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* DBOJIIOLIYS U POCT
OMOpa3zHO00Opa3Us —
CBSI3aHHBIC OHSTHS



IlapcTBa )XHUBBIX OPraHU3MOB

5 Kingdom Classification

P

Monera
-prokaryotes

5,000 sp.

Protista

-unicellular
eukaryotes
and algae

60,000 sp.

Plantae

-multicellular
photosynthetic
cell walls

250,000 sp.

Fungi
-multicellular
filamentous
heterotrophic
cell walls

5,000 sp.

Animalia

?

1,000,000+ sp
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Cy11eCcTByeT NPUMEPHO 35 apXCTUIIOB
OpTraHU3alMU KUBOTHBIX (B, OCHOBHOM,
COOTBETCTBYIOIIHUX YKCIIY TUIIOB
KUBOTHBIX ). OHM OTpakaroT INIaBHbIC
IIJIAHBI CTPOCHUS BCEX MHOTOKJIETOYHBIX
’KHBOTHBIX OpPraHU3MOB,
00pa30BaBIIMXCS B pPAHHEM KEMOPUH.
BeposaTHO, 3TO MAaKCUMAJIbHOE YHCJIO
BCEX CIIOCOOHBIX K BOBHUKHOBEHMIO
IyTEM DBOJIIOLMU BapuaHTOB (bauplan)

OpTaHU3MOB.



DBOJIIOLIMOHHAS TCOPUS
NOJI>)KHA IOMOYb
OOBSICHEHUTIO SIBIICHUS
Omopa3zHooOpa3us



B neBsTHaanaTroM BEKE CyIIECTBOBAIM JIBA THAMETPATBHO
MPOTUBOMOJIOKHBIX B3ITIAAa Ha MIPOUCXOKACHUE BUIOB. OUH W3 HUX,
HanOoJiee apko BeipakeHHbIN JKopxem KroBbe n Yapns3om bemmoMm,
(hOKYCHUPOBAJICS HA paziu4usax MEXy BUJIaMU, O3BOISIOIIUMU
KOKJIOMY M3 HUX aJallTUPOBATHCA K TOMY OKPY>KEHHMIO, B KOTOPOM OH
KUBET. B CBETE 3THX MPEICTABICHUN PyKa YEITOBEKA, IUIABHUK
TIOJICHS, KPBUIbS MITULIBI U JIETYYEW MBIIIHN MPEACTaBAIN
3aMevaTeIbHBIMU N300peTeHUsIMU TBOpIIA, JAFOIIUMUA 3TUM
’KAUBOTHBIM BO3MOYKHOCTh ITPUCITOCOOUTHCS K 'yCITOBUAM
CyllIeCTBOBaHUA." B COOTBETCTBHH C IPyrUM B3IIIAI0M, HAMOOJIEE
SHEPTUYHBIMU CTOPOHHUKAMU KOTOpOro ObutM OTheH XKoddhpya CeHr-
Nnep n Puuapn OysH, KIFOYEBOE 3HAYCHUE TTPUHAIIEKAIO “CIMHCTBY
tana” (4epTaMm cxoocmea MEXAy Opranu3dmMaMu, Kotopeie OysH
Ha3bIBal ‘“‘romosiorusiMu’’). Pyka yenoBeka, MIaBHUK TIOJICHS, KPbUIbS
NTULBI U JIETYYEH MBIIIN MPEACTABISIINCh MU KaK MOJU(UKAIIAN
OJIHOTO M TOT'O € OCHOBHOTO MiaHa. [[Ioncku 3TOro miaHa Mo
IPUBECTH K (hopme, o KOTopo TBopel] co3aall 3TUX )KUBOTHBIX.
ApanranusaM OHU OTBOAWIIA BTOPOCTENIEHHYIO POJIb.



* «l103BOHOYHOE — 3TO OMap,
[IEPEBECPHYTHIA HA CIIUHY» -
2O1beH JKopppya Cent-Unep



 JlapBUH OTHA JOJLKHOE 3TUM AcOaTaMm, Korjua B
1859 rony nanucain: “OOMEIPUHATO, YTO
CTPOCHHE BCEX OPraHUYCCKUX CYIICCTB
OAYMHEHO ABYM BEIMKHUM 3akoHaMm — EnuHCTBa
Tuna nu EqpacTBa YenoBuit CyleCTBOBAHUS .
Jlanee JlapBUH IMIIIET, 4YTO €r0 TEOPUS MOTJIa OBl
OOBSICHUTH €IMHCTBO THUIIA MPOUCXOXKICHUEM OT
oO11ero npeaka. M3sMeHeHus, co3qaroliue
3aMeyYaTeNIbHbIC afanTalii K YCIOBUSIM
CYIIIECTBOBAHUS, MOXKET OOBSICHUTH TEOPUS
€CTECTBEHHOI0 0T00pa. CBOK KOHIEIILIUIO
JlapBUH Ha3BaJl MPOMCXO0KIACHUEM C
Moauukamuen”.



