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['omeio3uCcHBIE (TOMEOTUYECKHE) MYyTaI[M BIIEPBBIC OBLIN
onuvcansl B 1894 Bunbsmom beritconom (Willam Bateson) u
XapaKTEepU3yIOTCI U3BMEHEHUEM MECTa PacIOI0KEHUS
M3BECTHBIX CTPYKTYP BAOJIb TPOAOJIBHONU OCH TEJia KUBOTHOTO.

3a XapaKTEpUCTUKY TOMEOTUUECKUX (TOMEUO3UCHBIX) TEHOB Y
apo3obunsl . JIstouc (E. B. Lewis) 0bu1 ygoctoeH B 1995 1.
HoOeneBckoit mpemMun.

bbII10 YCTAHOBIIEHO, UTO TOMEOTUYECKUE TE€HBI HAYMHAKOT
(PyHKIIMOHUPOBATH HA PAHHUX dTaIlax Pa3BUTHS 3apObIIIA
M MOTYT OCTAaBaThCSl AKTUBHBIMU B HEKOTOPBIX OTAEIIAX
B3pOCJIOr0 OpraHmu3ma



F'omenosuncHaa mytauuma reHa Ultrabithorax y gpo3odunsl (nogasneHune
aKTUBHOCTW reHa ultrabithorax) npuBoguT K 06pasoBaHMio BTOPOM Napbl
KpbIIIbE€B BMECTO XYXxoKaneu

Wing /G A
Notum , A Haltere
' {(rudimentary wing)
J 5
LU T 2 g
= '7 —- ) \ .

(@)

Ultrabithorax



DTa YeThIPEXKphUIad II0I0Bas MyIIKa ObU1a rnoyueHa, CBeJeHHeM BO-
SIMHO TPEX MYTALIHIi B quC-perviIsiTOPHBIX 3eMeHTax reHa wlfrabithorax.
MyTauuu Takoro poaa 3ddeKTHBHO TPaHCHOPMIPYIOT TPETHIT TOpaKaib-
HBIH CErMeHT B JOTMONMHHUTENbHBII BTOPOIii (TO €CTh NPeBpaLLialoT XY kK-
xanbua B KpeLibsi). @oto E. B. Lewis.



DKTonM4ecKasi akTHBHOCTh TOMEOTHY€CKOI0 reHa Antennapedia (gain of
function) B rooBHOM oT/ie/€ (B HOpME aKTUBHOTO BO BTOPOM TOpPaKaJIbHOM
CErMEHTa) MPEBpAIAET AaHTEHHY B HOT'Y (CM. pUCYHOK). B ciiydae myTanuu rena
Antennapedia (loss of function) BO BTOpOM TOpaKaJIbHOM CEIMEHTE BMECTO HOTH
oOpa3yeTcs aHTEeHHa, OJ1aro/iapsi akTUBHOCTH 00JIe€ «aHTEPUOPHBIX)»
TOMEOTHUYECKUX TCHOB.

)

A — lonosa Mywky gukoro Tuna. b — lNonoBa My1uKH, Hecyumeit MyTalMio
Antennapedia, npeppaiuapomyio aHTeHHb! B Hord. [To Kaufman et al. 1990;
tdoto T. C. Kaufman.



Kiactep romeotnueckux reHoB Japo3oduiibl — Hom-C Ha 3-i1 XxpoMocome.
AKTHBHOCTh T€HOB B 3apOJbIIIe U BO B3pocioit ocoou. ITociaenopareabHoe
PACIIOJIOKEHUE TEHOB B KJIACTEPE OMPEAEISAET MOCIEA0BATEIILHOCTD UX
AKCIPECCHUY B MAPACETMEHTAaX BAOJb EPEAHE-3aTHEU OCH

Figure 9.27

Homeotic gene expression in Drosophila. In the
center are the genes of the Antennapedia and
bithorax complexes and their functional do-
mains. Below and above the gene map are the
regions of homeotic gene expression (both
mRNA and protein) in the blastoderm of the
Drosophila embryo and the regions that form in
the adult fly. Darker shaded areas are those seg-
ments or parasegments with the most product.
(After Dessain et al. 1992 and Kaufman et al.
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8 romeoTn4yecKknx (roMemo3ncHbIX) reHOB ApPo30dUnbI
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PaitoHbl SKCIIpeccuy rOoMEOTHYECKUX T€HOB B 0JIaCTOJIEpME 3apOIbIiia
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T'omeoTnyeckue eHbl
AKTHBHOCTH TOMEOTHYECKUX T€HOB MHUITUUPYIOTCS TPOTYKTAMHU
HKCIPECCUU T€HOB CErMeHTaIuu (gap u pair rule) u monasipHOCTH
CErMEHTOB, a 3aTE€M MOJJIEP>KUBAKOTCS HE3aBUCUMO OT HUX.

