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ObLwmn B3rnaa: paccMmaTpuBaroTCS
OYeHb Jalfiekne ypoBHU OopraHm3aummn MmaTepun:
Hanpumep, ypoBeHb reHOMOB W
YPOBEHb PEHOTUMNYECKUX NMPOABNEHUN reHoMaA.
XOTUM YCTaHOBUTb CBA3b MeXAy CODbLITUAMMU
Ha TakuX YPOBHSX (BO BPEMEHU, B 3BOSIIOLMN):
coObITEe Ha OQHOM YPOBHE COOTBETCTBYET

KakoMy CcOObITMIO Ha APYroM YpOBHE?



1-n 6onbwon npumep. Buabl: NO3BOHOYHbIE —

OT pbI® N amdpnbunim oo nnaueHTapHbIX MIEKOB
deHOTUN-N NpU3HaK: pereHepaTuBHasa NOTEHUNSA BUOA
(Hanpumep, oTpacTET N Nnocrie amnyTaumn
y OeTEHbIWwa 6onbLIoW NpuaaTok Tena).
Bonpoc: Kakue reHbl OTBe4aloT 3a pereHepauuro?
HuxHue Bugbl — Te, YTo obnagatoT JaHHbIM MPU3HAKOM
(30ecb: pblOblI 1 amdurudun).

BepxHue Bnabl — Te, YTO peLINTENIbHO HE 0bnagalT 3TUM
NpU3HaKoM (34ecCb: NnaueHTapHbIe MIEKN).
CpeoHune BuAabI — HEKOTOPbLIE U B HEKOTOPOW CTEMEHM

obnagaloT 3TUM MPU3HAKOM (= MeXay HMKHUMU N BEPXHUMMN).
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MTak, npobrnema: Kakme reHbl OTBeYaloT 3a
pereHepaTUBHYIO MNOTEHUUIO?
Haw oTBeT: Te, KOTOPbIE Y HMXXHUX BUOOB NPUCYTCTBYIOT,
Y BEPXHUX TOYHO OTCYTCTBYIOT,
ay CpeaHnX ecTb N HET B HEKOTOPOM CTEMEHMN.
CpenoHue BUAbI — 3TO «Ccepas 30Ha»: HanNnpumep, HEKOTopbIe
ALEepULbl COXpaHUNM CNOCODHOCTL pereHepupoBaTb CBOW
XBOCT, XOTS HE NOJIHOCTbIO; AETEHbLILLN NPUMNTUBHbIX
MI1eKOB (B YaCTHOCTU, OMoccyma) MoryT pereHepmpoBaTb
4YacTu KOHEYHOCTU bonee adpPEKTUBHO, YEM
OeTEHbIWN NNaueHTapHbIX MINEKOB.
N3y4yeHne nepexona yepes cpegHne Buabl NOMOXET MNOHATb

MEeXaHM3M NoTepU pereHepaTUBHOM NOTEHLMN.



[10 cpaBHEHUIO C HMXXHUMKU BUgamMun (amgpononamm n poibammn)
penTunnu, NTULbl, MIeKn
PEe3KO CHUXAaKT pereHepaTUBHYIO NOTEHLUMIO,
TakK YTO B NepBYI o4yepenb BaXXHO U3Yy4YUTb CUTyaL Mo, Koraa
cpegHux BNOOB HET.
Torga pblObl 1 aMdUbUN — HUXKHKE,

d BCE, KTO BbllL€ HUX, — BEPXHUE.

YTOObLI HANTN TaKne reHbl, Mbl Nepedbupaem Bce OerokK-
Koaupyrowme reHbl JIAryLWwKn, KOTOpbIe MPUCYTCTBYIOT Y

PbIO N OTCYTCTBYHOT Y penTUnun, NTUL, MJIEKOB.



nea Hawero metoga: ang kaxgoro reHa X n3 R nposepum: reH X
) IPUCYTCTBYET CO cBMAETENSMU (=C NTOKanbHOU CUHTEHUEN) Y PbID
N OTCYTCTBYET Y BEPXHUX (Tam X TONbKO roMorior); u
II) y mogenbHoro Buga R reH X 3Ha4YMMO MeHSIeT ypOBeEHb

JAKCnpeccnn rnocrne amnytaumm XBoCTa.
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CHa4dana obcyaum boriee npocTtyro 3aaady ll.

Ham 6binm goctynHel 6 rpynn obpasuosB (SRA project
SRP091865, GEO project GSE88975) — uyncno pmaos (c
onunHon ~200) Bcex TpaHCKPMNTOB Nocre amnyTaumm B

WT nuyepes 0, 6, 15, 24, 72 yacoB nocrie amnyTtaLumn.