Teopwust 3BOIIOIMM («COBPEMEHHBIN CHHTE3Y),
co3gaHHas k cepeaune 20-ro Beka ({o0xaHCKHH,
CumMicoH, Malip u ap.) 6a3upoBaiachk B OCHOBHOM
Ha JIOCTIDKCHUAX MOMYJISIIMOHHON T€HETUKH,
YUUTHIBAIOILIEH MYyTalluy €IUHUYHBIX T€HOB,
TECTUPYEMBIC Yy B3pOCIBIX 0co0Oei. OHa Moria
OOBSICHUTD JIMIIb IIPOLIECCHI MUKPOIBOJIIOLIMH,
BEIYIIHE K BUI00OPa30BaHMIO, HO HE CMOIJIa HAUTH
MEXaHHU3MOB MaKpO3BOJIIOIMHY, BEAYIINX K KPYITHBIM
epeCTPOMKaM M K MOSBJICHUIO KPYITHBIX TAKCOHOB -

KJIACCOB M THUIIOB.
IAmbpuonozuveckue pe3yibmamol Obliu 8bI1UEPKH) bl

Us yenoukKu doKazamenbCcme



Walter Gehring, Biozentrum, Universitit Basel

Molecular genetics shows that the development
of all different forms of eyes have the same
evolutionary origin, which can be traced back to
a simple form of light-sensitivity found already
in primitive bacteria.

W. J. Gehring. The genetic control of eye development
and 1its implications for the evolution of the various
eye-types. Zoology 104 (2001):171-183




. I'ekkenb ( 1843-1919) u ero
3HaueHue B co3aanuu EVO/DEVO

TpoiitHO# MOAXo K CO3JaHNI0 YBOJIOIMOHHON OHOJIOTUH
(DaJICOHTOIOTHYECKHE, aHATOMUYECKUE U
AMOPHONIOTUYECKHE JOKA3aTEIbCTBA)

Teopust poOUCXOXKICHNUS MHOTOKJICTOYHBIX (racTpes)
broreneTrnyeCcKkun 3aKOH

CnpaBeayinBasi KpUTHKA 3aKOHA, BMECTE C TEM, BEJIET K
OTPHULIAHUIO €AUHO00pa3us (MOp(hOI0rudecKux) GopM 1
IyTEU PA3BUTUS

YTo Ke JIEKUT B OCHOBE DBOIIOLIMOHHOM UACH (UTO €€
KOHCOJIUJIUPYET)?



Borpocsl MAKPO3BOJIIOINA ¢ TOYKH 3PEHUS
TEOPUHU «HOBOI'0 CHHTE32» He MOIJIM OBITH
pelnieHbl
BeposTHO, K KPYITHBIM U3MEHEHHUSM B CTPYKTYPE U
(PU3HOJIOTHUH, COBMECTUMBIM C )KU3HBK OPraHH3M
MOKET OIPHUCIOCOOUTHCS JIMIIb B IPOLIECCE PAHHETO
Pa3BUTHSL.

I'eHeTHYECKNE OCHOBHI:
3HAUYUTEIILHBIE TIEPECTPOUKH MOTYT BbI3bIBATHCS
XPOMOCOMHBIMHU TEPECTPOMKAMHU, MYyTaIlASIMHU
T€HOB-CEJIEKTOPOB, BBICOKOW aKTHUBHOCTBIO
TPACHIIO30HOB ¥ MYTallUSIMH I'€HOB CHCTEMHOTO
YPOBHS OpraHu3aiuu (TOpMOHAIBHOW, UMMYHHOM,

HEPBHOM U JIP. CUCTEM)



BeposATHO, K KPYIIHBIM U3MEHEHUAM B CTPYKTYpPE U
(bU3MOJTOT N, COBMECTUMBIM C )KU3HBIO, OPraHU3M
MOKET OIPUCIOCOOUTHCS JIMIIb B IPOLIECCE PAHHETO
PAa3BUTHUA. 3HAYNUTEIILHBIC TIEPECTPOUKH BbI3BIBAKOTCS
MYTalUsIMUA T€HOB-CEJIIEKTOPOB, BBICOKOU
AKTUBHOCTBHIO TPAHCIIO30HOB ¥ MyTallUsIMUA T€HOB
CHCTEMHOTO YPOBHS OpraHu3anuu (rOpMOHAIBLHOM,

MMMYHHOM, HEPBHOM U T.II.)



