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ACTCPMHUHHUPOBAHHOC PEIYVIATHBHOC
(Mo3anyHoe)
[pebHeBUKM MHorue KHnaapuu (kuweyrononocmeueie),
Ecdyzoa (uneHuctoHormne u N BbICLLNE BTOPUYHOPOTbIE
HemaToAabl)

MonntCcKu, Konb4yaTtble
4yepBsu, NNOCKMNE YepBu

PazButue He ObiBaeT Ha 100% Mo3anmyHbiM Wik Ha 100% perynsTuBHBIM. Pa3Hble KIETKH 3apobliiia
MOTYT UJITH PAa3HbIMU ITyTAMHU, OAHU B CAMOM Haydajle CTAHOBSITCS CIEHUAIN3UPOBAHHBIMH,
CIIEIMAIA3AIUA B IPYTUX MPOUCXOAUT MO3KE U 3aBUCUT OT BHEITHUX XMMHUYECKUX CUTHAJIOB U
KOHTAKTOB C JIPyTUMHU KJieTKamu (cM. onbIThl [lIlnemana u MaHrosibn).

[Ipu 11000M THIIE pa3BUTHS TPOUCXOIUT MOCTEIICHHOE BBIKJIFOYEHUE HEKOTOPBIX T€HOB (Yalle Bcero 0e3
notepu JAHK, HO nHOTAA U ¢ moTepeil), U KIETKU CTAHOBSTCS BCe OoJiee crienraIu3upoOBaHHBIMU. ITO
SBJICHUE HA3bIBAIOT TPOrPECCUBHOM JIETEPMUHAIIUE T

[Ipu neTepMUHATHBHOM THUIIE€ PA3BUTHUS CYIb0a KJIETOK OMPEEIAETCS paHblIe, IeTePMUHAILIUS
peke oOpaTuMa M MEHBIIE TTOIJIA€TCS BHEITHUM BIUSHUSAM (3MOPUOHATIBHON UHIYKITUH )



JeTepMMHATUBHLIX TUN Pa3BUTUSA
Caenorhabditis elegans

CBOOOJTHOXKMBYIIAsI MpO3payHasi Hemaroa (KPymiblid 4epBb) JJIMHOU OKOJIO 1 MM
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Caenorhabditis elegans. A — B3pocawiit repmadpoant, Bua cboky. Cnepma o |
DACTIOAArAeTCA TAK, YTO 3penoe AHLO HENPEeMEHHO NPOXOANT CKBO3b B » f'*'!“"
ZnepMmy Ha nyTH K Byabse. b — lNonanei. Boiae ancraibHoro KoHua noio- v« | IRy

4b1€ KJIETKH npetepnesanT MuTo3. OToilas OT AUCTANLHOIO KOHLA, N010-
46l KIETKH BXOAAT B MeH03. Panbiue Meilo3 npoxoasT cnepMHK, KOTopbie
{aKanamMpalorcs B cnepMarexe. B bonee nozanux meiosax obpasyorcs
FHUEKAETKH, KOTOPBIE MPOXOAAT YEPE3 CrIePMATEKY M CTAHOBATCH ONI0M0-
TBOPEHHBIMH. B — PanHee passuTHe, AiLO ONIOIOTBOPEHO H ABHTACTCA K
sv.1bBe. JInHus P — CTBONOBbBIE K1ETKH, KOTOPBIE NOTOM CTAHYT NOJOBBIMH.
[ — KpaTkas poaocroBHas KAETOYHbIX AMHUIA. JIHHUA NOAOBLIX KAETOK
TIEAAETCA B 3anHel obaacTu Kpaitkei caan kietkn P. Ipu nepsbix Tpéx
2eeHuax obpayiotes annnn AB, C, MS, u E. Koanuectso noayumns-
LMXCS KIETOK BbLIYNHBIUEHCA AMUMHKH — 558. HekoTopble M3 HUX npo-
J0TKAT AEAHTECA W oOpasyioT 939 Kaetok sipocaoit ocodu. o Pines
492, Ha ocHose Sulston, Horvitz 1977 u Sulston et al. 1983,

Ecnn roBopuTb TOYMHO, TO Y repmad-
poautoB 959 agep comarnyeckmnx
KNeTok n npubnmauntenbHo 2 000
3apoablLLEBLIX KITETOK, a Y CaMLOB
— 1 031 agopo comaTnyeckux KrneTok
n okorno 1 000 3apoableBbIX
KNEeTOK.