Mbl npuBasanu puabl K uHTEpecyoLwmm reHam 10-1 cobopku
reHoMma Xenopus tropicalis (BWA-MEM aligner) un oueHunu
YPOBEHb 3KCMNPEeCcCcun Kaxaoro reHa B obpasLie OTHOCUTENBHO
Bcex reHoB obpasua (DESeg2). icnonb3ya RNA-sequence
analysis, HalWnmn reHbl, KOTopble 3HAYUMO MEHSAOT CBOKO
3KCnpeccuro. 3TN reHbl NAryLwKn coctaBuin To, YTO Mbl

Ha3blBaeM CrNUCOK-.



UToroBbIn CnUCOK (=BbiXoa/pesynbrar HaLWero anropurma)
eCTb NepeceyeHmne cnmcka-1 n cnucka-2. 310 nepeceyeHue

COAEPXNUT reHbl NAryLwKy (M AONOMHUTENbHYIO MHopMaLmIo).

pr,El,HaFI YaCTb aJirloOpnNTMa COCTOANa B NOJTyHEHUA cnucka-1,

KOTOPbI COCTOUT U3 FreHOB JIArYLKU, NMPUCYTCTBYIOLNX B
HUWXHUX BUAAX U OTCYTCTBYHLLUX B BepXHUX BUAax.
3aecb npobnema: ans 6-k reHa X narywkn (=reHom R) u
noboro gpyroro Bnaa (=reHom A) onpenenmnTb,
npucytcTByeT nIMreH XB A, T.e. UMeeTcA NU B A TreH Y

«TOT Xe caMbli» 4To X, T.e. — nu 'Y OPTONOINYHBIN X.

Ho 4TO 3HaunT opTonornyeH ?7?!




Bug r pasgenuncsa Ha Bugbl a u b (=BnaoobpasoaHue). ['eH
X0 u3 r ywen B Buag a kak X n B sug b kak X',

Kakoe-T1o aBontoumnoHHoe BpeMs X n X' ognHaKoBbI/MOXOXN =
rOMONOrMYHbI MO NOCNeaoBaTENIbHOCTU U NO OYHKLUN B

KIeTKe.

Toroga X n X' opmosio2uYHebl.



B Buae a ren X goynnuuuposarncsd Ha X u X'. Kakoe-To
aposntounoHHoe Bpemss X' 1 X' oanHaKOBbI/MOXOXN =
rOMOMNOrMYyHbI NO NMocrenoBaTenbHOCTU U BO3MOXXHO MO

doyHKUMKM B Knetke. Torga X' v X napasio2uyHhbl.

X

BESERSESE e

Ewé opTonorn unu napanorn MoryT TepsiTbCS, a reHbl

NOCTOAHHO MEHSATCA BO BpeMeHUN. ECTb ropn3oHTarnbHbIN

nepeHoc u T.A.



Cutyaumusa ewle TpyaHee: oaH reH X B COBpeMeHHOM Buae a,
COXpaHumnca nm B Apyrom coepemMeHHom smnae b reH X' — npsimon
NOTOMOK NMpeaKoBoro reHa Xo, KOTOPbIXA B 3BOSIIOLMX NPSAMO
nopogun reH X B a.
3aoeck LCA(a,b)

LCA(a,b)

MOXET ObITb Jarieko B nNpeakax

1 NO NYTW OT NPEeaKOBOro reHa
Xo MO0 NPOU30UTH

HEeCKOJ1bKO napaJsioros!

Torga X' optonor ansa X.




HaxoxaeHue optonora X' yCroXHAeTCa TEM, YTO B 9BOSOLUN
BMOoobpasoBaHMe NponucxoanT BMECTE C Aynfnkaumemn

reHa/reHomMma, noTepemn 1 ropu3oHTanbHbIM NEPEHOCOM FE€HOB:

Gene duplication Speciation S Human histone H1.1 — —.

. %] = S

last common : ?)?,uman histone H1.2 ] ;:_1- %
: y o |2

ancestor Histone H1.1 : ® |9 oa

Ancestral
Histone

H1 gene
XOHistone H1.2

Chimpanzee histone H1.1
e@@X Chimpanzee histone H1.2

Ancestral _ '
HNS gene Bacterial HNS protein

E. coli
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OpTonorn4yHbie reHbl/6ernku -- roMoSiornyHbIE reHbl/6enkn, pasowean-

LLHNECH B BI/I,EI,OO6Da3OBaHI/II/I, N TakKXKe Te, YTO nepenasimcb ot HAX B

BepTuKanobHoun aponoumn. Ho ato HE komnbroTepHoe onpeaeneHue!



