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['MnoTe3a MO3auM4YHOIro pa3BUTUs BercMaHa




Busbresnbm Py (Roux Wilhelm, 1850-1924)
OnbIThI HA SIMIIE JAATYIIKU




['aHca pui (1867-1941)
OnbITBEI HA MOPCKOM €exKe

Normal development of sea urchin larva from two-cell stage
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Driesch’s separation of cells at two-cell stage resulted in the death of one cell.
The surviving cell developed into a small but otherwise normal larva

one of the |
parated cells
Usually died




OnbiThl 'anca lllnemaHHa U XUJbAbl MaHTOJIb
(1924 ,lllnemaHoBcKuM opraHaunsep, Hobenp 1935)

secondary (induced) embryo
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PanHee pa3BuTHe AP0O30(PUIIbI
(ocobeHHOCTH)

» AKTMBaUMA A0 ONNOAOTBOPEHHMUSA
» dopmmpoBaHMe ocen A0 NNOAOTBPOPEHUS

» MpomagHbIN cnepmaTo30oua, BTATMBAETCA LE/IMKOM
(BMecTe ¢ XBOCTOM)

» MNoBepxHOCTHOE ApobeHne, Ha PpaHHUX 3Tanax CUHLUTUM

» Mid-blastula transition Ha 10 unkne apobneHus (nocne
GOPMMNPOBAHNA KNETOYHbIX CTEHOK



dopMurpoBaHUe nepegHe-3aJHENU OCH
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CuHTe3 KMHa3bl A NIpUBOAUT K MOJAPU3ALUA
MMUKPOTPYOOUEK, 110 KOTOPbIM eAyT bicoid u oskar.
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Jlokanusanuga MPHK B aune apo3oduibl
(Gilbert, 2010

(A) Diffusion and local anchoring

Anterior

@@= nanos mRNA being translated Anchor == hsp83 mRNA Q Deadenylase
e== nanos RNA Q Pioitact it complex
- c;:;ejeir protem (degrades hsp83)
(C) Active transport along cytoskeleton F ,

(= oskar mRNA (= bicoid mRNA

bl
Ji. Dvnein I Kinesin




Anpo «egeT» 1o MUKpOTPYOOUYKaM BIlepe],

UHIYIMPYIO J0P3aJIbHYI0 CTOPOHY.
______ (E) Nucleus Gurken

nanos mRNA in
association with
bicoid mRNA Oskar protein

(F)

Anterior Posterior
>  DEVELOPMENTAL BIOLOGY, 9e, Figure 6.7 (Part 3) D S el



OnbIT MO nepecajke GOJIJIMKYJISPHBIX KJIETOK
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dopMurpoBaHUe N0P30-BEHTPAJIBHON OCHU

» CnuHa onpeaensaeTca maTepuHCcKom reHom dorsal.

» Dorsal paBHomepHO pacnpegeneH no scemy obvemy
AnNUa

» TpaHchAuMA HauvnHaeTca Yepe3 90 MUHYT nocne
onJ1I040TBOpPEHNA

» Kak????



dopMurpoBaHUe N0P30-BEHTPAJIBHON OCHU
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DEVELOPMENTAL BIOLOGY, 9e, Figure 6.10 (Part 1)



» Tube Peuentop

(B) _t Nucleus U Oocyte
— — AKTUBUPYET KMHA3
~ 7__ ] \ uctus - P ” py y
%) | @éla .'( @\y57 il ® ellie, KoTopad
L l ; é?‘% dochdopunupyer
7 - %"‘%\/fs—[w Z Cactus
S o e Tube v
AR O el i Nudel » AKTUBUPOBAHHbLIU
rken  Synthesis
R . Cactus
NUCICUS ervitelline
o \ apece anccoumumpyert
o signal to
ventral side oY DO rsal
Pipe © P
synthesis

| » Dorsal BxoauT B

/K AA0PO U 3alyCKaeT

",'I | | \' 6 ) -

| @I @ 9 ”:ﬂ&\fﬂ\ fate (G;sfti?{a}ion _' _ — _1 I po Ll'ecc bl
= Paiss e ] O%p |  «BEHTPanM3aLmMmy
R — ~Ventral follicle cell ~ PiPe

;Y, 93, Figure 6-10 (Pal’t 1) © 7010 Sinmusr ASSOCIAtER, Y.



(B)

(A)  Cytoplasmic polarity
(maternal effect)
Gap genes /\ )

|// -\\.‘:.
Pair-rule genes \”Im‘/ﬂ \.

Segment polarity Homeotic
genes genes
NTAL BIOLOGY, 9e, Figure 6.17 (Part 1) o W A

DEVELOPMENTAL BIOLOGY, 9e, Figure 6.17 © 2010 Sinauer Assoc



Jlokanusanuga MPHK B aune apo3oduibl
(Gilbert, 2000)
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[IpoucxoxageHrue MHOTOKJIETOYHBIX — OBICTPO
WUJIU IaBHO?
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Fig. 2. The contrast in phylogenetic resolution between the dades of Metazoa and Fungi. Values above

OC H O B H bIX Ta KCO H O B internodes are as in Fig. 1. Eleven out of 13 internodes in the fungal clade are significantly supported
by both optimality criteria (ML and MP), whereas only 4 out of 14 intemodes in the metazoan clade
are significant. Analyses were also performed by Bayesian inference (75) (fig. 54 and table 53).
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YTo npuBeJIO K BO3SMOXXHOCTH OBICTPOTO
GopMHUpPOBaAHUA — POPMOOOpa3yIoIlUe IreHbl!
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OCHOBHBIE I'€HbI CErMEHTalrunu MYXHU
(u3 Gilbert, 2000)