CrietMuuecKoe OKpalMBaHHe ¢ MOMOILIBI
anTuTen K 6enky Ultrabithorax aposodunsr: A
— OxpamiBaHie B HMariHaTbHOM JIHCKe
Kpbuia ¥ (b) B MMarsHanbHOM JHCKe XKy 30Ka-
JleLl THYMHKH TpeTheit BozpacTHo#M cTaanu. U3
9THX KJIETOK 00pa3yioTcsi COOTBETCTBEHHO
KPbUTbS M KVACKaNbla. B MMariHalbHOM OHCKe
kpbuia 6enok Ultrabithorax BeIsSIBNAETCS TONBKO
B KJISTKAX, KOTOPbIe 00pazvioT nepunoaHab-
HY10 MeMOpaHy, HO He B KJIeTKAX, KOTOphIe
dopmupyioT cobcTBEHHO KphUTo. B MMaru-
HaTbHOM mucKe xyxckanbua Ultrabithorax o6-
HApYXHBAeTCs B KNETKAX, COCTARMSFOIIHX
Bonbinyio yacTh kyiackanbla. [To Weatherbee et
al. 1998; doto S. D. Weatherbee u S. Carroll.




l'oMmeoTnyeckue reHbl KOTUPYIOT TPAHCKPUIIIHOHHBIE (PaKTOPLI -1'dD,
conepxamue JIHK- cBsizpiBarommii romeoaomen (60 a.0.), UMEOIIAMA
CTPYKTYpY - criupalib-lioBopoT-criupalib- Helix-Turn-Helix (HTH).

VYuacrok JIHK, xonupyronuii romeonomeH - romeo0okc (180 u.11.). He Bce

roMe0o0OKC-CO/IEprKaIIUE TEHBI - TOMEOTHYECKHUE, @ TOJBKO BXOJIAIINE B
cocTtaB knactepa reHoB - Hom-C. Bce romeogoMeHn-coaepsxaimue T
OJIMHAKOBO Y3HAIOT LICHTPaJIbHYIO MocieaoBaTebHOCT TAAT-map
HYKJIEOTHAO0B, HO Pa3IMYaroTCs Mo y3HaBaHuto (ruankupyromux TAAT
nap HyKJIECOTHJIOB.

(B) Bicoid site, base pair 7 Antp site, base pair 7
Cytosine Guanine Thymine Adenine
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Figure 9.32

Homeodomain-DNA interactions. (A) Homeodomain helix-turn-helix
sequence within the major groove of the DNA. (B) Proposed pairing
between the lysine of the Bicoid homeodomain and the CG base pair of
its recognition sequence, and between the glutamine of the Anten-
napedia homeodomain and the TA base pair of its recognition se-
quence. In both cases, the ninth amino acid of the homeodomain helix
bonds with the base pair immediately following the TAAT sequence. (A
after Riddihough 1992; B after Hanes and Brent 1991)




[IepBOHAYAIIBHYIO SKCIPECCUIO KJIACTEPA TOMEOTUUYECKUX I'€HOB
MHUIMAPYIOT CETMEHTAIIMOHHBIC T€HBI: Zap-T€HbI U TeHHI pair-rule.

B nanpHelIeM 3a 3KCOPECCUI0 TOMEOTUYECKUX T€HOB Y JIPO30(DUIIbI
HEraTUBHO OTBeUYaroT reHbl Polycomb - ux O€KoBbIE€ MPOTYKTHI,
JIOKQJIbHO U3MEHSISI KOH(OPMAIIMIO XPOMATUHA, MOAABJISIIOT IKCIPECCUI0
reHoB Hom-C, 1 1aroT BO3MOKHOCTh OCYILIECTBIISATh SKCITPECCHUIO 3TUX
TE€HOB JIMIIb B OTAEIBHBIX YYaCTKAX Pa3BUBAIOIIEIOCS OpraHU3Ma

3a MOCTOSTHHYIO TO3UTHUBHYI0 aKTHMBHOCTH reHOB Hom-C oTBevaroT
oenku cemeiictBa Trithorax, moajiep>kxuBarone ONPEACICHHBIE YUaCTKU
XpOMaTHHA B AKTUBHOM COCTOSIHUU M MO3BOJISKOT TEM CaMbIM
IKCIPECCUPOBATHCS ONPEAEICHHBIM reHam kiactepa Hom-C..