NTaK, opTONOrnyHble reHbl — reHbl, KOTopble Yy pasfMyHbiX BUOOB
NpOou30oLLIN BNO00DOpa3oBaHMEM UX r1oc/ie0He20 obLero Buaa-

npeankKka (‘—ITO 3adBNCUT OT TAKCOHA, B KOTOPOM ornpegensdertcs

00NN NpeaoK paccMmaTpnBaeMblX BUOOB).

EcTb pa3Hblie cnocobbl onpeaeneHnsa opTonorM4YHOCT reHoB X u
X' nepeBbs reHOB/6eNKOB, MOAENN N3 MAPKOBCKUX LlENen n T.4.

B B[x npuBoaaTca Tabnuubl OpTONOroB, YacTo HETOYHbBIE.

OT1oenbHasa TpyaHOCTb — bonbLUoe Ynucro napanoros X B a v
X'B b. 13 napanoros yacTto poxaaetca gpyrasd yHKUUA reHa, v

TPYOAHO PELLUNTb, KTO KOMY OPTOJIOLI.

Mbl npoBepseM opTonorm4HocTb reHoB X 1 X' cnegyrowmm

obpa3om:



BbiIOupaem pedepeHcHbIN BUg R (Hanpumep, NAryuwky unm

Opyrov Bua); Bbibnpaem HMKHee N BepxHee MHOXecTBa.

Uwem Bce redbl X n3 R, KOTopble B HMXKHUX Bnaax

NMPUCYTCTBYIOT N B BEPXHNX OTCYTCTBYHOT

B CMbICIe CrieayrLmx TpeX yCcrnoBun (Ha OTHOLLEeHUe

«OPTOSIOrMYHOCTUY).

lNepBoe ycnoBue: ang kaxxgoro 6-k reHa X B R B KaXkgom
reHoMme A paccmaTtpuBaem U nyywmx romonoros gna X

(ecrnn HeT U WTYK rOMOJIOroB, TO CKOJIbKO €CTh).



BTopoe ycnoBue:
X nmeert nokanb-
HbIX CBUOETENeu
= fIoKanbHas
genome A f CUHTEHUS.

L

TpeTbe ycrnoBue:
(U WU, X")-W (X, X")> 1) = X'ae opronor

Y X 4 \Y, U T
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BaxHyto ponb nrpaet nogdop napamMeTpoB 1 0CODEHHO rnapame-
Tpa B B TPETbEM ycnoBun. HeoxngaHHoe 1 nNpuUaTHOE CBOUCTBO (B
NTOFOBOM CIMUCKe, CpeaHnX BUOOB HET): YACSIO BblAaBaeMbIX
reHoB 13 22 Tbica4 6-k reHoB nArywkn: 267 npu =0 n 93 npu

?=0.42. C poCcTOM [l YNCIO BblgaBaeMblX reHOB yobiBaeT!
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Cnepgywowme reHbl/6enkm HangeHsl KOMMbIOTEPOM M BOLUSIN B
UTOroBbIN CMNUCOK (= nepecedeHune cnncka-1 n cnucka-2):

1) C-C motif chemokine 4 = ccl34 (LOC100493779); its
expression increases approximately 20-fold upon regeneration;
(2) eotaxin-like (LOC101733569); its expression increases more
than in 8 times during regeneration;

(3) an unknown protein containing two Cu/Zn-binding domains
(LOC100495179), its expression increases more than 140-fold
during regeneration;

(4) fibronectin-like protein (LOC101733911), its expression
Increases by more than 60 times during regeneration;

(5) potential protein kinase, an unknown protein containing two
protein kinase domains (LOC100493453), its expression
Increases by more than 60 times during regeneration;

(6) potential regulator of Wnt-signaling, Shisa-4 (LOC101734421);
Its expression increases in almost 16 times during regeneration.



B Tom yucne, anroputm Hawluen paHee HeM3BeCTHbIN reH,
Ha3BaHHbIN HAMM

c-answer,

OTBETCTBEHHbIU 3a pereHepauuio

N 3a pa3BUTUE KOHe4YHOoro mo3sra!

C HangeHHbIMU reHamMmu ObINK NOCTaBrIeHbl KMOKpPbIE»

aKcnepumeHTbl (B nabopatopum A. 3apanckoro).



