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BBenenune

AKTYyaJIbHOCTDH PadoOThI:

OxHO# U3 BaXXHBIX CTauil dBotou Eumetazoa sieisiercs mosiBjieHne PyHKIIMOHAIBHO CBSI3aHHBIX
HepBHOU 1 MmbItieuHoi cucremsl (Daly et al., 2007 [49]; Lichtneckert, Reichert, 2009 [116]; Arendt, 2021
[10]). Hayanbubie stanbl quddepeHIMpOBKH 3THX CUCTEM MPOCICKHBAIOTCS y TPEACTABUTEIICH TPYIIITBI
Cnidaria. DT *XMBOTHBIEC 00JaaI0T JCHCHTPATN30BaHHON HEPBHO# cucteMoit auddys3Horo tuma, 6e3
BBIpKEHHBIX TaHIIHEB M HepBHBIX myTeit (Koizumi, 2007 [107]; Koizumi, 2016 [108]; Badhiwala et al.,
2020 [16]). Mx myckynaTypa, B OOJBIIMHCTBE CIydacB, MPEJCTABICHA SMUTEIHAIBHO-MYCKYJIbHBIMH
KJICTKaMHM, COXPaHSIOIIMMHU CIIOCOOHOCTH K mepenade HepBHOro umiryiibca (Mackie, Passano, 1968 [120];
Leclere, Rottinger, 2017 [113]). HaubGosnee SpkO 3TH NPUMHUTHUBHBIE YEPThI OPraHU3AIl[MM HEPBHO-
MBIIICYHBIX CHCTEM, BEPOSTHO OTPAKAIONIUEC PAHHUE ATAIlbl 3BOJIOIHMHU, BBIPAKEHBI Y TOJHIIOHIHBIX
craauit kuuaapuii (Bosch et al, 2017 [26]). [TIpu 3TOM opraHu3aius aHATOTHYHBIX CHCTEM Y METYy30HMIHBIX
CTaJMii TIPETEePIICBACT CYIIECTBEHHOE YCIOKHEHHE, MO-BUAMMOMY, CBSI3aHHOE C MEPEXOJI0M K aKTUBHOM
JIOKOMOIIMH M 3HAYMTEIBHBIM Pa3BUTHEM CEHCOPHBIX OpraHoB BcieactBue storo (Satterlie, 2002 [165];
Seipel, Schmid, 2005 [170]; Satterlie, 2011 [164]; Katsuki, Greenspan, 2013 [99]; Lewis, 2018 [115]).
Takum 00pa3oM, HcCIIeIOBaHUE HEPBHO-MBIIICYHBIX CHCTEM ITOJUIIOB KHUIAPHIA MPEAOCTABISICT BaKHbIH
MaTepHa s aHaJI|3a MEPBBIX ATAIIOB CTAHOBJICHUS KOHTPAKTUIBHON U CUTHAIBHON (DYHKIIUH HA YPOBHE
HACTOSIIIUX MHOTOKJIETOYHBIX )KUBOTHBIX.

CriekTp HMMEIONICHCS HWCCIIEOBAaHUM, OMKMCHIBAIOIIUX CTPOSCHHE HEPBHO-MBIIICYHONH CHCTEMBI
KHUapuil BecbMa orpanuueH. Haubosee neranbHble paboThI, BKIIIOYAOIIHE OMTMCaHue MOPGOIIOTUuH (Kak
Ha THCTOJOTMYECKOM, TaK W Ha YIbTPACTPYKTYPHOM YPOBHE) U MOJICKYJISIPHO-TCHETHYCCKUX
0CcOOEHHOCTEH (YHKIIMOHUPOBAHUS U PA3BUTHS 3TUX CHCTEM KaCArOTCS MOJCIbHBIX OOBEKTOB TaKUX KaK
Hydra sp. (Hydrozoa) (Webster, Hamilton, 1972 [196]; Grimmelikhuijzen, 1982 [69]; Koizumi, 2007
[107]) u Nematostella vectensis (Anthozoa) (Darling et al., 2005 [51]; Marlow et al, 2009 [122]). PaGoTsr
10 IPYTUM MPEICTaBUTEISIM KHUIApUi KacaroTcs, B OCHOBHOM, YaCTHBIX aCIICKTOB OpraHU3al[ii HEPBHO-
MBIIIIEYHON CHUCTeMbl. Tak, HampuMmep, MMEETCs JOBOJILHO OOIIMpHas WH(OpMAIUs 00 OpraHHU3aluu
MBIIICYHBIX cUcTeMax ANth0zoa Ha THUCTONIOTMYECKOM YPOBHE, TaK Kak OCOOECHHOCTH YCTpPOWCTBa
MYCKYJIaTyphl SIBJSIETCSI BaKHBIM TaKCOHOMHYECKHUM mpu3HakoM BHyTpu rpymmbl (Carlgren, 1949 [33];
Daly, Fautin, Cappola, 2003 [50]; Swain et al., 2015 [183]; Stampar et al., 2016 [178]). /lauusie 00
YCTPOMCTBE HEPBHO-MBIIICUHOUW CHUCTeMbl TojunoB SCyphozoa m Cubozoa cBoasdTcss K €IUHHUYHBIM
paboTaM Ha yJIbTPAacCTPyKTYpHOM M rucrosiorndeckom ypoBHe (Chia, Amerongen, Peteya, 1984 [40]).
Takum 00pa3oMm, yCTpPOHCTBO HEPBHOH CHCTEMbl M MYCKYJATypbl MOJMIOB 3THX KiaccoB Cnidaria

HaMMCEHEC N3YUCHO.



JlanHBIE O (OPMHPOBAHWU HEPBHO-MBIIMICYHBIX CHCTEM B OHTOTCHE3€ IOJIUIIOUIHBIX CTaJIuN
KHUJApHi ere 0osee CKyIHbI. borbIias yacTh 3MOPHUOIIOTHIECKUX, MOP(OIOTUIECKHX U MOJICKYJISIPHO-
ICHETUYECKUX JaHHBIX umeercs numb st Hydra spp. (Webster, Hamilton, 1972 [196]; Otto, Campbell,
1977 [147]; Holstein et al, 1991 [90]; Hobmayer et al., 2012 [81]; Galliot, 2012 [58]), a Taxke mis
HEKOTOPBIX KOJOHHAIBHBIX THApouaHbIX monmnos (Mayorova, Kosevich, 2013 [128]; Pennati et al., 2013
[149]; Leclere et al., 2016 [112]). [Tpu 3TOM Ba)kHO OTMETHUTH, 4TO (HOPMHUPOBAHHE HEPBHO-MBIIICYHOM
CHUCTEMBbl y KHHUJApUil B OHTOTEHE3€ MOXET HITH HECKOJIbKMMH MyTsIMU. [loMHMO mepBUYHOMA
TG QepeHIMPOBKH B XOJ€ TIOJIOBOTO PasMHOXKEHUs Tpu  MeTamopdo3e  JMUUHKU-TUIAHYIIBI,
(GopMHpOBaHHUE HEPBHO-MBIIICYHBIX 3JIEMEHTOB IMPOUCXOMUT M TpPH OECIONIOM pasMHOXKeHUU. Jlis
MOJIMIIOB KHUJAPHH XapaKTepeH LIMPOKHH CHEKTP THIIOB OECIHOJOro pPa3MHOMKEHHS, BKIIOYAFOIIUIA
(parmMeHTaImIo, MPOAOIBHOE U MOMIEPEYHOE JICTICHNE, 00pa30BaHNe TOKOSIINUXCS MOIOUKCT U PpycTyd, a
Takxe pasnuunbie Buabl mouykoBanus (Collins, 2002 [42]; Fautin, 2002 [53]). Cpeau mepeducieHHOrO
HanOoJIpIIIee BHUMAHUE YJIEISETCS JaTepabHOMY ITOYKOBAaHUIO, KOTOpOE Hanbosee moapoOHO U3YyUEHO Y
rugapsl (Galliot, 2012 [58]). B 10 ke BpeMs MpakTHYECKH HUYETO HE M3BECTHO 00 OpraHoreHese B XOje
UHBIX, 00JIee CIIeUAIN3UPOBAHHBIX TUTIOB TOYKOBAHHUS TIOJIUIIOB.

OmHMM W3 TaKUX MaJOM3YYEHHBIX IPOIECCOB SIBIISIETCS  MMOYKOBAaHUE, CBOWCTBEHHOE
npeacraputensmM rpynnel  Kolpophorae (Cnidaria: Scyphozoa). BmepBbie 0OHO ObUIO OHMHUCAHO Yy
cuudonomumnor Cassiopea sp. (Bigelow, 1892 [20]). V Cassiopea Sp. OTIHOYKOBBIBAIOTCS PECHHYHBIC
IUIaHYJIOTIOI00OHBIE  CTAIMM, KOTOphle TOCJIE€ KOPOTKOTO Iepuoja IJIaBaHUA  OCEAAlT |
TpaHC(HOPMHUPYIOTCS B TOJUIT HOBOTO ToKoJieHus. OtTaenbHble (Ga3bl 00pa30BaHUs TAKUX TMOYEK OBLIN
ONMCAaHbl C TMOMOINBID METOJOB THCTOJIOTUM, TPAHCMHUCCUOHHOM W CKaHHPYIOUIEH 3JIEKTPOHHOMN
mukpockormu (Hoffmann, Honegger, 1990 [82]; Van Lieshout, Martin, 1992 [194]), oaxako oGimas
TOTIOJIOTHS M TUHAMHUKA Pa3BUTHUS PA3ITUUYHBIX CUCTEM 3THX OPTaHHU3MOB OCTACTCS HEHCCIICIOBAHHOM.

Bce BbleckazaHHoe omnpeaensieT BbBIOOP 0O0BEKTa HCCIENOBaHMs, KOTOPbIM 1Mmo3Boisul Obl (1)
NOJYYUTh IEJOCTHYIO KapTHHY TOIOJOTMHA HEPBHO-MBIIICYHON cHcTeMbl mnojuna Scyphozoa; (2)
npoCieuTh GOPMUPOBAHUE HEPBHO-MBIIIEYHON CUCTEMBI MOJIHUIA OT PAHHUX OHTOTEHETHYECKHUX ITArloB
no nepuHUTUBHOM cTaguu; (3) MOMy4yuTh MOAPOOHBIE JaHHBIE OO0 OpraHoreHese B Ipoliecce
CTCIUATTM3UPOBAHHOTO OECIOJIOr0 pPa3MHOKEHHs. DTHUM YCIOBHSIM TOJHOCThEIO oTBeuaer Cassiopea
xamachana (Scyphozoa: Rhizostomeae). ITosumbl 3TOro BHaIa OTHOCHTEILHO HEOOIBIINE, K TEM CaAMBIM
XOPOIIO MOJAXOMAAT Ul Pa3lIUYHBIX COBPEMEHHBIX MOP(OIOTHYECKUX HCCIEeOBAaHUN, KOTOPbIE MOTYT
ONUpPAThCsl HA YK€ MMEIOIIMECs TUCTOJIOTUYECKUE U YIbTPacTPyKTypHBIe omnucanusi. Kpome Toro, oHu
JIETKO CoJepKaTcsl B JIAOOpATOPHOW KyJIbType W PErysipHO OOpa3yloT IUIAHYJIOMOJ00HBIE TOYKH 0e3
JOTIOJTHUTEIbHOW HMCKYCCTBEHHON XMMHYECKOW MM TEeMIIepaTypHOM MHIYKIUH, KOTopas Morja Obl
TIOBJTUSITh HA HOPMAJIBHBIH MPOIECC TOYKOBAHHSI.