[TocTepropHO PYHKIIMOHUPYIOIHE TOMEOTHYECKUE T€HbI JEHCTBYIOT
yepes cBoM OeskoBbie MPoAyKThl (TD) kak penpeccopsbl Oosee
aHTEPHUOPHBIX TEHOB KJIacTepa

HexoTtopsie romeoTnueckue reusl (lab, dfd) mo3uTUBHO MOIAAEPKUBAIOT
CBOIO DKCIIPECCHUIO COOCTBEHHBIMU OEJIKOBBIMU MpoaykTamu — TO.



MmarvHanbHbIE TUCKU MTO3ULIMOHUPOBAHBI B OTHOLIIEHUN CETMEHTOB
JTUYUHKH, YTO OOBSCHIET KOPPEISIUIO CETMEHTOB JIMYMHKHU U B3POCTION
MyXHU
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Imaginal discs in Drosophila
(Klug & Cummings 1997)



Kapra cynp0bl UMaruHaJIBHBIX JUCKOB U THCTOOJIACTOB APO30(UIIbI,
OTBEYAET 3a CNEHUPUKALINIO CTPYKTYP, GOPMUPYIOIIUXCS U3 HUX.
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Kitactep romeoTnueckux reHoB Japo3o¢uiibl - Hom-C. AKTUBHOCTh '€HOB B
3apoJIbIIIe U BO B3pocioi ocodu. ITocnenoBareabHOE pacioaokeHne IeHOB
B KJacTepe (Ha 3-Ml XpOMOCOME) OIPEEsieT MOCIeA0BaTEIbHOCTD X
AKCIIPECCUHU B MAPACETMEHTAX BAOJIb MEPEIHE-3aTHEN OCH

Figure 9.27

Homeotic gene expression in Drosophila. In the
center are the genes of the Antennapedia and
bithorax complexes and their functional do-
mains. Below and above the gene map are the
regions of homeotic gene expression (both
mRNA and protein) in the blastoderm of the
Drosophila embryo and the regions that form in
the adult fly. Darker shaded areas are those seg-
ments or parasegments with the most product.
(After Dessain et al. 1992 and Kaufman et al.
1990.)
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KiacTepsl roMEOTHYECKMX T€HOB BHICOKO KOHCEPBATUBHBI. OHH

chopmupoBaHbl B SBHOM BuJe y Bilateria u mpucyTCTBYIOT B OpraHu3Max
BCEX THUIIOB )KUBOTHBIX, BKJIFOYAs YeJIOBEKA.
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igure 3 Distribution of Hox genes in bilaterians. The tree on the left summarizes
e 18S rDNA phylogeny of Aguinaldo et a/.2. B, common bilaterian ancestor; D,
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pod Hox sequences. The organisms studied in this paper are underlined.




* OPTOJIOTUYHBIE TOMEOTHYECKHE
T'CHEI Y BCEX JKHBOTHBIX
(BKJIIOYas ¥ caMy JApO30(PHIy)
0003HAYaIOTCS CeMYac KaK I'eHbI
cemercTtBa Hox (Hox-reHsr)



VY M03BOHOYHBIX BBISIBISETCS HE MEHEE YEThIPEX KIACTEPOB MapajioTHYHBIX
roMeoTuueckux reHoB. Yucio reHoB B Hox — kitactepax mo3BOHOYHBIX
OoJibllle, 4eM y OECTO3BOHOYHBIX, HO HE BCE MapaJIoTUYHbIe TeHbl B HoX-
KJIacTepax MO3BOHOYHBIX COXPAHSIOTCS B OTACIBHBIX KJacTepax.
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Figure 22.11

Postulated ancestry of the homeotic genes from a hypothetical ancestor of both deuteros-
tomes and prototomes. Amphioxus has only one cluster, similar to that of insects. Vertebrates
have four clusters, none of which is complete. (After Holland and Garcia-Ferndandez 1996.)



I'ennl romeornuyeckux kiaacrepoB Hox-C mpimu 1 HOX-C 4esioBeka KOHTPOJIUPYIOT
METaMEPHUIO 33JIHETO OT/eJIa TOJIOBHOIO MO3ra U (h)OpMUPOBaHUE CITMHHOTO MO3Tra
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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 expressed 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.)



