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BaennowgHble KONOBPaTKN — €AWHCTBEHHbIA KNace MWBOTHBIX,
NOMHOCTLIO OTKa3aBLUMICS OT NOMOBOIO Pa3MHOMEHUS

BaennowaHele konoepaTkn: a — Philodina roseola, b — Macrotrachela
quadricornifera, ¢ — Habrotrocha constricta, d — Adineta vaga. lnvHa
MacWwTabHOW nuHerkn 0,1 MM, POTO C canTa www nature .com

Eugene A. Gladyshev, Matthew Meselson, Irina R. Arkhipova. Massive Horizontal Gene Transfer
in Bdelloid Rotifers // Science. 2008. V. 320 P . 1210-1213.



brenoniHbIE KOJIOBPATKHU MPEACTABISIOT COO0M YIMBUTEIBLHOE UCKITIOYEHHUE. DTO
LEJIBIM KJIACC )KMBOTHBIX (BKItOUaromuid okosio 400 BUIOB), KOTOPBIE
Pa3MHOXAIOTCS TOJIBKO OECIIONBIM MyTeM (MmapTeHoreHeTndecku). HukTo HuKora
HE BHUJIEJT CaMIIOB OJICJUIOUIHBIX KOJIOBpaToK. [10-BuaIMOMY, OJIOBOTO
Pa3MHOXEHHUS HE ObLIO yKE y 00IIEro npeaka 0OaeII0uIHbIX KOJIOBPATOK, KOTOPBIH
»KIJI MHOT'O J€CSITKOB MUJIJIMOHOB, BOBMOKHO, 0K0J10 100 MUIJIMOHOB JIeT Ha3a/l.
brennoniHbIE KOJIOBPAaTKU — INIaBHBIM KaMEHb TPETKHOBEHUS JJ1s1 BCEX
TEOPETUKOB, MBITAIOIIUXCS 00BbICHUTh OMOJIOTHUYECKUN CMBICI TTOJIOBOTO
pasMHOxeHUs. Kakoe HU nipuiyMail 00bsICHEHUE, Cpa3y K€ BOSHUKAECT
«IPOKJIATHIN» BOMPOC: €CIIM MOJIOBOE PA3MHOXKEHHE TAKOE MOJIE3HOE, KaK JKE
OJIeJIITOMTHBIE KOJIOBpaTKK 0e3 Hero ooxoasaTcsa? U ecnu OaennoniHble KOJTOBPATKU
Hay4YMJIUCh 0€3 HEr0 00XOAUTHCS, TOYEMY JIPYTHUE KUBOTHBIC HE MOIIUIH IO TOMY K€
yTH?



KomMmoncekui BapaH CKellbH1 SAIIEpKU

AHIINCHKI Ta 1TAIIMCHKY BU€HI HOBIJOMUJIN IIPO TUBHE
BIAKPHUTTS — HA BIAMIHY B1JI 1HIIIMX OJHOCTATEBUX SIIIPOK,
apTEHONeHETUYHE MOTOMCTBO BapaHa — caMill. CaMKH MOXYThb

MOSIBUTHCS Ha CBIT TUILKHM BHACHIJIOK CTaTE€BOIO PO3MHOKECHHS.
Phillip C. Wattset al., 2006)



IHAPTEHOI'EHE3
1.OHAOMITO3: zw4zw zw+3 nt(zw) BCce CaMKH

2. BUTTAJIHHS MEMO3Y (06niBa mijIeHHs SKBalliiiHi): Bce ZwW
(cammuiii)

3IIPUAYIOEHHA 1 ITIOALTY TO3PIBAHHS (npepenykiis): Bce zw
(cammuiii)

4. ITIPUYIHEHHA 2 PO3IIOALTY JAO3PIBAHHS (moctpenyxkiiis):
Bce zz (caminl), ww — let

5. HOPMAJIbHUI MENO3, 3JIUTTS BJIACTOMEPIB IIICJIA 1
PO3IIOAITY IPOBJIEHHA: Bce zz (camini), ww — let

6.HOPMAJIbHUU MEWNO3, 3JTUTTS SULEKJIITUHUA 3
[TOJIIPHUM TUIBLIEM: 4 zw(): 1 zz(): 1 ww(let)



Two-fold cost of sex
[1BOMHasA LleHa nona (TovHee,
0BOWHasA LieHa camL|OB)

(h)

J. Maynard Smith (1920-2004
g ( ) Y pa3genbHononbIX opraHuaMoB

T eOpeTUKO-UrpOBOMA NOAXOM, K MIYYEHMNIO NoNoBuHY NOTOMLTEA kaMa0n
——— CaMKi COCTaBNAKT CamLibl,
«3BONOLUMOHHO-CTaBNNBHOE COCTORAHME i
(cTpaTerna)» == PaBHoBecne Hawa. npou3soAAT. [pu Gecrionom
370 TaKoe COCTOAHWE NPUIHAKa, NPW KOTOPOM PRt ey nRa DoTOMeTR
HUKEKas MyTaLMSA, MEHSIOLL AR 3TOT NpWaHak, He  COCTOWT U3 camok. MNoaTomy npu
AACT NPEUMYLLECTB CBOEMY HOCUTEIIO U HE Npounx pasHbix Gecnonoe

ByaeT nogaepxaHa otbopom. paiMHOXEHWE BABOE
ath (hEKTMBHEE, YEM C CaAMLIAMM.
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[ omonornyHas
pekoMbunHaLus

ObmMeH roMmonorMdHeIMM
yyacTkamn Mexay pasHbIMU
Monekynamu AHK.

ECTEk y BCcex.

[oOsIBUMNCA KaK MexXxaHW3m
penapaLun (3alLlMBaHus

0 BOWHBIX pa3pbIBOB,
ncrnpaeneHws HapyLUeHHkIX
& BUNOK pennukaLmm»).

KpOCCMHIoOBep — 3TO TOMNLKO
o4Ha U3 POPM roMonorMyHOMU
pekomMmouHaL .



Xpanosuk Mennepa

Ecnu y Becnonoro opraHusma BO3HMKaeT BpegHas
MyTaL WA, ero NoTOMKW yXXe He MOryT oT Hee U3baBuUThLCA.
« PogoBoe NpoKknATue ».

OT50p MOXET OTﬁpaKOBbIBaTb TONBKO Lerblé NeHOMEI,
HO HE OTAellbHBIE NeHblI.

Ecnn B Becnonoi nonynsayuK cnyyvalHo norubaer ocobb
C HAMMeHbLUMM YUCMOM BpedHbIX MyTaL Wi, 3To -
HeobpaTumas noTeps.

becnonkie opraHW3Mel He MOTyT NO3BONWUTE cebe UMeTh
MHOIo nonesHbIX reHoB (oTCclofa — BbiHYXAeHHas
NpPOCTOTa CTPOEHWA).

becnonkcie opraHW3Mel He MoryT cebe No3BONWTE UMeThb
ManeHbKWe nonynayuy (M KpynHele pasmepel), manoe
YMCMO NOTOMKOB (T.K. TONbKO OYeHb 3deKTUBHLIN
ovyULLAKLW WA OTOOP MOXET WX CracTK).



PekombuHauus «cnacaet» oT

xpanoBuka Ménnepa

= bnarogaps pekoMmbuHaLuu u3
«OTArOLLEHHbLIX» reHOMOB @@
NMOCTOSHHO rEHEPUPYIOTCH MeHee s et ol

Jnrora

OTANOLLIEHHBIE.

= YTpaTta camMOW HEOTAroLEeHHOW
ocobu — obpaTuma.
= [eHbl oTOUpaOTEH No

OTAEINBbHOCTW, a HE LElbIMW
reHoMamu.