 HA3PEJIA HEOBXOJINMMOCTDb HOBOI'O
«HOBOI'O CUHTE3A» UEN DBOJIIOINN,
TO €CTh TEIIEPh YK€ HOBBIX MOAXOJ0B K 3BOJIIOLAU
C MCIIOJIb30BAHUEM JAHHBIX T€HOMHUKH U
IIPOTCOMMKH, SMOPUOTCHETUKH, MOJICKYJISIPHOM
OMOJIOTHH PA3BUTHS U ITAJICOHTOJIOTHH,
OMOMH(OPMATUKU U APYTUX MOAXOJIOB.

* YacTh naen HOBOrO CUHTE3a OTPaKECHA B
(dopmupyromieiics HoBoi Hayke : Evolution and
Development (Evo/Devo).

* OHa MOXET OOBSICHUTH OBICTPOE BO3HUKHOBECHHUE
MAKPO-UHHOBAIIMH



] oMOJIOrHYHBIC IT'€HBbI
OTBEYAIOT 32 O0pa3oBaHMe
(DYHKIIMOHAJBHO CXOIHbIX
(AHAJIOrMYHbIX), HO HE
00s13aTEJILHO
I'OMOJIOTHYHBIX CTPYKTYP



* | oMo1OrUYHBbIE
(OpTOJIOrHYHbIE) I'eHBbI 10
XOAY IBOJTIOIUN MOI'YT
pacuupaTs (MEHSThH)
(DYHKIIUIO 32 CUCT ABJICHUSA
KOOIILUM, U IPHOOPETATH TEM
caMbIM HOBbIE¢ (DYHKITUH



Mopgronosuieckan, husuonosuvecKkan, nNosedenyeckan

CRIOKHOCID SYKapuoIm He Koppenupyem ¢ pasMepom
SCHOME U KONUNECIBOM COOSRNAaWLIXCR 8 HEM S8EH0S8

ITpe mxo o sz TE B HOE

Opranmsm Pasmep rexonta, Mb=10° o
Homeo sapiens (4enopex) [6, 7] 2900 30-40000
Mus musaiius (memm) 8] 2500 Oxomo 30000

E Fugu mibripes (priba) [9] 365 30-40000

; Arabidopsis thaliana (pactenne) [10] 125 25498

g\ Drosaphila melanogsier (Hacexonmoe) [11] 120 13600
Caenorhiabdiifis elagans (4epep) 97 19000
Saccharemyces cerevisiae (OpoAcKi) 12.1 6034
Escherichia coli (baxTepusn) 4.6 4288
Bacillus subsilis 4.4 3924

B Synechacystis sp. 4.2 4000

E Archacoglobus fulgidus 36 3168

3 Haemap hilus infuenzae o B 2471
Mycoplasma pneumoniae 0.8 677
Mycoplasma genitalium 0.6 470

Ilprowexarce: Haermdrorarpet sximoyaeT £ ceb X NOMONOTIH C HEESCTEEIN M IR HANH

Ceepance EJfl. BECTHWK POCCHMHCKON AKALEMMM HAYK, 2003, oM 73,NeB, c. 496-513



Pewenue napaooxca ssonoyuu goopm nexcum Ha
YposHe MONEKYIAPHOU OUOLO2UU PA3BUMUS

* Kpome opTOI0ruYHbIX T€HOB, COXPAHSIOTCS 1ICIbIE
[[EIOYKH (3B€HbS) OMOXMMHUYECKUX PEAKIIUH,
BKJIFOYAsI KACKaJIbl ITyT€W CUTHAJIMHIA.

* PerynsaTopHbI€ T€HBI TAKXKE KaK U CTPYKTYPHBIE
MOT'YT ObITh OPTOJIOTMYHBI

» Kackazpl peryiasainyi TeHeTUUYECKUX MPOrpaMm,
KacKaJbl CUTHAJIbHBIX 1IEMOYCK IPOSBISIOT
YIWBUTEIbHBIN KOHCEPBATU3M U SBIISIOTCS
OCHOBOM 3BOJIFOIMOHHBIX IPEOOpa30BaHUIM



YucJ10 reHOB B TéeHOMaX MHOI'OKJIETOYHBIX OpraHu3monB

XOTS M YBEJIHYMBAETCH B IBOJTIOIHOHOM PSAAY OT HU3IIMX
K BBICIIIMM, HO BCE ’Ke He HACTO0JIbKO0, YTOObI 00bSICHUTH
BCe IBOJIOIIMOHHBbIE YCJI0KHEHUSI OPraHu3aIuu.
BeposiTHee, 4TO MHOTHE I'€HbI BBICIIIUX KUBOTHBIX
TOMOJIOTMYHBI T€HAaM HU3IIUX U MOT'YT KOHTPOJIHUPOBATh
CXOAHbIC (DYHKIIMH, IPUOOpPETasi OJHOBPEMEHHO U HOBBIE.
Takue reHbl Ha3bIBAKOTCS OPTOJOTHYHBIMU. [ OMOJIOrHYHBIE
I'€HBbl B TEHOME >KMBOTHBIX OJJHOI'O M TOIO K€ BHU/]Ia
Ha3bIBAIOTCS MapaJOrHYHbIMHU.

