or attracting larvae.



VY ynutku- omoneuka Crepidula fornicata, HoBast 0COOBb,
pacrioiararomiascs B KOJIOHUU CBEPXY - BCETJa caMell. 3aTeM MY»KCKasl
M0JIOBasi CUCTEMA JIETCHEPUPYET U CaMel] TPEBPAIaeTCs B CAMKY

Figure 17.21
Cluster of Crepidula snails. Two individuals are changing from male
to female. After these molluscs become female, they will be fertilized

by the male above them. (After Coe 1936.)



nepBVI‘-IHaﬂ U BTOPUYHAaA AeTepMUHauunA nora y

MIeKonuntarLwmnx
IlepBuyHas feTepMUHALUSA 110J1a — 3TO JAeTEPMUHALUSA TOHA.
CeMEHHUKHU U SIMYHUKH (DOPMUPYIOTCS U3 OMITOTECHITMAIbHBIX TOHA/T B
3aBUCUMOCTH OT 10JIOBOro renorumna XY wim XX. [Ipu Hannuum Y-
XPOMOCOMBI, B HE3aBUCUMOCTH OT UM ciia X-XpPOMOCOM, IOJI TOHA/IbI
MYKCKOU

BropuyHas JeTepMUHALUA 110J1a - onipeaesasieT GeHOTHI 0codu BHe
ronaa. OHa 3aTparuBacT CHUCTEMBbI BHIBOASIINX KaHAJIBIIEB U IPOTOKOB
CaMIIOB U CaMOK, (DOpMbI X TEHUTAIMH. BTOpuUYHBIE MOJOBBIE TPU3HAKU
KOHTPOJIUPYIOTCSI TOPMOHAMM, CEKPETUPYEMBIMU MOJIOBBIMU YKEJI€3aMHU.
VYnanenue roHaa OpUBOJAUT K (POPMUPOBAHUIO KEHCKOTO (DEHOTHIIA
O€30THOCHUTENBHO K MOJIOBOMY T€HOTHILY.



Juddepenimpopka OUMOTEHIMAIBHBIX TOHA U 00pa30BaHME TTOJOBBIX
cTpyKTyp 13 BonbhoBa u MromiepoBa mpoTOKOB

SEXUALLY INDIFFERENT
(Bipotential)

Gonads
A

Metanephric
kidney

Ureter

Miillerian

duct
Epidid Metanephri . Oviduct
pricymis Testes kidnel;esp ¢ /Ovarles /

// Ureters \

i Y j ; s’] I w’.‘ I
\ | 1/  Degenerated > 7

N Wolffian duct b7
Degenerated % = x/ =L
Miillerian duct Y.z~ Urinary  Urinary \( [/ Miillerian duct

b bladder bladder duc
Wolffian duct N el \‘ N, b (oviduct)
(vas deferens) l@l Urethra @\1 o —_—
Vagina
MALE FEMALE
Figure 17.4

Summary of the development of the gonads and their ducts in
mammals. Note that both the Wolffian and Miillerian ducts are

present at the indifferent gonad stage.



JluddepennmpoBKka rona 4yeaoBeka (Ha4yano)

INDIFFERENT GONADS

Wolffian duct Glomerulus Aorta

A

/ " " \ £Dorsal

Mesonephnc Excretory Genital
mesonephric ridge

tubule
(A) 4 WEEKS

mesente
ridge t

Wolfian - .- . - *

Miillerian . . B
Proliferating ~Primitive
duct :
coelomic sex cords
epithelium

(B) 6 WEEKS \



JluddepeHmpoBka rona 4enoBeka (MpoI0IKEHHUE)

Wolfian - .- .. *
duct - st

/ g

“

Miillerian g ‘ B
s d o
DEVELOPMENT erdithaiin OVARIAN
. p DEVELOPMENT
Degeneraﬁu}g (B) 6 WEEKS
mesonepnric Degeneratin
Wolffian duct  tubule me%onephrif Urogenital

(vas deferens) mesenchyme

Wolffian duct tubule

. Rete testis

/> il Cortical
o _f 4 -sex cords
. ’\Testis cords ‘ \\[,
T T b a Surface
Miillerian duct . Miillerian duct ‘ epithelium
(C) 8 WEEKS (E) 8 WEEKS

Figure 17.3

Differentiation of human gonads shown in transverse sectio
(A) Genital ridge of a 4-week embryo. (B) Genital ridge of a
6-week indifferent gonad showing primitive sex cords. (C)
Testis development in the eighth week. The sex cords lose
contact with the cortical epithelium and develop the rete
testis. (D) By the sixteenth week of development, the testis
cords are continuous with the rete testis and connect with tl
Wolffian duct. (E) Ovary development in an 8-week human
embryo, as primitive sex cords degenerate. (F) The 20-week
human ovary does not connect to the Wolffian duct, and ne
cortical sex cords surround the germ cells that have migrate
into the genital ridge. (After Langman 1981.)



JluddepeHmpoBka rona 4enoBeka (OKOHYaHUE)

Efferent ducts Rete testis
(vas deferens) cords
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v Testis
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(D) 16 WEEKS

Degenerating
sex cords

Surface
epithelium

Oogonia

Wolffian )

itk Ovarian
_ follicles

Miillerian

duct
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[Ipu aHanmu3e Y-XpOMOCOMBI BBIICHUIIOCH, UTO
TUIIOTETUYECKUN (PAKTOP, OTBECYAIOIINH 3a
(hopMHUpOBaHHKE 110JI1a, CYIIIECTBYET B ICHCTBUTEILHOCTH-
310 reH SRY/Sry (sex region of Y-chromosome),
JOKAJIM30BaH HA KOPOTKOM ILJIeY€ Y-XPOMOCOMBI. ITO
TPAHCKPUIIIMOHHBIN (pakTop, oH coaepkut HMG-gomeH
1 OTHOCHUTCS K cemercTBy SOX-0enkoB. Ha X-
xpoMocoMe reHa SRY Het. ['eH ObLI HalACH TaKXXe B
PEAKUX CIIy4dasX Y JIMI MYCKOIO I0JIa C TECHOTUIIOM X X,
KOTOPBIE COAEPIKAIA TPAHCIONUPOBAHHBIN reH SRY. s
AECTEPMUHAIIMA MY>KCKOTO ()E€HOTHIIA HYKHA TaKXKe
aKTHUBHOCTb JIPYTOro reHa Sox-cemerncrra - SOX9,
JIOKAJIM30BAaHHOI'O Ha ayTocoMe. MyTanus no Hemy
BBI3bIBACT MpeBpalieHue ocodert XY B CaMOK WJIH B
repmadpoautoB. I'ensl SRY u SOX9 skcnpeccupyrorcs
BMECTE B MMOJIOBBIX (TOHAIHBIX ) BaJIMKaX CaMIOB