= [eHodhboHA nomynsiLuu — ocobas
HOBaf CYLLHOCTL, KOTOPOW HET ¥y
Becnonbix opraHUaIMoB.

WUoen Ne1: NMonoBoe paaMHoOXeHWe cnocobeTRyeT
OMMLUEHWIO TeHOMOB OT «reHeTUYeCKOro rpyaan», To ecTh
nomoraeT HabaBnATbLECA OT NOCTOAHHO BOIHMKAOLMX
BpefiHbIX MyTaLWKi, He NOoNyCKanA BbIpOXOeHWUA

KpOCCMHI’OBep
MEXKAY MyTaHTHBIMM
NOKYCAMW BEAET K
06pa30BaHUKD FEMET,
OTATrOLWEHHBIX
MyTaLMAMM 3)
cuneHee, B) chafee,
YEM POAWUTENBCKME
raMmeTbl



Vpes Ne2: [lonoBoe pasMmHoXeHWe cnocoDCTBYET
Donee DLICTPOMY HaKOMNEHUIO NONEe3HbIX MyTaLni

/AB

ab

-

ab

Mpu NnonoBoM paaMHOXEHWUW (66EpXY) ABa HOBbIX NoNeaHbix annens (A u B)
BbicTpO 06BLEAWMHAOTCA B PE3yNbTaTe CKpelMBaHUA ocobel, Kaxaan U3 KoTopbIX
WMeeT TONbKO DAWH U3 3TUX annenel. MNpwu Gecnonom paMHOXEHWW (BHU3Y)

NPUXOAWTCA A0MWAATLCA, NOKa 06e MyTaLWKn CYYalHO BOIHWKHYT Y OAHOMO W TOro
e KNoHa.



BuibsaM XaMHIBTOH: KOMITBIOTEPHASA
MOJIETH ITOJIOBOT0/0ECIIOIOTO
Pa3MHOKCHHUS U 00JIC3HU

* JIBymoJible OpraHu3Mbl
BBIUTPBIBAIOT TOJIBLKO TOrAA, KOTAA B
CUCTEMY BBOJIATCS IMAPA3UTHI



Teopus kpaCHOU KOPOJICBBI
(«gepHoro ¢pep3sa») JIu Ban Banen

- Y Hac, - ckazajia Anuca, ¢ TpyIOM IIEPEBOIS
OyX, - KOIja J0Jro OCKMILb CO BCEX HOT,
HEIIPEMEHHO MOIAaJelb B APYro€ MECTO.

Kakas MmemimrTenbpHas ctpaHal - ckazana
Kopoesa. - Hy, a 3aech, 3Haems jiu,
IPUXOAUTCS O€XKaTh CO BCEX HOI', YTOOBI TOJIBKO
OCTaThCs Ha TOM k€ MecTe! Eciu ke Xouellb
II0IIaCTh B APYTO€ MECTO, TOTJAa HYKHO O€XKaTh
10 MEHBIIIEN MEpE BABOE ObICTpee!



Teopus kpaCHOU KOPOJIEBBI

* TOIbpKO PEKOMOMHALIMA T€HOB IIPH MEHO03€ U
ayTKPOCCHHT T€HOB IPH MOJIOBOM Pa3MHOKCHUU
o0ecrneyrnBaeT OBICTPOE PACIIPOCTPAHEHUE
I'€HOB, MOBBIIIAIOIINX YCTOMYUBOCTD K aTakam
apasruToB

* [TonoBoe pasMHOXEHHUE — 3TO €AUHCTBECHHBIN
IIAHC BBLKUATH I TMTONYJISLAN MEIJICHHO
PA3MHOKAIOIIMXCS MAKPOOPTraHU3MOB B
YCIIOBUAX ITOCTOSIHHOTO JIABJIEHUS CO CTOPOHBI
OBICTPO PA3MHOKAIOIIUXCS U MYTUPYIOIIHAX
MHUKPOOPTaHU3MOB



YupouieHHas cxeMa MPOCTPAHCTBEHHOI0 pacipeneJeHus
(¢ppakTody3ycos. Nq} g}(&@fs : @ § f

Fractofusus — opranu3Mpl 3AUaKkapCcKoro meprojia U3 rpyImbl paHreoMopd uMmenu asa crocoda
pa3sMHOXKEHUS U paccelieHus. HoBble y4acTKu JHA OHM 3aCeIsiIn, HaX0IsCh B IUIaBAOIISH
cTaaun. Bo3HUKIIIHE 3aTeM B3pOCIIBIE OpraHU3MbI IIOPOKAATIN BOKPYT ceOsl TpyIIIbI Oojee
MOJIOJIBIX TTOTOMKOB C IIOMOIIBIO «OTBOAKOB»-CTOJIOHOB. 32 CUET MOCIIEIHETO CIIoco0a MOTIIO
BO3HHUKATh HECKOJIBKO TIOKOJICHUI, 00pa3yIoIie BIOKEHHBIC APYT B JpyTa IPyIIIbl BCE Oolee
MOJIOIBIX 0co0ei. Bo3pacT onieHeH B 565 &+ 3 MutH et
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The 385 million-year-old placoderm fish Microbrachius dicki from Scotland shows the first
evidence for mating by copulation in our evolutionary lineage. The males bore large L-shaped
bony claspers for inseminating the females. Left, female fossil; centre, male fossil; right, mating
position. J Long & B.Choo 2009

SRS

clasper” . = outlines of tails






Tunel raMeT y XJa1aMuJI0OMOHA/:
M30raMus, aHU30TaMus, OOTaMUs
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CIIOCOBbU BUSHAUEHHA CTATI

1.CIHTAMHMM (y ccaB1iB) - 3a JOIIOMOT'OI0 CTaTE€BUX
XPOMOCOM, CTaTh BU3HAYAE€THCI B MOMEHT YTBOPEHHS 3UTOTH

2.JIPOI'AMHMM (y apxeaHHeN11, MONeINIlb, JadHiii) - 11e A0
3aIUIIIHEHHS, CTaTh BUBHAYAETHCS TUIIOM BIJIKJIAJICHUX SIEID
(po3Mip, TECTOCTEPOH Ta 1HII)

3.EIIITAMHMMH (y mesiKkuxX MOMIOCKIB, pub Ta PENTHIIil) - CTaTh
BU3HAYAETHCSI YMOBAMM CEPEAOBUIIA



Kopensiisa mix criBBigHomeHHsM crareit F / (F + M) 1 temnieparyporo y pudu
Menidia menidia 3'sBIS€THCS 1 HApOCTAE B OUIBII TEIUIMX BOAAX apeay
obitanis.F-female (camka), M-male (camerp)

Sex ratio: F/(F + M)
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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.)



3anexxHe Bij Temieparypu (1HKyOallii si€ib) BU3HAYEHHS CTaTl y TPhOX
peACTaBHUKIB Kjlacy I1asyHiB: rpudoBa (Macroclemis) 1 yepBoHOBYXa
(Trachemys) uepenaxu 1 amirarop.