IHoyuurebHasA 3a1a4Ka

VYmurku npynosuku (Lymnaea stagnalis) ¢ ipaBo3akpyueHHOHU (66epxy) U IEBO3aKpy4EHHOMN
PaKOBUHOMU. ®oto ¢ caifta DieMeHTbLDY (OpHruHan Ha caifre vodnyymir.ru)

JIeBO3aKpyYEHHAsT PAKOBHHA

F1

F3 npu ychosmuu camoonnonoTsopeHuna -?

Cwm. npyrue 3a1a4yku


https://elementy.ru/problems/529/Pravye_deti_levoy_mamy
https://elementy.ru/problems/529/Pravye_deti_levoy_mamy

[MosicHeHuMe K 3agavykam Npo ynnUToK

A) lNeso3aaxpyventue (6) Mpasocsaxpyvennuie

1o

“wCyHOK 8.27
© - CBepXY HAa AHMMANBHBIM NONKOC Y NPABO- M J1€BO3AKPYYEHHBIX YIHTOK.
-=1eHME NPABO- M 1EBO3aKPYYEHHOCTH MOKHO NPOCIEANTb OT OPUEHTA-
VHTOTHYECKOTO BepeTeHa Nnpu BTOPOM JiejieHuH apodaenus. [leBosa-
~-zHHble (A) M npaBo3akpyueHHbie (b) VIUTKH pa3BuBaloTCH Kak
"« L1bHble OTpaxeHus apyr apyra. [To Morgan 1927,



NepBUYHaA aMOpMOHanNbLHaaA NHAYKUMUA.
OnbiTbl NaHca lUnemaHa v Xunbabl MaHronbg

Mepeoe genexHue
apobneHus
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thepeHUMpOBaH-
HbIX KNeToK
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HepeHasn
NNacTHUHKa

OnbIT ¢ IBMEHEHHEM TUIOCKOCTH TIEPBOTO ACICHUA IPOOICHUS.
Otcroma criemoBai BBIBOJ, YTO Marepual 'ceporo cepma' HeoOXoaum
JUISE HOPMAJIbHOTO OpraHoTeHe3a.

N3BectHo, uto Ha wMecte '"ceporo cepma" oOpasyercs CHUHHAS
ryba Omactomopa

I'pedenuatsiii TputoE — Triturus cristatus

CaMKa

caMen

OO6bIkHOBeHHBIH TpuTOH — Triturus vulgaris

CcaMKa

caMen

dopmupyeTca
anugepmuc

byaywui
anuaepMuc

ﬁ@‘

Omneir [lInemana no mepecanke y4yacTKOB TacTPYIbL.

A - mepecagka Ha CTaJMM paHHEW TracTpy/bl; 3a4aTOK HEPBHOM
TKaHd Pa3BUBAJICS B AMUIECPMUC, U Y 3apOJIbIIIa ObLIa TOJIBKO
OJ/lHA HepBHAsl IUIACTHHKA;

b - nepecangka Ha cTaguu MO3HEW racTPyJibl, 3a4aTOK
dhopMHUpOBaT HEPBHYIO TKaHb, Wy XO35IMHA BO3HHUKAIH JIBE
HEPBHBIC CHCTEMBI.

dopmupyertcs [lepecaxeHnnas TKaHb (XOpIOME30/€pMa) MHAYLIMPOBaa, T.€.

BTOPUYHAA
NNacTMHKa

HepBHas BbI3bIBAIA PasBUTHE HEpBHOM TPYOKH U3 AKTOJEPMBI. ITO
SIBJICHHE OBUIO HA3BaHO MEPBUYHON SMOPHUOHATILHOW HHIYKIIHE H.
Knetkn Tkanm-uHIyKTOpa (XOpAOME30/1€pMbl) KaK Obl BHIAAIOT
MHCTPYKLIMU KJIETKaM SKTOJEPMBbI, HAMPABJIAIOT WX Pa3BUTHE TIO
MyTU HEPBHBIX KJIETOK.
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rMa3Horo nyibIpAa

TKaHM (He

NHAYKLWMN

nasHou ny3bipb yaaneH;
XpyCTanuK He BO3HWUKaeT

WmnnaHTauma nHou

TKaHKW

rNasHoro ny3blipbKa);

He NpoKUCXoauT

HNHCcTpyKTHUBHBIE B3aMMOACUCTBUS
NPy pa3BUTHH TJIa3HOTO OOKaa.
NHnykims 171a3HBIM IMy3bIpEM
XpyCTaIMKA:

A - HopMasbHasi UHIYKIIUSA ;

b - B oTCyTCTBHE TIA3HOTO My3BIPs
XpYCTaMK HE GOopMHUpYETCH,

B - 3amena miazHOro my3sips Apyrou
TKaHbIO HE BBI3bIBACT MHIYKLHUU;

I' - npu KOHTAaKTE MIA3HOTO ITy3BIPS C
3KTOJIEPMOM T'OJIOBBI B IPYyrou
001aCTH MPOUCKOIUT HHITYKIIHS
XpyCTalMKa B HEOOBIYHOM MECTE.

