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PereHepauua: YTto Takoe U Kak 3To paboTaet?

PereHepauua — 3To0 BOCCTaHOB/IEHME yTpavyeHHOro pparmeHTa
TKaHW, OpraHa Uam Teaa U3 oCTaBLUMXCA TKAHEMN:

BoccTaHOBAEGHMUE C BoccTtaHoBNeHUe [MTonHoe
3aMeHOM Tuna nepBOHa4YaIbHOM BOCCTAHOB/IEHUE
TKAHU CTPYKTYpbI

Decapitation 7Days 10Days 14 Days




PereHepauua: YTto Takoe U Kak 3To paboTaet?

PereHepauma — 370 BOCCTaHOB/IEHUE YTPAYeHHOro pparmeHTa
TKaHW, OpraHa Uam Teaa U3 oCTaBLUMXCA TKAHEMN:

[MTonHoe

BoccTaHoBNeHue C BoccTtaHoOBNeHUne
BOCCTAHOB/IEHUE

CTPYKTYpbI

3aMeHOoN TMNa NepBOHAYa/IbHOM
TKaHU TKaHWU

MexaHusm: g, crpoe nenemme MopdoreHes MopdoreHes

OAHOPOAHbIX KneTok  Ha MMUKPO Ha Makpo
YPOBHe YPOBHe

X



Mop@doreHes: KoHuenuma snmreHeTUu4ecKoro AaHawadTa
(Waddington, 1957)  «Cmeonoevie» knemku nocmenenHo npuo6pemarom

pasnu4yHsie ceolicmea 6 npoyecce passumus

Epigenetic Landscape

~
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Quasi-potential U

basin of
attraction

Sui Huang 2011



Mop@doreHes: KoHuenuma snmreHeTUu4ecKoro AaHawadTa

(Waddington, 1957)

Epigenetic Landscape

>

Quasi-potential U

basin of
attraction

Sui Huang 2011

a1 O\ N «Beepx no anuzeHemu4yecKomy
AN N
sk 0 NG T Se—— .
&S N = naHowagpmy»:
% 4 o Shinya Yamanaka
' NATURE 2009
aﬁ‘o‘g 00\\ﬂ “00\
o 20 gevelopmental Epigenetic
" potential status
°

Totipotent Global DNA demethylation
Zygote Only active X chromosomes;

: Global repression of differentiation
Pluripotent

genes by Polycomb proteins;

ICM/ES cells, EG cells, Promoter hypomethylation

EC cells, mGS cells

iPS cells ; X inactivation;

. i~ Repression of lineage-specific
Multipotent N genes by Polycomb proteins;
Adult stem cells = Promoter hypermethylation
(partially

reprogrammed cells?),., | X inactivation:

3 ( Derepression of
N i Polycomb silenced
Vu'lul'nlﬂ ' Y

N
\ lineage genes;

Unipotent | .
\”W I rlg Hlu 3 e J? r il i
H [T llh IIIII Tl .l”lm llluw h" LY Promoter hypermethylation

Differentiated cell
types



Moaenun pacnpegeneHna mopedoreHos.

;- ™
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n _ 9 AN
P e a KLI.M ﬂ Two morphogens Gradients 2D pattern More complicated
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Interactions "Wave" Spots and stripes Labyrinth
S Kondo and T Miura SCIENCE 2010



[Mpumep: MopdoreHes nanbues

Expression Intensity

Initiating heterogeneity
D2 D3 D4
Linear stability
Anterior Posterior

Current Opinion in Genetics & Development

KL Cooper 2015

CurHan : WNT, SOX9, Bmp

MexaHW3M pacnpeaeneHua:
Onodysua

PeaKkuunu

= naTTepH




PereHepauua: YTto Takoe U Kak 3To paboTaet?

PasButue pacreHun:

* MopdoreHes B Te4eHME BCEN KU3HU

* HWWUN NAKOPUNOTEHTHbLIX CTBOJ1IOBbIX K1IETOK B TEHEHWNE BCEU KU3HMN.

ROWA 134
e \1 _I_ {( cytokirin
PLT1 ‘;WOXSV »
i .2
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. CLE40 #
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Huwa cTBO/N0OBbIX KNEeTOK B
KOHYUKe KOpHA

BoccTaHOBeHMe BCero pacrteHus
N3 pparmeHTa AnNCTa



PereHepaTnBHbIN MOpPPOreHes KNUBOTHBDIX.