9T ONbIThbl YKa3anu Ha TECHYIO CBA3b HAWOEHHbIX FEHOB
C pereHepauuen y ampunbumn n gaxe npeackasanm
MeXaHU3Mbl 3TOU CBA3MN.

OTO NnpeagMeT And OoTAOeNbHOro Aoknaaa, BKITHoYatoLero
oOcyXaeHne aKcrnepumMeHTanbHbIX METOOB,
MCMOSb30BaHHbIX B OMNbITax.

Heckonbko KapTUHOK Ha TEMY 3TUX OlbITOB.
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<HepBHasa nnacTtuHka — 3a4aTtok LUIHC y ambpunoHos xopa. Pallium ~ kopa rono-
BHOro mo3sra.> Hawwu reHbl Agl, Ras-dval n Noggin4 Bbi3biBalOT 3KCNPECCuto
reHa FOXGL1 (= pa3Butne BeHTpanbHoOM obrnactu KoHe4yHoro moara). OgHoBpe-

MeHHO FOXG1 nHrnoupyeT passutue gopcaribHOU obrnacTm KOHEYHOro Moara.
Pa3BuTbIN KOHEYHbIN

NMPUMUTUBHBLIA KOHEYHbIN
MO3r pblb U ampuduin

Subpallium

MO3I' BbICWKUX NMNO3BOHOYHbIX

Pallium

MNotepa Ag1,
Ras-dva1
u Noggin4 o

P
&

Subpallium

MoXXHO NpeanonoXuTh: ncyesHoseHne Agl, Ras-dval n Noggind y
NnpeaKoB BbICLWUMX MO3BOHOYHbIX/MIIEKONMUTAKOLNX MPUBENO K CHUXEHUIO

ypOBHSA 3kcnpeccumn FoxGl, 4yto, cTMynupoBano pasButue gopcaribHOU
obnacTn KOHe4YHOro mo3sra (M B KOHEHYHOM CYETEe — KOpbl).




NopaBneHue reHoB Agl, Ras-dval unu Noggin4 y amGpuoHa wnopueBou
NIAryWwKn Bbi3biBaeT nogaBneHne=nHruonpoBaHume akcnpeccum reHa FoxGl un
CTUMYNUMPYET AerneHue KneTok, YTo NPUBOAUT K YBEJNIMYEHUIO pasMepoB KOHEYHO-
ro Mmosra.
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Loss of c-ansver in evolution coincided a decrease of regenerative
capacity and an increase of the dorsal telencephalon in warm-blooded

High regenerative capacity Low regenerative capacity

Primitive telencephalon Advanced telencephalon

Dorsal Brain
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Dorsal Brain
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, T _— \ - -
W v
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Ponb reHoB Ag1l, Ras-dval n Noggin4 B pereHepauun?

Bbicokas pereHepaunoHHas Huskas pereHepauMoHHaa crnocoOHOCTb

cnocobHoCTb pbI6 U amdpuduin penTUNUi, NTUL, U MITEKONUTaKOLLUX
=aHaAaMHUUN =—aMHUNOThLI

;%_’ asonouus > o{\ .

Agl -Em- BB HeT HeT HeT
Ras-dval - - - HeT HeT
Noggin4d -EE-  -EE- -+ - .- HeT

PLIObI Aquﬁwu Pentunum I'ITMﬁbl MnekonuTtarowume

=

Ucye3HoeseHue
\ Ras-dva1,
Ucye3HoeeHue u Noggin4

Ag1



cnonbayeTcs
n gpyroe,
TPEXBUOOBOE

ycnoBsue: R —

NArywka,

b — pbIba,

c —-—homo;

34ecCb

X He nomepsiH.




TpéxBnaoBoe ycrnoBue: 3aecb X MomepsiH:

O X** [

upper | mmmm | |

species ¢ A -

high homology

Z S X Y
reference _|_ | — |
species R '
high homologies
z" X" : s
lower _} || | |

species b 3ameHuTenNb I



icnonb3oBaHWe TPEXBUAOBOIO YCNOBUA AN Noucka

NOTEPAHHbLIX TEHOB.

reH X npeacraeneH B pedepeHcHOM Buae R (nAryLike), Ho
He npeacTaBlieH Co cBMaeTenamMmn «Beepx»; 3aTto X
npeacrtaeBneH B pbibe b reHom X" — «3ameHutenem» X; a X"
npeacTaBfieH Co CBUOETENSIMU «BBEPX» B € (Hanpumep, B

4yenoBeKe U MOPCKON CBUHKE).

[lpnumep — Ha cneg cnavae, rae B ponu € BbICTynaeT

Mopckasi cBMHKaA. Takon reH X TakKe He NoTEPSAH Y MI1EKOB.