Alligator
mississippiensis
100 |-
o) Trachemys
= scripta
5 75
=
2
b
s 50 -
>
L
ol Macroclemys
25 - temminckii
0|
1 e

Temperature (°C)

Figure 17.20

Temperature-dependent sex determination in three reptile species:
the American alligator (Alligator mississippiensis), the red-eared slide:
turtle (Trachemys scripta elegans), and the alligator snapping turtle
(Macroclemys temminckii). (After Crain and Guillette 1998.)
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TemneparypHo-3aexKHa JeTepMIHALIS CTATl y SAIIIPOK,
yepenax 1 KpOKOAWIIIB

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.)
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VY sxuypunasl Bonellia (opranuzma, 0OMTarOIIEro HAa MOPCKOM KaMEHUCTOM TPYHTE)
(bopMupoBaHUE 0J1a TPOUCXOIUT Y TUYMHKHU B 3aBUCUMOCTH OT MecTa €€ MPUKPEIUICHUS K
nojiepKuBaroiel cpese. [lpn ocaxieHrn Ha CKAIMCTBIN TPYHT (OPMHUPYETCs caMKa (Teo -
10 cM, poTOBOI XOOOTOK -proboscis -OKoJI0 METpa), MPH OCAKIASHUHU Ha proboscis CaMKH -
dbopmupyercs camen (1-3 MM JUIMHON ), KOTOPBIM MUTPUPYET MO KUILIEUHUKY U OOUTAET B
MaTke (W1 HeQpuarn), OTIOA0TBOPSS silla.

|<— 10 cm —>|

/ Female Bonellia

Proboscis (may —
extend 1 meter)

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,
pacroJiararIiascs B KOJJOHUU CBEPXY - BCETAa caMell. 3aTeM MY KCKas
M0JIOBasi CUCTEMA JISTCHEPUPYET U CaMel] IPEBPAIaeTCs 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.)



Y pud nopsia 3 pasaiJibHOCTATEBUMM BUAAMMU € 1 repMappoauTu

[ epMadpoauTH MOXKYTh OYTH:
1. CuaXpOoHHI1 (OJHOYACHO 1ICHYIOTh SIEUHHUK 1 CEMEHHHK) - Servanus
Scriba: 1o 4ep31 METaroTh 1KpY 1 1i 3aILIHIOOTh.

2. AcMHXpOHHI (TOHAJAW T€HETUYHO 3alPOrpamMoOBaHl1 Ha 3MIHY THUITY B
X0/l OHTOT'€HE3Y): puoOa - namyra; OCTaHH1 B CBOIO YEPTy
MOAUISIOTHCS HA MPOTOTTHHUX (CITIOYaTKy «CaMKay) 1
MPOTOAHAPIYHMX (CIIOYATKY «CaMelby») - Sparus Auratus

KpiMm Toro, BUOIp cTaTi MOJIOJHH 0COOMHU MOXKE BU3HAYATHUCS
CITIBBIJIHOIIICHHSM CTaT€M B 1ICHYIOU1M MONYJISIIl pyuO. (IpUKIa -
pUOKH KOpanoBHUX pU(DIB)



3MIHU CTPYKTYpH ToHaI repMadpoaIuTHOI puOH Sparus aurata
(A) MALE PHASE (B) TRANSITORY PHASE (C) FEMALE PHASE

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.)



XpoMOCOMHE BU3HAYEHHSI CTATI.

Y TBapHH ICHYIOTh CTaT€B1 XpOMOCOMH, TOMY CTaTh
BU3HAYAETHCS B 3aJICKHOCTI B1J YMCJIa 1 CKIIaAy CTaTE€BUX
XPOMOCOM.

CaMKH TBapyH MOXXYTh BU3HA4YaTUCA TeHOTUNAMU XX, WZ
Camuli - renotunramu XY, ZZ a6o XO.
IIpukinaau - XX- camku, XY- caMill - KoMaxu (Apo30QuIn),g

puOH, 11a3yHu, ccaBill X X-camku, X0-caMill (KoMaxu) 7z top

BOJSIHUM KJIOI, JI€sIK1 METEJIMKH 1 Kpy[Il YepB'aku. WZ- CaMIbI
caMmku, ZZ-caMmill - AesK1 BUJIU METEIUKIB, puOH, 36 MHOBO/IHI,
maa3yHu, XX- repMadpoautu nruil, X0 -caMiy - HemMaToau
(omHOuacHO) XX, WZ -camki XY, ZZ - caM1ll - I€sIK1 puOH 1

AEsK1 IJI1a3yHH.
JIMTI101TH1 OCOOMHM - CAMKH, TarjIoiH1 - caMIll
(HepeTUHYACTOKPUII KOMaXH)




IloxomKkeHHS cTaTeBUX
XPOMOCOM

[{opIBHSITbHUE aHAII3 CTATEBUX XPOMOCOM B PI3HUX TAKCOHAX JO3BOJISIE
BUAUIUTH 1X OCHOBH1 O3HAKH: TETEPOMOP(PHICTD, 10 BUABIIETHCS
MOP(QOIOTIYHO 1 Ha TEHETUYHOMY PI1BHI; rerepoxpomarizamisa Y (W) -
XPOMOCOM, SIKa BEJI€ 0 T€HETUYHOI IHEPTHOCTI1; HAsIBHICTh
IICEB/I0AYTOCOMHUX PET10HIB 1 pailoHy 3a00pOHU peKOMOIHAIIIT 3
aJeJIsiMM, 110 ACTEPMIHYIOTh CTaTh; KOMIIEH Al 103U X (Z) -
XpoMoOcCoM. 110CT1J0OBHICTh €BOJIFOIIMHMUX IIO/I1H IO BIAOKPEMICHHIO Y
(W) -XxpoMOCOM BKJIFOYA€ HACTYIIHI €Tallu: I1apa ayToCcOM —> I10sIBa
CTaTh-JCTEPMIHYIOUMX ajieJiell — TosiBa palioHy 3a00pOHU
pPEKOMO1HAIIT — PO3LIUPEHHS MEX ParioHy 3a00pOHH peKOMO1HAIlIT —
nerenepaiist Y (W) -xpomocomu
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Y pi3HUX IpyIl XpeOECTHUX
TBapHH CTAaThb BU3HAYAETHCS
MO-PI3HOMY : YEPBOHUMM
Kpyramu IoMI4eHl T1, Yy
SAKHX TE€TepOraMeTHI CaMKH,
"KOBTUMHM — T'€TE€pOraMeTHI
caMmiil, YOPHUM - CTaTh
BU3HAYAETHCS
TeMIIEpaTypOrO 1HKyOaIlli
senp a00 1kpu. L{udpu
JT1BOPYY — 4ac
PO3XOJIKEHHS I'JI0K
(bUIOT€HETUYHOTO JIpEBa.

Puc. 3 crartt William S.
Modi, David Crews (2005).



ICHYIOTh 1Ba OCHOBHHMX MpaBuJja BU3HAYEHHS CTaTl Y CCaBIIIB:
nepiie 3 HuX 0yno copmynboBaHo B 1960 pokax Anbdpeaom
Koctom (A. Jost, D. Price, R. G. Edwards, 1970) na ocHOBI
€KCIIEpUMEHTIB 110 BUAAJICHHIO 3a4aTKy MailOyTHIX TOHaJ (rOHaJHUX
BaJIMKIB) Y PaHHIX €eMOp10HIB KPOJIHUKIB;

mepiie MPaBMJIO: BUJAJICHHS TOHAJHUX BAJIMKIB 40 (DOPMYyBaHHS
rOHaJl MPUBOJIUTH A0 PO3BUTKY BCIX €MOPIOHIB SIK CAMOK;

Apyre NpaBMJIO : Y-XpOMOCOMa HECE TeHETUYHY 1H(popMaIlito, 110
NOTp10HA /ISl BUBHAYEHHS CTaTl y CaMIIiB.