PereHepau,Mﬂ y nnaHapMM

HHM/ Bulletin 2010

Schmidtea mediterranea

B-catenin Cynpeccua R-KateHnHa

Kyle et.al., (2007) Science

A Amputation

B Transplantation C Food control

i | fortee

D Gap Junction b&ockage E Ventral nerve cords cut

F External application of electric fields

AR B 08

G Membrane voltage disturbance
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|

Lobo et. al.,(2012)




PereHepauua y nnaHapuu
«IMOpPUOHaNbHbIN MOpdOreHe3 Bo B3POC/IOM COCTOAHUNY

Stem cell
maintenance:

Inx11l, Mot, PCMNA,

Pum, Mcm2, SmB, Wound response:
Bruli, Tudor, CycB

Proliferative

response: Stem cell differentiation:
Apoptosis, WntP1/Wntl 3 CHD4 5 Piwi2, Piwi3, CHD4, p53, Cat.2/3 genes

t-cut 72h 120h
Late division progeny + Apoptotic cells WntP1/Wntl

TT0T ‘391us9

«Stem cells eEarly division progeny

Brain regeneration from pluripotent stem cells in planarian

Kiyokazu Agata, Yoshihiko Umesono

Figures & Data Info & Metrics eLetters = PDF BravisL s

IleneHue n cneymnannsauyma
CTBO/10BbIX KNETOK

+

[lepeonpeneneHne KNeTo4YHOMU

cyabbbl cneunanmsnpoBaHHbIX
KNIeTOK




C yem cBA3aHa pa3IMYHaA CNoCObHOCTb K pereHepaLmmn?

leno B CNI0XKHOCTU
opraHm3ama?




PereHepauma: Jeno B ChOXHOCTU OpraHmM3ma?
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PereHepauma: Jeno B ChOXHOCTM OpraHM3ma?

Driloleirus americanus /

* BbicOKaa cneunanmusaumsa KAeTok

RIP
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HacKo/1bKO pacnpocTpaHeHa pereHepauumna?

Bely and Nyberg 2009

Regeneration

Biological
level

Whole body

Structure

Internal organ

Tissue

Cell

Examples

Regeneration from a
small body fragment

Limb, fin, tail, head,
tentacle, siphon,
arm, stalk

Heart, liver, lens

Epidermis, gut
lining

Axon, muscle fiber

Pre-amputation Post-amputation Regenerate

il

_> D

TRENDS in Ecology & Evolution




JBOlOUUA pereHepaunmmn: Nnporpecc unm perpecc?
PereHepauua opraHoB U

/ YyacTten Tena \
YHMBepcaanblﬁ MeXaHN3M ALI,aI'ITMBHbIﬁ MexXaHU3M ONA
ANA BCeX XXUBbIX OPraHN3mMos oTAeNIbHbIX rPpynn OpraHM3ImMoB
* KoHCepBaTUBHOCTb OTAENbHbIX * HepasHomepHas
mexaHm3mos (ydyactne Wnt nytu) PacnpoCTpaHEHHOCTb

pereHepaumn y XUBOTHbIX



Bl Presence of regeneration
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Bl Presence of regeneration
1 Absence of regeneration Q&
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Placozoa

Porifera

Ctenophora

JBOOLUUA pereHepaunnu:

Cnidaria

Scokle nporpecc uan perpecc?
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s p 00@ JBOIOLUA pereHepaUumu:
FES nporpecc nnu perpecc?
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JBOIOLMA pereHepaummmn: 0 YEM PacCKaXKyT UCKoMaemble?

Early evolution of limb regeneration in tetrapods: evidence from a 300-million-
year-old amphibian

Nadia B. Frobisch, Constanze Bickelmann, Florian Witzmann

Published 24 September 2014. DOI: 10.1098/rspb.2014.1550
N T N YR OIS
, N e 1'..'. N

v/ : .
y v o

Bbicokaa yacmoma aHomanul pa3sumus KOHeYHocmeu
Y cospemeHHbIX canamaHOp c843aHbI C

pezeHepamusHoOU AKMUBHOCMbIO

Micromelerpeton — dpesHsiss amebubusi



JBOIOLMA pereHepaummmn: 0 YEM PacCKaXKyT UCKoMaemble?

Early evolution of limb regeneration in tetrapods: evidence from a 300-million-
year-old amphibian

Placodermi *‘
Nadia B. Frobisch, Constanze Bickelmann, Florian Witzmann : o
Chondrichthyes *

Published 24 September 2014. DOI: 10.1098/rspb.2014.155C —
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[Toyemy cnocobHOCTb K pereHepauum pasnmnyaeTca’?

Pa3nnyHan choXHOCTb OpraHuM3ma — pasHas «LeHa Bornpoca»

YacTb 3BONOUMOHHON CTPaTErMnU — MaNoOKUBYLLUE U
NPOAYKTUBHbIE OpraHU3Mbl MOTYT NMOXepPTBOBATb
pereHepauuen.

[oTepsHHYIO B NpoLecce 380/0LMK CNOCOBHOCTD K
pereHepaLmmn CNOKHO Pa3BUTb 3aHOBO



LleHa pereHepaunmnm «CNOXHbIX» OparaHU3MOB:
TaK /11 3TO BbIFOAHO?

