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Hay4yHble coTpygHuku yHuBepcuteTa bputaHckon Konymbum
BrepBble NPOBENW UccnegoBaHue, KOTOPoe NokasbiBaeT CBA3b
MeXay BOCNpUATMEM MMpPa U reHaMu. YYeHbIM yaanoch BblAenuTh
reH, KOTOpbI NpegpacnonaraeT K MpayHOMy BOCTIPUSATUIO MUPa,
Aenaet yernoseka
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11:53 17.05.2011
Y4éHble n3 CeBepo-3anagHoro yHuBepcuteTa (

), CLUA, n MaccauyyceTckoro TEXHONMOrM4YeCKoro
nHctutyTa (Massachusetts Institute of Technology, MIT) oTkpbinu
reH, NO3BONSAOLLMI MIIOCKMM YepBAM NnaHapusaMm (nar.
Planariidae) oTpawuBaTe BMECTO yTpa4YeHHOW YacTu Tena —
FONOBbI MNN XBOCTA — HY>KHYIO HOBYIO Ha 3ameHy. CTaTbs no
pesynsrataMm ux nuccregoBaHus Bbiluma B XKypHane Science.
[MnaHapuy — ManeHbk1e YepBy pasmMepoM OT 2 MM 40 2 CM U
BECbMa CIOXXHbIM CTPOEHMEM Tena, HaCYNTbIBaOLLEro Nopsaka
MWISIMOHA KINETOK — U3BECTHbl TEM, YTO MOTYT BHOBb
BOCCTaQHOBUTb CBOE TeNo AaXe U3 CaMOro ManeHbKOro Kycouka.
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MOXHO N N3MEeHUTb XU3HEHHbIVN LUNKN?
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Medusozoa
Scyphozo Cubozo Hydrozo

(Margues, Collins, 2004; Collins, 2006)



Cnidaria, Scyphozoa

Young medusa
(ephyra)
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Aurelia aurita

Ctpobunauuna Aurelia

beginning of strobilation

strobilation




Scyphozoa

Pelagia noctiluca



HacKonbKO CUINbHO MOXET U3MEHUTLCH
doeHoTMN opraHn3ma B xoae 3BOMHLnmn
XU3HEHHOIo unkna?
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Genomic insights into the evolutionary origin of
Myxozoa within Cnidaria

E. Sally Chang® Moran Neuhof®<, Nimrod D. Rubinstein®, Arik Diamant®, Hervé Philippe™®, Dorothée Huchon®'
and Paulyn Cartwright™’
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CtpekaTtenbHble Knetkmn Cnidaria - KHMaouuThbl

Mitochondrion

Nematocyst
capsule

Nucleus

Coiled tube



Welcome home Myxozoa




OGnuraTHbIN NapasuT - NapasnTUYECKNN
opraHn3Mm, KOTOPbIN HE MOXET 3aBEPLUNTL CBOW
YXU3HEHHbIN LMK 6E3 NCMOMb30BaHUSA
opraHuama - xo3anHa. Ecnm xo3aunH
HeOOCTYMeH, NapasnuT He MOXET pasMHOXaTbCA.
[ns obnuratHbIX NapasnuToB XapakKTepHO
OrpPOMHOE pa3HOObpa3ne XU3HEHHbIX LIMKITOB U
O4YEeHb CBOEODOpa3HOE CTPOEHME.



CxemMa XXMU3HEHHOro LUuKna 0gHOro 13
npeacrtaesutenen Myxozoa, napasnTtupyroLlero Ha
pbibax 1 Konb4aTbIX YepBSsX.