I71aBHBIN MYTh YCJI0KHEHUSI TEHOMOB - YCJIO0;KHEHHE
PEryJsiTOPHBIX MEXaHU3MOB JKCIIPECCHM T'€HOB



KoHcepBarn3M CUTHAJILHOU IIETIOYKH, NEPEAAIOIICH CUTHAT
yepe3 TUPO3UHKHUHA3BINA PELIEIITOD

Ligand Receptor

G protein

FEEE gt

* Cytoplasm

Tyrosine
kinase
domain—
Organism and Ligand Receptor =~ SH2-SH3  G-protein GTPase activator and  Effect
tissue tyrosine protein GDP/GTP exchange
kinase proteins
C. elegansvulva  LIN-3 protein  LET-23 SEM-5 LET-60 gap-1 Vulval cell differentiation
protein protein and division
Mammalian skin ~ EGF EGF GRB2 RAS protein  GAP/GNRP Epidermal cell division
receptor
Drosophila eye Bride of Sevenless = Drk Ras | Gapl/son of Differentiation of photoreceptor
sevenless sevenless seven in each ommatidium

Figure 22.12

The widely used RTK pathway. The outline of the pathway is shown
below the diagram, along with the names of its elements in different
species. The ligand can be a soluble protein (as in EGF) or a mem-
brane-bound protein on another cell (as in the Bride of sevenless
protein presented to the Sevenless RTK). The cytoplasmic domains
of the RTKs are autophosphorylated once they are dimerized, and
this allows them to bind the adaptor protein and to stimulate the
Ras G protein. The activity of the Ras G protein can be enhanced by
G'TPase activation or inhibited by the GAP proteins. The activated
G protein initiates a cascade of phosphorylation that ends in a
phosphorylated (activated) transcription factor entering into the
nucleus and effecting RNA transcription.



Wnt-cUrHalIbHBIN KacKad y Pa3IMYHbIX OPTaHU3MOB

SEGMENT POLARITY AXIS FORMATION AXIS FORMATION
IN DROSOPHILA IN C. ELEGANS IN XENOPUS

Anterior cells Late ventral cells

Cortical
rotation

Figure 22.13
Three modifications of the Wnt pathway.
Fach pathway proceeds vertically. The
Nieuwk cells secreting the Wingless protein are la-
ce:tuc? s beled (anterior cells in the Drosophila
Y cells e, parasegment, the P2 cell in C. elegans).
-

cells i
A

The responding cells are shown beneath
them (posterior cells in the Drosophila
parasegment, the EMS cell of C. elegans,
and the Nieuwkoop center cells of
Xenopus. In Xenopus, the Disheveled pro-
LI g tein is thought to be brought to the
SRR Dy SRR Nieuwkoop center by the cortical rotation
SRS AR of the cytoplasm. The proteins on each

L l level are homologous to one another.
Targets (En) Targets ? Targets (siamois) (After Cadigan and Nusse 1997.)




KoncepBaTusm curHaibHOMU LIeTIOYKH, AeicTByolen yepes Toll- peuentopsl y Drosophila v
miekonuTaromux. CUrHaibHas 1enoyka, neicTyromias yepe3 Toll-perenTop, ucmnonb3yeTcs 1
3aITyCKa BOCIAJIUTEIHHOTO OTBETA Y MJICKOIIUTAIOIINX U JIJISI aKTUBAIIMKA aHTU(DYHTAIBHOTO ACHCTBUS Y
B3POCIBIX MyX. [ OMOJIOTHYHBIE O€ITKU OTMEUYEHBI OIMHAKOBBIM IIBETOM

(A) Drosophila (B) Mammals

Spatzle IL-1

K
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@

Dorsal NE-xB
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Antimicrobial [nflammatory
proteins cytokines




Hcnonbp3oBaHnE rOMOJIOTHYHBIX KOMIIOHEHTOB CUTHAJIBHOM 1ETIOYKH, BKITIOYAsI
Td: romonoruunbsie Dorsal/Dif /Relish, B uMMYyHHBIX peakiusax y Apo30(uiibl
(anTH(yHraIBHBIA U aHTHOAKTEpHUATBHBIN OTBETHI) U Y uenoBeka (NF-kappaB).