PazBuTne MeTO0B KOH(MOKATHHOW MHUKPOCKOMHH B KOMOWHAIIMM C UMMYHOTHCTOXMMHYECKHM

MEUYEHHEM TIO3BOJIMJIO BBIBECTH HCCJIENOBAaHUS OpraHuzauuu cinabo nuddepeHIMpoBaHHBIX HEPBHO-



MBIIIEYHBIX CHCTEM U MPOILECCOB MX (HOPMUPOBAHUS HA KAUECTBEHHO HOBBIM ypOBeHb. JlaHHBIA MeTOn
MO3BOJIIET BU3YaJIM3UPOBATh KaK OOLIYIO JIOKATU3allMI0 MBIIICUYHBIX M HEPBHBIX JJIEMEHTOB BO BCEM
OpraHu3Me, TaKk U OCOOCHHOCTH HX PACIIONIOKEHMsI B OTAEJBHBIX YACTSAX TeEJd, YTO OIPEAEIWIO €ro
MCII0JIb30BaHUE B IIPEICTAaBICHHON padoTe. [[i1s1 BU3yanu3anuu 3J€EMEHTOB HEPBHOM CUCTEMBI y KHUJApU
HanboJIee YacTo UCIOJIB3YETCS OKpacka aHTuTeaMu K Heiiponentuay FMRFamuay (Spencer, 1989 [176];
Takahashi, 2020 [185]). Dto 00ycnoBuio BbIOOp Ui JaHHOTO  HCCICAOBAHHS HMEHHO
FMRFamunepruueckoil yacTu HEpBHOM CHCTEMBI, JJis JIydlllell CPaBHUBAEMOCTH Pe3yJIbTaTOB. BaxkHbIM
aCIIEKTOM B M3YYCHHH pPa3BUTHS HEPBHO-MBIIICYHONH CHCTEMbI B OHTOreHese moimmoB C. xamachana,
dbopMupyIOIUXCS U3 IUIAHYJIONOJ00HOM MOYKH, SIBISIETCS COIOCTaBlIEHHE OCOOEHHOCTEW 3TOro THIla
MOYKOBaHHMS C IPYTrUMH, onucaHHbiMU Y Cnidaria. JIist 3Toro HeoOX0 MO MPOCISIUTh HE TOJBKO CyIb0y
MBIIICYHBIX ¥ HEPBHBIX 3JIEMEHTOB, HO TAKXKE BBISIBUTH KJICTOYHBIE HICTOUHUKH U151 POPMUPOBaHHS HOBOTO
TKaHeil HOBOro opraHm3ma. HemHoro4mciaeHHble paObOTHI, TIOCBAIICHHBIE MPOOJIEME TTOMCKA KIETOYHBIX
MCTOYHUKOB ITPH IIOYKOBAaHUH KHUAAPHA, TAaTUPYIOTCS, B OCHOBHOM, KOHIIOM JIBAJIIaATOTO BEKA U KACAIOTCS
JarepaibHOrO moukoBanus y ruapbl (Holstein, Hobmayer, David, 1991 [90]). CoBpeMeHHBIE METOIbI
OpWKU3HEHHON gertekiuu  permkanuu  JIHK ¢ momoinpio  BKIIOYEHHS METKH — S-3THHHI-2’-
nesokcuypuauaa (EAU) nedcTBylOT ¢ MEHBIIUM TOBPSKICHUEM >KMBOTHOTO, HO TaKXe ITO3BOJIIOT
BBISIBUTBH 30HBI akTUBHOTO cuHTe3a JJHK 1 KOCBEeHHO yKa3aTh Ha JIOKAJTU3AIMIO KJIETOYHBIX HCTOUHUKOB

(bopMUPOBAHUS MTOYKH.
Teoperuyeckasi U NpaKTHYECKAsI 3HAYMMOCTH PadOThI:

JanHas paGota HOCHT 1o Oomblneil yacTu (yHIaMeHTalIbHBIH XxapakTep. [lomydeHHBIE naHHbBIE
MOTYT OBITh HWCIIOJIb30BAaHBI Ui aHaIM3a SBOJIOIMOHHBIX TPCHIOB B Pa3BUTUU HEPBHO-MBIMICUHON
CHCTeMBbI KaK BHyTpH rpymmbl Cnidaria, Tak u B cpaBHeHHH ¢ apyrumu Husmumu Bilateria. [Tony4yenubie
JIaHHBIE JTAIOT HOBBIE CBEJCHUS JUIS PEKOHCTPYKIMU TIPOLECCOB BO3HHKHOBEHUS M DBOJIOLUH
nonunongHoi cramuu y Cnidaria. Kpome toro, maHHbie 00 OCOOCHHOCTSX TpoIiecca MOYKOBAHHS Y
Cassiopeidae nMeroT HayuHYIO IIEHHOCTH B CBETE BOMpoca Oecroyioro pasMuokeHus y Cnidaria, a takke
(bopMUPOBaHHUS 30H POCTA U KJIETOYHOTO JIEJIeHNs Y 0€CIIO3BOHOYHBIX.

[IpuBeneHHbIE B JaHHOW paboTe CXEMBbI MOTYT OBITh HCIIOJIB30BaHBI B OOPAa30BaTEIbHBIX LEISX.
Hay4HO-npakTHUECKYI0 3HAYUMOCTh IOTEHIMAIFHO MOTYT HWMETh JaHHBIE O pPAa3BHTHUH IOYKH.
[MpencraButenu Cassiopeidae gacTo SBIAIOTCS WHBA3UBHBIMU BHIaMH, PACIIPOCTPAHSSACH, B TOM YHUCIIE, C
MIOMOIIBIO TOABIMKHOM TOYKH. [loyydeHHbIE pe3yIbTaThl MOTYT OBITh HMCIOJIB30BaHbI il pa3paboTKu

METOJI0B MPOTUBOJAEHCTBUS UHBA3UH, OCYILECTBIISIEMON JAHHBIM ITYTEM.
Hayuynasi HoBU3Ha pa0oThI:

B nmannoit pa60Te C MOMOHIbIO MCTOAAa UMMYHOTUCTOXUMHUHN OBLIO BBIMOJHEHO IOJHOE OMUCAHHE
CTPOCHUA MYCKYJIAaTYpPhbI U FM RFaMHHepPI/I‘{CCKOTO KOMIIOHCHTA HCpBHOﬁ CHCTEMBI IIOJIMIIOUTHON CTaguM

Cassiopea xamachana. J{ist monumnoB u3 rpymmsl SCYphozoa sto mepBoe wcciaeaoBaHWEe TaKOro poja,



MO3BOJIAIOIIEE OXAapaKTEPU30BaTh OPraHU3AIMIO MBIIIEYHOW CHCTEMBbI U OTYACTH HEPBHOM CHCTEMBI BO
BCEM Telle KUBOTHOTO. Taxke BriepBble ObliIa IPOCIEkKEH Mpoliiecc GOpMUPOBAHUS MYCKYJIaTyphl MOJIMIIA
CJICAYIOUIETO TIOKOJICHUS, 00Pa3yIOLIErocs IPH 0COOOM BUE TOYKOBAHUS C IIOMOIIBIO TUIAHYJIONOA00HBIX
noyek. Kpome toro, 6buia npoaHanuzupoBaHa mnponudepatuBHas aKTUBHOCTh TKaHEH BO BpeMsl pocTa

nnaHynonoz[o6H0171 IMOYKH, €€ HE3aBUCUMOI'O pa3BUTHUA U BO BpEM MCTaMOp(bOSa.
OcHOBHbBIE MOJIOKEHHUSI, BBIHOCUMbBIC HA 3alIIUTY:

1) Ctpoenne wmbimeuHoi cucteMbl 1 FMRFamuaeprudeckoro KOMIOHEHTa HEPBHOW CHCTEMBI
nonunoB Cassiopea xamachana coOTBETCTBYET THIHWYHOW OpPraHU3allMd HW3YYCHHBIX CHU(POUIHBIX

noiumnoB. Takoii THIT OpraHu3aIiK, BEPOSTHO, OJIM30K K aHIIECTPAIbHOMY COCTOsIHUIO cpenu Cnidaira.

2) Ilnanynoun Cassiopea xamachana siBiseTcs BCTABOYHOWM cTajueil B mporiecce 0Oecrmoioro
Pa3MHOXKCHHS TIyTEM JIaTePaIbHOIO TOYKOBaHHS, oOecneunBaromeid 3(QQeKTUBHOE paccelieHHe W
OBICTpBIN MeTaMOp(03 B TOJIMIT HOBOTO TIOKOJICHHS 32 CYET PAHHETO PAa3BUTHUS TOJUIOHUIHBIX YEpPT

OpraHu3aIiu.
AnpoGanusi M myOJIUKAIUN

[To marepuanaMm auccepTauuu ObLIO OMyOJMKOBaHO 7 meyaTHbIX pa®or. M3 HMX 3 — cTarhu B
Hay4HbIX JKypHajlaX, MHAEKcHpyeMmblx cuctemamu WoS wu/mnu Scopus, 4 paboTbl OnyOIMKOBAaHO B
MaTepuaniax MeXIyHapOJHbIX U BCEPOCCUNCKUX KOH(EpEeHIH.

Martepuansl quccepTalii ObUIHM MPEICTaBIEHbl Ha CAEAYIOIUX BCEPOCCUMCKUX U MEXTyHAPOIHbBIX

KOH(EepeHIHUAX:

1. XabuOynuna B. P. «Pa3Butue u meramopdo3 mianynonoa00Hbx modek Cassiopeia xamachana
(Cnidaria: Scyphozoa)», HOOuneiinas koHdepeHuuss B uecTb 160-Tuneruss kadenpsl 300J0THH
0ecIo3BOHOYHBIX «300J0THsI O€CITO3BOHOUHBIX — HOBBIN Bek», MockBa, 19-21 nexabps 2018.

2. XabubOynuna B. P. 3aitnynnuna b. P. «Pa3BuTre MycKynaTypbl IUIaHYJIOMOA00OHBIX MOYEK MPH
OecriosioM pa3MHOXEHUH ToiunouaHoro mokosieHus Cassiopeia xamachana (Cnidaria: Scyphozoa).»
MexnayHnapoaHass HaydHast KoH(eperuus «JlomonocoB 2018», MI'Y umenn M.B. Jlomonocosa, 9-13
anpens 2018.

3. Xabubynuna B. P. «O HepBHO# cucteme cum@oIoaunoB 1 mianyaouo Cassiopea xamachana
(Cnidaria: Scyphozoa)» Mexnynapoanas Hay4uHast kKoHpepenuus «Jlomonocor 2020», MI'Y umenun M.B.
JlomonocoBa, 10-27 Hosi0pst 2020.

4. XabuOynuna B. P. «Xapaxrep nponmdepaTnBHON aKTUBHOCTH B TKaHsAX ciuductom Cassiopea
xamachana (Scyphozoa: Rhizostomeae) B mpornecce hopmMupoBaHHs IUIaHYJIOHIOB.» MeXayHapoaHas

HayyHas KoHpepeHuus «JIomonocos 2021», MI'Y umenu M.B. Jlomonocosa, 12-23 anpens 2021.



[TyOnukanuu no MaTepuaiam JuccepTaluu:

1) Khabibulina V., Starunov V. Musculature development in planuloids of Cassiopeia xamachana
(Cnidaria: Scyphozoa) //Zoomorphology. — 2019. — T. 138. — Ne. 3. — C. 297-306.

2) Khabibulina V., Starunov V. FMRFamide immunoreactive nervous system in the adult
Cassiopeia xamachana scyphopolyp and at the early stages of planuloid formation //Invertebrate Zoology.
—2020. - T.17. — Ne. 4. — C. 371-384.

3) Khabibulina V., Starunov V. 2021 Proliferation activity in the polyps of Cassiopea xamachana:
where the planuloid buds grow //Biological Communications. — 2021. — T. 66. -Ne 4. — C. 333-340.

JIM4YHBIA BKJIAJ aBTOpPA:

ABTOp AaHHOM pabOThl MPUHMMAJ AaKTUBHOE y4acTUE BO BCEX 3Talax padOThl: OCTAaHOBKE LIENIU U
KOHKPETHBIX 3ajJa4, IIOMCKE W aHajJu3€ HayyHOM JIUTEepaTypbl, IUIAHUPOBAHUU OSKCIIEPUMEHTOB,
COJIEpKAHUU KYJIBTYPBI MOJUIOB, OJrOTOBKE 00pa3l0B, IPUMEHEHUH METOJ0B UMMYHOTUCTOXUMHUH U
meuenus JJHK-cunTe3upyromumx KieTok, onTu4eckoi, (GayopecrieHTHONH U KOH()OKaIbHON MUKPOCKOIINH,
00paboTKe MOMYYCHHBIX M300paKEHMIA, a TakKe B MHTEPIPETALNU TOITYYCHHBIX NAaHHBIX, HAIIMCAHUH

HAyYHBIX MyOIMKaIMi U UX MPeACTaBICHUN Ha KOH(EPEHIMSIX U B HAYUHBIX ITyOJIUKaLIUsAX.