The Y chromosome

pseudoautosomal regions (PAR) -
homologous with regions on X; synapsis and
recombination occurs during meiosis.

nonrecombining region (NRY) - everything else.

euchromatin - region that contains functional genes
heterochromatin - region that lacks genes

sex-determining region Y (SRY) - gene that controls
male sexual development; produces testis-
determining factor (TDF), a product that triggers the
formation of testes from undifferentiated embryonic
gonadal tissue

PAR —E

SRY

~ Euchromatin

. Centromere

+ Euchromatin

NRY

Heterochromatin

PAR —=

Human Y Chromosome



MBlI11b ¢ TOJIOBBIM F€HOTHIIOM X X, TpaHCTeHHas 1o reHy SRY (cmpasa), B
HOPME JIOKAJIM30BAaHHBIM Ha Y-XpoMoOcoMe 00j1a/1acT (PEHOTUIIOM caMIla

_Sry

Control
- (autosomal)
gene
(B)
Figure 17.6

An XX mouse transgenic for Sry is male. (A) Polymerase chain reac-
tion followed by electrophoresis shows the presence of the Sry gene
in normal XY males and in a transgenic XX Sry mouse. The gene is
absent in a female XX littermate. (B) The external genitalia of the
transgenic mouse are male (right) and essentially the same as in an
XY male (left). (From Koopman et al. 1991; photographs courtesy of
the authors.)



DKcrpeccus reHa Sry IPUBOIUT K akTUBALMKU reHOB SF'1 1 Sox9 B TeX e KIeTKax.
B3aumoneiictBrue reHoB Sox9 u SFI(cteponoreHHoro ¢GakTtopa) BaXKHO JJI AaKTUBAIUU
reHa aHTUMIOJIIEpOBa ropMoHa (Amh) B kinetkax CepToiu, BhI3bIBAIOILIETO JIET€HEPAIUIO
MIOJIJIEPOBA MPOTOKA. ITH Ke (HaKTOPbI TPAHCKPHUIIIIUK B KIeTKax Jleianura cTuMymupyroT

o0Opa3oBaHue U cekpennto Tecrocrepona. CrepouporeHHblil pakrop SF1 moxer

(YHKIIMOHUPOBATH B KJIETKaX roHajJ 000UX TUIIOB.

Promoter

A mh

% -
Transcription
upregulated

Transcription
further upregulated

Figure 17.8

Synergism of Sox9 and Sf1 to activate the expression of the Amh
gene. (A) The binding of Sox9 to the Amh promoter initiates tran-
scription of the Amh gene in the Sertoli cells. (B) After Sox9 binds,
the expression of AMH is upregulated by the binding of SF1 and
Wt-1. AMH is believed to position SF1 on its DNA-binding site,
and Wt-1 is joined to the Sfl protein. (C) Gata (a transcription fac-
tor common to many cell types) upregulates Amh expression fur-
ther. Neither Sfl nor Gata can function if Sox9 is absent. (After
Arango et al. 1999.)



Ponp anTMMIOIIIEpOBAa TOPMOHA B ACT€HEPALIMHA MIOJIEPOBa
npoToka (1o KpbIchkl). ClieBa - OTKPBITEI 00a MPOTOKA,
crpaBa -4epe3 3 aHs nocae aeucreuss AMH, OTKpBIT TOIBKO
BOJIb()OB IIPOTOK

Figure 17.13

Assay for AMH activity in the anterior segment of a 14.5-day fetal rat reproductive tract.
(A) At the start of the experiment, both the Miillerian duct (arrow at left) and Wolffian duct
(arrow at right) are open. (B) After 3 days in culture with AMH-secreting tissue, the
Wolffian duct (arrow) is open, but the Miillerian duct has degenerated and closed.

(Photograph courtesy of N. Josso.)




BrisiBienue rena DAX1 Ha X-XpoMOCOME, OTBETCTBEHHOTO 32
(hOopMHUpPOBAHHUE KEHCKOTO TTo1a. [ €H ObLT MACHTU(PUIIMPOBAH HA X-
XpOMOcCOMe (B BHJIE ABYX KOMHWI) MPHU aHAJIN3E IBYX OJIU3HEIIOB C

KEHCKUM (DEHOTHUIIOM, HO C TCHOTUIIOM XY

Genotype XY

DAXI

l

Gonads Testis

Phenotype Male

SRY

DAXI

X X X
Inactive
() paxi () (= SRY
e m
2 copies/
K F‘ of DAX1 i
I )
Ovary Gonadal
dysgenesis
Female Female

Figure 17.9

Phenotypic sex reversal in humans having two copies of the DAX1
locus. DAX1I (on the X chromosome) plus SRY (on the Y chromo-
some) produces testes. DAXI without SRY (since the other DAX1
locus is on the inactive X chromosome) produces ovaries. Two ac-
tive copies of DAX1 (on the active X chromosome) plus SRY (on
the Y chromosome) lead to a poorly formed gonad. Since the gonad
makes neither AMH nor testosterone, the phenotype is female.
(After Genetics Review Group 1995.)



Crepounpnorennsbiii paktop SF1 B 3auaTkax ceMeHHUKa aKTUBUPYETCS O] KOHTpojaeM SRY M COBMECTHO
¢ SOX9 akTuBupyet skcupeccuto rena Amh B kierkax Cepronu, a B kietkax Jlediaura - padoty
(epMEHTOB CUHTE3UPYIOIIMX TecToCTePOH. bennok DAX1 B 3auarkax ssM4HUKA, HAIIPOTHUB, YTHETAET
skcripeccuto SF1, uyto npuBoauT k aktuBanu WNT4, panee yrHeTaBIIMMCs, U1 TaKUM 00pa3oM, K

Pa3BUTHUIO SIMYHUKOB 10 KOHTpojeM WNT4.

X chromosome

DAX1

Y chromosome

Figure 17.10
Possible mechanism for primary sex determination in mammals. While we do not know

the specific interactions involved, this model attempts to organize the data into a coher-
ent sequence. Other models are possible. In this model, SRY competes with the DAX1
protein to activate or repress the SF1 gene. If a single X and Y chromosome are present,
the SRY will be favored, and the activation of SFI will occur. If two copies of DAXI are
present on the X chromosome (or if there is no Y chromosome), the SFI gene will not be
activated. The SF1 protein is thought to activate the SOX9 gene, which instructs the sex
cords to develop into the Sertoli cells of the testes, and may also repress WNT4. WNT4
would otherwise cause the differentiation of the gonad into an ovary. Most of the genes
activated by WNT4 and SOX9 have not been identified, and the mechanisms by which
SRY and DAX1 function are not yet known.