Figure 1. The Drosophila Toll/antifungal signaling pathway.
This model highlights current understanding of the Toll signal-
ing pathway as it functions during the immune response. The
pattern recognition receptors that recognize fungal pathogens
are unknown, but they are believed to activate a serine protease
cascade, culminating in the cleavage of the Toll ligand Spitzle.
Ligand binding to Toll leads to the recruitment of two proteins,
the adaptor Tube and the kinase Pelle. Recruitment of Pelle is
thought to cause its activation and disassociation from Toll.
Activated Pelle may then activate, directly or indirectly, a Cac-
tus kinase that is responsible for signaling the proteasome-me-
diated degradation of Cactus. Currently, the biochemical steps
between Pelle and Cactus degradation remain undetermined,
and the Cactus kinase has not yet been identified.

) \
Ya ¥ kenny
DmIKK /

Complex b B i
e
v

Relish
Cleavage

Diptericin

Figure 2. The Drosophila antibacterial signaling pathway. In
this model the signaling pathway is activated by LPS through
unidentified receptor(s) and leads to Relish cleavage. Down-
stream of the receptors, this signaling pathway bifurcates. One
part leads to activation of the Drosophila IKK complex, which
then phosphorylates Relish. The other part functions through
the caspase Dredd and leads to the cleavage of phosphorylated
Relish. At present it is not known whether Dredd acts directly
or indirectly to cleave Relish. The IMD protein may function in
one or both of these pathways. (N) Amino-terminal domain; (C)
carboxy-terminal domain.

\

Targal Gene

Figure 3. The LPS signaling pathway in mammals. In this
model LPS is recognized by a complex of three proteins; CD14,
MD-2, and TLR4. TLR4 activates the intracellular signaling cas-
cade by recruiting MyD88 and IRAK to the membrane. IRAK
associates with the receptor complex transiently; once released
IRAK can associate with and activate TRAF6. The TRAF6
RING finger, in combination with Ubc13 and Uevl A, mediates
the K63-extended polyubiquitination of TRAF6 itself. The
TAK1/TABI/TAB2 complex is activated by its association with
ubiquitinated TRAF6. Interestingly, the TAK1-associated pro-
tein TAB2 translocates from the membrane fraction to the cy-
toplasmic fraction upon treatment with IL-1. Once activated,
the TAK1 complex phosphorylates and activates the IKK com-
plex. The activated IKK complex then phosphorylates IkBa,
leading to its ubiquitination and degradation by the proteasome.



KoncepBarusm BMP/Chordin -curnanuira u uCroJjib30BaHHE
€r0 B Pa3IMYHbIX (POPMOOOPA30BATEIBHBIX MPOLIECCAX

Xolloid~., Broken
@ J§~ fragments Xol/Tol
BMP4 Y44¥ of chordin l
\
Chd/Sog
~ BMP/Dpp
BMP signal
Ventral Ventrolateral Dorsolateral Organizer
(blood, body wall, (epidermis, kidney, (neural ectoderm, (neural ectoderm, Xenopus
epidermis) gonads) somites) notochord)
Dorsal Dorsolateral Lateral Ventrolateral D hila
(amnioserosa) (dorsal ectoderm) (lateral ectoderm) (neural ectoderm) rasopie

Figure 22.14

Homologous pathways specifying neural ectoderm in protostomes ( Drosophila) and deuteros-
tomes (Xenopus). Both pathways involve a source of chordin/Sog (the organizer in Xenopus,
the presumptive neural ectoderm in Drosophila) and a source of BMP4/Dpp (the ventral
mesoderm infrogs, the presumptive amnioserosa in flies). In both instances, the gradient is
shaped by a constant supply of Tolloid/Xolloid, which degrades Sog/chordin. In both cases,
the neural ectoderm forms where BMP signaling is prevented. (After Dale and Wardle 1999.)



T'omosorus nyTen cnenudUuKauyd HepaabHOW SKTOASPMBI Y APO30(PHUIIBI
Y MMO3BOHOYHBIX(Xenopus). JKenTbiM 1 KOPUYHEBBIM IIBETOM ITOIIAPHO
OTMEYEHBI OPTOJIOTHYHbIEC (hakTOphl. [IpoHElipabHbIE TEHBI:
Achaete-Scute/ Mashl1,2. Tomeornueckne reasl -Hom/Hox, romeoboxc-
copepxkammue reapl Lim1,3, Isl/Lim1,3, Isl1,2

BMP7| Xenopus

s 11
Sceew| Drosophila
+
neural
genes

Short gastralation
} by i‘mmamﬂ.— \'

Figure 10.33

Homologous developmental pathways in the formation of the central nervous systems of a verte-

brate (Xenopus) and an invertebrate (Drosophila). The Xenopus factor is on the top (yellow boxes),
the homologous Drosophila protein is underneath (red boxes). (After De Robertis and Sasai 1996;

Sasai et al. 1996.)