Hean padoThI:
W3yueHne opraHM3allii MYyCKYJIaTypbl ¥ HEpBHOW cucteMsl y monumnoB Cassiopea xamachana
(Scyphozoa: Rhizostomeae), a Takxke OCOOCHHOCTEH pa3BUTHS ITHUX CHCTEM B IpoIlecce OecIosioro

Pa3MHOKEHHUsI ITyTeM 00pa30BaHUs TUIAHYJIOMOJOOHBIX TTOYEK.

3agaun padoTsI:

1) WM3y4uTh OCOOCHHOCTH CTPOCHHUSI HEPBHOM M MBIIICYHOMN CHCTEM B3pOCbiX nosumnoB Cassiopea
xamachana;

2) TlpoaHanu3upoBaTh MPOLECC 3aKIAAKH M pa3BUTHA MycKynatypbl 1 FMRFamuaepruueckoro
KOMITOHEHTa HEPBHOM CHCTEMBI IUTaHyJI0n0A00H01 ouku Cassiopea xamachana,

3) BbIABUTH BepOSTHBIC 30HBI MPOJU(EPATUBHON AKTHBHOCTH MPU MOYKOBAHHM M JATbHEHIIIEM

pocrte mianynonoa00Ho# mouku Cassiopea xamachana mpu momoru meuenust EJU.



00630p auTEpaTypbI

1. Ocobennoctu Oopranu3anum HepBHOﬁ H MbIILIEYHOI CHCTEMBI IOJHIIOB B PAa3JIHYHBIX

rpynnax Cnidaria

OCOOEHHOCTH OpraHU3allMd HEPBHOW M MBIIICYHOH CHCTEM KHHIAPUH SBIISIOTCS OOBEKTOM
HPUCTATBHOTO Hay4HOTO HHTepeca. [Tockonbky Cnidaria cuuraeTcst CeCTPHHCKOM MPYIITON MO OTHOIICHUIO
k Bilateria (Baguia et al., 2008 [17]; Collins, 2009 [43]), kak HepBHas1, TaK U MBILIICYHAS] CUCTEMA, C OJHOM
CTOPOHBI, MOTYT COXPAaHSTh MPUMHTHBHBIC MPHU3HAKH, CBOMCTBCHHBIE OOIEMY IPEIKY, a C IPyrou
CTOPOHBI, 00JIAIAI0T YHUKAIbHBIMUA Y€PTaMH, BO3HUKIIIMMH B X0/I¢ He3aBrcuMOo# 3Bouttoiiu (Bosch et al,
2017 [26]).

K TakuM yHUKaJIbHBIM 4YepTaM OpPraHHW3alli¥ MBIIICYHOW CHCTEMbl KHHIApPHH MOKHO OTHECTH
OTCYTCTBHE, 33 PEIKUM HCKIIOYCHHUEM, HACTOSANIMX MbImeyHbiXx Kietok (bexnemumes, 1944 [1]).
Myckynarypa KHUAApUd MpeiCTaBieHa B IOJABIIAIONIEM OOJBIIMHCTBE CIy4acB SIMUTEIHAIBHO-
mbinieunsiMu Kiaetkamu (Leclére, Rottinger, 2017 [113]). AnukanbHas 4acTh TAKOH KICTKH HAXOIUTCS B
SIUTEINAIBHOM CJIO€, a OT €€ 0a3aJbHOM YaCTH OTXOMAAT OTPOCTKH, COIEPIKAIIME, KaK ITPABUIIO, TIIAJIKHE
mbliieuHbie BojokHa (Chapman, 1974 [35]). B othenpHBIX cilydasix y KHHIapHid 000COONSIOTCS
CaMOCTOSITENIbHBIC MBIIICYHbIC KICTKH, HA3bIBACMbIE MHOIMTAMH, 3aJICTAIOINNE CYOSMHIAECpPMAIbHO B
Me30rJice, ¥ He UMEIOIIHME CBSA3HU C SMUTETHAIBHBIM CII0eM. DTO, B YACTHOCTH, IPOUCXOTUT B MBIIICUHBIX
Bannkax y Anthozoa u meimeunsix geatax Scyphozoa (Leclére, Rottinger, 2017 [113]). B peakux ciaydasx
SIMTENHATBLHO-MBIIIEYHBIE  KJIETKH  MOTYT  IIOJIHOCTBIO ~ OTCYTCTBOBaTh, Kak, HampuMep, V
CBOOOHOKHUBYIIHX MOJHITO-MTOI00HBIX cTafauii mapasura Polypodium hydriforme (Raikova, Ibragimov,
Raikova, 2007 [155]). Y akTHBHO IUIaBAIONIMX METy3 HMEIOTCS MOMEPEUHO-TI0I0CATHIC MBIIIICYHBIE KICTKH
9KTOJAEPMAIBHOTO TPOUCXOKIECHHS, OJHAKO OTH KIETKH, [O-BHAMMOMY, BO3HHKIM HE3ABHCHMO OT
Bilateria (Seipel, Schmid 2005 [170]; Steinmetz et al., 2012 [179]). Hanuune mogoOHBIX 000COOIEHHBIX
OT SIUTEIUATBHOTO CJIOS MBIMICYHBIX KIETOK, M, B OCOOCHHOCTH, HESCHBIA MyTh WX (OPMHUPOBAHUS,
SBJISIETCSI TIPEIMETOM OYKHBIICHHOM IMCKYCCHH O TPOUCXOXKIECHHH Me307epMbl B dBoJrormu Metazoa.
BaXHBIM CBOMCTBOM SITUTEIMATBHO-MBIIIEYHBIX KJICTOK KHUIAPHH SIBISCTCS CIOCOOHOCTDH TepeaaBaTh
UMITYJIbCHl BHYTPH KJIETOYHOTO CIIOS M, TaKMM OO0pa3oM, OCYINECTBJIATH Ilepeaady CHrHajga 0e3
HETOCPEJACTBEHHOr0 yJacTHsi HepBHBIX dyemeHToB (Mackie, Passano, 1968 [120]). Dta ocobeHHOCTH
crocoOCTByeT OoJiee KOOpAMHUpPOBaHHON pabote mbimieuHbix BosiokoHn (Westfall, 1973 [200]). Takum
00pa3zoM MOryT (hOpMHPOBATHCS CKOTUICHHSI OTHOHAIIPABICHHBIX MBIIIEYHBIX (PHOPHILT, paboTaroIIne KaK
o/Ha QpyHKUIMOHANBHAs equHMIA. B 3TOM ciiyyae Takoe oOpazoBaHue MPUHATO i yA0OCTBa 0003HAYATh
KaK «MBIIIIY»: KaK, HAllPUMEDP, KOJIBIIEBOM MYCKYJI KyIIOJIa MEY3.

XapakTepHOil O0COOEHHOCTBIO CTPOCHHS HEPBHOM CHUCTEMBI KHHUIapHii siBiseTcs ee auddysHas

opraHu3anuys. dakTHUeCKU HEpBHAsA CUCTEMa MPCACTABJICHA OTACIbHBIMU HCPBHBIMH KICTKAMU U HUX



OTPOCTKaMH, KOTOPbIE MOTYT OOpa30BBIBATh CKOTUICHHS, OJHAKO HUKOTIA HE (OPMHPYIOT HACTOSIIUE
TaHMIMK | JIHHEBIE TpoBosmue myTH (beximemuries, 1944 [1]). OtHocHuTeNnbHO ci1abast KOHIIEHTPALIUS
JJIEMEHTOB HEPBHOM CHUCTEMBI TECHO CBS3aHA C SIPKO BBIPAXKCHHOW paJWaJIbHOW CUMMETPUEH Tella
crpekatorux (Spencer, Arkett, 1984 [177]). [TomoOHOe OTCYTCTBHE HEPBHBIX CKOIUICHHUH, IpaBaa
BTOPHYHOE, HAOIIOIACTCS TaKXKe y paJdalbHO-CHMMETPHYHBIX HIIIOKokuX (Arnone et al, 2015 [12]).
HecMoTpst Ha OTHOCUTEIIBHO POCTOE 00IIee YCTPOHCTBO HEPBHBIX CHCTEM KHUJIAPUN, UM MTPHUCYIIE
60sb110€ MOP(OTIOTHYECKOE pa3HO0Opa3ue HEMPOHOB: YHUTIOISPHBIX, OUTIOISIPHBIX M MYJIbTUIIOSPHBIX.
B Heiiponax He mpoucxoaut auddepeHnnanuy Ha akCOH U JICH/PHT, MIO3TOMY 3a4acTyl0 BCE HEPBHBIC
OTPOCTKH HaszbIBaloTCs «HerpuTamm» (Koizumi, 2016 [108]). Ilepemaua curnama B HEPBHBIX KJIETKax
KHUJApUI MOXKET OBITh KaK OJTHOHAIIPABJICHHOM, TaK U JAByHarpaBieHHoW. Kpome Toro, HepBHbIC KICTKH
MOTYT OBITh MYJIBTU(QYHKIHMOHAJIBHBIMU: OJMH HEHPOH MOXET BBINOJHITH CCHCOPHYIO (DyHKIHIO,
OCYIICCTBIIATh IEpefady CUTHANa M WHHEPBHPOBATh JIUTEIHAIbHO-MycKynbHble KieTku (Westfall,
Kinnamon, 1978 [202]). Bonbuiyo posib B QyHKIIMOHUPOBAHUU HEPBHOW CHUCTEMbI KHHIAPHHA HIPAIOT
pasHoobpasubie Heiipomeauaropsl (Grimmelikhuijzen et al, 2004 [71]; Takahashi, 2020 [185]). B ux uucne
KaK HHU3KOMOJICKYJISIPHBIC COCIMHCHUS: AallCTHIXOJIMH, CEPOTOHHH, raMMma-aMHHOMACIIsSHAs KHCJIOTa
(GABA), rnunuH, TayTaMUHOBAas KUCJIOTa U JPyrue, Tak ¥ HeWponentuasl, Hanpumep, FMRFamun u
GLWawmup (Kass-Simon, Pierobon, 2007 [98]; Takahashi, Takeda, 2015 [186]). Dtu HeiipomeauaTopbl
NPEJICTABJICHBI B HEPBHBIX CUCTEMaX M JIPYTMX MHOTOKJICTOYHBIX XHBOTHBIX M, TO-BUAUMOMY, BOSHUKIIU
erie y o0IIIero npeaka KHUaapuii U OunarepaibHbIX )HBOTHBIX (Watanabe et al, 2009 [195]).
3HaYMTENbHAS YaCTh JAHHBIX O Pa3HOOOPA3UH, YCTPOMCTBE M OCOOCHHOCTAX (YHKIIMOHHPOBAHHMS
HEPBHBIX M MBIIICYHBIX CHCTEM KHUJAPHH KacaeTcs MEIAy3OMIHBIX CTaauil. B oOrieM BuIe HepBHas
crcTeMa Mey3 MpelCTaBIeHa MOTOPHON U TU(dy3HOH HEPBHBIMHU CETSMH, a TAK)KE€ HEPBHBIM KOJIBIIOM
(Katsuki, Greenspan, 2015 [99]). MoropHass uiM WHaue JBUraTeibHas HEPBHAs CETh HHHEPBHPYET
TJIaBaTeNbHYI0 MYCKYJIaTypy CyOyMOpesibl (HM)KHEW 4acTh «30HTHUKay Meay3bl). KpymHbeie HEHpOHBI B
9TOM CETH PACIIOJIOKEHBI MO OOJBIIEH YaCcTH HEyHNOpSAAOYEHHO U 00Ja/1at0T 0OBIYHO ABYMsI HEWpUTaAMU
(Anderson, Schwab, 1981 [7]; Satterlie, 2002 [165]). Curnan OT HECKOIBKHX aKTHBHPOBAHHBIX HEHPOHOB
OBICTPO M Pa3HOHATPABICHHO PAaCIpPOCTPAHSIETCs 1O BCell ceTH, oOecneunBas CHHXPOHHOE COKpaIlIeHHe
myckynarypsl (Satterlie, Eichinger, 2014 [166]; Pallasdies. et al, 2019 [148]). uddy3Has HepBHas ceTh
y4acTBYeT B PErYJISLIUH aKTUBHOCTH JIOKOMOIIMM MENy3bl, XOTS HEMOCPEICTBEHHO IUIABATEIbHYIO
Mmyckynarypy He mHHepBupyer (Katsuki, Greenspan, 2015 [99]). Heiiponsl 3T0l ceTH, HO-BHIMMOMY,
KOHTPOJIUPYIOT COKpAIIEHHE IIynaiel], KOJbIIEBOr0 MYCKYJa, OCYIIECTBISIOT CEHCOPHYIO (DYHKIHUIO M
CBSI3b MEXJIy dKCYMOpeIion (BHEIIHEH YacThiO «30HTHKA» MeAy3bl) u cyoymoOpemtoit (Arai, 1997 [8];
Satterlie, Eichinger, 2014 [166]; Pallasdies. et al, 2019 [148]). HepBHbie 371eMEHTBI 3TUX JBYX HEPBHBIX
cereil, Mo-BUIMMOMY, HE KOHTAKTUPYIOT MEXIy CO00#, XOTs MX (YHKIMOHAIbHBIE HArPy3KH TECHO
cszanbl (Aral, 1997 [8], Pallasdies. et al, 2019 [148]). Koopaunarust paboTbl MOTOpHOM U nuddy3HOM