ENSCPOG00000011826 ...174 ...1746

Cavia ENSCPOP00000018492 ...151 ...1577
porcellus FZD9 SERPINE1 ACHE
scaffold 30
3.0E-59
HeT CUHTeHUUu C
MnekKonmTaouwmmum (B)BH
ENSXETG00000023966 ...23967 ...23968
Xenopus  ENSXETP00000051708 ...51709 ...51710
tropicalis  sfrpx - LRTOMT folrl
GL174277.1 0
3.0E-23
BBH
9.0E-104
...7161 ...7230
...9482 ...9613
serpinil BCHE
ENSGACG00000007608 BBH
Gasterosteus ENSGACP00000010090 4.0E-100
Fzd9b = 3ameHuTenb sfrpx
aculeatus ...7832 ...7809
groupl ...10380 ...10359
LRTOMT FOLR1

TpexBNOoBOE yCroBmne 4epes pbidy



['eH narywkmn ENSXETG00000023966 (sfrpx) noTepsiH y NTuw, 1
nnaueHTapHbIX MIIEKOB, HO UMEET «3aMeHUuTena» — reH fzdob y
pbIObl Gasterosteus aculeatus (TPEXUINON KOMKOLLKK), KOTOPbIN
npeacrtasrneH Kak FZD9 y mopckon ceuHku Cavia porcellus. I'eH

HEe NomepsdH y Mi1ieKoS8.

B reHomMe nArywku nokasaH Nnokyc reHa sfrpx:

10kb [ 15kb [ 20kb [ 25kb [
i | i e  E— - ——1H#
Hrpx-201 > LRTOMT-201 = folrl-201 =
protein coding protein coding protein coding

sfrpx LRTOMT folrl

["'eH sfrpx Takke coxpanurnca y Yyepenaxu (pentunuun) Pelodiscus
sinensis n y apyrux polo. (sfrpx cogepXxut doraTblh LUCTEUMHOM
BHEKIIETOYHbLIN AoMeH C6 box, TMNU4YHbIM Ans peuentopa MuSK.)

['eH sfrpx He NoTepsaH = anropuTM He OTOMpaeT ero.



ITak, HalW MeToa = aJiroOpuUTM = Nporpam COCTOSAT B CrieayoLLEM:

BbliOMpaeTcs npusHak! n no Hemy BblIOUparoTCH
HUWXHUe, cpeaHne U BepxXHue MHOXecTBa.
Hanpumep: XoTM HauTu reHbl, CBA3aHHbLIE C

1) ocnabneHnem pereHepaTMBHOM NOTEHUUU U
pa3BUTUEM KOHEYHOro Moa3ra.
Torga HMXKHee U BepxHee MHOXeCTBa:
aHaMHun (amdndunn n poidbI) NPOTUB aMHUOT (PENTUNNKU, NTULbI,
MnekonuTawLme);

2) pa3BUTNEM TENJIOKPOBHOCTM.
Torga HUXKHee U BepxHee MHOXeCTBa. XONOAHOKPOBHbLIE
NPOTMB TENJIOKPOBHbLIX (MfiEKONMTalroLwWme n NTuLbl).



3) pa3BuTUe NraueHTbI.
Torga HMXKHee U BepxHee MHOXeCTBa:
paHHWe Mreku (OOHONPOXoAdHble, cymMyaTble...) MPOTUB

nfaueHTapHbIX (=BbICLUNX MI1IEKOB).



Haw meTton Ha Apyrom martepuvane,
2-1 0OonbLLUON NPUMEP:

HAWTU reHbl, yTpayeHHble Yy BUOOB C
BbICOKOW BUOOBOW NPOAOITKUTENBLHOCTLIO XKN3HU (I)K),
<y BUOOB C HEOTEHNEN (= BUAbI OONbLUYIO YaCTb XXU3HU

COXpaHsoLLMe CBONCTBA paHHEero Bo3pacTa,
HanpuMep, akcosoTrb, ronbIn 3eMfiekon), U T.4.>

Bugbl: npumathl (OTPAA NfaueHTapHbIX MNeKonUTatoLKnX:

00e3bsHbI — CyxXOHOCble Nnpumartskl, Haplorhini;
nosiyode3bsHbl — HU3LLNE, MOKPOHOCKIE NMpUMaThl,

Strepsirrhini) n rpbiI3yHooOpa3HbIe, 3anueBble.



1-1 KOMMBKOTEPHbIN OMbIT =CYET:

pedepeHCcHbIN BUAO R — MblLLb.