KocTrn KOHEUHOCTH MO3BOHOYHOTO. PACIIONIOKEHNE KOCTEN B CKEJIETE KYPHUHOTO
KpbUIa (CTAJIONOANM, 3UTONIOANM, ayTOIIONI ), HAIPABICHU OCEM pocTa
KOHEYHOCTH (TIepeIHe-3aHsIs, IOPCO-BEHTPaIbHAsI, TPOKCUMO-IUCTAIbHAS )

Humerus Ulna Radius Metacarpals Digits
\ J \ =\ _J

Stylgpod Zeuggpod Aut(god

Figure 16.1
Skeletal pattern of the chick wing. According to conven-
tion, the digits are numbered II, 111, and IV. (Digits I and V

are not found in chick wings.)
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['oMoJioTHs IPOIIECCOB 00pa30BaHUS MEpEeAHE-3aJHEN OCH
HETOMOJIOTHYHBIX KOHEUHOCTEHN (KPhUIbEB) KYpPHIIBI U
APO30(UITBI

Normal development Experimental expression of Hedgehog
in anterior limb primordium

Il
/‘r\/ﬁ’ v

Limb bud
’m— Embryonic
shh expression limb
hh expression Iy
(
Drosophila —
\
\ /
Wing

imaginal disc

Figure 22.15

Homology of process in the formation of the anterior-posterior axes in Drosophila and chick
appendages. A chick limb bud expresses Sonic hedgehog in its posterior region. If Sonic
hedgehog is also expressed in an anterior region, the limb develops a mirror-image duplica-
tion of the anterior-posterior axis. A Drosophila wing disc expresses Hedgehog in its posteri-
or compartment. If Hedgehog is expressed in the anterior compartment as well, the wing de-
velops a mirror-image duplication of the anterior-posterior axis. (After Ingham 1994.)



BrIcokast rOoMOIOTrHs pEryJISITOPOB, KOHTPOJIUPYIOIIUX

(hopMHpPOBaHUE KPbLIa KYPUIIbl U IPO30(DUIBI

Figure 22.16

Deep homology of the limbs. The same set of proteins is used to establish the polarity of
limbs in both deuterostomes (chick) and protostomes (Drosophila). The top panels represent
-hick limb buds with the dorsal region on top and the apical ectodermal ridge facing the
viewer. The bottom panels represent the Drosophila wing disc with its dorsal region upward
and its anterior side to the left. (A) Proximal-distal axes are specified by the Distal-less pro-
tein in the most distal region of the limb bud or disk. This protein forms at the junction
where the Fringe-containing dorsal cells meet the ventral cells. (B) Dorsal-ventral patterning
is specified by the expression of a LIM protein, either Apterous (Drosophila) or LmxI1
(chick), in the dorsal portion of the disk or bud. A Wnt protein (Wingless in Drosophila,
Wnt7A in the chick) induces this expression. (C) Anterior-posterior patterning is accom-
plished by the expression of Hedgehog in the posterior of the disk or bud. Hedgehog, in
turn, activates a BMP that can relay a signal to other cells.

(B) Dorsal-ventral patterning:
Lim protein in dorsal region
specified by Wnt protein

(A) Proximal-distal patterning:
Distal-less in most distal region

ringe istal-
fring D Distal-less WniZa ks
Chick T N\ g—
wing bud 7 Apical Q

v ectodermal

ridge
D Distal-less
‘ Wingless apterous

Drosophila wing

imaginal disc A / p

fringe

(C) Anterior-posterior patterning:
Hedgehog in posterior induces
BMP to signal

/BMPZ
@Som’c
hedgehog

Dpp

Hedgehog



Pojb roMe031UCHBIX T€HOB B CIIeU(PUKAIIMKA HEPBHON CUCTEMBI BJIOJIb
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HaIpaBJICHUH MOAU(PUIIMPYET aKTUBHOCTh HOX-TeHOB.
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Figure 16.3

Evolutionary conservation of homeotic
gene organization and transcriptional
expression in flies and mice. (A) Con-
servation between the homeobox cluster
on Drosophila chromosome 3 and the
four Hox gene clusters in the mouse
genome. The shaded regions show par-
ticularly strong structural similarities
between species, and one can see that
the order on the chromosomes has been
conserved. Those genes at the 5" end
(since all mouse homeobox genes are
transcribed in the same direction) are
those that are expressed more posterior-
ly, are cxpressed later, and can be
induced only by high doses of retinoic
acid. Genes having similar structures,
the same relative positions on each of
the four chromosomes, and similar
expression patterns belong to the same
paralogous group. (B) Comparison of
the transcription patterns of the HOM-C
and Hox-B genes of Drosophila (10
hours) and mice (12 days), respectively.
Another set of genes that controls the
formation of the fly head (orthodonticle
and empty spiracles) have homologues in
the mouse that show expression in mid-
brain and forebrain. The homologous
human genes are called (capitalized)
HOX genes. (A after Krumlauf, 1993; B
after McGinnis and Krumlauf, 1992.)
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e CyIlI€CTBOBAHUEM
TOMOJIOTUYHEIX TEHOB HE BCETYIA
MOXXHO OOBICHUTH
IPEECMCTBCHHOCTh (DYHKITHM,
KOTOPBIE KOHTPOJIUPYIOTCS STUMHU
TCHAMH Y Pa3JIMYHBIX KMBOTHBIX