HEPBHBIX ceTel u MOBEACHHA MEAY3bI B LICJIOM OCYIHICCTBIIACTCA B HCPBHOM KOJIBIC U CBA3aHHBIX C HUM
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ceHcopHbIX cTpykTypax (Mackie, 2004 [119]; Garm et al., 2007 [60]; Koizumi et al., 2015 [109]). Hepsroe
KOJIBIIO TPEICTABISIET COOO0M CKOIJICHHE HEHPOHOB M MX OTPOCTKOB, PACIOJIOKEHHBIX 1O Kpar KyIoJja
Meny3bl. HemocpeacTBEeHHO IIEHTPhl UHTErPAIlK, BEPOSATHO, PACIIONOKEHBI B OCOOBIX YYBCTBUTEIILHBIX
opraHax Ha Kparo kymoja — ponanusx (Garm et al., 2006 [59]; Skogh et al., 2006 [173]). B Hux
CTPYMIUPOBAHbI OPraHbl paBHOBECHS U (POTOPELIENTOPHBIC CTPYKTYPHI, JOCTUTAIOIINE Y HEKOTOPBIX BHI0B
oonpmoii  cnokaoctu (Martin, 2002 [124]). Ha ceroasmiHuii [OeHb BCE dalle IpeaaaracTcs
paccMaTpuBaTh HEPBHOE KOJIBIO M PONIAJIMU B KAYECTBE IICHTPAIBHON YaCTH HEPBHOM CUCTEMbI ME1y3bl, B
TO BpeMsl Kak ee nepudeprudeckue oTaeNbl MPEICTaBIaI0T MOTOopHas U quddy3Has HepBHbIe cetu (Garm
et al., 2006 [59]; Satterlie, 2011 [164]).

B psiny menys kimaccoB Scyphozoa — Hydrozoa — Cubozoa nabimrogaercst yCiaoKHEHHE OpraHu3aiy
HEPBHOTO KOJIbI[a W HEPBHBIX KJIACTEPOB POIMAIMEB, KOTOPOE BBIPAXKAETCS B IOBBIMICHHH CTEICHH
KOHIICHTPAIMM HEPBHBIX DJIEMCHTOB, HX MOpdosiornyeckoil u (yHKIHMOHAIBHOUW Tu(depeHIIauu
(Katsuki, Greenspan, 2015 [99]). To e MOXHO cKa3aThb U O MOP(OJOTHUECCKOM PSJIE YCIOKHCHHS
OpraHM3alui MyCKyJIaTypbl. Y CUU(GOUIHBIX MEIy3, KOTOpbIe OOBIYHO JOCTHTAOT KPYITHBIX Pa3MEpOB,
MBIIIICYHAs] CHCTEMa MPEICTAaBICHA MBIIIIAMHE II[yMaJel], KOJbIIEBBIM MYCKYJIOM U MOIIHBIMH MBIIIIIAMH
cyoymopertst (Anderson, Schwab, 1981 [7]; Zimmerman et al., 2019 [212]). V ruapomeny3 u Kyoomeay3
000c001s110TCsT (PYHKIIMOHAIBHBIC TPYIIIBI MBIIII] BETIOMa, MaHyOpryMa W ocHOBaHuit nynaser (Seipel,
Schmid, 2005 [170]; Satterlie et al, 2005 [167]). Myckynatypa Meny3 IpeacTaBieHa 1Mo OOJIbIICH YacTH
TNIQJAKUMH  MBIIIIAMH, OJHAKO B COCTaBe IUIABATENIBHOM MYCKYJAaTyphl NPUCYTCTBYIOT TaKXke U
nornepeyronosocateie MbImil (Chapman, 1968 [39]; Seipel, Schmid, 2005 [170]). B coBokymHoCTH,
YCIIO)KHEHHE CTPOCHHSI HEPBHOM M MBIIIICYHOI cUCTEeMBI B psiay Menay3 Scyphozoa — Hydrozoa — Cubozoa
oOecrieunBaeT Bce OoJiee CI0KHOE TIOBE/ICHHE.

JlaHHBIX 0 pa3HOOOPA3UU U OCOOCHHOCTSIX OPTaHU3aIlUN HEPBHO-MBIIICYHBIX CHCTEM MOJIUTTOUTHBIX
CTaJuil CYIIECTBEHHO MEHbIIE. DTH JaHHBIC MMOYTH MOJHOCTHIO HCUEPITBIBAIOTCS pabOTaMH O U3YUECHHUIO
KJIACCHUYECKUX MOJICIIBHBIX OOBEKTOB. BONBIIMHCTBO pabOT IO WCCIEAOBAHUIO MYCKYJIATyphl H
HEWPOOHMOIOTHH KHHUIAPUI OBUTH BBIMOJIHEHBI Ha MPECHOBOIHBIX THAPOUAHBIX mojumax Hydra spp.
(Galliot, 2012 [58]) u akrurusx Nematostella vectensis (Darling et al., 2005 [51]).

HepBhast cucrema rtuapsl BimouaeT aud@y3HO pPacloNOKEHHBIC HEPBHBIE JJIEMEHTHI B
racTpoJiepMKcCe U SIUJACPMHUCE Teja, HMIyNajablax IMOJHIA, a TAaK)Ke JBa HEPBHBIX ckoruteHus (Burnett,
Diehl, 1964 [28]; Sakaguchi, Mizusina, Kobayakawa, 1996 [161]; Griinder, Assmann, 2015 [72]).
MeHblliee U3 3TUX CKOIUIGHUH HAXOIUTCS B IOJIOIIBE, B TO BPeMs KakK JIPyroe, Ha3blBaeMOE HEPBHBIM
KOJIBIIOM, TPHYPOYCHO K OONAacTH THIIOCTOMA. B HEPBHOM KOJbIE MPOUCXOIUT HAMOONIbIIAs
KOHIIEHTPAIIUS HEPBHBIX 3JIeMEHTOB. OHO COCTOMT W3 YYBCTBUTCIIBHBIX KJIETOK, TEN HEHPOHOB M HX
OTPOCTKOB, PAcCIOJIAraloNIUXCsl KaK MUPKYMIHIIOCTOMAIbHO, TaK M PAJUAIBHO — IO HAIMPABICHHIO OT
runocromMa kK ocHoBanusam mymaien (Grimmelikhuijzen et al., 1989 [70]). K HepBHOMY KOJIbIly Takke

MOJXOAT POIOJILHO OPHEHTUPOBaHHbBIC HepuThl Tena ruapsl (Davis et al., 1968 [52]; Koizumi et al.,
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1992 [110]; Koizumi, 2007 [107]). BeposiTHO, HEPBHOE KOJBIIO MIPAET POJIb WHTETPATHBHOIO IIEHTPA
xuotHoro (Koizumi, 2007 [107]; Badhiwala et al., 2020 [16]). B 3aBucumocTH OT pacrpeacieHus
pa3MyHbIX HelpoMearaTopoB, Takux kak FMRFamun, RGamun, LWamun, GABA (gamma-aminobutyric
acid - raMmma-amMmuHOMAcIsIHAs Kuciiota) U Hym (cnieruduyeckuit HeliponenTu i, 00HapYKEHHBIH y THAPHI)
B HEPBHOW CHCTEME THAPHI BBIACIAETCS HECKOJIBKO cyOmomyisiuii Heiiponos (Sakaguchi, Mizusina,
Kobayakawa, 1996 [161]; Yum et al., 1998 [210]; Hansen, Williamson, Grimmelikhuijzen, 2002 [75];
Concas et al., 2016 [44]). Takum oOpa3zoM gocTUTaeTCs peruoHanu3anys u AuddepeHnuanus pa3andHbIX
dyukumii B tuddysnoit HepBHoit cetu (Noro et al., 2019 [140]). Hanpumep, cyOnomnymsius HEHPOHOB,
9KCTpeccupyonmx Heiipornentun Hym-176, KOHTponupyeT NpOAONBHOE COKpAllleHWe Tella, W He
y4acTByeT B MHBIX aBrxkeHusx ruapsl (Noro et al., 2021 [141]).

Myckynatypa THAPHI TpPEACTaBICHA SIHUTEIHAIbHO-MBIIICYHBIME KJIETKAMH B SIUACPMHCE U
ractpoaepmuce (Mueller, 1950 [134]; Szymanski, Yuste, 2019 [184]). MebliieuHbie OTPOCTKH B 3TUX CIIOSIX
OpPUEHTHPOBAHBI OPTOTOHAIBHO. B sammaepmMuce oHU pacnosaraioTcs Ipoa0JIbHO OpajIbHO-a00pabHOM OCH
Tela, a B TacTpoJepMuce 00pa3yIoT KOJIBIEBYIO MYCKYJIaTypy, BEICTYIIAs B KAYECTBE MBI -AaHTarOHUCTOB
(bexnemumes, 1944 [1]; Haynes, Burnett, Davis, 1968 [77]; Takahashi-lwanaga, Koizumi, Fujita, 1994
[187]). Myckynarypa miynajen THApBI MPEICTAaBICHA, B OCHOBHOM, HPOJOJbHBIMU SHMUTEIAAIBLHO-
MyckyiabHbIMU KiieTkamu (Otto, 1977 [146]). B runocrome MycKyJIbHBIE OTPOCTKH SIHICPMATIBHOTO CIIOS
OPHEHTHPOBAHbl PAIHAIBHO, a OTICIbHBIE TracTPOAECPMANbHBIE KICTKH (OPMHUPYIOT KOJIBICBEIC
MBIIICYHbIE OTPOCTKH BOKpYr portoBoro otBepctust (Wood, 1979 [207]). IlomoOHelii xapaktep
pacIoIoKeHUs] HEPBHO-MBIIICYHBIX 3JEMEHTOB OTMEYEH W Yy JAPYrHX moiaunounHbix ¢Gopm Hydrozoa:
Coryne sp. (Golz, 1994 [66]), Cladonema sp. (Mayorova, Kosevich, 2013 [128]), Gonothyraea loveni
(Mayorova, Kosevich, 2013 [130]).