KoMOiHaIiro 1BOX IpaBUJl HA3UBAIOTh MPUHIIMIIOM POCTY



IosiBJICHHME U IPOUCXOKACHUE THHAHAPOMOP(PHBIX NITHIL

Mouemy aToT MmexaHmnzm Haubonee eepoATHLIN?
Monunaoungel
MMHangpomopdbi:

AdomawHue Kypbl;
fonybw;

Bopobbu;

JlecHble neByHbl;
Pa3saHbl;
FOpUXBOCTHA-YEPHYLUKA;
BOpoAaThie MaHaKUHbI.
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HecnocobHocte 3kcTpy3um MT 1 nochegyouiee onnoA0TBOPEHNE ANLAE C
MHOMECTBEHHbIMKU AApPaMKu cuuTaeTca Hanbonee BEPOATHOW NPUYMHOW NOABNAEHWA
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[ uHanApOMOP(dHI APp030(DUILI U MOTHLIbKA, 00pa30BaBLIMECS
B PE3YJIbTATE YTPAThl B PAHHEM PA3BUTHUHU U3 Psilia KIETOK
OTHOM UX X-XpOMOCOM. B pesyibrare opranusM COACPKUT
YaCTUYHO XEHCKUE, YACTUYHO MYKCKUE CTPYKTYPHI .

eosin eye eosin eye

Wild-

e P . . e .
tYp miniature wing miniature wing

? 3

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 Jo 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.)



Jlaion13ams (InakTuBanus X-XpoMOCOMHU).

kt

Tineue bappa B kiiTHHI

VY camullb cCaBIliB, FE€TEPO3UTOTHINX 3a OYIb-SIKOIO0 03HAKOIO, 1110
BU3HAYAETHCA T€HOM X-XPOMOCOMHM B PI3HUX KJIITHUHAX IPAIIOIOTh Pi3Hi
aJIeNIi bOTo TeHa (Mo3aiuu3M). KimacuuHuM npuKIIaioM Takoro Mo3auiy3ma
€ 3a0apBJICHHS YepenaxoBuX KilllOK - Y MOJOBHHI KIITUH aKTUBHA X-
XpOMOCOMa 3 «PYAUM», a B IIOJOBUHI - 3 «K4OPHUM» aJUIEJIEM T'eHa, IKUi Oepe
y4acTh y (h)OpMyBaHHI MEJIaHIHY.



o
- SRS

Oasonpoxoansie
(Y1ROHOC)

Prototheria

= Heeayuaitnpii BEIGOP HHAKTHBHPYEMOT X-XpOMOCOMBI
(MHaKTHBHPYCTCH OTIOBCKA’ X-XPOMOCOMa)

= Hnakmsais X-XpoMocoMbl HECTatIIbHAg i TKAHE-
cneiudiriccxasn

= HHaKTHBALHA IPOHCXOIHT € YHACTHEM HEKOAHPYIO-
medt PHK Rsx

- Xpomatsn Xi COXCPAKIT NPEHMYIICCTBECHHO MOH M-
KAUHH FHCTOHOB, XAPAKTCPHME VIR KOHCTHTYTHBHOIO
ICTCPONPOMATHHA

= Menumposamie JIHK B nporecce sHaxisaismt He
JAACHCTBOBAHO

Mammalia




MepBUYHasa n BTOPMYHaA AeTepMMHaLUMA nonay

MIeKonunTakrLwmnx
IlepBuyHas JeTepMUHALNUSA 110JI1a — 3TO JeTEPMUHALUSA TOHA.
CeMEHHUKHU U SIMYHUKH (OPMUPYIOTCS U3 OMITOTEHITMAIBHBIX TOHA/I B
3aBUCUMOCTH OT 10JIOBOro renotuma XY win XX. [Ipu nHannyum Y-
XPOMOCOMBI, B HE3aBUCUMOCTH OT UM clia X-XpOMOCOM, IOJI TOHA/IbI
MYKCKOU

BTropuyHas JeTepMUHALUA 110J1a - onipeaesasieT GeHOTHI ocodu BHe
ronaa. OHa 3aTparuBacT CHUCTEMBbI BHIBOASIINX KaHAJIBIIEB U ITPOTOKOB
CaMIIOB U CaMOK, (DOpMbI MX T€HUTATHUH.

Bmopuunbsie nonosvle npusHaxy KOHTPOJIUPYIOTCS TOPMOHAMU,
CEKPETUPYEMBIMH TTOJIOBBIMM KEIE3aMH.
VYnaneHnue roHaa OpUBOJAUT K (POPMUPOBAHUIO KEHCKOTO (DEHOTHIIA
O0€30THOCUTENIBHO K MOJIOBOMY T€HOTHITY.
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ITepBuunbie nosioBkie KieTkH (I1T1K) y Miekonuraromnux, mIporu3BOAHbIC KIETOK
BHYTPEHHEN MACCHI, BBISIBIISIFOTCA B IOTPAHUYHOM PAWOHE XKEATOYHOTO MEIIKA U
ajiaHTovca BOIU3M 3agHel yacTu KUKy, 3ateM I TITK MurupupyroT B roHaIHbIC

BaJIMKU

Somite

Foregut Hindgut

Allantois

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

Yolk sac Mesonephros sac near the junction of the hindgut and allan-
Dorsal tois. (B) The PGCs migrate through the gut
@) - Tesentary and, dorsally, up the dorsal mesentery and into
the genital ridges. (C) Four large PGCs in the
Primordial hindgut of a mouse embryo (near the allantois

germ cells

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.)



Mapképubimu 0enkamu [ITTK mMiiekonuTarommx sSBIisitoTcst PakTop
tpanckpunuuu Oct4 u menounas pocdarasa

PucyHok 19.9

Oxcnpeccust IPHK Oct4 koppenupyeT ¢ ToTHIO-
TEHTHOCTBIO H CMIOCOGHOCTBI0 K (hOPMUPOBAHUIO
MONMOBBIX KeToK. (A) ®aktop TpaHckpunuin Octd
OKpalleH B 3eleHblii LBeT qUIyopecuHpyIOITHMH
AHTHTE/IaMH, B TO BPEMS KaK BCe KIISTOUHBIE siapa
OKpalleHbl B KPacHbIii LBeT HoNHI0M NPONHINS.
Taxoke BUIHO (MOKA3aHO KENThIM LBETOM), UTO
Oct4 HaxoOHTCA TONBKO BO BHYTPeHHeit KIeTou-
Hoii Macce. b, B — CnnapneHHbIH TpaHCreH
Oct4/LacZ , nocTarneHHsIii noa npomotop Oct4
IKcnpeccupyeTcs (TéMHoe okpauBanue): (b) B
MOCTEPHOPHOM 3MUONACTe 3aPOABILIA MBILIH B
Bo3pacte 8,5 cyTok 1 (B) B Murpupyromnx [MMKy
10,5-cyTounoro zapoasiua (I, 1) Okpaimpanue
MeUeHBIMH aHTHTeaMi (KOPHUHEBBIH LIBET) BBIS-
Buo Genok Oct4 B sunpax (I') ooroHueB B nocTHa-
TaJbHBIX THUHUKAX U ([]) cCiepMaToroHues B
MOCTHATaIBHBIX ceMeHHIKaxX (A—B — mo Yeomet
al. 1996: T', 1 — mo Pesce et al. 1998)



OO OOG
[Ticis mirpaiiii 3 €KTOAEpPMU TIEPBUHHI

3apOJIKOBI KIITHHM Telep po3Tamosani cepey ~ LIEPBHHHI CTaTeB1 KITHHHU NIEPEMIITYIOThCA

KITITHH €HTOASPMH CTiHKH BTOPHHHOTO B3JI0BK CTIHKH KOBTKOBOT'O MIIIKY, )KOBTKOBOT 1
’KOBTKOBOTO Mimky. 1. [TepBuHHa cTareBa CIIMHHOT OpM>K1 B TOHAIHUI BaJIMK. [[ocsratoTh
KiiTuHa; 2. Anonroic; 3. [Ipsma kuiika; 4. LF0 CTPYKTYPY Ha 6-My TikHL. 1.1Ipsima
Exromepma; 5. [Tepensst kumka; 6. 3akiagka kumika;2. JKoBTkoBuil MIIIOK; 3. A10oHTOIC; 4.
cepus; 7. BropuHHUI )KOBTKOBHI MIIIIOK;S. Hedporennuit Tsk; 5. [oHanHMi BaTHK

Enronepma (orcosma); 9. MesonepMma (vepsona) (3€renuir); 6. IlepBHHHI CTaTEB1 KIITHHH
; 10. AMHIOTHYHA TOPOKHUHA. (uepBoHi Toukn) ; 7. Cepue.