Category Category

Gap genes Kriippel (Ky) Pair-rule genes Secondary fushi tarazu (fiz)
fivps (kni) odd-paired (opa)
hunchbaclk (hb) odd-siipped (slp)
giant (gt) sloppy-paired (slp)
tailless (tll) paired (prd)
huclkendein (hkb)
buttonhead (btd) Segment engrailed (en)
empty spiracles (ems) polarity genes wingless (wg)
orthodenticle (otd) cubitus interruptus” (ci°)

hedgehog (hh)

Pair-rule genes Primary hairy (h) fused (fu)
even-skipped (eve) armadillo (arm)
runt (run) patched (ptc)

gooseberry (gsb)
pangolin (pan)



(A} Initiation by products of pair-rule genes
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DEVELOPMENTAL BIOLOGY, 9e, Figure 6.33 ©2010 Sinauer Assocates, lnc.
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CerMeHThI M IapacerMeHThl Y PaKOB

(B)
Segments 6 5 3 2

Segmental
hinges

DEVELOPMENTAL B’OLOGY, Ye, Figure 6.27 (Part 2) © 2010 Singuer Associates, Inc.



HA CJIEJAYIOLIEN JIEKLIUU:
JBOJIIOIUA TOMEO3UCHBIX TeHOB B KOHTEKCTE
TaKCOHOMHH 0ecrno3BOHOYHBIX (Evo-Devo)
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Summary of centipede Hox expression
Hox3 Scr
— e
o w

The expression of fushi tarazu suggests that it has both a Hox-like role (as in the mite), as well as a role in segmentation

(as in insects). This suggests that this dramatic change in function was achieved via a multifunctional intermediate, as
found in theé centipede.
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Kaxkabiv caeayoiun GoJJIMKYI MyXU
onpeensgeT OYAYIIY0 OChb CJAeAYIOIero auna




B oHTOreHese y4yacTBYIOT pasnmnyHble
Kraccbl roMeObOKCHbIX reHOB

1. HOX genes
2. PAIRED-domain genes

3. LIM-domain genes

Bce romeobOKCHbIE reHbl UMEKT KOHCEPBATUBHbLIN Y4aCTOK
ceasbiBaHus ¢ AHK, (Helix-Loop-Helix, Cnnpanb-netna-cnupasnb) no
KOTOPOMY MOXHO NMpocrnegnTb Nx usioreHumto



oauH Hox —komMnnekc y Apo30dunbl, YeTbIpe — Y MO3BOHOYHbIX

CONSERVED DEVELOPMENTAL GENES
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Cxoxune dyHKLMM HOX-reHOB Y NO3BOHOYHbIX Ny MYyX
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» MpouncxoxaeHne romeoboKCHbIX reHOB:

» Bo3moKHO, cemenctBo Pax reHoB npnobpeTeHo Ha
3ape MeTa30M OT TPaAHCMo3as3bl.

soo|aesdl
LTREYETG

fly POXneuro

human Paxé HECUIRC el e B S TR0 T VELARSEAREC DT S Tl VORI .GRYYETG
mouse PaxZ HGGV) R VYBIOR I VELAHOEVEECE B oY LGRYYETG
human Paxl RSO R L (RRSRRT Se o TR R T VE LA LS L P CT R V' LARYNETG
quail Pax3 RV MER P ERgS IVEMAHHSTEC 3 V'S LCRYQETG
C.elegans KO3H6.23 LFRENRE 5 RS | B R RSVR AMN
human mariner SLRTHR T < E M - S TDA GSAVYKITRFRD 3 ] UQL‘\I R
Pax6 DNA-contacts AN DA AN ot AMAR B A— e e e

Pax6 sec. structure g e e e o e, e HHHHEHHHEEEAHE---—- HHHEEHH----HHHHHHHHHHKHH=~

0 g 30 00 110 120
SR [P | | | . PN NI S RATRCAL RO RO R |avsana]
fly POXneuro SIRPGS _ ML RLKEENSCMERASF | RECEOOORVCDESSVESTSSINR L LRN
human Paxé SIRERA SSKER PEVVSKMNOYKRECPSIF L& E"VC WONTJSVSSHNRVIRN
mouse Pax2 ST LEYRKRONPTMEA l ”"t’l‘\ SVSSHENRIIRT

human Paxl S
guail Pax3 SIR OIS RILRE
C.elegans KO3H6.3 DCAREHKHENVOAWC
human mariner DI JKLESRWYPLE \I Q'ﬂﬁ"l""i‘. LI\r noQD 'Ll-‘.:—irl‘-."l"’.‘-Dl-Z T
Paxs DNA_contaccs pemen RN B ARAR S ARAN s et oren e o e 38 By voases anen T VO o e o o e e ot s e e e e . A AmaNe

. r e mm = = HUHHHHHHHHEHHHH -~ - HHEHHEHHEEF Y - — - —————— HuLUL UL
Pax¢ sec. structure Dev Genes Evol (?000) ?10 644—6‘90

SEQUENCE CORNER

D YKOGDBGT S 21
CE Y KRENAGMFS

WS KT LRN

Rainer Breitling - Josef-Karl Gerber

Origin of the paired domain
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THE GENESIS AND EVOLUTION OF

The Hox / ParaHox clusters origin | _ms ;e oo POR GENE CLUSTERS

1 Jordi Garcia-Fernandez
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ProtoHox F 1 ! Eyx/Meox ancestor Nature Reviews Genetics, 6, 881, 2005
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