buocunres KOPTHKAJIbHBIX M I10JIOBBIX CTCPONI0B

Origins of adrenal and sex steroid receptors - M E BAKER
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Figure 1 Pathway for the synthesis of adrenal and sex steroids. Steroids in the A® pathway are formed from
pregnenolone by enzymes that are also found in the A* pathway. An arrow denotes the A® position. 3p/A%~
hydroxysteroid dehydrogenase is the enzyme that converts A® steroids to A* steroids.
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356562 Endocrinology, August 2007, 148(8):35561-3553
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e CTEpOHUIHBIE TOPMOHBI, POJICTBCHHBIC
KOPTHUKAIBLHBIM 1 IMOJIOBBIM TOPMOHAM
MI0O3BOHOYHBIX HAlJICHbI Y HEKOTOPHIX
O€CITI03BOHOYHBIX, HO HE SIBJISIIOTCS Y HUX
OOJIUTaTHBIMU (POPMaMU: OHA MOTYT OOHAPYKEHBI
y HEKOTOPBIX PAKOOOPA3HBIX U MOJIIFOCKOB.
B03MOXXHO, CMHTE3UPYIOTCS Y JIAHIICTHUKA!

* ['oMOI0rH UX SIAEPHBIX PELIEIITOPOB OOHAPYKEHBI
y MOJUTIOCKA Aplysia californica, OTCYyTCTBYIOT y
ACHUJINM U MOPCKOTO €XKa W OOHApPYKEHBI y
MUKCHHBI U MUHOTH. ECTh TN OHU y JIaHIICTHUKA —
BOIIpoOC!



e JBOJIIOIIMOHHOE UCCIIETOBAHUE
CTEPOHUIHBIX PEIECOTOPOB
XOPAOBBIX ITOKA3aJI0, YTO
3CTPOTr€HOBBIC PELECOTOPEI
HanOoJiee APEBHUE IO CPABHECHUIO
CO BCEMHU JPYTrUMHU (OJIHKE BCETO K
PETHHOMIHBIM PELECNTOPaM) H
HAaMMECHEE CIeIU(PUIHBIC B
OTHOIIICHUH JIUTaHJOB



3

rFIGURE 1. Phylogenetic analvsis of adrenal and sex M1o: Bﬂkef, 2003,
steroid receptors, ERRs and RXR. The Feng &




CaMbIM YIHBHTEIbHBIM BLIBOJIOM
H3 aHaJln3a MpejicTaBleHHON (PUIOTeHHH 0Ka3aloch
TO, UTO 3CTPOreHOBLIA pelenTop clelyeT OTHECTH K
HauOosIee JIpeBHUM H3 BCeX aHAJIN3HpPYEeMBIX pelen-
TOPOB CTEpPOUJIOB, ONMU3KHM K SIIepHbIM pellenTopaM
JTHHEAHBIX H30IIPEHOUIOB, HallpUMep PETHHOUTHOMY
perentopy RXR, XoTd cHHTe3 3CTporeHa B lleOUKe
OMOXUMHUYECKHX TpeBpallleHUNl CTepOHIHLIX TOPMO-
HOB IO3BOHOYHBIX CTOHUT Ha MociegHeM Mecre. [l
OO'BSICHEHHS] TaKOro pesyibTaTa IMpHBOAATCS JaH-
HbIE O TOM, UTO H3 BCeX CTEPOU/IHLIX pelleITOPOB OH
HalMeHee crelu(puuHbIi (Oonee MpUMHTHBHLIN) H
MOXKeT B3aUMOJI€CTBOBATE C IIeJbIM CIIEKTPOM JIH-
ra’goB (Baker, 2001)



[To-BUIHMOMY, 3BONIOIHS CTE-
POMJHLIX pPeleNTOpPOB OCYIIECTBAANAChL BCIE] 3a
CIIOJKUBILENCS EeNOYKON OHOXMMHUECKHX peakIIHi
MOCNeIOBaTeILHOTO CHHTE3a CTEpOMJIOB H KaK Obl
Ha000POT, OT KOHEUHOTO 3BeHa HEMOYKH — K Hauallb-
HOMY. DBONIOIHOHHOE 3aKpeljieHHe OHOXHMHYE-
CKOI [eMOYKH CHHTE3a CTe pOHIOB MOTJIO CTaTh JIBH-
Kyllleil CHIION B MOSIBIEHHH NeHOB HOBBIX pellenTo-
pOB, MOCJIeIOBAaTeTLHO COOTBETCTBYIOIIUX (BBEPX 110
[[eMOYKe) CTepPOUIHBIM MpeJilecTBeHHHKaM 3CTpa-
nHoa.