Jnst monmumoB Nematostella vectensis xapakrepen Gosee CI0XHBIH cOCOO OpraHU3alMd HEPBHO-
MBIIIEYHOH cHCTeMBl. MycKyJaTypa aKTHHHW TIPEICTaBJIEHA MBIIIIAMHA Tella ¥ MBIIIIAMU IIyTajell
(Frank, Bleakney, 1976 [56]; Jahnel, Walzl, Technau, 2014 [96]). B Tene pacrnonaratotcs mpooIbHbIC
HapHUeTaTbHBIC MBIIIIBI H MYCKYJIBI-PETPAKTOPbI, MpuypoucHHbIe kK Me3enTepusm (Williams, 2003 [206]).
[TapueranpHas MycKylaTypa pa3BUTa OTHOCHUTEIBHO CIa00 M JIOKAJIM30BaHAa B MECTaxX MPUKPEIUICHHS
ME3EHTEPHEB K CTEHKE Tesia. MBIIIIBI-PETPaKTOPhl Pa3BUTHl HanOoJIee MOITHO, OHH MPHUKPEIUISIFOTCS K
BETBSIIIMMCSI BBIPOCTAM ME30TJIEM ME3EHTEPHEB, YTO IO3BOJISIET KOMITAKTHO PACIIONIOXKHTH OOJbIIee
KOJIMYECTBO COKPATUMBIX eIWHHIL. [10/I00HBIH BapuaHT OpraHU3allid MYCKYJIaTypbl HHOT/Ia HAa3bIBACTCS
nepbeBuIHBIM (beknemures, 1944 [1]). KonblieBas MycKysaTypa pacroyiaraercs B CTEHKE Tella, KHapyKH
OT TIPOAOJBHBIX MBIIII. B OTIMYMe OT THUAPHI, BCE MEPEUNCICHHBIE MBINICYHBIE 00pa30BaHUS UMEIOT
racTpoZiepMalibHOE MPOUCXOKACHWE. MyCKynaTypa IIymauel] TakXKe IMPeICTaBlieHa TPOIOJbHBIMA U
KONBIIEBBIMA ~ MbImamu.  KoimblieBass ~ MycKyjlarypa oOpa3oBaHa  MBIIICYHBIMH  OTPOCTKAMH
racTpoJepMalbHBIX KIETOK, MPOJOJbHAs — MBIIIEYHBIMH OTPOCTKAMH SIHIACPMAIbHBIX KIEeTOK. [lo

KpaiiHeil mMepe, IJIs 4acTU KJIETOK (MBIIII-PETPAKTOPOB U MPOAOIBHBIX MBIIII LIYTajel]) XapaKTepHO
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000Cc00JICHHE OT SMUTEIUATBLHOTO CIIOSE K COOTBETCTBEHHO PEYKIIUS SMUTEIHATbHON YaCcTH KICTKH. Takue
KJIETKH Ha3bIBAIOTCS MUOIUTAMH U (PAKTUYIECKH CTAHOBSITCS CAMOCTOSATEIbHBIMU MBIIIICYHBIMH KJICTKAMHU,
obnamaromumMu  coOCTBEHHBIM siepHbIM ammaparoM (Leclere, Rottinger, 2014 [113]). V apyrux
npencraBureneii Anthozoa o0l ian OpraHU3alMy MBIIICYHON CHCTEMbI COXPAHSIETCS, OTHAKO Y4acTO
HOJTy4aeT JOMOJHUTENIbHbIC MOAUMDUKAIMH, CBA3aHHBIE ¢ OCOOCHHOCTSIMU OMOJIOTHH KOHKPETHBIX BH/IOB
(Batham, Pantin, 1951 [19]; Swain et al.,, 2015 [183]). Takue MoamduKamUd MOTYT BKIIFOYATH
CIICIHAN3AINI0 MYCKYJIaTypbl MOJOIIBEl B CBS3U C MPUKPEIUICHHBIM WM POIOIIHNM 00pPa3oM KH3HH.
PacriosiosxeHne MBIIICUHBIX BAJIMKOB HA ME3CHTEPHUAX TAKXKE BAPbUPYET B PasIMUHbIX rpymmax Anthozoa,
YTO 3a4acCTyIO SABJIsIETCS TakcoHoMuueckuM mpusnakom (Daly, Fautin, Cappola, 2003 [50]; Swain et al.,
2015 [183]; Stampar et al., 2016 [178]).

OT4acTd B COOTBETCTBUHU C PACIIOJIOKEHHEM MYCKYJIATyphl OpraHn3oBaHa HepBHas cuctema N.
vectensis. Kak u y ruapsi, nuddys3Has HepBHas CeTh B TeJe aKTHHUM BKJIIOYACT JMUACPMATIBHYIO U
ractponepmanbhyto yactu (Nakanishi et al., 2012 [137]). Oxnako y N. vectensis HepBHbBIC 3JIEMEHTbI
00pa3yioT CKOIUICHHS BIOJb MPOIOJIBHOW MYCKYJATypbl ME3€HTEpPHEB, Ha KOHYMKAX MIyIajel U B
nozgomse (Kelava, Rentzsch, Technau, 2015 [101]). HauGonblieli KOHIIEHTPAIUH OHHU TOCTHTAIOT B IBYX
HEPBHBIX KOJIbIIAX: OpaabHOM U (papunreansHoM. B HepBHOIt cucteme N. VeCtensis mokaszaHo nprcyTCTBUE
FMRFamuna, GABA u cepoTOHMHEPTrHYeCKUX CyONOMyJSIHi HEHpPOHOB, 3aHUMAIOIIUX PA3TUIHOE
nonoxkenre B tene (Marlow et al.,, 2009 [122]). Heiipoust cyonomyssiiua GABA mnpuypodeHsl K
IIyMaiablaM U TI0TKe, B TO BpeMsi kak FMRFamuaeprudeckue HeipOHBI 10 OOJIBIIIEH YaCTH JIOKATH30BaHbI
B CTEHKE Telia, COMPOBOXKIAIOT ME3CHTEPHAIBHYIO MYCKYJIaTypy M BXOJIST B COCTAB HEPBHOTO KOJIBIIA.
Cxonnass kaptuHa pacnoioxeHuss FMRFamunepruueckux HEpBHBIX 53JI€MEHTOB HaOdoAaeTrcs y
MUTAIOIINXCS 300MI0B KoMoHMambHBIX Anthozoa: mopckoro mepa Renilla koellikeri (Pernet, Anctil,
Grimmelikhuijzen, 2004 [150]), BocemuyueBoro kopamia Eunicella cavolini (Girosi et al., 2005 [64]) u
mrecTriIyueBoro kopasuia Acropora millepora (Attenborough et al., 2019 [13]).

HepBHast cucreMa W MyCKyJaTypa MOJHIOUIHBIX CTaaWil TPEICTABUTENCH IPYTrHX TaKCOHOB
KHHJApUH W3y4YEeHBI B TOPA3/I0 MEHbIICH Mepe. Y CTPOCTBO HEPBHO-MBIIICYHON CHCTEMbI KYOOIIOIUIIOB
OTYACTH MCCIICIOBAHO Ha YIBTPACTPYKTYPHOM YpOBHE y nBYX BuoB: Tripedalia cystophora u Carybdea
sp. (Werner, Chapman, Cutress, 1976 [198]). Myckyatypa KyOomoJuia npeacTaBicHa SMuaepMalbHbIMU
SIUTETHATEHO-MBIIICYHBIMA KJIETKAMH W MHOIIUTAMH, BEPOSTHO, TaCTPOJAECPMATIBHOTO TPOUCXOXKICHHUS,
pacronararouMKcs B Me3oriiee. MbIIIeYHbIe OTPOCTKU ITHX KJIETOK B paifOHE racTpajgbHOrO OT/ENa Tela
IPOXOJIST KaK B IPOJIOTBHOM, TaK M B KOJBIIEBOM HAMPABICHUSX, YTO, B IIEJIOM, HATOMHHAET OPraHU3aI[HI0
MYCKYJIATypBI Y THAPOMIHBIX MOIUTIOB. [IpOI0IBHBIE MBIIIEYHBIE OTPOCTKH TAKKE OTMEUYEHBI B CTEOCITBKE
¥ THUIIOCTOME, TJ€ WM COIMYTCTBYIOT OTICIbHBIE paJHalbHble OTPOCTKH. HepBHBIE 3JIEMEHTHI
pacronaratoTcsi MapajuieibHO MYCKYJaType, W, IO-BUAMMOMY, TaKke HE O00pa3ylT Kakux-Tu0o
CKOIUICHHUH, 3a MCKJIIOYCHHEM JBOWHOTO HEPBHOTO KOJIbIIA, PACIONATAIOIIETOCS MEXIY OCHOBAaHHSIMH

mrynaner 1 rumocroma (Chapman, 1978 [37]). Tem He MeHee, ¢ MOMOIIBIO METOIOB TPAHCMUCCHOHHOMN
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JIEKTPOHHONW MHUKPOCKOITHH CJIOXHO TPOCICAUTH OOIIYIO TOMOJIOTHIO HEPBHO-MBIIICYHBIX 3JICMEHTOB, U
3TOT aCMeKT, a TAK)Ke 0COOCHHOCTH HEHPOXHUMUYECKOW OPraHU3allii HEPBHOW CHCTEMbI KyOOIIOJIUIIOB JI0
CHX OCTaIOTCSI HEBBISICHEHHBIMH.

HepBHast u MbliieyHass cucreMa CIH(OUIHBIX TOJIHMIIOB TaKXKe HCcieAoBaHa ciabo. PaborTsr,
MOCBSIIEHHBIC N3YUYCHHUIO OPTaHM3aAINU TUX CHCTEM MPAKTHYECKU MCUYCPIIBIBAIOTCS H3YYCHUEM MOJTUITOB
Buma Aurelia aurita. Myckynarypa cruductom A. aurita mpeacraBieHa MpPOIOJIbHBIMUA MBIIIIIAMH
IIynajier, paJdaJbHbIMA MBIIIAMHA THIIOCTOMA, a TaK)Ke MPOJOJBHBIMH MBIIIIAMH HOXKH M TeEla.
Meliel, Kak MpaBHiIO, O0Opa30BaHbl JMUTEIHAIBHO-MBIIICYHBIMA KJIETKAMH, 33 WCKIIOYCHHEM
IPOIOJIBHOM MYCKYJIaTyphl HOKKH M Teja, CHOPMHUPOBAHHON MHUOIUTAMH. MHOIUTHI CTPYNITUPOBAHBI B
MBIIIICYHBIC JICHTBI, IPOXO/ISIIKE B CENTaX — YEThIPEX CKIIAIKaX IracTPOJCPMHICA U ME3OTJICH, BIAIOIIHXCSI
B racTpajibHYI0 1os1ocTh. HepBHas cuctema ciudormonumnos A. aurita mpecraBieHa JIUIIb STHICPMAaTbHOMI
HEPBHOW CEThIO B TeJe W IIymaibllaX, W CJIa00-KOHIIEHTPUPOBaHHBIM HepBHBIM KoubiioMm (Chia,
Amerongen, Peteya, 1984 [40]). Ilo kpaiiHeii Mepe, YacThb 3THUX HEPBHBIX DJIEMEHTOB SIBIISICTCS
FMRFamuaeprudeckuMu: OHH BXOIAT B COCTaB HEPBHOTO KOJbIIA, 3al€raloT B MIyMalbllax M
CONPOBOXKIAIOT MPOIOJIBHYIO MyCKynaTypy B cenrtax (Sakaguchi, Imai, Nomoto, 1999 [160]). Hanmuuue
o J00HOT0 HEPBHOI'O KOJIbIIA IMOKAa3aHO TakXe y KopoHaTHbIX mosmnoB Atorella japonica (Matsuno,
Kawaguti, 1991 [127]), a npucyrctBue FMRFamumeprudeckux HEPBHBIX DJIEMEHTOB — Y IIOJIUIIOB
Cassiopea spp. (Hofmann, Hellmann, 1995 [85]). Onnako, kak u B ciy4ae KyOOIOJHUIIOB, CBEICHUS O
HEPBHON CHCTEME M MYCKyJaType CIH(OIMOIUIIOB MOMYyYSHbI ¢ MOMOIIBI0 METOAa TPAHCMHUCCHOHHON

BHGKTpOHHOﬁ MHKPOCKOIIMHU, U HE MOTYT J1aTh TTOJTHOM KapTUHBI OpraHru3al 9TUX CUCTCM.