B cBO10 ouepenp XpycTalmmK TOXKE
CTAHOBUTCS HHIYKTOPOM: TIOJ €r0
BO3JICHCTBHEM TIOKPOBBI HAJ|
OyIyIIUM TJIa30M CTaHOBSITCS
NPO3pauyHbIMK U MPEBPAIAIOTCS B

POTOBMILY.

Cxema MHOYKUUMOHHbIX B3anMOOeNCTB UM Yy 3apobilla rno3BOHOYHOIO.
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Xopga
melonepmMa PA Mmeiogepma
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Hoc MuwesapUTenbHLIA
TpakT KOHEYHOCTH [
CpegHui KneTku HepeHoro o
MOo3r rpe6us Koxa
[na3
3agHui o
MO3r
Yxo




Ventral centre Spemann’s organizer

Bmp4, Bmp? Admp
Cv2 Chordin
Sizzled Noqgin
Bambi Follistatin
Xir Frzb1
Fsq skrp2
‘ Crescent
Dickkopf-1
Cerberus
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Box 2 | Proteins secreted by the dorsal and ventral signalling centres in the gastrula

FROM THE FOLLOWING ARTICLE:

Spemann's organizer and self-regulationin amphibian embryos

Edward M. De Robertis

Nature Reviews Molecular Cell Biology 7,296-302 (April 2006)

doi:10.1038/nrm1855

*Back to article |

*Previous Box |

*Next Box

The factors from Spemann's organizer chordin, noggin and follistatin are bone morphogenic protein (Bmp) antagonists, whereas Frzbl,
secreted frizzled-related protein-2 (sFrp2), crescent and dickkopf-1 are Wnt antagonists'”. Cerberus is a multivalent antaggnist of Wnt,
Bmps and transforming growth factor (Tgf) —nodal signalling that induces head structures; its discovery led to the realization that head
development is induced by anterior endoderm?2->3, Most of these secreted antagonists work by binding to growth factors in the
extracellular space, thereby preventing them from binding to membrane receptors. Dickkopf-1 works in a different way>*: it binds to the
Wnt transmembrane co-receptor low-density-lipoprotein-receptor-related protein-5/6 (Lrp5/6) and, together with another transmembrane
protein that is known as kremen, induces endocytosis of the Wnt co-receptor and depletes it from the cell surface>>. Anti-dorsalizing
morphogenic protein (Admp) is a Bmp-like molecule that is, paradoxically, transcribed in regions where Bmp levels are low.

Chordin, a molecule with a key role in embryonic self-regulation, has an intricate mechanism of action. It contains four cysteine-rich
domains that serve as Bmp-binding modules in many extracellular proteins that are involved in Bmp-Tgf  signalling!8-2. Chordin
binds both to Bmp and to twisted-gastrulation (Tsg), forming a diffusible ternary complex that cannot bind to Bmp receptors!-2¢. Bmps
are probably bound to Tsg most of the time, so that the overall effect of Tsg in zebrafish (Danio rerio) is to promote Bmp signalling, as
shown by loss-of-function experiments22-%, Chordin activity is regulated by tolloids (known as xolloids in the African clawed frog
(Xenopus laevis)) — zinc metalloproteinases that have pro-Bmp effects because they cleave chordin at two specific sites — which
release Bmp that can then signal through Bmp receptors®:.