['oMeoTHuecKre reHbl B KJIacTepe padoTaloT B THE3I0BOM pexuMe. Kiactepsl
romeorndeckux reHoB Hox-C mbimm n1 HOX-C 4denoBeka KOHTPOJIUPYIOT
(dbopmMHpoBaHUE TO3BOHOYHUKA. X sKcpeccus onpeaeisieTcs: rpaIueHTOM
PETUHOEBOM KHCJIOTHI (BO3pACTAIOIIMM B MEPEIHE-3aTHEM HAMPABICHUH ).
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Figure 16.5

The somite Hox code in the trunk and
neck of the mouse embryo. Areas of
major expression are indicated in darker
color, while the posterior regions of
expression are not as defined as might
be suggested by the lighter color. The
effect of retinoic acid is to push anterior
gene expression more posteriorly and
posterior gene expression more anteri-
orly. (After Kessel, 1992.)



HUcnonib30BaHNe KOHCEPBATU3MA TOMEOTHYECKUX I'€HOB B MOJICKYJISIPHOM
aHaJIM3e (PUIOTeHETHYECKHMX CBs3eil opraHnu3MoB. [lonpaska CymecTByOMINX
MPEJACTABICHUN O (PUIOTEHETUYECKUX B3aUMOOTHOIIICHUSAX Y IEPBUYHOPOTHIX:
kiaasl Ecdysozoa u Lophotrochozoa (crpynnupoBaHHbBIC Ha OCHOBE aHaIM3a
Hox-reHoB) He COOTBETCTBYIOT KJIACCUUYECKUM MPEACTABICHUAM O (PUIIOTEHE3E
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IIpeanosaraemass MAKpOIBOJIIOIUOHHAS POJb TOMEHO3UCHBIX MYTALM -

BKJIaJ1 OMOJIOTUM PA3BUTHS B SBOJIOIMOHHYIO Teoprto. OqHOKpaTHAsS MyTalus

ongHoro uiu rpymnnsl Hom-C reHoB MOeT NMpUBECTH K 00pa3oBaHuUIo (yTpare)
Mapbl KPbUILEB WIIM HOXKEK

Figure 22.4

Differences in larval and adult morphology due to Hox gene differences. (A, B) Larva and
adult of Drosophila, a dipteran. An arrow points to one of the halteres of the adult. The larva
lacks prolegs; its anterior end is at the left. (C, D) Larva and adult of Danaus plexippus, the
monarch butterfly, a lepidopteran. The anterior of the caterpillar is to the left, and a proleg is
indicated by an arrow. The adult has hindwings rather than halteres. The regulation of Hox
genes determines the presence of prolegs, and the targets of Hox genes determine whether
the third thoracic segment is to generate halteres or hindwings. (A courtesy of M. Tyler; B
courtesy of E. B. Lewis; C courtesy of G. Savage; D by Bill Beatty/Visuals Unlimited.)



Okcnpeccus rena Distall-less BaxkHa 1151 00pa30BaHKUsl KOHEUHOCTEN Y
HACEKOMBIX, B TOM YHCJIC U JIJI1 00pa30BaHUs JIOKHBIX HOKEK Y JIMUMHKH
0a0ouKw.

Figure 22.5
Distal-less gene expression in the larva of the buckeye butterfly

Precis. By 40% of the way through embryonic development, DIl ex-
pression in Precis has diverged significantly from that of Drosophila
in that DIl expression is also seen in abdominal segments 3-6.
(From Panganiban et al. 1994; courtesy of the authors.)




OTcyTCTBHE 3KCIPECCUU TOMEOTHUECKUX TeHOB Abd A m Ubx na€T BO3MOXKHOCTh T'€HY
Distall-less skcnipeccupoBaTbcsi (MAPKUPOBKA KPACHBIM LIBETOM) B OPIOIIHBIX CETMEHTaX
JUYUHKA 0a00UKu ¥ 00yCIIOBIMBaTh (HOPMUPOBAHUE JIOKHBIX HOKEK. Hapyienue
skcripeccut AbdA n Ubx B psiie MECT Ha OPIOIIHBIX CETMEHTAX KPUTUYHO IS 3BOJIIOLIMHU
JUYUHOYHBIX (POPM BBICIIUX HACEKOMBIX

(A)

f}fi

T3 A1 A2 A3 A4 A5 A6 A7

(B)