2. Becrniosioe pa3MHOKeHHe y pa3jMYHBIX NOJHIOUAHBIX cTaguii Cnidaria

JKvi3HeHHBIN MK KHUJAPHUH BKIFOYAET JIBE YepPEIyIOIINeCs CTaAWM: MPUKPEIUICHHOTO TOJIUIMa U
cBobonnomiaBatomiein  meayssl  (Collins, 2002 [42]). Meny3bl pa3MHOXKAIOTCS TIOJOBBIM ITyTEM,
NPOIYIUPYS PECHUYHBIC IMUMHKH — TUIAHYJIbI, KOTOPhIE OCEIAI0T Ha MOJXOASAIINN CyOCTpaT, MOCe Yero
IpeTepreBanT MeTaMop(o3, NPEeBPaIasCh B MOJHIT WM KOJOHHIO MOJHUIIOB. B CBOIO ouepe/b MOIHITBI
(OPMHPYIOT HOBBIC MOKOJICHUS MEIy3 HECKOJIbKHMHU MyTSIMH, BAPbUPYIOUIMMH B pa3HbIX rpymmax. Ot
9TOr0 CIEHApHs CYIIECTBYIOT pPa3HOTO pojJa OTKJIOHEHHsS: MEIy30HJHOEC TOKOJCHUE TOJHOCTHIO
OTCYTCTBYET y mpencraButeneir kimacca Anthozoa ([dorems, 1981 [2]) u BTOopruHO pemynupyercss B
HECKOJIbKUX cemeiicTBax kiacca Hydrozoa (Cornelius, 1992 [46]). BosmoxkHa u oOpaTHasi CUTyanus, pu
KOTOPO#i B )KU3HEHHOM IMKJIC MOKET HE OBITh MOJUITOUIHOMN CTANH, KaK 3TO IIPOUCKXOAUT Y CIIH(DOUTHBIX
meny3 Pelagia noctiluca (Sandrini, Avian, 1983 [162]) u Periphylla periphylla (Jarms et al., 1999 [97])
WM B Tpymne ruapouanbix meay3 Trachylina (Osadchenko, Kraus, 2018 [144]).
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BaxkHy1o poiib B )KH3HEHHBIX IUKJIAX KHUAAPHH HrpaeT Oecronoe pasmuoskenue (Fautin, 2002 [53]).
OHO HIUPOKO PACIPOCTPAHEHO BO BCEX IPYIIAX U 4aCTO 00SCIICUNBAET HE TOJILKO YBEINYCHHE KOJTUIECTBA
0co0eii, HO TaKXKe paccesieHHEe U JUIMTEIbHOE COXPaHeHKE MOMYJISIIUY B Ipupoie. PasHooOpasue crioco6oB
0ecCIoJIoro pa3MHOXKCHHUSI KHUJAPHA MOXKHO Pa3JIe)INTh Ha HECKOJIBKO THUIIOB.

B Hambosiee mpocToM ciiyyae pa3sMHOXEHHE MOXKET IPOUCXOIUTh B Pe3yJbTaTe MOJIHOTO HIIH
YaCTHYHOT'O pa3/e/ieHus Tejia OJUHOYHOTO YKUBOTHOIO MJIM KOJIOHHH Ha OTHeibHbIC (hparMeHThl. Takoe
pa3zielieHHe MOXKET MPOUCXOJUTh W3-332 CIIyYaHOTO TpaBMaTH3Ma, WU SIBIATHCS CICICTBHEM
HEJIOCTATOYHOT'O IMHUTAHUS OTACIBbHBIX MoayJeil kononun (Mapdenun, Crenanbsan, 1993 [3]). B ponn
OTACISIFOIIMXCST PPAarMEHTOB MOT'YT BBICTYIATh YYaCTKH Teja, HAIPUMEp, HIyNajiblia y MpeICTaBUTeCH
Hexacorralia (Bocharova, 2016 [22]) wiu BetBu komonuu (Coppari et al., 2019 [45]). Takoii Tum
pasMHOXEHHs Ooiee XapaKkTepeH s KojdoHuanbHbeix opm Anthozoa (Highsmith, 1982 [80]; Acosta et
al., 2001 [5]). Ponb, KOTOpYIO B ACHCTBUTEIBLHOCTH UIpacT (parMeHTAIHMsS B peaU3alliy KU3HEHHBIX
[IMKJIOB KHHUJAPHIA, a TAK)KE OOJUraTHBIA XapaKTep 3TOr0 MpOIEcca N0 CUX IMOp SBISIOTCS MPEIMETOM
muckyccuu (Fautin, 2002 [53]).

Cpenu ogunounbix nosunoB Hexacorallia (Anthozoa) Betpevaercs Gecronioe pa3sMHOKCHUE MTyTEM
npooibpHOro wim nonepeunoro nenenus (Reitzel et al, 2011 [158]). [Ipu TakoM [aeneHUU OAMH TTOJIUTI
pazzenseTcs Ha JiBeé 0COOM, KOTOphIE JOCTPAaWBAIOT HEAOCTAaroIIUe CTPYKTypbl. [lomepeuynoe neneHue
OITMCAHO y MpeACTaBUTeIeH NPUMHUTUBHBIX ceMmeiicTB Gonactiniidae u Aiptasiidae (Bocharova, Kosevich,
2011 [23]). Haubosnee u3yveH 3TOT mpoiiecc y MojaenbHoro oobekra Nematostella vectensis. TTornepeunoe
nenenne N. VeCtensis Moket mpoTekaTh MO JBYM ClieHapusM. B mepBom ciydae Oimke K abopaibHOMY
HIOJIFOCY TIOJIUIA B PE3yJIbTaTe COKPAIICHUH 00pa3yeTcsi MepeTsikka, KOTopas CO BPEMEHEM MOJTHOCTHIO
OT/EJSIET BEPXHIOO YacTh TeJa OT IOIOMIBBL. BepXHsis OJIOBUHA 3aTEM JIOCTPAUBAET MOAOIIBY, B TO BpeMs
KaK OCTaBIIasCs MOAOIIBA GOPMUPYET IIynanbiia U poT. Bo BTOpoM cirydae MpoMCXOAUT CMEHa OpalibHO-
abopasbHOM OCH: Ha MECTe MOJIOIIBHI IOJIUTA 00pa3yeTcsi HOBBIM POT, TEJIO MOJIUMA yIUINHICTCS, U Ha €T
cepenune (opmupyrorcst aBe HoBbie momouiBel (Reitzel et al, 2007 [157]). Ilpouecc dopmupoBanus
CTPYKTYP OPaJbHOTO U abOpalIbHOTO MOJOCOB MPHU TonepedHoM aenenun y N. Vectensis kontpomupyercst
KOHCepBaTHBHbIME reHamu anthoxla, anthox7 anthox8 u anthox6. Dtu ke HOX-reHbl IPHHUMAIOT Y4acThe
B opMHpOBaHUHU OpajbHO-abopanbHOM ocu B smOprorenese N. vectensis (Burton, Finnerty, 2009 [29]).
[TpomonbHOE AencHUE TMOIYYHIO Oojiee IMHUPOKOE pacpoCTpaHEHHE B pasHBIX cemericTBax Hexacorallia
(Bocharova, 2016 [22]). I1poriecc neneHuss MOKET HAYMHATHCS KaK C MOJIOIIBBI, TaK U ¢ obyiacTu pra. B
000X CITydasX TKaHH MOJHIA HAYMHAIOT PacTATUBATHCS B MIPOTHUBOIIOJIOKHBIE CTOPOHBI. OJHOBPEMEHHO
C 9TUM TOCeperHe 00pa3yeTcs MepeTsHKKa, B TKAHAX KOTOPOW 3aIllyCKaeTcsi aronTo3, YTO MPUBOIMUT K
pa3leNieHni0 HOBBIX ocoOeidl. TkaHW B MecTe pa3pbiBa OBICTPO PETeHEPUPYIOT M JOCTPAUBAIOT
Henoctaroue crpyktypbl (Geller et al., 2005 [61]). B apyrux rpynnax KHUZAapHii ONHCAHBI JIHIIb

eIMHUYHBIC IPUMEPBI MTPOIOJILHOTO JIeTICHHUs], HarpuMep, y ciudounaabix monmmnoB Sanderia malayensis
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(Adler, Jarms, 2009 [6]), y kyoonoaumos Carybdea morandini (Straehler-Pohl, Jarms, 2011 [180]) u B
KOJIOHHMSIX TUAPOUIHBIX oaumoB Hydrocoryne iemanja (Morandini et al., 2009 [133]).

Haubosiee n3y4eHHBIM ¢ TOYKHU 3peHHsI MOPPOJIOTHH, IIUTOJIOTHH U MOJICKYJIIPHOM OMOJIOTHH TUIIOM
Oecrionioro pasmHokeHust Cnidaria siBisiercsi OYKOBaHHE. JTOT TEPMHH OXBaThIBACT IIMPOKHU KPYT
M0J{9aC CHJIBHO OTJIMYAIOIIUXCS MPOIECCOB, OOBEANHAET KOTOPHIC JUTMUTEIBHOE BPEMsl COXPAHSIOMIASICS
Mopdosoruueckas U (U3NOJIOTHUECKas CBS3b MATEPUHCKOW M Jo4yepHer ocoOeil. Brepswie mporecc
MOYKOBaHUs ObLT ONKCaH y ruapouHoro moaumna Hydra sp. B kiaccuueckoit pabore AGpaama TpemoOiie
(Trembley, 1744 [191]), xoTs mepBble PUCYHKH IOYKYIOIIEHCS THapbl ObLIM cienaHel emie A. B.
Jlesenrykom B 1702 roay (Leeuwenhoek, 1753 [114]). B manpHeliem ruapa crajia rIaBHbIM MOJEIbHBIM
00BEKTOM ISl MCCIICAOBaHMI OHOJIOTMH KHHIAPUI U, B TOM 4KcIIe, porecca moukosanus (Galliot, 2012
[58]).

Jus Hydra sp. xapakTepHO Tak Ha3bIBacMOE JaTepajbHOE IMOYKOBAHUE, IPU KOTOPOM JOYCPHHE
HOJMIBL 00pa3yrOTCs Ha CTEHKE Tela MaTrepuHCKoW ocobu. Wuunmanums pocra mouku Hydra sp.
MPOMCXOTUT B HEOOJIBIIIOM KOJIBIIEBOM paiiOHE Ha TeJie TOJIMIIA U 3aTparuBacT 00a SMUTESITUATBHBIX CIIOSI
(Webster, Hamilton, 1972 [196]). Ha rucToiorn4eckoM ypoBHE MECTO 3a4aTKa MOYKH XOPOIIIO OTIHYACTCS
OT OKPY)KAOIIMX TKAHEH M0 MCHBIICH JTUCTAHIIMK MEXIy KJICTKaMH, KOTOPhIC K TOMY K€ yTPauyHuBarOT
BaKyoJM M mpuoOperaror Oojee cronbduaryio ¢dopmy (Graf, Gierer, 1980 [67]). Kierku 3auaTka
UHTCHCUBHO JCTATCS, 00pa3ysl [HJIUHIPHUYECKOE BBIIITYMBAHNE, B KOTOPOE 3aXO/IUT TacTpaIbHAs TIOJIOCTh
MAaTePUHCKOH OCOOM. TO CONMPOBOXKIACTCS WM3MCHCHHEM OPHEHTAIlMM MYCKYJIBHBIX OTPOCTKOB
ONMM3JIeKAIINX AIHUTEINATBHO-MBIIICYHBIX KJICTOK THJAPBI, KOTOphIe MPOHUKAIOT B 00Opasyroleecs
BEITISTYMBaHUE. TakuM 00pa3oM 3akiajabIBacTcs Oyaymias MycKylaTypa pacryiiero monuma (Otto, 1977
[146]). Ha panHMX STamax KIICTOYHBIH Marepuan 3adaTka B OoJblieil Mepe oOecrieumBaeTcs 3a CUeT
MHTpali Kietok marepuHckoro monuma (Otto, Campbell, 1977 [147]; Holstein et al, 1991 [90]). B
JATBHEHIIIEM 3TOT MPOIECC MPEKPAIIACTCS U POCT MOYKHU MPOUCXOIUT OJ1aroiaps A1eIeHUsIM COOCTBEHHBIX
kierok (Shostak, Kankel, 1967 [171]). Perynsiums KICTOYHBIX JAEICHUH W (OPMHUPOBAHHE OPAIHHO-
abopaJbHOM OCH OCYIIECTBIISICTCSI B TOJIOBHOM OPTraHU3aTOpe, KOTOPBIM HAXOIUTCS B OOJIACTH
dopmupyromerocs runoctoma (Browne, 1909 [27]; Bode, 2012 [24]). B atoM mpoiiecce KIHOUEBYIO POIIb
UTPAIOT TeHbI KAHOHUYECKOTO U HeKaHOHM4YecKkoro curHambHoro mytu Wnt (Hobmayer et al., 2012 [81]).
[Tocie TOro Kak y MOYKH CHOPMHUPYIOTCS POT W IEpBbIe MIyMajblla B €¢ OCHOBAaHUM HAYMHACTCS
oOpa3zoBaHue MoaOMBEL. J[0 €e OKOHYATEIbHOTO (HOPMUPOBAHUS JOUYCPHHUI IMOJHUI COXPAHSET CBSI3b C
MaTePUHCKOH OCOOBIO, XOTS YXe, KaK MPaBHUJIO, CIIOCOOCH CaMOCTOSATENILHO JIOBUThH M00buy. Tak Kak
racTpajibHble TOJOCTH OOOMX TIOJMIIOB BCE €IIE OCTAITCS COCJMHEHHBIMH, TO MHUINA PABHOMEPHO
pacrpezessieTcsi Mex 1y HuMH. MexaHn3M OKOHYATEIbHOTO OTJCIICHHUS JOUEPHETO MOJUIA HE SICCH, XOTs
B HEJABHHUX HCCIICJOBAaHUSAX ObLIO TMOKa3aHO ydyacTHe B HeM reHoB curHayibHoro myta Notch m FGFR