Mouse E9.0 Primordial Germ Cell Migration
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Mouse E9.5 Primordial Germ Cell Migration
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Mouse E10.5 Primordial Germ Cell Migration

mesonephric ducts
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3ayaToOK TOHATHOTO BAJIMKY Ha 5-My THXKH1 PO3BUTKY. Benuxuii manonok : popMyBaHHS
HeaubepeHI110BaHOTO 3a4aTKy rOHaIM Ha 6 THXKACHD 3 MIrpalli€l0 IEPBUHHUX CTAaTEBUX KIIITHH
(uepeoni mouku). 2. Ilpomidepyrouunii enitenii ; 3- MOTOBIIEHHS ME3EHXIMU; 4- TOHOLIMTH
(uepsoni mouku); 5 - Mezenxima; 6 — Anantoic; 7. JKoBTkoBi Tsx1; 8. KumikoBa TpyOka; 9.
CnunHni o0puxi; 10 — I'onaguuii Banuk; 11. Hedporennuii mnyp; 12. Me3zonedpoc; 13. Boasdos
kaHai;14. Me3zoHedpiuHa TpyOKa.



PO3BUTOK CIM’STHUX KaHAJIBI[IB B 3a4aTKy
ciM’stHuka. 1. Bonb(diB kaHa; 2-nepBUHHI
CTaTeBl KJIIITUHU; 3 —4€peBHA MOPOKHUHA; 4
— aopTa; 5 — Ka"abli Me30Hedpocy; 6 —
TOHAJH1 TSDK1; 7- €niTesNii NOPOKHUHU T1J1a;
8 —emiTeNnii KUIeYHUKy;9 — Opuxkeiika; 10-
3auaTok kaHaiy Mromepa; 11 — Hedbpon
Me30Hedpocy.

PO3BUTOK SI€YHUKY. 3apOAKOBI TSK1 JET€HEPYIOTh Y
BIIJTAJICHOMY B1JI CTIHKH PETriOHI 3a4aTKy TOHAIH
perioHi. BHacmigok npomideparrii enitesniro
MOPOKHUHU T1JIa 3apOAKOBI TSIKI, SIK1 HE BTPATHIIH 3
HEI0 KOHTAKT 3aiuinarTeces. 1.-BonbdiB kanai; 2 -
MIEpBUHHI CTaTEB1 KJIITUHU; 3 — YepeBHA
MOPOKHUHA; 4 — a0pTa; 5 — KaHaJbIIi
Me30Hepocy; 6 — IereHePYIOUH TOHAJIHI TAXK1;7-
CIITEJIIM MOPOXKHUHU TiJIa; 8 — emiTeNii
KUIIIEYHUKY;9 — Oprkerika; 10- 3auaTok KaHaTy
Mromepa; 11 — Hedpon me3onedpocy.



JluddepennrmpoBka ronag 4yeaoBeka (Ha4ano)

INDIFFERENT GONADS
Wolfﬁan\duct Glomerulus Aorta

[

Mesonephric Excretory  Genital Dorsalt
ridge mesonephric ridge mesentery
tubule
(A) 4 WEEKS
Wolfian - .. -

duct - 7~

Miillerian ; ; o
Proliferating ~Primitive
duct :
coelomic sex cords
epithelium

(B) 6 WEEKS \



JKeHckue BHYTpeHHUe
r;,)‘ae:;:éau reHuTanum (marka,
MaTouHble TpyGbl,
ANYHUK Donnmkynbl weiika, BepxHee
DAX1 Knetku snaranvwe)
TeKn
WN”/’ Scrpored ——»
MonoBoil Banuk — - DWNOTeHUMANbHaa
roHaga MtonnepoB npoToK
SF1 Sm‘
W1 SOx9 Knetkn —>F1l 5 AMIF —
LHXS CEMEHHWK Cepronu Perpeccua
Knetkun —»SH TectoctepoH |—————— = OIT ('.1330;1: oA Gyropoi
Jeitpura /.—.,\ 1MO4ENONOBOIA CHHY C
MeHuc,
npocrara
Bonbdos My>XCKKe BHYTPEHHWE rOHN TANUK
NPOTOK (annamamuc, ceMABLIHOCALLMA

[TocTymMpoBaHHBIE CXeMBbI ITOC/TEIOBATE/TEHOCTH COORITHIA, MPHBOMALINX K
00paz0BaHHI0 palTHYHIX MONOBLIX (PeHOTHNOB ¥ MiekonuTaroiux. [Ipespa-
LIIEHHE MONOBOTO BATHKA B OMMOTEHLMATBHY IO NOHAIY NMPOUCXOMIHT, MO Beei
BEpOSITHOCTH, NoJ neiicTBHeM reHoB LHX9, SFIu WT1, NOCKONBKY MBIIIH,
He HMEIOLLIHE 3THX TeHOB, He HMeIOT roHan. bunoTeHuHanbHas roHaza aud-
(hepeHUHpYeTCS MO XXKEHCKOMY MYTH pa3BuTHA (00pazoBaHHe STMUHKKA) 11O
aeitcTeueM reHoB WNT4u DAX], a no MyXCKOMY IyTH pa3BuTHs (0Opazosa-
HHe CeMEeHHMKa) — noa aeitcteueM reHa SRY (Ha Y — xpomocome) u ayTo-
COMHBIX TeHOB, TakuX KakK SOXY9. B suuHuKe HOpMHUpPYIOTCS TeKANBHBIE M
TPAHVIE3HEIE KNETKH, KOTOPBIE COBMECTHO CIIOCOOHBI CHHTE3HPOBATh 3CTPO-
rex. [lon BIMaHMEM 3CTpOreHa (CHauana MOCTYNAKOLIET0 OT MaTepH, a IOTOM

NPOTOK, CEMEHHOI Ny3bIpeK)

MPOH3BOAALIEIOCS B FOHAAAX IU104a) MIOJLTEPOB MPOTOK Mona anddepeHL-
PYIOTCS B XXeHCKMe TeHHTATHH, @ ¥ poOuBILerocs peGéHKa BIOC/IeICTBHY
hopMHPYIOTCS KSHCKHE BTOPHUHBIE MTONOBLIE MpH3HAKK. Ce MEeHHMK NMPOM3-
BOIMT ABa BaXXHBIX ropMoHa. [TepBriit — 310 aHTHMIO/LTEpOB ropMoH (AMI),
BHI3BIBAIOLLINIT perepeccHIO MIO/UTepoBa poToka. Bropoii — TecTocTepoH,
BhI3bIBACT AHpdepeHUHPOBKY BONbGOBA MPOTOKA BO BHYTPEHHHE MOJIOBbIE
opraHsl. B yporeHHTATBHOM paiioHe TeCTOCTEPOH NMPeBPaLIacTCst B JUTHOPO-
tectocTepoH (JI'T), koTopriii 06ycrnoiueaeT MopdoreHes neHuca 1 npej-
cTatenbHoii keneasl (Marx 1995; Birk et al. 2000.)