JHepro3aTtparbl (Bce) B yc10BUAX pereHepaumnm

MHONBWAA, HA3bIBAKOTCA ' PeKynepaTUMBHOM HArpy3Kom' M MmoryT NpuBECTU K
3aMel/IEHUI0 POCTa, BOCNPOU3BOACTBA U APYrnX GYHKUUM OpraHm3ama. 3Tu
3PPEeKTbl YCUNMBAOTCA €C/IN NOTEPA CTPYKTYPbI NPUBOAUT K 3HAYNTE/IbHOM
noTepe 3anacoB 3HEPruu (Ny4Yn UINOKOKMX, XBOCT ALLLEPULL).

JHepro3aTpaTbl NPOMEKYTOUYHbIX CTaAUMN pereHepauumn: YacTUYHO
BOCCTQHOB/IEHHAA CTPYKTYpPa HEPEAKO MeLllaeT aaxke bonblie, yem eé
OTCYTCTBME (KOHEYHOCTU NAayKOB, MHPEKLMOHHOE NopaxKeHne NopaHeHU).

Fidelity cost: HecoBeplieHHaa KonmA bbiBaeT XyKke opurnHana. OgHako
nedeKTbl MoryT 6biTb a4anNTUBHBbI.

Bbiroga oT 3ameHbl CTYKTYpbl 40/1XKHa ObITb Bbille, YeM NOETPU OT eé
OTCYTCTBMUS.



PereHepaTnBHbI mopdoreHes:
KOHEYHOCTb aKCONOTAA

NoBpexxaeHue

Bnacrtema (MCK??)

HoBaA KOHEeYHOCTb

Bcé npocto?



Whnt/6eTa KaTeHMHOBI NyTb Peryivupyet
nosaHue cTagum BOCCTaHOB/IEHUS KOHEYHOCTU

amp. + Axint

ITOT NyTb TaKKe paboTaeT B
ambpuoreHese No3BOHOUYHbIX

I] E " e 8 NOW AVAILABLE!

CRISPR/Cas? an
d0evelopment
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Wnt/B-catenin signaling regulates
vertebrate limb regeneration

Yasuhiko Kawakami!, Concepci6n Rodriguez Esteban!, Marina RayaZ,
Hiroko Kawakami!, Mercé MartiZ, Ilir Duboval:2, and

Juan Carlos IzpisGa Belmonte!:2.3
+| Author Affiliations

Abstract



Hy»XHbl CTBO10BbIE KNETKMU!

Shinya Yamanaka

Shinya Yamanaka studied genes that are important for stem cell function. When he transferred four such
genes (1) into cells taken from the skin (2), they were reprogrammed into pluripotent stem cells (3) that could
develop into all cell types of an adult mouse. He named these cells induced pluripotent stem (iPS) cells.



GFP aKconoT/1b NOMOT MOHATbL NoYeMmy pereHepmpoBaHHaA
KOHEYHOCTb OT/IMYAEeTCA OT YTPAYEeHHOM

Developmental Biology

Volume 290, Issue 2, 15 February 2006, Pages 386397

A germline GFP transgenic axolotl and its use to track cell fate:
Dual origin of the fin mesenchyme during development and the
fate of blood cells during regeneration

Lidia Sobkow® & & Hans-Henning Epperlein®, Stephan Herklotz?, Werner L.
Straube? Elly M. Tanaka® & &

Under an Elsevier user license
+ Show more

doi:10.1016/j.ydbio. 2005.11.037 Get rights and content



PereHepaTnBHbIN MopdoreHes: cemm 3a K1eTKaMm

) Fate?
Positional identity?

——y

Gra_ft Amputation Blastema Regenefate
C 3 days 7 days 18 days 25 days




PereHepaTnBHbIM MOpdoreHes

KneTKu KaXXaoro KAeToyHoro tuna
BOCCTaHAaB/INBAIOT TONIbKO cebe
NoAo06HbIX

Abbl KaKne CTBOJIOBbIE KNETKU



A.  Multipotent stem cell
makes all the tissues
needed

%

20N

Muscle Skin Bone

R

JBOIOUUA pereHepaLumnn: ABa PasHbIX KNETOYHbIX MeXxaHU3Ma

B. Several different stem
cells are needed to
make the different

tissue types

o o (o

N
3 @ A

Skin

—

Muscle

EuroStemcCell rewiew by Elly Tanaka.