"Meipel” B 3Kcnpecciiu abdA u Ubx B Opromike THuH-
HouHoit babouku Precis. benkn abdA n Ubx okpa-
meHsl 3eieHbIM. benok Distal-less okpaitieH KpacHBIM,
a obnacTi MX nepekpuiBaHig KenTeie. A — BuaHo, uto
Yy paHHEeil YCeHMLILI TPYAHEIE HOXKH (Ha CerMeHTax
T1-T3) u uemoctu npoayuupyioT Genok Distal-less.
Ha HekoTophx OpiomHEIX cerMeHTax (A3—A6) Hauu-
HAIOT NOSIBIATECS ABIPHI (YKA3aHBI CTPE/IKAMH) B 10-
MeHax skcnpeccun abdA u Ubx. b — ¥ ryceHuusl
MO3AHe CTaZnH 3TH ABIPEI CTAHOBSITCSI MECTAMH 3KC-
npeccun Distal-less. (TTo Warren et al. 1994.)




®opMHUpPOBaHHE IOPCO-BEHTPAJIBHOM OCH Y
Drosophila.

Jlopco-BeHTpalibHas MOJSIPHOCTD 3apoJIbliia (POPMUPYETCS
MO3IHEE MEPEAHE-3aHEN, XOTS 32 HEE TAKKE OTBEYAIOT
MPOAYKTHI SKCIPECCUN MAaTEPUHCKNUX T€HOB, INIAaBHBIN U3

KOTOpbIX Dorsal. ETo OeIKOBBIN MPOIYKT - (haKTOP
TPAHCKPUIIIAM (CUHTE3UpYETCS cnycTs 90 MUHYT HOCIIE
OIUIONOTBOPEHUA Tipu Tpancaanuu uPHK
Dorsal, 3armacéHHOM B OOLIUTE).
3a popMHUpOBaHUE NOPCO-BEHTPAIbHOM OCH oTBedaer 11
T€HOB MaTepUHCKOro 3 dekra



Hucrno u xapakmep 2eHo8, rnpuHUMaruwux
yyacmue 8 gpopmMmuposaHuU obuieao rnaHa
cmpoeHus 3apoobiwa_Drosophila

Three general classes of genes specify the body plan:

1. Maternal effect genes (~33).
2. Segmentation genes (~25).
3. Homeotic selector genes (~25).



HauanbHbIi 3Tan gopcoiu3amnuu (IpoXoauT 0 OIJIOAOTBOPEHHUS) -
MUTpAIys siApa 00IUTa U3 MOCTEPHOPHOTO palioHa OMIMKe K TpodoIuTaM
U JO0pCalbHBIM (DOJTUKYISIPHBIM KJIE€TKaM, Havasio SKCIIPECCHUU I'eHa
gurken ¢ ycTaHoBJIeHHEM rpaaueHTa 0enka Gurken B aTol o0nacTu
SULCKIIETKH

(A)

Ova rian (rpamment Genka Gurken)
nurse cells

—af—

—

Follicle
cells



I'panguent Gurken (6€10K, pOACTBEHHBIN AUASPMAILHOMY POCTOBOMY (PaKTOpY-
EGF) B nopcanbHO#1 4acTh MEMOpaHbI OOLIATA BOCHPUHUMAETCS ()OJUTUKYIISIPHBIMU
KJIeTKaMu ¢ romonisto perentopa Torpedo (poactBenHoro peuentopy EGF).
Okcnipeccus reHa Gurken TOATBEPKIACTCS pe3ybTaTaMu THOPUAU3AIIAHN i Situ U
MMMYHOXHYECKUM OKpalluBaHUEM

(B)

Figure 9.36

Expression of the gurken message and protein-between the oocyte nucleus
and the dorsal anterior cell membrane. (A) The mRNA for the Gurken
protein is localized between the oocyte nucleus and the dorsal follicle cells
of the ovary. (B) The Gurken protein is similarly located (shown here is a
younger stage than A). (C) Cross section of the egg through the region of
Gurken protein expression. (D) More mature oocyte, showing Gurken
protein (yellow) across the dorsal region. The actin has been stained red,
showing cell boundaries. As the oocyte grows, follicle cells migrate across
the top of the oocyte, becoming exposed to Gurken. (A after Ray et al.
1996, courtesy of T. Schiipbach; B and C after Peri et al. 1999, courtesy of
S. Roth; D courtesy of C. van Buskirk and T. Schiipbach.)