Kackaspl perynsiuu, napakpuHHbIMU U TPAHCKPUIIIIMOHHBIMH (haKTOpaMH, BEAYIIIHE K
00pa3oBaHUIO abTEPHATUBHBIX MOJOBBIX (DEHOTUIIOB MJIEKOTTUTAIOIINX
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Figure 17.2

Postulated cascades leading to the formation

of the sexual phenotypes in mammals. The conversion of the genital
ridge into the bipotential gonad requires the LFHX9, SFI and WTZ
genes, since mice lacking either of these genes lack gonads. The
bipotential gonad appears to be moved into the female pathway
(ovary development) by the WN74 and DAX1 genes and into the
male pathway (testis development) by the SRY gene (on the Y chro-
mosome) in conjunction with autosomal genes such as SOX9. The
ovary makes thecal cells and granulosa cells, which together are ca-
pable of synthesizing estrogen. Under the influence of estrogen (first
from the mother, then from the fetal gonads), the Miillerian duct
differentiates into the female genitalia, and the offspring develops
the secondary sex characteristics of a female. The testis makes two
major hormones. The first, anti-Maillerian duct factor (AMH), caus-
es the Miillerian duct to regress. The second, testosterone, causes the
differentiation of the Wolffian duct into the male internal genitalia.
In the urogenital region, testosterone is converted into dihydro-
testosterone (DHT), and this hormone causes the morphogenesis of
the penis and prostate gland. (After Marx 1995 and Birk et al. 2000.)



TecToCTEPOH U 5 O-IUTUIPOTECTOCTEPOH - AHJAPOTEeHBI. T€CTOCTEPOH
CUHTE3UPYETCA B KJIETKax Jlewaura n oTBevaeT 3a 0Opa3oBaHue
SIUIUIUMUCA, CEMEHHBIX MTy3bIPbKOB, vas diferens v, B MEHbIIIEH
CTEIECHH, 32 00pa30BaHUE MOIIOHKHU U MEHUCA. J[UruipoTecTOCTepOH
o0Opa3zyeTcs U3 TeCToCcTepoHa ((PepMeHT- 5 o —“KETOCTEpOUApEayKTa3a),
CUHTE3UPYETCA MO3JHEE B MOUYETIOJOBOM CUHYCE U B CEMEHHBIX
my3bIpbKax, 00J€€ aKTUBEH B MHIYKIIMU 00pa30BaHUs yPETPhI, IPOCTATHI,
MOIIIOHKY ¥ nieHunca. Heboubimas oOmuHa B JIOMMHUKAHCKON pecIyOInKe
MMEET YIECHOB, HECYIIIMX MYTaIUIO IO (DEPMEHTY KETOCTEPOUIPEIYKTA3E,
U, CJI€JIOBATEIILHO, HE COJACPIKAIIMUX JUTHIPOTECTOCTEPOHA. ITH JIFOIH C
reHOTUIIOM XY JI0 TTOJIOBOTO CO3PEBAHUSI UMEIOT HEPA3BUTHIC BHEIITHUE
KEHCKHE TTPU3HAKH, HO MPU MTOJOBOM CO3PEBAHUU OOJBIINE KOJIMYECTBA
TECTOCTEPOHA BCE K€ CTUMYJIUPYIOT 00pa30BaHWE MOIIIOHKH U MEHKCA U
3TH JIIOIU HACHTU(MUIMPYIOTCS KaK FOHOIIIM.

B kierkax Jleliaura, KpoMe TECTOCTEPOHA, CHHTE3UpYyeETCs (1
CEKpPETUPYETCS U3 KIETOK) MHCYIUMH-NI0100HBIN ropmoH 3 - (Insl-3). On
BHOCHUT BKJIaJI B (DPOPMUPOBAHUE MOIIIOHKH



PanoHbl MyKCKOH IMOJIOBOH CUCTEMbI, (G OpMUPYIOLIHECS
IO KOHTPOJIEM TeCTOCTEPOHA U JUTHAPOTECTOCTEPOHA.

Urinary bladder

Pubis

P AL T N
. S "‘"ﬂb&a‘m\_ v |,
Penis TRy

Urethra

Vas deferens
Epididymis /

Testis [_] Dihydrotestosterone-dependent
B Testosterone-dependent

Figure 17.12
Testosterone- and dihydrotestosterone-dependent regions of the
human male genital system. (After Imperato-McGinley et al. 1974.)



MyKCKHE U KEHCKUE CTEPOUHBIC TOPMOHBI. ICTPOreHbI (BKIIIOUasI
TUATUIICTAIOECTPOIT) BAXKHBI HE TOJIBKO JJIs1 (POPMUPOBAHUS KEHCKUX MOJIOBBIX
OPTaHOB -MaTKH, €KW MATKH, BIarajiiiia U KJIMTOpa -u3 CTPYKTYP MIOJIJIEpOBa
MPOTOKA, HO TAKXKE JJIs1 PA3BUTHSI MOJIOUHBIX keJie3. [IudTHIICTUI0ECTPOI BasKEH ISl
HOPMAaJIbHOTO IPOTEKAHUSI OEPEMEHHOCTH.

VY caMI10B 3CTpOTeHbI MPOAYLIUPYETCS B psific TKAHEH (BKJIFOUAsi MO3T) M BaXKHBI JJIsI
(bepTUiIbHOCTU ciepMbl. ECi KOHIIEHTpaLKs SCTPOr€HOB B KPOBH BBIIIIE Y CAMOK, TO
KOHIIEHTpalUsI MX B KaHAJbI[aX CEMEHHUKOB - rete testis BbIllie, YeM B KPOBU Y

caMOK. Y CaMOK TaK»XK€ MMEIOTCS AHAPOI'CHDbI

onadal Steroids

« Male sex hormones:
— testosterone, dihydrotestosterone, estradiol

* Female sex hormones:
— progesterone, estrogen, estradiol



Bubl )KEHCKHX MOJOBBIX TOPMOHOB Y UX (DYHKIIHH

Female Sex Hormone Functions
Female Sex Hormone Functions
» Estrogens
— required for maturation of female sex * Progesterone
characteristics, genital and breast — glandular development in breast

development
— growth of endometrial lining
— alteration of fat distribution, decrease lipid

— ¢yclic glandular development of endometrium
— can compete with aldosterone

oxidation, increase TG synthesis — increases body temp
— decrease bone resorption by antagonizing — alters respiratory function
PTH