JIBE MOIEI AEMCTBUA SCTPOTEHA: KIIACCUYECKAsA U
«OBICTPOTO OTBETA
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"Classical” and "rapid response” models of estrogen

action. In the classical pathway of estrogen action, estrogen
binds to the estrogen receptor (ER), a ligand-activated tran-

scription factor in the nucleus that regulates gene transcrip-

tion by binding to DNA regulatory sequences. Rapid effects
of estrogen also may occur through at least two possible
mechanisms: The ER located at the plasma membrane may
act coordinately with other membrane proteins, leading to
initiation of signaling cascades. Alternatively, non-ER mem-
brane-associated proteins (green) that bind to estrogen,

such as GPR30, may also trigger a rapid intracellular
response (2, 6). Both mechanisms lead to alterations in gene
transcription.
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TOMOJIOTUYHEIX TEHOB HE BCETYIA
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@OyHIKS reHa 03Ha4aeT OMOJIOrMYE€CKOE CBOMCTBO
(byHKIIHUIO) O€JIKa, KOTOPOro I'eH KOAUPYET

e OyHKIMUS O€IKa —[IOHATHE OTPAKAIOIICE
ABOJIIOLIMOHHBIN ACIEKT €r0 CBOMCTB H,
CJICAOBATEIIbHO, UMEET MCHSIOIICECS CO
BPEMECHEM 3HAUCHMUE.

* Henp3s Takke HE yUUTHIBATH U
CyOBECKTHUBH3M MOHATHUS (DYHKIIUH I'€HA,
3aBUCSIIINU OT UCCIIEI0BaTEIS

* Jlanee mpuMepsi:



Y reHa 3CTpOreHoBOro perenTopa MICKOIMUTAOIINX €CTh
POACTBEHHMKH, KOTOPbIE MOKHO pacCMaTpUBaTh KakK Iapajaord, XOTs
OHH MMEIOT BCEro JMIb 35% UAeHTUYHOCTH U 60% MON0KHATEIBHBIX
COBMNAJICHUI MO HYKJICOTUIHBIM MOCJIECI0BATEIBHOCTAM (IIUT. IO
Baker, 2008). B otianune oT reHOB 3cTporeHoBoro perentopa ER
(estrogen receptor)- ERa n ERb, ux rensr Ha3zpiBaroTcsi ERR
(estrogen-receptor-related)- ERRa 1 ERRg cooTBeTCTBEHHO;
KOJAMPYEMBIE UMM OCJIKM HE CIIOCOOHBI CBA3BIBATHCS CO CTEPOUIAMU U
10 CYTH SIBJISIFOTCSL Op(PaHOBBIMU SJIEpHBIMU perienTtopaMu. OyHKIUU
UX HE U3BECTHBI, TO-BUJIUMOMY, OHH UT'PAIOT POJIb B OCTEOTECHE3E.
biarogapsi CEeKBEHUPOBAHUIO TEHOMOB MHOTHX ITO3BOHOYHBIX U
0€CMO3BOHOYHBIX KUBOTHBIX YAAJIOCh IIPOCIEANTH POJCTBEHHBIE CBSI3H
Mexay reHamMu ER 1 ERR mo3BOHOYHBIX 1 0€CIO3BOHOUYHBIX
’KUBOTHBIX. [ €HbI, aHamornyubie reHaM ERR 1m03BOHOYHBIX
UJICHTU(DULUPYIOTCS B T€HOMAaX , MIPAKTUUYECKU, BCEX KPYIHBIX
TaKCOHOB O€CIT03BOHOYHBIX M HAMJCHBI JaX€ Y BECbMa IPUMUTUBHOTO
’KUBOTHOTO opranu3ma Trichoplax

MoXHO yTBEp K1aTh, YTO 3BOIIOIIMOHHO TeHbl ER/ERR umenu
00IIIero MPEAKOBOTO MPEAIISCTBEHHUKA, KOTOPHIM ITOSBUJICS Y
ABOJIFOLIMOHHO JIPEBHUX OECIIO3BOHOYHBIX (IO MEHBIIIEH MEpe, y
Bilateria). KogupyemMbie 3TUMU reHaMH OCIKH HE BBIMOJHAIN (DYHKIIMH
CBSI3bIBAHUS CTEPOUJIOB, a BHIMIOJHSIN KaK1ue-TO Apyrue (QyHKITUHU.