K . .
Hon;r};nelcc B3aumogeicteuil Gurken (oouut)- Torpedo (posmukyasspHbIE KIETKH)
pB OJIUT K MOJIIPU3ALIUU KIETOK (DOJUTUKYJISIPHOTO SMUTENHS Ha JOpCaIbHbIE U
EHTpaJIbHBIE, OJIarogapsi OIHOCTOPOHHEN aKTHUBAIlMKU CUHTE3a Oefka Pipe B

(bOTMKYIISIPHBIX KIIETKaX % = .
(B) Dm{“ p c OyayIei BEHTpaIbHOM CTOPOHOM 3apobIiia
A

Torpedo /Egg shell

Dorsal cdl fate |

@ Oocyte nucleus travels to anterior
dorsal side of oocyte. It synthesizes

Inhibition of gurken mRNA which remains betwee
Pipe protein the nucleus and thefollicle cells.
synthesis

© gurken messages arc translated.
The Gurken protein is received
by Torpedo proteins during

No signal to mid-oogenesis.

ventral side

Pipe ©
synthesis

@ Torpedo signal causes follicle cells to
differentiate to a dorsal morphology.

€ Synthesis of Pipe protein is inhibited
in dorsal follicle cells.

@ Gurken protein does not diffuse
to ventral side.

© Ventral follicle cells synthesize Pipe
proteins.

Ventral



CursaJ u3 BeHTPaJabHbIX GOJLUIHKYISPHBIX KJIETOK B IMTOIJIA3MYy 3apoAbiia. CoObITHS TPOUCXOSAT B
MEPUBUTEIUIMHOBOM TIPOCTPAHCTBE YK€ MOcIe oriogorBopeHusi. Bzanmopeiicteue Nudel- u x -paxTopon
(MomudunupoBaHHO y4yactreMm Pipe) 3amyckaeT kackaj akTuBauu mporeas ¢ curaaauarom uepes Toll-penenirop. T -
Dorsal ocBoboxnaercs u3 komiiekca ¢ Cactus (nocieqauil papymaercs nocie pocpopuanpoBanus MPTENHKUHAZOM
Pelle), Dorsal Tpanciouupyercs B siapo. dopmupyercs siaepHbli rpaauenT Dorsal, BeHTpaau3yomuii 3apoabIin

@ In ventral follicle cells, Pipe completes
the modification of unknown factor (x).

@ Nudel and factor (x) interact to split . " adel
the Gastrulation-deficient (Gd) protein. 4

© The activated Gd protein splits the Sna.ke Spitzle [::PQ .
protein, and the activatgd Snake protein A 2
cleaves the Easter protein. \

© The activated Easter protein splits Spatzle; aster B ol
activated Spitzle binds to Toll receptor protein,
Toll activation activates Tube and Pelle, which \ ; l
phosphorylate the Cactus protein. Cactus s ssidie P
degraded, releasing it from Dorsal. V, ) <

(@ Dorsal protein enters the nucleus and

Gd
(Gastrulation
defective)

ventralizes the cell.




["acTpyssiiys U JalibHENIIEee pa3BUTUE 3aPOAbIIIA JIPO30(HUIIbI

(®) Anterior ©
midgut

invagination

Cephalic
furrow

Ventral  Ventral
furrow furrow
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posterior
_midgl_n .
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(D) (F) Clypol-
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Procephalic
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Mx -
Lb Optic
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Amnioserosa 8
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i Figure 9.5
. g sygm:nl Gastrulation in Drosophila. (A) Ventral furrow beginning to form as cells flanking

the ventral midline invaginate. (B) Closing of ventral furrow, with mesodermal
cells placed internally and surface cctoderm flanking the ventral midline. (C)
Dorsal view of a slightly older embryo, showing the pole cells and posterior endo-
derm sinking into the embryo (D) Diagram of the dorsolateral view of Drosophila
embryo at fullest germ band extension, just prior to segmentation. The cephalic
furrow separates the future head region (procephalon) from the germ band that
will form the thorax and abdomen. (E) Lateral view, showing fullest extension of
germ band and the beginnings of segmentation. Subtle indentations mark the in-
cipient segments along the germ band: Ma, Mx, and Lb correspond to the
mandibular, maxillary, and labial head segments; T1-T3, the thoracic segments;
A1-A8, the abdominal segments. (F) Germ band reversing direction. The true seg-
ments are now visible, as well as the other territories of the dorsal head, such as
the clypolabrum, procephalic region, optic ridge, and dorsal ridge. (G) Newly
hatched first-instar larva. (Photographs courtesy of E. R. Turner. D after Campos-
Ortega and Hartenstein 1985.)