Yokoyama et al., 2012



[1Be cTagun XXn3sHeHHoro uukna Myxozoa

adKTUHOCIOpPa MUKCOCIIOpa

Polar capsule polar capsules

Capsulogenic cell
[ ———Sporoplasm

o ——— Sporoplasm cell

Polar body

Spore
valve

Floating
Appendix




CtpekaTtenbHble Knetkmn Cnidaria - KHMaouuThbl

Mitochondrion

Nematocyst
capsule

Nucleus

Coiled tube



Pa3Hoobpa3ne peHOTUNOB MOXHO
OOHapy>XNTb U HA OOQHOWU U TOWN Xe
cTaguun XXN3HEHHOTrO LMKna.

carnivore

omnivore
morph

morph

-~

New Mexic spadefoot |

toad (Spea multiplicata).

feed on the pond feed in the water
bottom column
on detritus on fairy shrimps

These two tadpoles are same-aged full siblings.

http://sites.si : :
Sllefings seadiEon oad (Soes (http://sites.sinauer.com/ecology3e/problem12.html)

bombifrons).



Kak >xe Takme pasHble oeHOTUMNbI MOryT
dopMUpoBaTbCA Ha OCHOBE OHOIO U
TOrO e reHotuna ?
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Daphnia cucullata

, _ , Inducible defence in D. magna. Adult D. magna
Scanning electron micrograph showing showing increased bulkiness after Triops induction

typical .and predator - induced morphs of (right) compared to control animal (left). (Photo: M.
Daphnia cucullata of the same clone. Rabus).



AuddhepeHunanbHana akcnpeccus, ooycroBrieHHas
anureHeTn4yeckom "pasmeTKkoun” reHoma
(meTnnupoBaHue OHK, moaundmkaumsa rucCToHoB,
nepeynakoBKa XpomMaTunHa)

Methyl groups added
to DNA base cytosine
(“C") at CpG sites




AOuddepeHunanbHasa akcnpeccus, odoycrioBrieHHas

3anNureHeTU4YecKou "pasmeTkon" reHoma
(meTunupoBaHue OHK, moaundmnkauma ructoHosB,

nepeynakoBKa XpoMaTUHa)

Chromosome

Methylation 1)

DNA methylation

Y9 Acetylation

/P\\, Phosphorylation

B

Gene “switched on”

« Active (open) chromatin

« Unmethylated cytosines
(white circles)

» Acetylated histones

Gene “switched off”
« Silent (condensed) chromatin
« Methylated cytosines
(red circles)
» Deacetylated histones

Transcription possible

Transcription impeded






BapunaHTbl Okpackm rna3 3aBUCAT OT
KONM4YeCTBa M pacrnpeaeneHus nNMrmeHTa
MeriaHMHa B pagy>KHom 06orouke.

.bioscienceexplained.org; Sturm, Frudakis, 2012.
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YnpolieHHaa cxema 6MocuHTe3a MenaHuHa

Tyrosine Locus
Tyrosine hydroxylase/Tyr
Enzyme
DOPA
DOPA oxidase/Tyr w
DOPA quinone Glutathione
L ieans / or cysteine
tautomerase
DHICA DOPAchrome DHI Cysteinyl-DOPA
oxidase/ ox1dase/
TYRP1 Y
DHICA V
Indole-5,6-quinone Indole-5,6- Alanyl-hydroxy-
carboxylic acid quinone benzothiazine

Eumelanin Eumelanin Pheomelanin )
(black form) (brown form) (yellow tored)



B cepeanHe XX Beka Agonbd PemaHe cdhopmynupoBan 1puv KpUTEPUS TrOMOSIOIN:
* Kputepun nonoxeHus. [OMONorMyHbIMM CHUMTAOTCA YacTu, 3aHMMatoLLmne CXoqHoe
NOSIOXXEHME OTHOCUTENbLHO APYrnx YacTteun Tena.
* Kputepum cneumanbHOro kayecrsa. [ OMONOrMYHbIMU MOTYT CHUTATLCA TOSTbKO Te
CTPYKTYpPbl, KOTOPbIE CXOAHbI MeXay coObOM NO TOHKOMY CTPOEHWIO.

* Kputepumn nepexoaHbix opm. Ecnu aBe bopMbl HE CXO4HbI APYr C APYrOM, HO
CBSi3aHbl HENPEPbLIBHLIM PAAOM «MepexXoaHbIX POPM», TO NX MOXHO CYMUTaTb
FOMONOrNYHBLIMM.