* Androgens

~ principally testosterone and
dihydrotestosterone

~ may be responsible for normal hair growth
— possible roles in other metabolic processes



XPpOMOCOMHas JeTepMUHaLs 11oa y Drosophila
Oco0u renornna XX -caMKHu ¥ regoTuria XY -caMmObl. B
cinydae reHotuna X0 -Takke o0pa3yroTcsl CaMIibl, HO
CTEpUJIbHBIC
Y npo30¢unsl (1 y MHOTUX IPYTMX HACEKOMbIX) HET
TOPMOHAJILHOTO KOHTPOJIsI (hpopMooOpazoBanus 1moja. [1on
ONPEICISACTCS COOTHOIIEHUEM YHCIa X-XPOMOCOM K YHCITY
HaOopoB ayTocoM - X:A. B ciaydae X:A =1 -mon :KeHCKUi, B
cnydae X:A =0, 5 -11oJ1 My>KCKOM..
banancoBas rumnoresa onpeaeneHus mnoaa K. bpumxkeca.



[ mHaHApOMOP(dHEI AP030(UILI U MOTHLIbKA, 00pa30BaBIINECS
B PE3yJIbTATE YTPAThl B PAHHEM PAa3BUTHUH U3 Psijia KJIETOK
OJIHOU X X-XpOMOCOM. B pesynbrare opranusm COIEPKUT
YAaCTUYHO KEHCKHUE, YACTUYHO MY>KCKHE CTPYKTYPHI .

eosin eye eosin eye

e P . . e :
YYP miniature wing mimature wing

XX XO

Figure 17.15

Gynandromorphs. (A) Gynandromorph of D. melanogaster in which the left side is female
(XX) and the right side is male (XO). The male side has lost an X chromosome bearing the
wild-type alleles of eye color and wing shape, thereby allowing the expression of the recessive
alleles eosin eye and miniature wifig on the remaining X chromosome. (B) Photograph of a
gynandromorphic lo moth, divided bilaterally into a rose-brown female half and a smaller,
yellow male half. (A from Morgan and Bridges 1919, drawn by Edith Wallace. B; photograph
by T. R. Manley, courtesy of The Journal of Heredity.)



['eHbl HyMepaTopbl (YHCAUTEIA ), TOKAIM30BaHHBIC HA X-XPOMOCOME,
KOIMPYIOT (paKTOpbI TPAaHCKPHUIIIUM sisterless-a, sisterless-b=scute
(sis-a,sis-b), runt (runt), akTUBUPYIOIIKE TPAHCKPHUIIIIMIO I'eHa sx/ ¢

IMPOKCUMAaJIbHOTO MPOMOTOpa. I €HbI IECHOMUHATOPHI (3HAMEHATEJIs ),
JIOKaJIM30BaHHBIC HA ayTOCOMaX, KOMUPYIOT (haKTOPhl TPAHCKPHUITITUN
deadpan (dpn), daughterless (da), extramacrohaeta (emc) u ap., KOTOpbIE
penpecCupyroT akKTUBaLMIO reHa sex-lethal (sxl) ¢ IpOKCUMaIbHOTO
IpoOMOTOpA.

AKTHBATOPHI (OETKU-HYMEPATOPhI )1 pernpeccopbl (OETKU-AEHOMUHATOPHI)
CIIOCOOHBI KOMILJIEKCUPOBATh U PEIIAIOIIUM COOBITHEM B aKTUBAIUU SX/
SBJISIETCS IPEOJ0JICHUE BOBMOKHOCTH PENPECCOPOB YTHETATH ACHCTBUE

aKTUBaTOpoOB. B ciyuae aktuBanuu sx/ ¢ pasHero (OJIMKHEr0) mpoMoTopa

(mpu otHOmIeHNU X:A=1) (reHotun -XX) aJbTEPHATUBHBIN CIIACHUHT

OCYIIECTBIISIETCS ¢ 00pazoBaHUEM (DYHKIIMOHAJILHO aKTUBHOTO OEJIKOBOTO

IpoAyKTa sXx1, KOTOPbIH, ABISASICH (PaKTOPOM CILIACHHTIA,
B3aUMOJICHCTBYET ¢ cOOCTBeHHOU npe-uPHKwU 3akpernseT 3ToT xe
BapUaHT CIUIACUHTA sx/ 1S JalbHEUINX 1eei. B ciyyae oTHoleHus
X:A=0,5 (rerotun XY/X0) B TpaHCKpUIIIIMOHHOM KOMILJIEKCE
npeo0Ia1atoT penpeccopsl, sx/ HE TPaHCKPUOUPYETCS C PaHHETO
(IpOKCUMAJILHOTO) IIPOMOTOPA.



CxemaTnueckoe IMpeJICTaBlIeHue FTeHEeTHYECKOM IIporpaMMbl IeTepMUHALIMM TTo1a Drosophila,
ompenaensieMoe cooTHomeHneM X:A. JlerepMuHaIius moJia Mo MY>KCKOMY HJIH KEHCKOMY THUITY
omnpeaessaeTcs Mo ernoYKe reHoB: sex-lethal, transformer, doublesex, mocienoBaTeaIbHO
PETYIUPYIOIIUX IPYT Apyra MyTeéM ajibTepPHATUBHOIO CIulaiiciHra. @OopMUpPYIONMIUICS B KOHEUHOM
cuére hakrop TpaHckpuniuu doublesex cymiecTByeT B BHE AByX BapuaHToB - dsx'(camku) dsx™
(camI1a), 4TO ¥ OTMPEACIISIET OYIYIITHNA MMOJ.

XX;AA XY;AA
Sex-lethal Sex-lethal
Female-specific No functional
mRNA mRNA
transformer  transformer
Female-specific No functional
mRNA mRNA
doublesex doublesex
Female-specific Male-specific
MmRNA mRNA
Female Male

phenotype phenotype



Kackazpl peryndiuii, KOHTPOIUPYIOIUX (HOPMUPOBAHUE MOJTOBBIX CTPYKTYP
caMKU U camiia Apo3oduibl Paznuunas aktuBanus reHa sx/ (sex-lethal) Oynymmx
CaMOK M caMIIOB JIpo30(uibl. J[eaTebHOCTh TEHOB HyMEpPaTOPOB U
JIEHOMUHATOPOB OMPEJIECIAET AIBTEPHATUBHBIE TPAHCKPUIIIUIO U CIIJIAaUCHUHT SX/.