JuddepeHiupoBka OUIMOTEHIIMAIBHBIX TOHA U 00pa30BaHME MOJOBBIX
cTpyKTyp 13 Bonbdopa 1 MroanepoBa mpoTOKOB

SEXUALLY INDIFFERENT
(Bipotential)

Metanephric X / / 1%
ki g
idney ',;’ // Mesonephros
Ureter / ,}/\
7 Wolffian
duct
Miillerian R,
duct e
: { Cloaca
G
idi i Met hri Oviduct
Epididymis . kignaer;esp ric Ovaries 4 viduc

|~ Ureters —|
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e

Degenerated

N
Wolffian ductﬁ

Urinary Urinary ﬁ o

Degenerated /;‘: :
Miillerian duct N

Wolffian duct
(vas deferens)

5 bladder bladder ﬂ// Mu_llenan duct
S (oviduct)
i Urethra \ ‘;.;l
Urethra & Q Uterus
Vagina
- 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.



JludpdepennmpoBKa ronaj yejoBeka (IpoI0KeHNE)

Wolfian - ..
duct .~

Miillerian / \ N

TESTIS diet Proliferating ~Primitiv

DEVELOPMENT Zoftlﬁg‘l‘lfm sex cords OVARIAN
. P DEVELOPMENT
Degenera}tlu'lg (B) 6 WEEKS
mesonepnric Degeneratin
Wolffian duct  tubule me%onephricg Urogenital

(vas deferens) mesenchyme

= Wolffian duct tubule
- . Rete testis e s

cords //—> -~ Cortical
/ A T - -sex cords
Testis cords w [,-
tilleri Tunica albuginea ' "~ Surface
Miillerian duct unica albugine L - i I
(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.)



Efferent ducts Rete testis
cords

(vas deferens)

Tunica
albuginea

Degenerating l Surface
sex cords epithelium

Oogonia

Wolffian Ovari
Miillerian Wolffian duct duct f \lrlz'ir;an
duct (vas deferens) Miillerian OHIEIES
duct
(D) 16 WEEKS (F) 20 WEEKS
CeMeHHUK Andnmnk
MeaynnspHsie (BHYTPEHHME) KopTvKans Heie (NOBepPXHOCTHLIE)
Bonechos Mionnepoe
Vas deferens, anuauammmc, HAuueeson, TENO K LWSAKA MaTKM,
CEMEHHOM NY3bIpeK BEPXHAR 4acTL BRaranqula




IIpu ananu3e Y-XpOMOCOMBI BBISICHUJIOCH, YTO
TUIIOTETUYECKUN (PAKTOP, OTBECYAIOILINH 3a
(hopMHUpOBaHHUE 110J1a, CYIIIECTBYET B ICHCTBUTEILHOCTH-
310 red SRY/Sry (sex region of Y-chromosome),
JIOKAJIM30BaH HA KOPOTKOM ILUIEYE Y-XPOMOCOMBI. Ero
O€JIOK - TPAHCKPHUIIIIUOHHBIN (haKTOp, OH COACPIKUT
HMG-gomen u otHOCHUTCS K cemencTBy SOX-0enkoB. Ha
X-xpomocoMe reHa SRY HeT. ['eH OblI HailJIeH TaKXKe B
PEAKHX CIyYasAX Y JIMI[ MY>KCKOTO I10J1a C TEHOTUIIOM X X,
KOTOPBIEC COAEPIKATIA TPAHCIOUPOBAHHBIN reH SRY. {1
AETEPMUHAIIMA MYKCKOTO (PEHOTHIIA HY>KEH TakKe OEJIOK
apyroro resa Sox-cemencrra - SOX9, 1okaaIn30BaHHOIO
Ha ayTocoMe. MyTalys 1o HeMy BBI3BIBACT IPEBPAICHUE
ocobert XY B caMok wiu B repMadpoauToB. [ eHbl SRY u
SOX9 skcnpeccupyroTcs BMECTE B TOHAIHBIX BaJIMKaX
CaMIIOB



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

i— Euchromatin
\
— Centromere
|
\
- Euchromatin
NRY -
Heterochromatin

PAR —

Human Y Chromosome



MBplI1Ib ¢ TOJIOBBIM T'eHOTHIIOM X X, TpaHCcTeHHas 1o reHy SRY (cmpagsa), B
HOPME JIOKAJIM30BAaHHBIM Ha Y-XpoMocoMme 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.)



[IpoHHKHOBEHUE (MUTpaALKsA) ME30HEPPOTUUECKUX KIETOK (Jr000ro renorrna: XY uinu XX) B Sry+
roHajinble Bauku (reHotumna XY) in vitro, NTOKa3bIBA€T BAXKHOCTh IKCIIPECCUU ITeHa Sry B KIETKaxX
MIPOM3BOIHBIX TOHAHBIX BAJIMKOB I MHAYKIIMA UMHU 00pa3oBaHus CB3M Bonbk(oBa mporoka (uepes
Me30HE(DPOTUIECKHUE KIIETKH) C TIOJIOBBIMU TsDKaMu (OyAyIIMMH CEMEHHBIMH KaHAJIbIIaMH ),
(bOpMUPYIOIIMMUCS U3 TOHATHBIX BaJUKOB

12-Day

mouse =1 Pronephros

embryos i
XX=Sry : Mesonephros
(or XX)

Remove Testis

urogenital

rudiment

Separate

l Mesonephros l l
gonads from

mesonephrm ;
Y \/ Metanephros

Recombine
and culture
48 hours (C)
/ (A) (B) \\
+ Sry: Allows migration — Sry: No mesonephric Figure 17.7
of mesonephric cells cell migration Migration of the mesonephric cells into Sry* gonadal rudi-

ments. In the experiment diagrammed, urogenital ridges
(containing both the mesonephric kidneys and gonadal
rudiments) were collected from 12-day embryonic mice.
One of the mice was marked with a B-galactosidase trans-
gene (lacZ) that is active in every cell. Thus every cell of
this mouse turns blue when stained for B-galactosidase.
The gonad and mesonephros were separated and recom-
bined, using gonadal tissue from unlabeled mice and meso-
nephros from labeled mice. (A) Migration of mesonephric
cells into the gonad was seen when the gonadal cells were
XY or when they were XX with an Sry transgene. (B) No
migration of mesonephric tissue into the bipotential gonad
was seen when the gonad contained either XX cells or XXY
cells in which the Y chromosome had a deletion in the Sry
gene. The sex chromosomes of the mesonephros did not
affect the migration. (C) Intimate relation between the
mesonephric ducts and the developing gonad in the 16-day
male mouse embryo. The duct tissue has been stained for
cytokeratin-8. WD, Wolfian duct. (A, B after Capel et al.
1999, photographs courtesy of B. Capel; C from Sariola and
Saarma 1999, photograph courtesy of H. Sariola.)




DKkcrnpeccus TeHa Sry MPUBOANUT K aKTUBALIMU Te€HOB SF'1 1 Sox9 B TEX ke KIETKAX.
B3aumopeiictBue 6einkoB Sox9 u SFI(cteponnoreHHOTO akTopa) BaKHO JJIsl aKTUBAITUU
reHa aHTUMIOJITIepoBa ropMoHa (Amh) B kineTkax CepToiin, BhI3IBAIOIIETO JIETEHEPAIIUIO
MIOJIJIEPOBA MPOTOKA.DTH K€ (HaKTOPhI TPAHCKPHUIILIUU B KJIeTKax Jleiaura cTuMynupyroT

00pa30BaHMUE U CEKPELHIO TECTOCTEPOHA.