Ona nepenporpammupoBaHmUA KNETOK
YE/IOBEKA He HY}XHO aeneHue

Cell Cycle *4 BuiGpats Az | ¥

Volume 14, Issue 8, 2015 Translater disclaimer

CrossMark
| =1 elick for updates |

Cell divisions are not essential for the direct
=l conversion of fibroblasts into neuronal cells

VS Fishman®™, TA Shnayder®”, KE Orishchenka®®, M Bader, N

Alenina™” B OL Serovt”
pages 1188-11%96



PereHepaTUBHbIM MOPPOreHes: MHAYKTOPbI

(e)

> ) - ) o) .
Pa3BuTHE KOHEYHOCTEN Y

© vvess7ie® uvesss  AKCOJIOTNIA MOMKHO BbI3BaTb
NPOTEeoNN30M N nobasBneHnem
; MHAOYKTOPOB

i 3anycK pereHepauuu
OT/IYaeTca oT NnaHapuu!!
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Ace.Tubu® MH(
[Hoechist /}W‘.hlst Satoh et al 2015




PeayneTatos: npumepxo 107 000 (0,14 cex.)

MuHoBopoHbl PP ByaeT BblpallMBaTh KOHEYHOCTK ANAa ...
www.newsru.com » B Poccuu » 26 anpena 2008 1. =

6 wroHA 2008 r. - ... PO OygeT BoipalyvBaTh KOHEYHOCTH ONA CBOMX WCKaneyeHHbIX
congar. ... MuHoboporel PO npoBoguT ccnegoeadiA No pereHepaumu . .

Teno TexHUEK - EDEEPLIJEHHD CeKpPeTHO

www_sovsekretno ru/articles/id/i4519/ -

19 pex. 2014 r. - CoobwaetcA, uto B POCCUM BO3MOMHOCTEH) pereHepauMM BoeHHbIe
WHTepecoBanuck ... MIHTerpupoBaHHeie B ogex gy CONMOara U CBA3aHHLIE B eOUHY K
CHMCTEMY, 3TW ... KaK rMncoBblid DUHT, pUKCHpOBaTE NEpenoM KOHEYHOCTEH.

MuHoBopoHbl PP ByaeT BhipallBaTh KOHEYHOCTH 4NAa ...
WWW_Niw. ru/russia_evenis22582 himl

MuHobopoHe PO Gy geT eoipalyMBaTe KOHEYMHOCTH ONA CBOMX WCKANMEYeHHL COMOar.
MunobopoHer PO npoeoguT MCccnegoBaHWA NO pereHepauMM ...

MuHoBopoHbl PP ByaeT BhIpallMBaTL KOHEYHOCTU ANA ...
www.news2 rufstory/106142/

6 wonA 2008 r. - MusobopoHs PO npoeoguT wccneqoBaHuA no pereHepaymu . PO
EH,EI,E.'T BbipalWWBaTe KOHEYHOCTH 0NA CBOMX WCEanedyeHHbX congart ...
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MopdoreHes = KOHCTPYKTOpP?

L o Www.fitnes.lv

MOXHO 1t KOMBUHUPOBATL
NPU3HAKKU pa3HbIX BUOOB?



CHs CHs

MopdoreHes = KOHCTPYKTOp? DR

CHa

treatment with retinoic acid

tﬂj i

At gxlra paic of
withgs (Ostead of
halteres

Miiller, Wagner, 1996



Chick tooth induction revisited

M0p¢0reHe3 = KOHCprKTOp? Jinglei Cai', Sung-Won Cho', Mikio

Ishiyama®, Masato Mikami®, Akihiro
Hosoya® Yukishige Kozawa®, Hayato
Ohshima® and Han-Sung Jung’’

NHAYKUMA 3aKknaaku 3ybos y
ntuy, (yrepaHbl 6onee 100
M/IH NeT Ha3aj)
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MopdoreHes = KOHCTPYKTOp?

wildtype

hoxd13a-GR

|

Igor Schneider and Neil H. Shubin 2012

Hoxd-11

(A) (B E 8:,1
£
Hoxd-13 J’Jj
Hoxd-11 “ﬁ?
1
Howd-11

NHAYKUUA 3aKNaOKU
«TeTpanogHbIX»
KOHEeYHOCTeN y pblbbl

Normal Zebra fish
embryo

Embryo with extra oy A
Hoxd13 gene




MopdoreHes = KOHCTPYKTOp?




UTor: Hape)Xna ecTb

B cBA3M C KOHCEPBATUBHOCTbIO
MeXaHM3MOB MopdoreHesa u
PACMNPOCTPAHEHHOCTLIO
pereHepauym 4vactem Tena vy
NO3BOHOYHbIX €CTb LUAHC, YTO
Mbl NOXUBEM no
NPaKTUYECKUX  ycnexos B
‘ BOCCTQHOBNEHUN YTPAYEHHbIX
SRR ERSGREI-RETURN OF TR K0 9 s KOHEYHOCTEN Y YenoBeKa.

Ho 3To byaeTt HecKopo