Hamu BbINofIHEH NOUCK reHOB X MbILLIN, KOTOPble
COXPaHUITUCb C YYETOM CUHTEHUN Y FTPbLI3YHOB U KpOJinKa

¢ manou NMX — HMxHWe BuablI,

HO NOTepPAHbI Yy roJyioro aemrsiekoria, AaMmapcCkKoro

rneckopos ¢ Bblicokoun MK — BepxHune Bnasbl.




rPbI3yHbLI




2-N KOMMNBLKOTEPHbIN ONbIT =CYET:

pedepeHcHbIn BUO R — ranaro NapHeTTa.

Hamu BbINonMHeH NOUCK reHoB X MbILLK, KOTOpPbIE
COXPaHUIUCL C YY4ETOM CUHTEHUM Y MPUMATOB C Mariou

MNX — HWKHUe Buabl,

HO NOTEPSAHbI Yy YerioBekKa, 4eryioBeKooopa3HbIX U

kanyuuHa ¢ Bbicokou INX — BepxHne Buasbl.




npuMarThl




HangeHHble reHbl X Mbiwiu
(NMoTepsAHHbIE Y BUOOB C BbICOKOW
M>K) B HanbonbLuen crteneHu

JKCNnpeccnpyroTcd B CeMeHHUKax.




OTU reHbl MOTyT ObITb OMacHbl, ECINU COOTBETCTBYIOLLNE
benkn HakanmMBalTCs B TeYeHUE ANMUTENbHOIO BPEMEHMW.
Ho: oHKonornyeckue n HempogereHepaTmBHble 3aboneBaHuns
pa3BMBaKOTCA 4OCTATOYHO MeadneHHOo. [1oaToMy Takmne reHol
He OKa3blBalOT CYLLECTBEHHOIO BIUAHUS HA Mosloable
OpraHmM3mbl 1 Ha BUAbl, KOTOPLIE «MNO UX MPUPOOE» XUBYT
HeJonro.

A npu BbICOKOW NPOOOITNKUTESNTIbHOCTU XXU3HU TaKNE reHbl

BpeAHbl U MOTOMY TEPAKOTCH.



HangeHHble HaMW reHbl MOTyT ObITb MPUMepaMm NIIEUOTPOMNHbIX
reHoB.

(aHTaroHUcTNn4Yeckumn) [rnenoTponHbIv reH — nones3eH B MosioaoMm
BO3pacTe, Koraga nosioBon oTbop cunbHee BNUAET Ha BUA, HO
BpedeH No3aHee, Koraa pasmMHOXEHUS NoYTU HeT.
[1nenoTponHble reHbl MOryT ObiTb CBA3aHbI C MPOLLECCOM
ctapeHusa. OHM noaaepXxmnearTcs B nonynsaumm bnarogapsa nx
NO3NTUBHOMY 3dpPEeKTY B MONOLOCTM (Ha pasMHOXeHNe —
NO3TOMY HY>XHbl B CEMEHHMKaX),

HECMOTPSA Ha UX HeraTtuBHbLIN 3 EKT B N03gHEM BO3pacTe,

TaK Kak 4O Hero goXmeaeTt He3HavynTenbHas Yactb nonynsaumm u

Tam pasmMHoXeHne meHee nHTeHcuBHO (Williams 1957).



Ewe npumep HangeHHoro reHa — Wap: oH kogupyet whey
acidic protein (WAP). 3T1oT 6erok B MOJSI031MBE KOPOB
(=CeKpeT MOJI0YHOM Xernesbl MI1eKonMTarLWmX, BbipabaTbl-
BaeMbI B KOHLe bepemeHHOCTU 1 nocne poaos). WAP B
HeEBOMbLLIOM KONMYECTBE NPUCYTCTBYET B MOJIOKE MbILLEW, HO
B OonbLomM B Morsioke kponukos. WAP MHrmbupyeT pocTt
O6akTepum Staphylococcus aureus, a Takxke MHrMoupyer

nponudepaunto mammary epithelial.

[loTepsa aTOro reHa y BMAoB C OTHOCUTENLHO Bbicokou 1K
MOXeT ObITb CBSI3aHa C yBeNTM4YeHUeM npoaosiKuTeNnbHOC-

TN KOPMJ1eHUA geTeHblwen Mmoriokom. //KoHel goknaaa.