XX X:A ratio XY
r A N\
| - | 1 : 2
sis-a da sis-a 0
sis-b her sis-b
sis-C vs. emc sis-c
runt gro runt
dpn dpn
" Sxl not
activated
Sxl 'S

(No functional proteir
dsx dsx

T (No functional
e tra protein)
Represses
Femf:\c - Mal.ef— ) ]
specific specific genes
Dsx proteins Dsx proteins
? Represses ¢ Represses l
Xlinked Sk e X-linked
differentiation differentiation
genes genes
l gEnes genes ¢
Female Female Male Male
transcription phenotype phenotype transcription
rate rate




PaznuuHast akTUBalus reHa sx/ OyayIlux caMOK M CaMIlOB APO30()HIIBI.
JlesITeIbHOCTh T€HOB HYMEPATOPOB U JEHOMHHATOPOB OMPEAECIISIET
aJIbTEPHATUBHBIC TPAHCKPHUIIIUIO U CIUTANCUHT Sx/

(A) Female 2X:2A
EARLY PROMOTER TRANSCRIPTION

(B) Male

1X:2A

Heterodimer transcription factors do not initiate Sxl transcription

2A Farl " 1X 2A
(deadpan, etc.) aghy proma - (sis-a, -b, (deadpan, etc.)
transcription etc))
factors
Sxl gene’—"-‘ \)Ik—\ﬂxl gene—————
v = Male exon __ Exon Male gxon -
TR Py - ;3 PL
AUG UGA AUG UGA
Transcription & Bxot l
(et Tt S el No Sx/ transcription, translation
AUG UGA . Sxl or subsequent Sxl protein
Stal/rt Active  Protein splicing factor activity
Splicing and «
codon :
translation
LATE PROMOTER TRANSCRIPTION LATE PROMOTER TRANSCRIPTION
PL pE PL PE AUG UGA
(1) Sxl protein binds to Transcription L (Termination codon
late promoter maintain- ¥ Transcription | i exon 3)
ing gene expression 3 Exon ‘ i

(2) Sxl protein acts <——j

as splicing factor
to remove male exon
from transcript

sx] MRNA (e e
Sxl

Active protein

No Sxl
protein

_——
Active

Termination
codon

Male default splicing includes stop
codon early in RNA transcript; no
protein translated



AJIBTEpHATUBHBIN CIUIAWUCUHT ~-OCHOBHOMW MYTh Pe€aln3aiuy NpPOrpaMMbI
JNeTEePMHUHALIMY T10J1a Y APO30(PHUIIbI
(mocnenoBaTeIbHOCTh COOBITHI)

Female-
specific S et “Default”
splicing splicing ’
[T2T4[5[6[ 8- aan -—— A "2 N T4 TS[IS[ [ TE] > [[ZIN4[5[67[8 | AAa
i e |
Male exon Stop codon
Sex-lethal
transformer
GE ARSI —— [N - A
S——
Stop codon
Transformer bl

[(PT 27374 }AMA -——[1] T2 TJ3[[4 NN Bl — (1] 27 N A

| £ |

Female Doublesex

Male Doublesex

Figure 17.18

The pattern of sex-specific RNA splicing in three major Drosophila sex-determining genes.
The pre-mRNAs are located in the center of the diagram and are identical in both male and
female nuclei. In each case, the female-specific transcript is shown at the left, while the default
transcript (whether male or nonspecific) is shown to the right. Exons are numbered, and the
positions of the termination codons and poly(A) sites are marked. (After Baker 1989.)



ITo xony pa3BuTHS, Korda sx/ HaUMHAET TPAHCKPUOUPOBATHCS C MO3IHETO
(IMCTAIBHOTO) MPOMOTOPA, aJIbTEPHATUBHBIN CILIANCUHT SXx/ pH
reHoTure XY/X0 uaeT ¢ COXpaHEeHUEM TPETHETO AK30HA, B KOTOPOM
HaXOJUTCS CTOI-KOJIOH. B pe3ynbprare yero 0eaKoBbIA ONPOAYKT Sx/ y
camIia - gedekreH. OH He cIOCO0EH PYHKIIMOHUPOBAThH Kak (hakTop
CILIAMCUHTA.

Hanpotus, 6enkoBbIi TpoayKT sx/ camku (X X)-GhyHKIHOHATBLHO
aKTUBHBIN (DaKTOp CIUIaliCuHra He ToJibko AJisi cBoed PHK, Ho u mys mpe-
uPHK rena transformer (tra), uto npeponpjaeiseT oOpazoBaHue Ocika tra
KaK CIIeyroniero (pakropa CrjlaiiCuHra, Moau(GUIMPYIOMIEro (COBMECTHO
C APYTrUM OEIKOM- tra2) CIUTAMCHUHT CIEAYIOIIETO B KACKaJle reHa —
doublesex (dsx). B pesynsrare o0pasyercsa (pakrop TpaHCKpunnuy -Dsx”
(peHoTuna camku). B OTCYTCTBUU aKTUBHOTO tra-0ejKa CIIalCUHT dsx
IPOXOJIUT IO JIPYTOMY BapyuaHTy U 00pa3zyeTcsl BUIOU3MEHEHHBIN (pakTop
Tparckpunuuu Dsx™ (denoruna camua).



DopMHUPOBAHUE MY>KCKOM M KEHCKOH IMOJIOBBIX TOHAJ Y APO30(UIIbI MO
KOHTPOJIEM pa3UUHbIX popm Dsx

A8 (female
(B) primordium)

(A) A9 FEMALE
(d) / DsxF

Figure 17.22

Action of Doublesex proteins to form the gonads of Drosophila.
(A) The genital disc is derived from abdominal segments A8, A9,
and A10. A8 forms the female portion of the disc, A9 forms the
male portion of the disc, and A10 forms the anal structures (which
will not be discussed here). (B) The female-specific Dsx protein in-
hibits dpp in the ninth (“male”) abdominal segment, while enhanc-
ing wingless expression in the eighth (“female”) abdominal seg-

A9 (male
primordium)
i

Parovaria =

Tergite

ment. This causes the growth and development of the eighth ab-
dominal segment into an ovary and the differentiation of the ninth
abdominal segment into the parovarian accessory organs. (C)
Conversely, the male-specific Doublesex protein inhibits wingless
expression in the eighth abdominal segment, while enhancing dpp
function in the ninth abdominal segment. This interaction allows
the ninth segment to grow and develop into testes, while the eighth
segment differentiates into a tergite. (After Keisman et al. 2001.)