+ Kputepun pasButusa. FloMonorMyHbIMM CHMTaOTCS OpraHbl, CXo4HbIM 006pa3oM
pa3BMBaloLLIMECS U3 OANHAKOBbLIX 9MOpPMOHAaIbHbIX 3a4aTKOB.

OHTOreHes
nepenHeun
KOHEYHOCTW.
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PyHKumnn 1

\ PyHKUMA 1
PyHKumnn 1

®YHKUUA = HANPABJIEHUE 3BOJTIOLIAN 1!



Onthophagus acuminatus (Coleoptera:
Scarabaeidae).




XXn3HeHHble cTpaTernm XxykoB — ckapabees.

soil surface
\ o

dung stored in
tunnel walls

side-tunnel made by
hornless male

two horned males
fighting

hornless male mating
with female after
sneaking into tunnel

female digging J

tunnel

lcm



Cxema pa3BUTUSA POroB Y XXYKOB - CKapabees.
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Emlen D J et al. PNAS 2007;104:8661-8668

©2007 by National Academy of Sciences
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MmarnHanbHble ONUCKU NUYNHKN.
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PA3SBUTUE KOHEYHOCTW Drosophila.
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A Endomesoderm Specification to 30 Hours
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patterning EGF  patterning

& growth of & growth of
dorsal cells ventral cells

Ubx

patterning & growth along
proximal /distal axis

[eHeTnyeckaa  perynsatopHasi CeTb,
obecneumBarowaa anddepeHUPOBKY
n POCT  MMarMHanbHOro  Aucka
KOHeYHoCcTU Drosophila. CurHanbHble
MONeKyrbl N akTopbl TPAHCKPUMLNK
perynmpytoT HanpaBneHHyo
nponudepawmio KIeTok.

en, engrailed; Hh, Hedgehog; Ubx,
Ultrabithorax; Dpp, Decapentaplegic;
omb, optomotor-blind; DII, Distal-less;
al, arista-less; EGF, epidermal growth
factor



JKcnpeccusi reHoB MOAYyNS PerynaTOpHOM CeTU B KOHEYHOCTU U porax XyKoB.
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Kak perynupyetca dpopmMmmupoBaHMUe pUCyHKa Ha
KpbINbsix 6aboyek?

Federick Ho




Jkcnpeccus ogMHaKOBbIX reHOB nNpu oopMUpoBaHNM
HEeromMoJsiIOrM4YHbIX CTPYKTYP.

TpaHCKUNUMoHHbIN pakTop Distal-less

Spal, 3aknagka

DI, saknapgka poray  DII, 3aknagka natHa Ha
KOHEYHOCTM HAaCEKOMOro

Xyka-ckapabes Kpblrne 6abo4yku

A B C D =

DIl, 3aknagka Spal, naTHa Ha Kpblie
KOHEYHOCTU HaCEeKOMOro 0aboyku

TPAHCKUMLUMOHHbIW
doakTop Spalt

Monteiro A, Podlaha O (2009) Wings, Horns, and Butterfly Eyespots: How Do Complex Traits Evo.lve.?..PLoS Biol 7(2): e1000037.
doi:10.1371/journal.pbio.1000037 .@ PLOS BIOLOGY
http://www.plosbiology.org/article/info:doi/10.1371/journal.pbio.1000037 . :
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3BONMOUUA TTIASA

(a) Pigmented cells
Epithelial cells
Nerve fibers
ted (C) Wa@er -filled

gLy / cavity

A %~ Epithelium

Pigmented

layer
(rgt?na)

Optic nerve
© WORDS & UNWORDS




Tripedalia, Chiropsella (Cnidaria, Cubozoa)




CTpoeHue rmas kybomenys.