[Tpumep ¢ benkamun-rnodbmHamun (ccoinku no RefSeq, NCBI):

xgb (x globin) NoTepPsAH Yy NNayeHTapHbIX;

HO eCTb Y pblb, yTKOHOCA, aHOoNnca, ApakoHa U ABYX Yepenax;
gby (globin y, cytoglobin) NOTEPSH Yy NNaueHTapHbIX;

HO eCTb Yy BCeX pblD, penTtunmn (Kpome Kpokoauna) n yTkoHoca.

Hwuxe aBonouma cemenctasa rmodbuHos, roe R o3HavaeTr
NoNHOreHoMHble aynnukaunu, Gbs — rnobuH,

Hb(s) — &- n B-remorriobunHbl y YentCTHOPOTLIX.


https://www.ncbi.nlm.nih.gov/gene/496620
https://www.ncbi.nlm.nih.gov/gene/100494515
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Cytoglobin
Myoglobin
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Gb (deleted)

Globin Y

Vertebrate-specific
globins

Amphioxus Gb-7, 10, 11, 15

Amphioxus Gb-1, 2, 5, 9

Sea squirt Gbs
Amphioxus Gb-8

Globin X

Amphioxus Gb-3, 6, 12, 13, 14

Neuroglobin
Amphioxus Gb-4



Tetrapods
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Amphioxus
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Arctic lamprey Hb-7
Sea lamprey Hb-5
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Pufferfish Mb
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r Houndshark Mb
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Zebra finch a-Hb
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Platypus a-Hb
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— Human g-Hb
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100 1
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Amphioxus Gb-7
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Amphioxus Gb-7
._'—: Amphioxus Gb-2
100 Amphioxus Gb-5
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Sea squirt Gb-3
Amphioxus Gb-72

100

|—|_‘— Amphioxus Gb-73
Amphioxus Gb-6

I— Amphioxus Gb-3



=

-
S

®)

NH

—

—

—

| I

—L
—

BA3KE K BHAAAM: "

Hwpsibius
Richtersius THXOXOOKEM{TE M)
hrAilnes ium

Epi peripatus

Fer ipatops is OHMxohpopbI(TrKM)
Euperipatocides

E‘rca.ltlg =ra
PMHOMOHOMHEM [ HaOrnacc)
nrchls pircs treptus

SAcanthos cumris HFLUME LW,
Limulus MEWYEXBOCTBI HenmuepoBblie
Car cinos corpius  MEUYEXBOCTbBI (mooTrmn)
Mesobuthus CHODIMOH

Endeis -
PMOpPCHMe MayHH| Pycnogonidal{wnacc)

Anocplodactwius

e
Lnurids
Oy chiurus HomnemDonbl=HOroXxeoCcTHM | Moo nacc), M3
Cry ptopygus HUNACCa CHpBITOUWSMHCTHBIE)
Fobsomia
Sarmrmarus
Far hyale
Ewrydice
Litopenoeus
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Homear us rnacc)

Coal linectes

Balanus

Follicipes YocoHOorke (| MmHgparnacc)

Calanus

Tigriocpus HYenmwmocreHorme | =hax
Caligus

opoda, nacc)

Le=peophtheir s
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Myriapods MHODOHOMKEA
Cwroches ella CHPBITOWEMOCTHBIS
Hodotermops s OTHPBITOUYSMMCTHBRIS
Locusta MPAMOHKPDbLNbIe((CcapaHual
Sryllies MPAMOHKDBINBbIE ([ CBEDUKI])
Laupala MPAMOHDBILABIS
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Homalodisca
Onocometopia
Driaphorina
Rbhodnius
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FPediculus OTHPBITOWSMBOCTHBIS
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Mwzus

Loy rthos i phon
Solenopsis
Lpis

s s nepenoH4YaToKpblLnplie (oTpRaa)

1 o= § o=y fmd g =




B amOGpunoHaribHOM pa3BUTUM

MO3ra NPOUCXOAMWT: KoHEYHBIM
clieBad HANpaBo MOz=2T
NepeaHWK
MO3r
Mpome ¥y T oY HBIW
MO3
CpeaHMK
MO3r
3a0HWK
PombBoBEWOHBIW MO3r
Mos3r NMpoponroBaThIW
MO3
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. ren ccl34 | B. Pesynsrar qRT-PCR
X aHaJIn3a 3KCIIPECCHUU B
Tail amputation l vivo-MO injection KITeTKaX KOHIMKA

M P P aMIy THPOBAHHOTO

The wild-tipe Xenopus (O
laevis tadpole stage 40

A Samples collection for qRT PCR and in situ hybridization C—E AHa JTIOTUYHO | 1
ccl34 expressmn level 0-dpa 1-dpa 2-dpa

: —— 5 situ hybrydization.
RIS " | i BokoBoii BH/I

| XBOCTOBOr0 00pyOKa.
Dorsal gyacteio BBepx.

| YpOBEHDb aMITyTallUU
NOKa3aH KpaCHBIMHU

- Toukamu. CTpenKu

yKa3bIBalOT Ha

KOMITAKTHBIC TPYIIIIBI

; ccl34 skcmpeccupyio-

- é IIFX KJIETOK.