M F
Ponu Dsx™ u Dsx™ B (hopMupOBaHHM 11018 Y APO30(PUIIHI.
Dsx- TpaHCKpUNIIUOHHBIN (DAKTOP, JCUCTBYIOIIUN KaK PENPECCOp WU
KaK aKTHUBATOP, JJIsI KaXI0r0 T10J1a B AJIbTEPHATUBHON MaHEPE

) FEMALE
Dsxf + ix
W, Dpp\ﬁF Yp genes dac
(A/P organizer) ' l

Figure 17.21

The roles of the Dsx™ and Dsx" proteins in Drosophila sexual devel-
opment. (A) Dsx' functions with Intersex to promote female-specif-
ic expression of those genes that control the growth of the genital
disc, the synthesis of yolk proteins, the formation of spermathecal
ducts (which keep sperm stored after mating), and pigment pattern-
ing. (B) Conversely, Dsx™ acts as a transcription factor to promote

) MALE
szM
W, Dpp/FGF Vp genes bab

(A/P organizer)

the male-specific growth of the genital disc, the formation of male
genltalla, the conversion of cuticle into claspers, and the male- -Spec i
ic pigmentation pattern. In addition, Dsx" represses certain genes in-
volved in specifying male-specific traits (such as the paragonia), and
Dsx represses certain genes involved synthesizing female-specific
proteins such as yolk protein. (After Christiansen et al. 2002.)



Hemarona Caenorhabditis elegans nmeet nBa nona: XX -repmadpoautsi (0onee 99%

nonyssiiun) U X0 -camiibl. Y B3pociio ocoou (repmadpoauTa) 4uciio COMaTUUECKUX

KJIETOK Tena- 959 (y nepBoit mMUuHKY -558). UncIo MONMOBBIX KIETOK 0oJibiie (0osee
1500).

*Hermaphrodites are named after the son of Hermes (Mercury) and Aphrodite (Venus).
Having inherited the beauty of both parents, he excited the love of the nymph of the Salmacis
fountain. As he bathed in this fountain, she embraced him, praying to the gods that they might
forever be united. She got her wish in the most literal of fashions.

Hermaphrodite: XX Sperm in

spermath

Ovary Brgs in

/\

pule: XO ¢ Figure 20.19
\ Schematic diagrams of the hermaphro-
Cloaca  dite and male Caenorhabditis elegans,
| ¥as deferens emphasizing their reproductive sys-

tems. (From Hodgkin, 1985.)

Testis



Hemarona Caenorhabditis elegans, repmadpoauTHas
0CO0b




Hemarona Caenorhabditis elegans, camenn

BodyFIG1C



B cinydae camooruiogorBoperus 0,2% HOBBIX 0COOEH -CaMIIbl,
OCTaJIbHBIE -repMadpPOIUTHI, B Caydae criapuBaHus ocooer XX n X0
- IOJIOBUHA HOBBIX 0COOEH - CaMIIbI.

Caenorhabditis elegans - roundworm; popular in genetic
studies because it is known that the hermaphroditic adult
has exactly 959 cells; genome has been sequenced
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Jlerepmunanus nona 'y C. Elegans (takxke Kak u'y Drosophila
MMEET 3HAYCHUE OTHOIICHHUE 4YHCIa X-XPOMOCOM K YUCITY
Ha0OpOB ayTocoM; Sex-1 —0AuH U3 NpEeACTaBUTEICH T'€HOB-
HyMEpaTOPOB).

OnpenensrouMi MOMEHTAMU SIBJISIFOTCSL aKTHUBAIIUS I'eHa
tra-1 (HE pOACTBEHHOIO I'€HY fra Apo30(duibl). COOTHOIICHUE
X : A ckanupyeTcs (pakTOpoM TPaHCKPUMIIINHK Sex-1,
BJIMSIOIIMM Ha aKTUBHOCTH T'€HA X0/-1: BBICOKHME J1I03bI O€NIKa
X0l-1 MEHSIFOT XapakTep peryIsaluu B AETEPMHUHAIIAM T10J1a C
aKTUBaIMM (repMa@poanThl) HA PEOPECCUIO (CaMIIbI)



tra-2

X:A sdc-1 fem-1 /
 — xol-1 — $4c¢-2 —{ por.] — — fem-2 — tra-1
ratio scd-3 tra-3 sdc-3 \/
B
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X0 05 Hgh Llow  High  Low High  Low 3 e g e

Figure 20.20

CxemaTnudecKkasi MoJe/Ib COMATHUECKOI0 onpeaeienus noqa B C.elegans. Sdc-1
reH, KaK NOCTY/IHPYeTCs, BOBJIEKAeTCs B epegauy oTHomeHus X/A. 910
ynpagpJjsieT X KOMIeHCAIUSIMHA J03HPOBKH XPOMOCOMBI TaK Ke KaK
nmoxaBJieHHeM ee /ier-1 reHa, ecia oTHomeHHue 1. High/Low o0o3HaueHnne
oTpa:kaeT QYHKIHOHAIBHYI AKTHBHOCTh FreHa. AKTHBHOCTB SAC T€HOB B
KOHEYHOM cUeTe IPUBOJNT K AKTHBHOCTH /7a-/ reHa, aKTHBHOCTh KOTOPOro
BbI3bIBaeT repMapoauTHEIM (PeHOTHI. SIC TeHbI MOTYT ObITh HHTHOHPOBAHBI
xol reHOM, KOTOPBIii AKTHBEeH ToIbK0 B XO (caMmmsbl).



CurnanbHas 1enouka gerepmuHanuu noia C. elegans. llepemenienue B sapo
TpaHCKpuniruoHHOTO (pakTopa TRA-1 o3HavaeT peanuzanuto repmMadpoaIuTHOTO
denoruna. ®akrop Her-1 ocodu X0, B3aumMoaeicTBys ¢ MEMOpaHO-CBsI3aHHBIM
oesnkoM TRA-2, BbI3BIBACT ACTEPMHUHALIMIO MOJIa O MYyKCKoMY Tumy. [Ipu sTom
POMEKYTOUHBIN yuacTHUK — O0esiok FEM, ynepxkuBaetr TRA-1 B nurtomniazme
(IMCCOLMUPYET C TOCICIHUM MPU AECTEPMHUHALINY 110712 110 X X-repMa@poIuTHOMY
yTH).

XX Hermaphrodites XO Males
TRA-2 TRA-2 HER-1

Figure 20.21

Hypothetical scheme for the actions of sex-determining genes in
C. elegans. In XX individuals, the FEM proteins are sequestered
near the cell membrane by the products of the tra-2 genes. In the
absence of the FEM proteins, TRA-1 protein enters the nucleus
to transcribe genes needed for hermaphroditic development. In
XO individuals, the HER-1 protein binds to the TRA-2 product,
causing the TRA-2 product to release the FEM proteins. Once
free in the cytoplasm, the FEM proteins can bind the TRA-1
product, preventing it from entering the nucleus. (After
Kuwabara and Kimble, 1992.)