(peuentopsl (¢akropa pocta (GUOPOOIACTOB). DTHU TEHbI, BEPOSTHO, HHULUHUPYIOT IEPECTPONKY
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AKTHMHOBOT'O IIUTOCKEJIETa B ATHICPMATIbHBIX KJIETKAaX MOIOIIBbI M BBI3BIBAIOT OKOHYATEIBHOE pa3/ieiCHUE
TKaHeil MaTepuHCKOM U mouepHeii ocoou (Minder et al., 2010 [135]; Hasse et al., 2014 [76]).

JlarepanpHOe TIOUYKOBaHKE OTMe4eHo y nonunos Tripedalia cystophora (Werner et al., 1971 [199]),
Chironex flickeri (Yamaguchi, 1980 [208]), Carybdea marsupialis (Fischer, Hofmann, 2004 [54]), Carukia
barnesi (Courtney et al., 2016 [47]) u Carybdea morandini (Straehler-Pohl, Jarms, 2011 [180]) u3 kmacca
Cubozoa. B caygae C.morandini oOpasyromuecss MOIUIBI HE MPUKPEIUISIOTCA IMOOIU30CTH  OT
MaTEepUHCKOTO OpraHh3Ma, a COCOOHBI K IOJI3aHUIO, YTO, O-BUAUMOMY, 0OECIIEYNBACT X PAaCCElICHHE.
HeoObrunbIM 00pa3oM pa3BUBAETCs JaTepaibHas OYKa y ele 0JJHOro Buaa Kyoononunos — Malo maxima
(Underwood et al., 2018 [192]). HauanbHbIe 3TaIlbl pOCTa MOYKH THIIMYHBI JJIS1 JTATEPaIbHOIO [IOYKOBAHHUS,
OJTHAKO 1ocjie (OPMUPOBAHMUS MIEPBUYHBIX IIyIIAJICII, TOIOIIBA PACTYILETO MOJIKIIA 3aKJIabIBACTCS B BU/IC
BBINISTYMBAHKS CTCHKH TEJIa MATEPUHCKOT0 Nosuma. Takum 00pa3om, MoYKa OKa3bIBACTCs MPUCOSANHCHHON
K POJMTEIILCKOMY OpPraHu3My OOKOBOI MOBEpXHOCThIO. [locie oTaenenust Mmosioasie moiumnsl M. maxima
CIOCOOHBI K PECHUYHON JJOKOMOIIMH.

[IIupokoe pacmpocTpaHEHHE JaTepajbHOE IMOYKOBAHHWE MOJYYMIIO Yy TPEACTaBUTENeH Kiacca
Scyphozoa (Schiariti et al., 2014 [169]). OaHako cBeJeHUS O JaTePaIbHOM MMOYKOBAHHUH, B OCHOBHOM,
OTPaHUYUBAIOTCS BU3yaIbHBIMUA HAOIIOMCHUSIMUA B paMKax paboT IO OMHCAHHIO JKU3HEHHBIX IIUKIIOB.
OOmiet ueproii natepanpHOro moukoBanuss Hydrozoa u Scyphozoa, BeposSTHO, MOXHO CUYHTATh
JIOKAJIM3AIMIO 3a4aTKa MOYKH Ha MPAHUIE MEXKIY YalIeUKOH MoK U €ro HOXKKOM. OTMeYaeTcs, uTo, Kak
u y Hydra sp., B 00pa3oBaHnu MOYKHM MPUHAMAIOT ydacTHEe 00a SIMHUTENIHAIBHBIX CJI0s, a TacTpabHbIE
MOJIOCTH MATEPHUHCKOTO U JIOYEPHETO IMOJHUIIOB HEKOTOPOE BpeMs ocTaroTcs coeauneHHbiMu (Gilchrist,
1937 [63]). Y monumor Aurelia aurita Obuta oTMeuyeHa mHpoJUQepaTuBHAs AKTHBHOCTh B 00JIACTH
BBITITYMBaHKS JaTepaibHoi mouku (Balcer, Black, 1991 [18]), oanako B oTiuuune ot ruapsl, y A. aurita
KOJIMYECTBO JENIAIIAXCSA sAep B OOJACTH PACTYIIEH MOYKHM OBUIO HIYKE, YeM B MPUIICKAIIMX TKaHIX
nonumna. boyee neTanbHBIC OMMCAHUS MPOLIECCAa PA3BUTHUS JIATCPATBHOM MOYKU y CHU(PHCTOM, BKIIFOYAs
JIaHHBIE O KJIETOYHBIX MCTOYHHUKAX, a TAKKE OCOOCHHOCTSIX Mu((epeHIraiy pa3inuyHbIX OPraHOB H
TKaHel B MOYKE B HAYYHOM JIUTEpaType OTCYTCTBYIOT.

[ToMHMO JTaTepaibHOTO MOYKOBAHUS y TOJHUIIOB Kiacca SCYph0zoa BcTpedaercst ere HEeCKOJIbKO
CTEIUATM3UPOBAHHBIX TUIIOB 0ECHOJIOro pasMHOKeHUs. OUH U3 HUX — 3TO (POPMHUPOBAHKE MOOIKCT,
MIPEACTABISIIONTUX CO00M HEOOBIIIE OKPYTJIbIE CKOTIJICHUSI TOMOT€HHOM KJIIETOYHOM MacChl, OKPY>KEHHOU
CIIOYKHO# 000JI0YKOM Ha OCHOBE XUTHHA M CTPYKTYpHBIX OenkoB (Arai, 2008 [9]). O6pa3oBanue mogouucT
Ha0JIF01AJI0Ch Y MHOTHX BHIOB SCYph0z0a, 3a uckiodeHneM npejacraBurenieii mogorpsiaa Kolpophorae
(Holst et al, 2007 [89]). Ilpomecc pa3BuTHst u MOPGOIOTHS IMOJOMKUCT OTYACTH IMPOCIECKEHBI Ha
TECTOJIOTHYECKOM H YIIBTPacTpyKTypHOM ypoBHe y BuaoB Aurelia aurita (Chapman, 1968 [39]; Chapman,
1970 [36]) u Nemopilema nomurai (Ikeda et al., 2011 [93]). [TogouucThl 00pa3yOTCs U3 MUACPMATBLHBIX
KJIETOK U MUTPHUPYIOIINX KJIETOK ME30rjed B 00JIACTH MEAaIbHOTO JWCKa CIM(OIONUIIA WIH B MECTe

npukperieHust cronona (Chapman, 1970 [36]). Ilpu 3ToM KJI€TKM yTpayMBalOT CBOKO (GopMy u
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00o0TaImarTcs 3aracHBIMU MUTATEIBHBIME BelecTBaMu. [loomnucTa mpoYHo MPHUKPEIUIIETCs K CyOcTparTy,
a c(OpMHPOBABIIHUI €€ TIOJIHII, KaK IPaBUJI0, IEpPEMEIIAeTCs Ha HOBOE MECTO Hemonaneky. @opMupoBaHue
HOBOI 0cOOM HAYMHAETCH eIIe Mo 000JI0YKO0 ¢ quddepeHInauu racTpOASPMBI U SMUEPMBI, B KOTOPOI
HOSABISIIOTCSL CTpeKaTebHble KiIeTKU. llocie okoH4aHusi 3TOro mpormecca Onarogaps pacTBOPEHHUIO
000JIOYKH TIPOTECOJIMTHUECKUM CEKPETOM JIHICPMHUCA U MEXaHUYECKOMY Pa3phIBY CTCHOK JCIISIIUMUCS
KJICTKaMH MPOUCXOJUT SKCIUCTHPOBAHUE TOAOIMUCTHI. [Ipr 3TOM 70 CHX TOp HE SICHO, Kakue (haKkTophI
UHAYIHUPYIOT 3TOT 1mpomecc. Ilocie SKCUMCTUpOBaHHMS KIETOYHAas Macca OBICTpO pacTeT |
muddepentmpyercs, GopMupysi pOTOBOEe OTBEPCTHE W IepBble YeThipe Hiynanbiia nosiumna (lkeda et al.,
2011 [93]). BepositHO, BO3HHKHOBEHHE IOJOIKCT B DBOJIONHHM CHU(POUIHBIX OBUIO HM3HAYAILHO
00yCJIOBJICHO HEOOXOJMMOCTBIO TIEPSKUBATh HEOJArONPUSATHBIC YCIOBUS WM BPEMEHHBIH Mpecc
XUIIHUKOB. CO BpEMEHEM IOJOIMCTHI MOTJIM BKJIFOYATHCS B )KM3HCHHBINM IUKI KaK OJHA M3 CTPATETHM
6ecnionoro pasmuoxenus (Arai, 2008 [9]). Tak, y HekoTopbIxX BUI0B, Hanipumep y Nemopilema nomurai u
Rhopilema nomadica, umerno GopMuUpOBaHKE MOAOIKCT CTATIO OCHOBHBIM ITyTEM YBEIUUYCHUS MO JIAIIUH
noaunos (Lotan, 1992 [117]; Kawahara et al, 2006 [100]).

Eme oM crnocoOoM Oecrojioro pa3MHOXKEHUS, XapaKTEepHbIM B OOJbIICH Mepe s
npejcraBuTenieii SCYphozoa, sBisieTcss CTOMOHHANBbHOE MOYKOBaHME. [IpH 3TOM CroOcoOe MOYKOBaHUS
HOBBIE 0COOM 00pa3ylOTCsl Ha CHEIHMAIbHBIX BBIPOCTAX - CTOJIOHAX, C MOMOIIBIO KOTOPBIX CHU(DOIIONHUI
MOXET TPUKPEIUIAThCS K cyOcTpary wid meaieHHo mepensurarbes (Gilchrist, 1937 [63]). Bauactyro
o0pa3oBaHHe IMOYEK Ha CTOJOHAX MPOUCXOAUT MapaIeIbHO MPOIECCY JaTepPalbHOTO TMOYKOBAHMS.
CronoHnanbHOE TOYKOBaHWE cIab0 M3y4eHO, W JO CHUX MOp HESCHO, KaK MMEHHO 00pa3yloTcs H
pPa3BUBAIOTCS TOYKM TPH JAaHHOM crocobe pasMHokeHHs. OCHOBHash 4acTh paboT, B KOTOPBIX
YIOMUHAETCSl CTOJOHUAIbHOE TMOYKOBAHUE, KAcCAeTCs W3YYCHHs BIUSHUSA PA3TMUHBIX IKOJIOTUYECKUX
(akTOpOB Ha BBIOOP THIIA OYKOBaHMS U ero ckopocth (Hubot, 2017 [91]; Avian et al., 2021 [15]).