Ventral-centre proteins!® include: first, the growth factors Bmp4 and Bmp7; second, crossveinless-2 (Cv2), a molecule that contains five
Bmp-binding modules similar to those of chordin; third, sizzled, a molecule with the structure of an sFrp that functions as a feedback
inhibitor of Bmp signalling*®-“2-4% indirectly by binding to and inhibiting metalloproteinases that degrade the Bmp antagonist chordin®’;
fourth, bambi (Bmp and activin membrane-bound inhibitor), a natural dominant-negative Bmp receptor that lacks the catalytic
intracellular domain>?; fifth, xolloid-related (XIr), a zinc metalloproteinase that cleaves chordin very effectively*>##; and sixth, Tsg, a
protein that binds both to chordin and Bmp2¢.
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Pyc. 125 Ocnosinie TEHACHIIN B PASRITII NEPARSHOPOTLX I RTOPHIHOPOTKIX.
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AMHUOTHI

Ilo3BOHOYHBIE XKMBOTHBIE NEJIATCS HA aHAMHUM W aMHHOT.
AnamMHUU — PBIOBI U aMpUOHHL.
AMHHOTBI — PENTWINM, TTHIBI, MJEKOUTAIOIUe

AMHUOMUUECKLIE
o CETO0RL —_

Pre.  548. IocaegoBaTenbHER  3TAN
(A — J) obpasoBaHnA 3aponemesux obo-
A09el (AMHHOHE, XOPIHOHE, SHeIToIHOro
MEIIEA M AfJaHTONCAE) ¥ THOHNTHOTD MIS-
B r KOMITAKNIET) — CBITHLI,

CTPEIHH TOKAILBANT HANPAENEHNE DOCTA 1 0f-
PAICEAHNA CHAANGE.

E—

AMHUOMUYECKas

HenmouHsi
MEWOK

* AMHMOTEI TPaTAT YacTh KJIETOK Pa3BUBAIOIIETOCS HOBOIO CYIIECTBA Ha CO3AAHME 3apOABIIIEBBIX 000J0UEK, 3alMINAIONMX 3apOAbIII OT
BHELIHUX MOBPEXICHHUI U 00€CIIeUnBAIOLMX €TO JKU3HEESTEIbHOCTb.
3apopleBbie 000JI0UYKM HE CIEAYeT MyTaTh ¢ SMIIEBBIMU, HATPHIMEP, CO CKOPIYIIOH, MOJCKOPIYIOBBIMH IJICHOYKAMH, OEITKOM B SIHIIaX
ntui. Sinessie 0007109KH 00pa3yrOTCsl TP CO3PEBAHMM 1A U3 MATEPUHCKUX KIIETOK, a 3apOJIbIIeBbIe 00pa3yloTCsi BO BpeMs pa3BUTHS 3apO JIbIIIIA
U3 KIETOK 3apOJbIIIa. .

3apO,ZU>IH_ICBBIe 000JI0YKH MOKHO CUYUTATh BPCMCHHBIMHU 3apOAbIIICBBIMHA OpraHaMnu (HpOBI/I30pHBIMI/I OpFaHaMI/I)

*AMHUOH opMupyercst 1160 OOKOBBIMU CKIIaIKAMHM BHE3apO/BIILEBOM SKTOAEPMbI U ME30JI€PMBbl, KOTOPbIE MPUITOAHUMAIOTCS U CMBIKAIOTCS HaJl
3apo/bIIeM (CM. pHUC), THO0 MyTEM 00pa30BaHUs MMOJIOCTU CPEIU 3aPOABIIIEBBIX KIETOK, TOCTENEHHO MPe0o0paszylonMXcs B OKPYKAIOIIYIO 3apOIbIIII
000J104Ky. AMHUOH 3aII0JIHEH JKUJIKOCTBIO U MPEA0XPaHsIET 3apOAbIII OT BHICHIXaHUS, 3aIMIAET €ro OT COMPUKOCHOBEHUS C IPYTUMH 000JI0YKAMH ,
MHOT/Ia OYEeHb IJIOTHBIMH (HallpUMep, C CKOPIIYION SiIIa), M OT MEXaHUYECKUX MOBPEXKICHUN. DTO BOIHAS KOJIbIOETbKA IS 3apOIbIIIA.

*XopHOH oOpa3yeTcsi U3 HapY)KHOM CTCHKH aMHHUOTHYECKHX CKIIAJIOK (CM. PHC). Y MIICKOITUTAIOIIMX XOPHOH pa3BUBAETCs U3 TpodoodiacTta OIacTOMMCTHI
(eM. puc. «OcobeHHOCTH APOOICHUS Y YeTOBEKa») XOPUOH y MIICKOMUTAIONIMX HEMOCPEACTBEHHO KOHTAKTUPYET CO CTEHKOM MaTKu, oOecrieur Basi OOMeH
BCHICCTB MCXKY OPraHn3MOM MAaTCpH U IJIOJ0M. Brauane XOPUOH UMCCT BOPCHUHKU, KOTOPBIC ITOMOI'alOT UMIIJIAHTAIW U 3apOJAbIla B CTCHKY MAaTKH .
3areM mociie BpacTaHHs B HUX COCY/IOB IIOZa BOPCHHKH 00Pa3yloT MIJIOJHYIO YacTh IIAIlEHThI