JleTepMUHAIIMS TTIEPBUYHBIX MOJOBBIX KIETOK y repMa(oOpOAUTOBR MO MY>KCKOMY HITH KEHCKOMY
MyTH OCYIIECTBISAETCS B JIBa ATana: 13Tam -nepexoji OT MUTO3a K MEH03y KOHTPOJIUPYETCS
JTUCTAJIbHOM KOHIIEBOM KJIeTKOW roHaasl u curHanHroM Notch/Delta.l'en glp I nepBuyuHbIX
TIOJIOBBIX KJIETOK - TOMOJIOT reHa Notch npo3oduiisl, reH /ag2 KISTKH AUCTAILHOTO KOHIIA

rOHaJIbI - romoJior Delta, ero 0eIKOBbIN MPOIYKT BXOAUT B COCTAB TJIa3MaTUYE€CKON MEMOpaHbI

JTACTATbHOU KIIETKU

(A) Intact gonad

Region of ’ Transition ‘ Region of
melosis n zone s mitosis

>

Distal
tip cell
(B) Distal tip cell removed or glp-1 mutation

< All cells undergo meiosis !

Figure 19.15

Regulation of the mitosis-or-meiosis decision by the distal tip cell of the C. elegans ovotestis. (A)
Intact gonad early in development with regions of mitosis (light-colored cells) and meiosis. The
plasma membranes of the distal tip cell’s extensions contain the C. elegans homologue of Delta,
while the PGCs contain the C. elegans homologue of Notch. (B) Gonad after laser ablation of the
distal tip cell. All germ cells enter meiosis.



JleTrepMuHaNUs NEPBUYHBIX MOJOBBIX KIIETOK 10 MY>XCKOMY WJIM KEHCKOMY IIYTH Y
repmMadopIUTOB OCYIIECTBIIACTCS B JIBa 3TaIla: 2 3Tal -BbIOOP MEXIY
CIIEpMATOTr€HE30M M OOTEHE30M KOHTpOJIMpPYyeTca Ha ypoBHe TpaHchsaiuu WPHK fem3
oenkamu Nanos 1 Pumilio (romosioramMu 0THOMMEHHBIX OEIKOB JIPO30(HUJIbI).
OnnoBpemenHoe npucytctsue Pumilio u Nanos 6mokupyet tpancisinuio uPHKfem3 u,
KaK CJIEACTBHE, OCYIIECTBIIETCA OOTCHE3.
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Figure 19.16

Model of sex determination switch in the germ line of C. elegans hermaphrodites. Sex determina-
tion in somatic tissues, showing a hierarchy of negative regulation. In the early larva, Pumilio is
not synthesized, and the fern mRNA is able to be translated. The FEM proteins activate the fog
genes, whose proteins cause the germ cells to undergo spermatogenesis. Later in development,
pumilio is activated, and combines with Nanos to make a repressor of fern translation. Without
FEM, the GLD-1 protein can function to make certain the germ cell undergoes oogenesis.



Oo6pazoBanue rpaguenta Hunchback B 6imactonepme npo3zoduisr .
Kontpons tpancnsaiuu MPHK hunchback 6enkamu Nanos u Pumilio

Figure 9.16

Control of hunchback mRNA translation by Nanos. In the anterior of the embryo, Pumilio
protein binds to the Nanos Response Element (NRE) in the 3" UTR of the hunchback mes-
sage, and the message is polyadenylated normally. This polyadenylated message can be trans-
lated into Hunchback protein. In the posterior of the embryo, where Nanos protein is found,
Nanos binds to Pumilio to cause the deadenylation of the hunchback message. This prevents
the translation of the hunchback message. (After Wreden et al. 1997.)

ANTERIOR POSTERIOR

Nanos response A

element A

Hunchback -
mRNA

Adenylation Deadenylation ‘
AAA
Y Y
Translation No translation
Y \
A Hunchback protein No Hunchback
Promotes anterior Allows abdominal
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9BOJIIOHI/IOHHBI€ CBA3HU MCKY I'CHAMH, OTBCTCTBCHHBIMU 34
ACTCPMHUHALTNIO 110JIa Y PA3HbBIX )KUBOTHBIX

* B T0 BpeMs Kak Sry 0OHapyKUBAETCS TOJBKO Y
MJICKOIIUTAIOIIMNX, Sox9 UMEETCsl Yy BCEX MO3BOHOYHBIX.
CnenoBarenbHO, Sox9 aBisgeTcs 0ojaee JPEBHUM I'€HOM U,
BUUMO, UT'PaeT 00j1ee 0O0IIYI0 pOJib B ACTCPMUHALINHI
moJia, yem Sry. YMIIEKONUTAINUX Sox9 aKTUBUPYETCS
POACTBEHHBIM reHoM Sry. Takum o0pazom, Sry MOXKET
JEUCTBOBATh, MIPEXKJE BCETO, KAK «BKIIOUATEIbY,
AKTUBUPYIOIINHI TeH Sox9, a yke 0e10k S0X9 HHUIUUPYET
9BOJIFOIIMOHHO KOHCEPBAaTUBHBIN ITyTh 00pa30BaHUS
cemeHHUKOB (Pask, Graves 1999).



CKo0JIbKO pa3 B 3BOJIOIUNA BOZHUKAJIUA MEXaHU3MbI J1eTePMUHALUN
moJjia?

Sex-determining Genes in Vertebrates

1) Mammals:
SRY / Sry (Sex-determining region Y)
(Sinclair et al., 1990)

'[e Yy O Uiy = L1 C

Matsuda et al. 2002 (Medaka sex-determining gene, DMY)
Nanda et al. 2002 (Medaka sex-determining gene, DMRT1bY)




CROJBRO Pas B 9BOJIOINHA BOSHURAIN MCAXAdBN3MbL ACTCPDMNHallun
noJia?
I'mnore3sa:
CyleCTBYIOT ABE IPYIIbI IO3BOHOYHBIX (HAYMHASL C KOCTUCTBIX PhIO), Y

OJTHOW TpyIIibl —(PyHKIIMOHAIIBHO aKTUBEH OPTOJIOT TeHa Sox9, y Apyrou

TABLE 1

Full description of gene abbreviations.

Gene Full name

SRY Sex determining Region on the J chromosome

SOX3 SRY-related HMG containing bOX-gene 3

SOX9 SRY-related HMG containing bOX-gene 9

DMRTI,2 Doublesex and Mab-3 Related Transcription factor 1 and
2

DAXI Dosage sensitive sex reversing ddrenal Hypoplasia

Congenita critcal region on the X
AMH (MIH)  Ant1 Millerian Hormone (Miillerian /nhibitory Hormone)
SF-1 Steroidogenic Factor-1
mT-1 Milms™ Tumor suppressor-1

Miller. Sex determination and dinosaur extinction. Fertil Steril 2004.