dopMHUPOBaAHUE JOPCO-BEHTAIBLHOM OCH APO30(UIbI
IIPOUCXOAUT B XOJI€ TACTPYIISALAN

ANTERIOR POSTERIOR
nervous
system rear

segmented body
DORSAL  andhead | 1

extraembryonic
membrane

dorsal epidermis —

nervous system and
ventral epidermis

posterior part of
digestive tract

mesoderm
; anterior part of CROSS-SECTION
VENTRAL SIDE VIEW digestive tract THROUGH CENTER

Figure 21-52. Fate map of a Drosophila embryo at the cellular blastoderm stage. The embryo is shown in side view and in cross-section,
displaying the relationship between the dorsoventral subdivision into future major tissue types and the anteroposterior pattern of future
segments. A heavy line encloses the region that will form segmental structures. During gastrulation the cells along the ventral midline
invaginate to form mesoderm, while the cells fated to form the gut invaginate near each end of the embryo. Thus, with respect to their role in
gut formation, the opposite ends of the embryo, although far apart in space, are close in function and in final fate. (After V. Hartenstein, G.M.
Technau, and J.A. Campos-Ortega, Wilhelm Roux' Arch. Dev. Biol.194:213-216, 1985.)



Hauano racrpyiasimuun y Drosophila: 16 Hanbosee BEeHTpalbHBIX KIETOK
MUTPUPYIOT BHYTPb 3apo/ibliiia 1 00pa3yroT B JajJbHEUIIIEM ME30JIepMy
(perucTpupyeTcs 1o o0pa3oBaHUIO0 «ME30AepMalIbHBIX» OenkoB Twist 1 Snail) .
DHTOZIEpMA 3aKJIabIBACTCS MyTEM BISTYUBAHUN C AHTEPUOPHOMN U MOCTEPUOPHOM
CTOPOH 3apOJbIIiia.

Figure 9.39

Gastrulation in Drosophila. In this cross section, the mesodermal cells at the ven-
tral portion of the embryo buckle inward, forming a tube, which then flattens
and generates the mesodermal organs. The nuclei are stained with antibody to
the Twist protein. (From Leptin 1991a; photographs courtesy of M. Leptin.)




CxeMaTudeckoe IMPpCACTABJICHUC I'aCTPYJ/IIINUA

Internal ~ Amnioserosal  Pole cells
ectoderm  covering of (germ cell
precursors)

Endoderm

Neuroectoderm l Mesoderm

(B)

l Nervous

(A)

Internal  Amnioserosal ~ Pole cells
ectoderm  covering of (germ cell
embryo precursors)

Endoderm

Germ cells

Neuroectoderm Mesoderm

Germ cells

Epidermis

Figure 9.6

Schematic representation of gastrulation in Drosophila. (A) and (B) are surface and
cut-away views showing the fates of the tissues immediately prior to gastrulation. (C)
shows the beginning of gastrulation as the ventral mesoderm invaginates into the em-
bryo. (D) corresponds to Figure 9.5A, while (E) corresponds to 9.5B and C. In (E), the
neuroectoderm is largely differentiated into the nervous system and the epidermis.
(After Campos-Ortega and Hartenstein 1985.)



JenicrBue rpaguenrTa Dorsal onpenensier 10pco-BEHTPAIbHYIO HOJSIPHOCTD B XOAE
ractpyJsiuu. Dorsal — TpaHCKpUNIIMOHHBIN (haKTOP, MO Pa3HOMY PETYIUPYET IKCIPECCHUIO
I€HOB, OTBETCTBEHHBIX 3a CIECHU(UKALINIO CTPYKTYP BAOJb 10PCO-BEHTPAIBHON OCH

3apojibliia
Dorsal patterning (repression)
(D(%MIA}
tolloid dpp zerkniillt
Dol zerknliilll Amnioserosa
orsa
protein
gradient Dorsal ectoderm
\ tolloid /
decapentaplegic
_ Figure 9.40
Neurogenic 3 e . = : , T . . -
setodiiin Subdivision of the dorsal-ventral axis by the gradient of Dorsal pro-
Mesectoderm tein in the nuclei. The Dorsal protein activates the zygotic genes
rhomboid, twist, and snail, depending on its nuclear concentration.
Mesoderm The Snail protein, formed most ventrally, inhibits the transcription
s . of the Rhomboid protein. The Dorsal protein also inhibits the ex-
Ventral patterning (activation) 2 2 f = ,
Bogeal pression of the tolloid, decapentaplegic, and zerkniillt genes in the
ventral region. Differing concentrations of Zerkniillt protein deter-
Ados mine the fates of the dorsal cells. (After Steward and Govind 1993.)