*AJJIAHTOHNC 3aKIa/IBIBACTCS KaK BBIPOCT 33 THETO OT/IeNIa KHIICIYHOW TPYOKH 3apOJbIIa. Y MPECMBIKAOIMXCS W ITTHI] B pe3yJIbTaTe CPacTaHHS
Me30/IepPMaIbHBIX CIOEB XOpHUOHA U alNIAHTOKCa 00pa3yeTcsl XOpHUOoATIaHTOUC, 1O (JopMe HAOMUHAIOIIMKI MEIIOK, KOTOPBIN CHUJIBHO pa3pacTaeTcs u
MTOKPBHIBAET CHAPYKU aMHUOH U JKE€NTOYHBIN MeloK. CHa0KEHHBIN OOBIIMM KOJTUYECTBOM KPOBEHOCHBIX COCY/I0B, XOPHOANIAHTOUC CITYXKUT
IMOPHOHATBHBIM OPTaHOM JIBIXaHUS U JUTsl COOpa MPOJTYyKTOB OOMEHA BEIECTB 3apo/Iblia (MOUr). Y MICKOTTUTAIIMX AJNIAHTOUC HEBEIHK, B €0
ME3eHXUME 00pa3yroTcs cocypl MyrnoBUHBI. Ha Gosiee mo3qHUX cTaiusaX pa3BUTHS U3 BHYTPU3aPOIBIIIIEBON YaCTH aJlJITAHTOMCA 00pa3yeTcss MO4e BOr
My3bIpb (Y MIICKONTUTAONIMX) WK (opMuUpyeTcst Kioaka (y MTHIL K TPECMBIKAFOIIAXCS).

I1lo mamepuanam Buonocuueckoeo Snyuxnoneouveckoe Cnosaps noo peo. I uiaposa

B HeKoTOpBIX yueOHMKaX K 3apOJBIIIEBBIM 000JI0YKaM OTHOCST €Ilie ¥ )KENTOYHBIN MemoK. OTHaKo OH 00pa3yeTcsi y MHOTUX KMBOTHBIX U HE SIBJISI€TCS
OTJIMYUTEIbHBIM IPU3HAKOM aMHUOT.

JKenTouHbIl MEIIOK Pa3BUBAETCS U3 KIETOK, OOpa3yOIMXCS Ha BETETaTHBHOM ITOJIIOCE SHIIEKICTKH, T.€. U3 KIETOK, HACIEAYIOIMX OCHOBHOM 3arac
NUTATEIbHBIX BEIECTB. B X0/1e racTpyssiuy >KeITOYHBIN MEeoK 00pa3yeT 0JIHO LieJI0e C EPBUYHON KUIIKON 3apo/Iblla, a 3aTEM Pa3BHBACTCS KakK
BBIPOCT KULIKK SMOpHOHa (cM. puc.). JKenTouHbIi MEIIOK YacTo COXpaHseTCs Ja)ke Ha CTaluu JINYUHOK.

VY MJIEKOUTAIONMX KEATOYHBIN MEILOK IMOTEPSI CBOE OCHOBHOE 3HAYEHHE, HO UTPAET POJIb KaK OpraH KpOBETBOPEHUS. B cTeHKe JKelITOYHOro Meika
(bopMHPYIOTCS TIEPBUYHBIE ITOJIOBBIE KJIETKM — TOHOONAcThI. J[anee ocTaTku )KEATOYHOTO MEIKa MOYXHO OOHApPY)KUTh B BUJIE TOHKOW TPYOOUKH BHYTPHU
IYTOBUHEI.
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Figure 2.22. Diagram of the amniote egg of the chick, showing the membranes enfolding the 7-day chick embryo. The yolk is eventually
surrounded by the yolk sac, which allows the entry of nutrients into the blood vessels. The chorion is derived in part from the ectoderm and
extends from the embryo to the shell (where it will exchange oxygen and carbon dioxide and absorb calcium from the shell). The amnion
provides the fluid medium in which the embryo grows, and the allantois collects nitrogenous wastes that would be dangerous to the
embryo. Eventually the endoderm becomes the gut tube and encircles the yolk.