- Promoter

-

L Promoter ——

Transcription
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-
R R scription of the Amh gene in the Sertoli cells. (B) After Sox9 binds,
1 the expression of AMH is upregulated by the binding of SF1 and
Transcrlptlon Wt-1. AMH is believed to position SF1 on its DNA-binding site,
further upregulated 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.)
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[TocTymMpoBaHHBIE CXeMBbI ITOC/TEIOBATE/TEHOCTH COORITHIA, MPHBOMALINX K
00paz0BaHHI0 palTHYHIX MONOBLIX (PeHOTHNOB ¥ MiekonuTaroiux. [Ipespa-
LIIEHHE MONOBOTO BATHKA B OMMOTEHLMATBHY IO NOHAIY NMPOUCXOMIHT, MO Beei
BEpOSITHOCTH, NoJ neiicTBHeM reHoB LHX9, SFIu WT1, NOCKONBKY MBIIIH,
He HMEIOLLIHE 3THX TeHOB, He HMeIOT roHan. bunoTeHuHanbHas roHaza aud-
(hepeHUHpYeTCS MO XXKEHCKOMY MYTH pa3BuTHA (00pazoBaHHe STMUHKKA) 11O
aeitcTeueM reHoB WNT4u DAX], a no MyXCKOMY IyTH pa3BuTHs (0Opazosa-
HHe CeMEeHHMKa) — noa aeitcteueM reHa SRY (Ha Y — xpomocome) u ayTo-
COMHBIX TeHOB, TakuX KakK SOXY9. B suuHuKe HOpMHUpPYIOTCS TeKANBHBIE M
TPAHVIE3HEIE KNETKH, KOTOPBIE COBMECTHO CIIOCOOHBI CHHTE3HPOBATh 3CTPO-
rex. [lon BIMaHMEM 3CTpOreHa (CHauana MOCTYNAKOLIET0 OT MaTepH, a IOTOM

NPOTOK, CEMEHHOI Ny3bIpeK)

MPOH3BOAALIEIOCS B FOHAAAX IU104a) MIOJLTEPOB MPOTOK Mona anddepeHL-
PYIOTCS B XXeHCKMe TeHHTATHH, @ ¥ poOuBILerocs peGéHKa BIOC/IeICTBHY
hopMHPYIOTCS KSHCKHE BTOPHUHBIE MTONOBLIE MpH3HAKK. Ce MEeHHMK NMPOM3-
BOIMT ABa BaXXHBIX ropMoHa. [TepBriit — 310 aHTHMIO/LTEpOB ropMoH (AMI),
BHI3BIBAIOLLINIT perepeccHIO MIO/UTepoBa poToka. Bropoii — TecTocTepoH,
BhI3bIBACT AHpdepeHUHPOBKY BONbGOBA MPOTOKA BO BHYTPEHHHE MOJIOBbIE
opraHsl. B yporeHHTATBHOM paiioHe TeCTOCTEPOH NMPeBPaLIacTCst B JUTHOPO-
tectocTepoH (JI'T), koTopriii 06ycrnoiueaeT MopdoreHes neHuca 1 npej-
cTatenbHoii keneasl (Marx 1995; Birk et al. 2000.)



Ponp anTMMIOIIIEpOBAa TOPMOHA B ACT€HEPALIMHA MIOJIEpOBa
npoToka (1o KpbIchkl). ClieBa - OTKPBITEI 00a MPOTOKA,
cIpaBa -4epe3 3 CyTok nocie aeructBust AMH, OTKphIT
TOJILKO BOJIb()OB ITPOTOK

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
(opMUpOBaHKE )KEHCKOIrO noJia. [ eH Obu1 uACHTU(UIIMPOBAH Ha X-
XpOMOCOMe (B BHJIE ABYX KOMHUI) MPHU aHAJIN3E IBYX OJIU3HEIIOB C
XKEHCKUM (DEHOTHUIIOM, HO C TCHOTUIIOM XY

Genotype X Y X X X Y
Inactive
N N
SRY DAXI ()= SRY
DAX]1 DAXI H:Z /H
2 copies
ﬂ ! * of DAX1 x
_/ ot &)
. Figure 17.9

Gonads Testis Ovary Gonadal Phenotypic sex reversal in humans having two copies of the DAX1
. locus. DAX1I (on the X chromosome) plus SRY (on the Y chromo-
dyngHCSlS 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

PhenOtYPe Male Female Female 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.)
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[MpeanonaraeMslii MexaHM3M NePBHYHON AeTepMHHALIHH 11012 V MJICKONH-
TaKOHX. X 0TS MBI MATO YTO 3HAEM O NMOLTHHHLIX BIAHMOCBASIX MEXIY OT-
AeNbHBIMH 3TanaMy npouecca JeTepMHHALIMK NoJ1a, 3Ta MOJEb
npeacTarnger coboif MONLITKY NPeacTaBHTh JaHHBIHA NMPOLIECC B BUIE
nocnenoBaTeIbHBIX COObITHI. BoaMoxHbI # Apyrie Monenu. B cooTseT-
CTBHH ¢ JaHHOI Mogensto, Dax ] Gnokupyer akTupaumio Sox 9, npoucxois-
LY IO B Lenouke coObITHIt mocne akTHRaUnu Sry. AKTHBHBII Sox9
onokupver aktHeaun W4, Ho aktusipyer AMI 1 reHsl, oTBeualouie 3a
aupdepeHUHPOBKY roHal B ceMeHHUKH. Jax ] akTHBHPYET I'eHbl, OTBETCT-
BeHHBIe 3a AuddepeHLIHPOBKY N'oHal B THUHHMKH.
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TecToCTEPOH U 5 O-IUTUIPOTECTOCTEPOH - AHJAPOTEeHBI. T€CTOCTEPOH
CUHTE3UPYETCA B KJIETKax Jleiaura u oTBevaeT 3a 00pa3oBaHue
SIUIUAUMUCA, CEMEHHBIX ITy3bIPbKOB, vas diferens v, B MEHbIIEH
CTEIECHU, 32 00pa30BaHUE MOIIOHKHU U MEHUCA. JIUruipoTecTOCTEpOH
o0pazyeTcs U3 TeCcToCcTepoHa ((PepMeHT- 5 o —“KETOCTEpOUApEeayKTa3a),
CUHTE3UPYETCA MO3JHEE B MOUYETIOJIOBOM CUHYCE U B CEMEHHBIX
y3bIpbKax, 00JI€€ aKTUBEH B MHIYKIIMU 00pa30BaHUs yPETPhI, IPOCTATHI,
MOIIIOHKH U MEHHUCA.

HeOomnpiras oompyHa B JJOMMHUKAHCKOW pecIyOlIMKe MMEET YICHOB,
HECYIINX MYTAIUIO TTO (DEPMEHTY KETOCTEPOUAPENYKTA3E, U,
CJI€A0BATEIIbHO, HE COAEPKAIINX TUTUAPOTECTOCTEPOHA. ITH JIFOMIH C
reHOTUIIOM XY JI0 TTOJIOBOTO CO3PEBAHUSI UMEIOT HEPA3BUTHIC BHEIITHUE
KEHCKHE TTPU3HAKH, HO MPU MTOJOBOM CO3PEBAHUU OOJIBIINE KOJIMYECTBA
TECTOCTEPOHA BCE K€ CTUMYJIUPYIOT 00pa30BaHWE MOIIIOHKH U MEHKCA U
3TH JIIOIU UACHTU(MUIUPYIOTCS KakK FOHOIIIM.

B xierkax Jleliaura, KpoMe TECTOCTEPOHA, CHHTE3UpyETCs (1
CEKpPETUPYETCS U3 KIETOK) MHCYITUH-NI0A00HBIN ropmoH 3 - (Insl-3). On
BHOCHT BKJIaJ] B (POPMUPOBAHUE MOIIIOHKH



PanoHbl MyKCKOH IMOJIOBOH CUCTEMbI, (G oOpMUPYIOLIHECS
MO KOHTPOJIEM TECTOCTEPOHA U AUAPOTECTOCTEPOHA.