Rhomboid | twist snail

==



HeucrBue rpaguenta Dorsal onpenenser 10pco-BEHTPAIBHYIO HOJSPHOCTH B
xoze ractpyiaiuu. Dorsal — TpaHCKpUNIIMOHHBIN (haKTOp, IO Pa3HOMY
PETYIUPYET AKCOPECCUU T€HOB, OTBETCTBEHHBIX 3a CIEHU(MUKALINIO CTPYKTYP
BI0JIb JIOPCO-BEHTPAIIBHON OCH 3apO/IbIIIA

Figure 9.41

Subdivision of the Drosophila dorsal-ventral axis by the gradi-
ent of Dorsal protein in the nuclei. (A) Dorsal protein acti-
vates the zygotic genes rhomboid, twist, and snail, depending
on its nuclear concentration. The mesoderm forms where
Twist and Snail are present, and the glial cells form where
Twist and Rhomboid interact. Those cells with Rhomboid, but
no Snail or Twist, form the neurogenic ectoderm. (B) Inter-
actions in the specification of the ventral portion of the
Drosophila emb[yo Dorsal protein inhibits those genes that
would give rise to dorsal structures (tolloid, decapentaplegic,
and zerkniillt) while activating the three ventral genes. Snail
protein, formed most ventrally, inhibits the transcription of
rhomboid and prevents ectoderm formation. Twist activates
dMet2 and bagpipe (which activate muscle differentiation) as
well as tinman (heart muscle development). (A after Steward
and Govind 1993; B after Furlong et al. 2001.)
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KoHcepBaTu3M CUrHaJILHOM LENMOYKH, AeiicTBYIoOel yepe3 Toll- peuenropsl y 1po3odpuiasl U
miexkonuTawmmux (3¢ ekt koonuuu). CurHaabHas 1eMovka, IercTByromas gepe3 Toll-pemenTop,
MCTIOJIB3YETCS JUIS 3aITyCKa BOCTAJIUTEILHOTO OTBETA Y MIICKOIIUTAIOIIMX U JIJI AKTUBAIIUU
aHTU(YHTATHLHOTO U AHTUOAKTEPUATBLHOTO ACHUCTBUN Y JIMUUHOK U B3POCIBIX MyX. [ OMOJIOTMYHbBIE
O€JIKM OTMEUYEHBI OJITUHAKOBBIM IIBETOM

(A) Drosophila (B) Mammals

Spatzle IL-1

‘Ca{:tuss . IxB |
@ @
Dorsal NF-xB

: !

Antimicrobial [nflammatory
proteins cytokines



Hcnonb30BaHnE rOMOJIOTUYHBIX KOMIIOHEHTOB CUTHAJIBHOM LIETIOYKH, BKITFOUYAs]
T®: Dorsal/Dif /Relish, B uMMyHHBIX peakuusx y Apo30Quiibl
(anTudynransubeiii-Relish u antndbakrepuanpubiii-Dif 0TBETHI) U y yenoBeKa

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.
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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.



JlexapTOBBI KOOPJIMHATHI PAaHOHOB SKCIPECCUUS T€HOB, 331aBAEMbIE
IIEPECCUCHUEM TIEPETHE-3aTHEN U TOPCO-BEHTPAIIBHOMU OCEH, ONPECIIAIOT
3aKJIaJKy OPraHOB M YYaCTKOB Te€jla HACEKOMOro (Ha mMpuMepe 3aKJIagKU CIFOHHOM
KeJIe3bl)

Scr activates

N

Figure 9.41

Cartesian coordinate system for the expression of genes giving rise
to Drosophila salivary glands. These genes are activated by the pro-
tein product of the sex combs reduced (scr) homeotic gene in a nar-
row band along the anterior-posterior axis, and they are inhibited in
the regions marked by decapentaplegic (dpp) and dorsal gene prod-
ucts along the dorsal-ventral axis. This pattern allows salivary
glands to form in the midline of the embryo in the second paraseg-
ment. (After Panzer et al. 1992.)