a

Posterior

™

Anterior

Fig. 1 Schematic diagram of the sagittal plane through rhopalia of a
Chiropsella bronzie and b Tripedalia cystophora. Box jellyfish have
two different camera-type eyes, the upper lens-eye (ULE) and lower
lens-eye (LLE), as well as two pairs of pigment pit eyes (not in the
sagittal plane). Both the upper and lower lens-eyes contain the typical
components of camera-type eyes: a cornea (C), a lens (L), and a retina
consisting of a ciliary layer (CL), a pigment layer (PL) and neural
layer (NVL). In contrast to 7. cystophora, the lenses of C. bronzie are

a

1'. . c
tz1h

not spherical. Additionally, in C. bronzie, the pigment layer of the
upper lens-eye does not meet the lens at the posterior side of the
rhopalium. At the peripheral end of the rhopalia, there is a crystalline
weight (statocyst, Sr). The gastric cavity (GC) extends into the
rhopalium via the stalk (S) and a mass of large cells, referred to as
“balloon cells” (Ba), is covering part of the aperture of the upper
lens-eye, and extending towards the rhopalial stalk

t=0 t=15min

Fig. 4 Constriction and dilation of the pupil of the lower lens-eye of
Chiropsella bronzie under different light adaptation states. a A fully
light-adapted eye with constricted pupil, b after 15 min of dark
adaptation and c¢ after =1 h in total darkness. Scale bar 100 pm






CTpoeHMe rmas3 4yenoBekKka u oCbMHUHoOra.

Eyelid

Cornea Z
Pupil

Iris

Ciliary muscl

Lens

Retina

Optic nerve
Optic ganglion

Human eye Octopus¥eye

Ogura A et al. Genome Res. 2004;14:1555-1561

Cold Spring Harbor Laboratory Press



Moaynb reHeTU4Yeckon perynsaTtopHoOu ceTu,
obecrnevnBatoLLnmn dopMnpoBaHUE rnas.

Initiation
/ﬂq eyg
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CyLlecTBYIOT N Yy pa3HbIX rf1a3 roMosIorM4YHble 3M1eMeHTbI?
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Professor at the Biozentrum
of the University of Basel,
Switzerland.
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PoTopeuenTopbl —
CBETOYYBCTBUTENbHbIE HENPOHDI,
pacrnosioKeHHble B CeT4yaTke rnasa.
doTopeLenTopbl npespaLlaroT
CBETOBOM CUrHam B 3JIEKTPUYECKUMN.
3pUTENbHBLIM  MUIMEHT B HaPY>XXHOM
cermeHTe cpoTopeuenTopa «cobupaeT»
OTOHbI N MHAUMMPYET  Kackag
BMOXUMUYECKNX peakuui, MEHSILWMX
MeMOpPaHHbIN noTeHuman (3apsg
MeMOpaHbl) KNETKN.
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A POOOINCUH MNMpucyTtcTBue 3puUTENbHbIX MUrMEHTOB-ONCUHOB B
c¢hoTopeuenTopax pa3HbIX XXUBOTHbIX

Jellyfish opsins -

Lamprey LIV cone opsin
Other vertebrate/mammalian LW cone opsins
T Lamprey SW cone opsin

Other vertebrate/mammalian SWcone | g-opsins
opsins

. Lamprey rod opsin

Other vertebrate/mammalian rod opsins

— Platynereis (annelid) c-opsin

[: Scallop G,-opsin Gy-opsing
Amphioxus G,-opsin
poaoncuH ,, CH — Platynerels (annelid) r-opsin ]

11-cis retinal Squid r-opsin
¢ — Scallop r-opsin

— Limulus r-opsin r-opsing
H,C CH, CH; ., CH, P ps

AN _HC=D — Drosophita and other insect r-opsins

12

— Amphioxus melanopsin

CH, o
All-trans retinal MeTapoorncuH

®OTOU3OMEPU3ALINA

— Other vertebrate/mammalian melanopsing

Hormone and metabotropic G-protein receptors



®OTOTPAHCAYKUUOHHBLIA KACKAL
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[log BO3OENCTBMEM CBETA POAOMNCUH NEPEXOOUT B aKTUBHYK dopmy, Rh*,
KOTOpas akTUBM3NPYET Kackag OuMOXUMUYECKUX peakuuin. IDTOT Kackap,
perynmpyeTt paboTy MOHHbIX KaHanoB, YTO NO3BOJIAET TPAHCMOPTNPOBATbL NOHbI
4yepe3 MeMOpaHy KNeTKu 1, Taknum obpas3omM, MeHATb ee noTeHuuan.
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