Urinary bladder

Pubis
Penis
Urethra—Ll&{
Vas deferens
Epididymis
[ ] 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.)



MyXCKHE U KEHCKHE CTEPOUIHBIE TOPMOHBI. DCTPOTrEeHBI (BKJIIOYAsk UX aHAJIOTH-
JTUATUIICTAIIOCCTPOIT U JIP. ) BaXKHBI HE TOJBKO JIsl (DOPMUPOBAHUSI )KEHCKHUX
IIOJIOBBIX OPTAHOB -MaTKH, MKW MATKH, BIArajinia U KJIMTOPa -U3 CTPYKTYP
MIOJIJICPOBA IIPOTOKA, HO TaKXKe AJIST pa3BUTHUSI MOJIOYHBIX JKEJIC3.
JIMATUIICTUIOECTPO BasKEH ISl HOPMAJIBLHOTO MPOTEKAHUSI OEPEMEHHOCTH.

VY caMI10B 3CTPOTE€HBI IPOAYIUPYETCS B psifie TKAHEH (BKIIFOUAsi MO3T) U BaXKHbI JJIsI
(bepTUsIbHOCTU ciepMbl. ECIM KOHIIEHTpaLMs SCTPOr€HOB B KPOBH BBIIIIE Y CAMOK, TO
KOHIIEHTpalUsI MX B KaHAJIbI[aX CEMEHHUKOB - rete testis BbIllie, 4eM B KPOBU Y

caMOK. Y CaMOK TaK»X€ UMEIOTCS aHAPOrCeHbI

Gonadal Steroids

« Male sex hormones:
— testosterone, dihydrotestosterone, estradiol

* Female sex hormones:
— progesterone, estrogen, estradiol



Bubl )KEHCKHX MOJOBBIX TOPMOHOB Y UX (DYHKIIHH

» Estrogens

— required for maturation of female sex * Progesterone
characteristics, genital and breast — glandular development in breast
development

— cyclic glandular development of endometrium

— growth of endometrial lining :
— can compete with aldosterone

— alteration of fat distribution, decrease lipid

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



9BOJIIOHI/IOHHI)I€ CBA3HU MCKIY I'CHAMH, OTBCTCTBCHHBIMU 34
ACTCPMHUHALINIO 110JId Y PA3HbBIX )KHUBOTHBIX

* B T0 BpeMs Kak Sry 0OHapyKUBAETCS TOJBKO Y
MJICKOIIUTAIOIIMNX, Sox9 UMEETCsl Yy BCEX MO3BOHOYHBIX.
CnenoBarenbHO, Sox9 aBisgeTcs 0ojaee APEBHUM I'€HOM U,
BUUMO, UT'paeT 00j1ee 00IYI0 pOJib B ACTCPMHUHALINI
moJjia, yem Sry. YMIIEKONUTAIMNX Sox9 aKTUBUPYETCS
POACTBEHHBIM reHoM Sry. Takum o0pazom, Sry MOXKET
JIEUCTBOBATh, MIPEXKJE BCErO, KAK «BKIIOUATEIbY,
AKTUBUPYIOIINH T'eH Sox9, a yke 0e10K S0X9 HHUIUUPYET
9BOJIFOIIMOHHO KOHCEPBAaTUBHBIN ITyTh 00pa30BaHUS
cemeHHUKOB (Pask, Graves 1999).



(CKOJBKO pa3 B 3BOJIOIMY BO3HUKAJIN MEXaHU3MbI 1eTePMUHALIUHA
nmoJa?
I'mnorte3a:
CyleCTBYIOT JIBE TPYIIbl IO3BOHOUYHBIX (HAUUHAsI C KOCTUCTBIX PbIO), y

OJTHOU TpyIIbl —(PYHKIITMOHAJILHO aKTUBEH OPTOJIOT T'eHa Sox9, y aApyroi

—~ v~ oy

TABLE 1

Full description of gene abbreviations.

Gene Full name

SRY Sex determining Region on the ¥ 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
A,

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
WT-1 Milms™ Tumor suppressor-1

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



[yt OMOCHHTE3a MYKCKHX U JKEHCKUX CTEPOUIHBIX
TOPMOHOB Y IMO3BOHOYHBIX (HA MPUMEPE MIICKOITUTAFOIINX )
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Diagram of a section through the head of a human embryo showing
the migration route of GnRH neurons (green dots) from the
nasal cavity to the hypothalamus.

brain

Developing

A, arcuate nucleus of the
hypothalamus (GnRH cells
migrating to here control
gonadotropin secretion in the
adult); F, forebrain (route of
migration in brain); LV,
lateral ventricle; OL,
olfactory lining in developing
nasal cavity; ON, olfactory
nerve fibers (route of
migration outside brain);
large arrows, migration
pathways of GnRH cells.



TABLE 161 Some Known or Suspected Sexually Dimorphic Areas in the Adult Human Central Nervous System®

Sexual dimorphism in  Homosexual Homesexual  Transsexual
Structure Brain region heterosexuals (size)” males® females® males® Function of structure
Suprachiasmatic nucleus Hypothalamus Sex difference in shape,  Enlarged ? Nodifference  Controls daily and seasonal rhythms
not cell number
Sexually dimorphic nucleus, or Hypothalamus MxF No difference ? Nodifference Male mating behavior
INAH 1 (first interstitial nucleus
of the anterior hypothalamus)
INAH 2 (second interstitial nucleus  Hypothalamus M=F No difference 2 ? Some aspect of male sexual behavice?
of the anterior hypothalamus)
INAH 3 (third interstitial nuclens Hypothalamus Mx>F Reduced ? Enlarged? Some aspect of sexual crientation
of the anterior hypothalamus)
Bed nucleus of the stria terminalis ~ Hypothalamus MxF No difference Nodifference  Reduced Connects amygdala (which influences
(central region) sexual behavior) with hypothalamus;
gender identity?
Massa intermedia Thalamus Fx=M ? ? ? Coanects nght and left thalamus (a sensory
relay region)
Amygdala Cerebrum M>F Female-like? Male-like? ? Formation and storage of emotional memory
Hippocampus Cerebrum F>M ? ? ? Memory, spatial mapping
Anterior cingulate gyrus Cerebrum F>M ? ? z Autonomic functions, cognition, emotion
Antenor commissure Cerebrum Fx>M Enlarged ? ? Communication between right and left
cerebral cortex; connects alfactory bulbs on
either side
Planum temporale in temporal Cerebrum Larger on left than on ? ? ? Auditory speech functions; melodies and
lobe of cerebral cortex right in both sexes, but speech tones
less lateralization (right
larger too) in females
Splenium (posterior end of corpus Cerebrum F>M Enlarged ? ? Communication between right and left
callosum) visual cortex
Cuneate area in occipital lobe of Cerebrum Larger on nght in F; ? ? ? Vision
cerebral cortex larger on left in M
Caudate nucleus of basal ganglia Cerebrum Fx=M ? ? ? Learning and memocy
Spinal nucleus of bulbbocavernosus  Spinal cord MxF ? ? ? Contracts bulbocavernosus musde during

muscle (ejaculatory center) orgasm
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FIGURE 6.9 Daily patterns of LH levels in blood of females at various stages of sexual maturation. Note that during puberty, LH levels rise
during sleep and exhibit marked hour-to-hour fluctuations. Average levels and fluctuations in both day and night then increase during late
puberty, before decreasing somewhat in the adult. LH concentrations are in milli-IUs per milliliter of blood (see Figure 3.2.).