A. Schema of experiments.

F-G"'. Dkcnpeccus B parasagittal (F) and transverse (G—-G") ceucnus
xBocToBOro 00opyoOka hybridized in whole-mount at 1 dpa.
[Mkaner: C-G 0.2 mm, G-G" 0.05 mm.



The effect of ccl34 downregulation by
@ injections of ccl34 vivo MO on the
g regeneration of the amputated Xenopus
laevis tadpole tail.
s A-B'. Tail stumps injected with either
| control vivo MO (A-A") or ccl34 vivo
ey MO (B-B') at 2 and 4 dpa. The level of
== amputation is shown by yellow line.
C. Percent distribution of three types of
B the regenerating tail tips (normal
regeneration, partial and no
regeneration) among the 4 dpa tails
oo et (R 1 injected with the control and ccl34 vivo
) MO
L) B Il .1 C'. Comparison on 4 dpa of the length of
| the regenerated tail tip in tails injected
with the control and ccl34 vivo MO.
Ixaaxa 0.5 mm.

control vMO control vMO
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since, without its activity, the blastema formation appears to be strongly suppressed. Besides demonstrating proof of principle
of the validity of our screening, this finding has a self-own important meaning. First of all, this is stipulated by ccl34
belonging to chemokine signaling proteins that regulate the migration of a huge number of cell types, in particular, cells
involved in blastema formation during regeneration in cold-blooded and warm-blooded animals. During 15t and 2" days after
tail tip amputation, several events of cell migration take place, which could be associated with the enhancement of ccl34
expression observed in this early period of tail regeneration. Thus, shortly after amputation, there is an intensive migration
towards the wound surface of the innate immune system cells responsible for the initial inflammation and further clearing of
damaged tissues [Mescher et al. 2013]. Simultaneously, mesenchymal cells, notochord precursors, and myogenic cells begin
to accumulate in regions near the amputation plane, adjacent to the edge of the amputated notochord, thus forming a bulk of
cells for further proliferation and the regeneration blastema formation [Sugiura et al. 2004]. Notably, the region of
accumulation of all these cells near the notochord stump tip approximately corresponds to the location of cell clusters
expressing ccl34 (fig. 6B). Furthermore, the expression pattern of ccl34 at 1 dpa very resembles that of interleukine-11,
which was shown to induce and maintain progenitors of the blastema cell lines (compare fig. 6B in our work with fig. 1d in
[Tsujioka et al. 2017]. Thus, one may conclude the expression of ccl34 overlaps with territory in which the progenitors of the
blastema cells are located at this stage. Given these overlaps, as well as the strong inhibitory effect of ccl34 downregulation
on blastema formation, it would be tempting to speculate that this chemokine may regulate at least some of the above cell
migration events preceding blastema formation.

Secondly, the potential interest of ccl34 as the regeneration regulator is due to the fact that according to Atlas of single-cell
transcriptomics of the regenerating Xenopus laevis tail, ccl34.S is specifically expressed in two myeloid cell lines [Aztekin et
al. 2019]. These myeloid cell lines, named by authors inflammatory and reparative, respectively, have been shown to play
pivotal roles during tail regeneration in Xenopus laevis tadpoles [Aztekin et al. 2020]. The authors of this work have
supposed that cells of the frog myeloid lines could correspond to M1 and M2 macrophage lines of mammals and known as
cells producing different chemokines and thus regulating migration of other cells, including not belonging only to the
Immune system. In turn, the migration of macrophages themselves is also regulated by chemokine gradients [Arango Dugue
and Descoteaux 2014; Lacy 2015; Xuan et al. 2015]. Therefore, one may suppose that the cell clusters in which we observed
the expression of ccl34 may be just the macrophage-like cells. Thus, release of Ccl34 could be a part of the mechanisms by
which these myeloid cells regulate regeneration.

It is obvious, however, that despite their plausibility all these assumptions should be subjects of careful testing in future
studies. At the same time, one can already now argue that the very fact of the loss of such a critical regulator of regeneration
as ccl34 in reptile ancestors further strengthens our hypothesis that the complete loss of some genes could be one of the
reasons for the decrease in regenerative potencies in evolution.
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