CylleCTBYIOT JBE IPYIIbl MO3BOHOYHBIX (HAUUHAS C KOCTUCTBIX PhIO), Yy
OJIHOM T'pymIibl —pyHKIIMOHAJIBHO aKTUBEH reH —Sox9, y apyroi - DMRT

Comparison of Two Known Sex-determining Genes in Vertebrates

Human sex chromosome ‘ | Medaka sex chromosome

/ Y chromosome

Short arm | ] Long arm

No similarity in gene structure

Transcription factor
(DNA binding domain)




CylleCcTBYIOT ABE IPYIIIBI IO3BOHOYHBIX (HAYMHASL C KOCTUCTHIX PbIO), Y
OJTHOW TpyIIbl —(pyHKIIMOHAIBHO aKTUBEH IreH —Sox 9, y apyrou - DMRT

—| Human ( Mouse ) sex chmmosonqle] li Medaka sex chromosome

N
I 1

=2 Sex behavior
A Yes Yes

Transgenic
Female to male sex change

Infertile Fertile

No mature sperm

: ‘vzl m" '

Mature sperm

L e




* Ha 9-11 xpomocome yenoBeka (KOpOTKOE
I1J1€40) ObLJIO UACHTU(UIIMPOBAHO 3 TEHA
Dmrt (1-3), poacTBenHbIe TeHaM Dsx
(apo3oduiel) u Mab3 (C. elegans). 9tu
reHbl (0cooeHHo Dmrtl) BaxkHBI 11
(bopMHUpPOBaHUS CEMEHHUKOB. Jlenenus
y4yacTka 9-1 XpOMOCOMBI, COJEPKAIIEN
reHbl Dmrt BeAeT K peBEPCUM 1moJia, Kak U
nenenus Sox9 (Ha 17-11 xpoMocoMme).



e OpTOJIOTH TEHOB SOX 9 aKTHBHO
SKCOPECCUPYIOTCA B KieTkax Cepronu y
IITUIL] ¥ TPECMBIKAIOIINXCA (AJUIUTaTOPHI,

SIIECPHULIBI).

e DKCHPECCUPYIOIIUHCA OpTOosor reHa Dmrt 1
ObLII HAMJICH B CEMECHHUKAX MTHII,
IIPECMBIKAIOIIAXCS (QIATaTOPhI, YEPETIaxm)
1 HEKOTOphIX pbIO (Medaka, puffer fish), HO
He HaujeH y apyrux (zebrafish, telyapia).



XoTs MulekonuTawmume, Apozoduiia u C. elegans UMEIOT pa3IddHbIC
MEXaHH3MBbI JICTEPMHUHAIINM 110J1a (OCHOBAHHBIC Ha PA3JIWYHBIX CIIOCO0AX
nepeaady CUrHaJIOB 110 LEMOYKE), BCE OHM COACPIKAT reHbl cemeiictBa DM,
KCIPECCHUS KOTOPBIX CBsA3aHa ¢ (POpMUPOBAHUEM (PEHOTHUIIA camIiia. Dsx
Ip030(hHIIbl — HEOOBIYHBIN MPEACTABUTEIb CeMeNcTBa TeHOB DM, mOCKOJIbKY
ero OeNKOBBIN MPOXYKT (B BHe n30(opMbl Dsx") Takske BaskeH s
dhopMupoBaHus (HEHOTHUIIA CAMKH.

Drosophila C. elegans mammals
signal X:A ratio X:A ratio dominant Y
transduction cascade of secreted ligand- SRY-mediated
mechanism regulated membrane

regulation of

mBNA FEcepler gonad development,
splicing pathway RETTGRGE
KEy male Dsx mab-3 Dmrt1

target gene



Bo3moxnoe yyactue rena DMRT B popmupoBaHnr CEMEHHUKOB U
CIIEpMATOTE€HE3E

Genetics of mammalian sex determination

Sox9 MIS

SE-1
“'T/
Sox9 /"- - ’\

?DMRT-1 — | testis

T'WT-1 :
-—SIW/ \_ i ,/
SF-1 . SF-1

Intermediate Y 1-1 nﬁdiffere}! T
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SRY Wnt4 / .



B03MOXXHOCTB CyIIECTBOBAHHUSI KOHCEPBATUBHBIX (DAKTOPOB
JETEPMUHAIIAY T10JIa Y PA3HBIX )KUBOTHBIX

"/

X:A ratio temperature
X 1 Y-specific
transcription
intercellular unknown factor (SRY)
ligand-receptor temperature-sensitive
signalling mechanism

regulated
mRNA
splicing

l

male fates
DOI: 10.1371/journal.pbio.0030021.g001

Figure 1. Diverse Genetic Factors Converge on a Conserved Regulator

The primary sex determination mechanisms are shown, from left to right, for Drosophila,
Caenorhabditis, the box turtle Tervapene carolina, and humans. These proximate signals are
then relayed by diverse 51gnal transduction pathways that ultimately converge on a DM-
family gene. The left image is from Muller [23]; the center-left image appears courtesy
of Dr. Barbara Conradt, the center-right image appears courtesy of ] D. Willson, and the
right image is from a plaque mounted on the NASA spacecraft Pioneer 11.
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Sex-detzrmining Sex determination  Sex linkage group

Appearance of Dmy gene system
O. latipes Dimy XX-XY LGl
O. curvinotus Dy XX-XY LGI1 Figure 5 Changes in the sex-determining gene of O. luzo-
O. luzonensis Gsdff XX-XY LG12 nensis. (A) Evolutionary history up to the appearance of
= _,_/ > :
Appearance of Gsif" Gsdf”. Dmy appeared as a common ancestor of O. latipes,
Dmy disappears k . 5 XX-XY 9 O. curvinotus, and O. luzonensis. Gsdf" appeared in, and
. skongents : : Dmy disappeared from, the ancestor of O. luzonenesis. (B)
Change in the sex-determining cascade. (Top) Sex-deter-
ini ' . luzonensis. (Bottom)
B T R mining cascade in an ancestor of O
Dmy GSdf ( t ) & Current sex-determining cascade in O. luzonensis. Gsdf
GSdf (-;) —) e sene—) _9 was downstream of Dmy. A mutation then occurred in

Gsdf, allowing its expression without Dmy. GsdfY then
became the new sex-determining gene.
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