Tpynno moagaeTcst KaacCuUKAIMU TaKOH CBOCOOPa3HBIN TUI OECIIONIOT0 pa3sMHOKEHHS KHUAPHIA,
Kak oTzeneHue npomnarys. Kak mpaBuio, 1moja TepMHHOM «IIPOMarysiay MOHUMAIOT ciabo ohopMIIeHHbIE
HeOOJIbIIINe YUYACTKU TKaHEeH Mojuma, KOTOpPhIe Mocie MPUKPEIUICHHs K cyOcTpaTy JaroT Hayalo HOBBIM
MOMUMOUIHBIM 0co0siM. VMcTouHMK TKaHel [isi oOpa3oBaHMs MPOMArylibl, a TakKe €€ CIHOCOOHOCTh K
CaMOCTOSITEIFHOMY JBM)KEHUIO CHJIBHO BapbHPYIOT Y Pa3IMYHBIX BHUJOB, JJISi KOTOPBIX OIMHKCAH ITOT
nporiecc. Tak y Aurelia aurita ormeuensl mpomarysibl, 00pa3yloNmMecs B TaCTPAIbHON IMOJOCTH
CIM(HUCTOMBI U3 TaCTPOAECPMAIBHBIX KJIETOK U TepenBurarimecs ¢ nmomoiipio pecauuek (Vagelli, 2007
[193]). Hampotus, y cuudononmunos Sanderia malayensis mpomarynsl (0003Hau€HHBIE aBTOPaMHU Kak
«TIOYKO-TIOAO0HBIE YacTUIBD») (OPMHUPYIOTCS B BHUJIE CKOIUICHHS SIHCPMAIBHBIX KJIETOK Ha TPAHHUIIE
YaIeyku ¥ HOXKH TOJIUITA, U K CAaMOCTOSATENIbHOM JIokoMoruu He crtocoOnsl (Adler, Jarms, 2009 [6]). K
nporaryJjaM WHOT/Ia Takke oTHOcAT (pycTyisl Hydrozoa. dpycryisl npeacTaBistoT coboi HeOObIINE
OTJIEIISIFOIINECS YUYAaCTKU TKaHEH KOJIOHHUH, B KOTOPBIX YK€ UMEETCs pas/ieieHne KIETOYHOM Macchl Ha J1Ba

ciost (Slobodov, Marfenin, 2004 [175]; Gravier-Bonnet, Bourmaud, 2005 [68]). Ouu MOryT IepeHOCHTBCS
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TOKOM BO/IbI, @ TIPH TIOTaJaHUHU Ha CyOCTpaT HEKOTOPOEe BpeMs 1MoJi3aTh. Y Mopckoro anemona Anthopleura
SP. OIKCaHO pa3BUTHE MPOMAryJl Ha Me3eHTepHaibHbIX HUTX (Isomura et al, 2003 [95]). Dtu npomarysist
CIIOCOOHBI K PECHHYHOI JIOKOMOLIMH | JIa)Ke MBILICYHBIM COKpAIICHUsIM Tena. Kak BUIHO U3 IPUBEICHHBIX
IPUMEPOB, TEPMHH «IIPOIAryJia», B 00LIEM, HE BKIIIOYAET CTPOrOro ONMUCAHUS MOP(POIOTUIESCKOTO THUIIA
MOYKH HJIK OCOOCHHOCTEH €€ Pa3sBUTHUS U UCIIOIB3YETCS U1l 0003HAUCHHS JTFOOBIX OTICIISIOIINXCS YacTei
opraHu3ma. DTOT TEPMHUH TPAKTYETCsl B COBPEMEHHOM JINTepaType Ype3BbIUaiiHO PACILIBLIBYATO U, TI0 CYTH,
MOKET HCIOJIB30BaThCsl JIMIIbL Ui MEPBUYHBIX (DEHOMEHOJIOTHUECKHX ONUCaHui. B kaxmom ciryuyae
TpeOyeTcsi AajdbHEHIINI aHAIN3 CTPOCHUS, IIPOUCXOXKACHHUS 1 OCOOCHHOCTEW Pa3BUTHUS NPOIIATYJI, TOCIIE
4ero Mx, BEPOSITHO, MOKHO OyIeT Ki1acCu(UIIMPOBATh 00Jiee TOYHBIM 00Pa30M.

TepMuHOM «mpomaryia» WHOrga 00O3HAYaJld W OCOOCHHBIM THI TOYKH, XapaKTEPHBIA [UIs
crdounanbix nosunos mogoTpsiaa Kolpophorae (Holst et al, 2007 [89]). B coBpemenHoit muteparype ais
HHUX, KaK MPaBUJIO, MPUMCHSIETCS HHON TEPMHH: «IUIAHYJIOWIHAS» WM «IUIaHYJOMOJ00Has» MOYKa.
[TnanynonnHble TIOYKH OMKMCAHbI Y TaKUX BUAOB kKak Mastigias papua (Sugiura, 1963 [181]), Phyllorhiza
punctata (Rippingale, Kelly, 1995 [159]), Cotylorhia tuberculata (Kikinger, 1992 [106]), Cephea cephea
(Sugiura, 1966 [182]), Cassiopea andromeda (Gohar, 1960 [65]) Cassiopea xamachana (Bigelow, 1900
[21]). [TnanynomomoOHBIE MOYKK TaKXe OBUTH OMUCaHbI y mpeacraBureneil orpsua Coronata: Nausithoe
aurea u Nausithoe planulophora (Silveira, Morandini, 1997 [173]; Kawahara et al., 2006 [100]). Oanako
nporiecc GOPMUPOBAHUSA ITHX MOYEK HE OBbLI MPOCIEKEH, MOITOMY HA JaHHBIH MOMEHT HMX TpPYIHO
COMOCTABUTh C TUTaHyJI0Mo100HbpIMK TToukaMu Kolpophorae.

dopmupoBaHue MOYKH y MpenacraBuTenei noporpsaa Kolpophorae na mepBbix 3Tamax cxoxe c
JaTepaibHbIM TMOYKOBaHWEM. Ha TpaHuWIle dalleykd W HOXKKM MONUMa oOpasyercs HeOOJbIIoe
IIWIMHIPHUYECKOE BBIMSIYUBAHUE TKAHEH, B KOTOPOE BOBIIEKAIOTCS M SMUACPMHUC, U TaCTpoiepMuc. Tem He
MEHEe, Pa3BUTHS TOJIOBHOTO KOHIIA, KaK MPU TUIHYHOM JIaTePAbHOM ITOYKOBAHUH, HE MPOUCXOJIUT.
BMecTo 3TOro BBINSYMBAHHE MPUOOPETACT KAIJICBUAHYHO (OPMY, TOKPHIBACTCS PECHUYKAMHU H 3aTeM
OTJEJSIETCSl OT MaTePUHCKOTrO opraHu3Ma. [Ipu 3ToM OBIBIIMHI JAMCTATIbHBIA KOHEIl Pa3BHBABIICTOCS Ha
TIOJIUIIC BBITISIYMBAHKS CTAHOBHUTCS (DYHKIIMOHAILHO MEPETHIUM KOHIIOM TaKOH IIaHYJIONOJOOHON TOYKH.
[Tocne Toro, kak MOYKa HAXOTUT MOAXOJIINN CyOCTpar, OHa MPHUKPEIUIIETCS TIEPEIHUM KOHIIOM, B TO
BpeMs Kak Ha ee 3aaHeM Kouile Gopmupyrores mrynanbia u pot (Bigelow, 1900 [21]). O6pa3syromuecs
MOYKH MPEACTABIAIOT CcOOOW BIOJHE YETKO O(GOPMIICHHBIH OPraHW3M CO CBOMMHU OCOOCHHOCTSIMH
noBeficHus. [Ipy 3TOM Takue JeTajid MX CTPOSHHs KaK HAJUYUe JBYX SIHUTEIHATbHBIX CIIOCB TKAHH W
peCHHYHAst TOKOMOIIHSI HAITOMHHAIOT YCTPONUCTBO THITUYHON JIMYMHKA KHUIAPUI — IJIAHYJIBI, 9TO U JaJI0
Ha3BaHUE TAKOMY THUITY MOYEK.

Haubomee meTampHO WCCIEIOBAaH MPOLECC IMOYKOBAaHUS y BHIOB cemeiictBa Cassiopeidae
(Rhizostomeae, Kolpophorae). ¥ mnpencraButesieli 3TOro cemeicTBa peaiM3yeTcs THUIHYHBIA IS
CIM(OUIHBIX KU3HEHHBIH UK C YepeJOBAaHHEM TOJMIIOMIHOW W MEIy30UJTHOW cTaauid. Memays3bl

Kaccuoreu/g HEOOBIYHBLI: OHH OOHMTAIOT HE B IIJIAHKTOHE, a JICXKAT, NCPEBEPHYBIIUCh, HA AHC, OTYETO B
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AHTJIOA3BIYHOM JTUTEpaType monydnin HazBanue «upside-down jellyfishy. ITpu aToM ux poTroBsIe T0MacTH
CHJILHO pa3pacTaroTcsi, o0pa3ysi OONIMPHYIO CETh BTOPUYHBIX PTOB, C IMOMOIIbIO KOTOPBIX MEIY3bl
O0JIaBJIMBAIOT OKpY’)Kalollee NpPOCTpaHCTBO. W y Meday3, W y TMOJUIIOB B ME30rJiee HaXOIATCS
(OTOCMMOMOHTBI — OJHOKJIETOYHBIE Bojopociu u3 poxaa Symbyiodinium sp. (Lampert, 2016 [111]). B
MOCJICTHUE TOJNbI TPEICTABUTEIM OSTOTO0 CEMEHCTBa CTAHOBATCS TIOMYJSPHBIMH OOBEKTaMHU ISt
9KOJIOTUYECKUX, HEHPOOUOJIOTHUECKUX M MOJICKYJIIPHO-TEHETHYECKIX HCCIICOBAHUN, KOTOPBIE, B TOM
qucie, KacaTces U ocodeHHocTed ux nmoukosanus (Nath et al., 2017 [139]; Ohdera et al., 2018 [143];
Ohdera et al., 2019 [144]). Takoii nHTEpeC K KACCHOIEH1aM, OTYaCTH OOYCIIOBJICH TEM, YTO BHJIbI JAHHOTO
CEeMEHCTBA OCYIIECTBISIOT HHBA3UIO B PA3IMYHBIX MOPSX, BN OT TUITUYHBIX MECTOOOUTAHUHN, H MOTYT
OKa3bIBaTh BIUsHKUE Ha MecTHBIC sKocucTeMbl (Holland et al., 2004 [87]; Thé et al., 2021 [188]). Bepositho,
CYIIIECTBEHHBIN BKJIaJ B 00ECIEYCHUE PACCEICHUSI BHOCSIT MMEHHO TUIAHYJIOMOA00HBIE MTOYKH.

[lepBbie TOAPOOHBIC BU3yalbHbIE W T'HCTOJIOTMYECKUE HAONIOJACHUS TpOILecca pa3BUTHUS
IUTaHYJI0MO100HOM oYKH y monunoB Cassiopeidae 6putn cienansl Ha pyoeske XIX u XX Bekos (Bigelow,
1900 [21]). B atoit pabote ObLIO MPOAEMOHCTPUPOBAHO HAIMYUE Y MOYKH JBYX SMUTCIHATBHBIX CIIOEB U
racTpajbHOM TMOJIOCTH, HACICIYyeMOW OT MaTepuHCKOro mosmmna. B konie XX Beka ObUTM MPOBEICHBI
UCCJIC/IOBAaHHS PA3BUTHS IUIAHYJONOJAOOHBIX IMOYEK Y JIBYX BHJOB: C IOMOIIBI CKaHUPYFOILIETO
anekTpoHHOro Mukpockorna y C. xamachana (Van Lieshout, Martin, 1992 [194]) u TpaHCMHCCHOHHOM
mukpockormu y C. andromeda (Hofmann, Honegger, 1990 [82]). B atux pabortax ObLIO MPOCIEKECHO
MIOCJIEIOBATEIbHOE Pa3BUTHE IMOYKHA OT MOMEHTA €€ 3aKJIQJIKH Ha MAaTEPHUHCKOM ITOJIUTIE 10 (POPMHPOBAHUS
HOBOro moyiuna. KpoMe Toro, ObITO MOKa3aHO HAJTMYUE CTPEKATENLHBIX KJIETOK B AMUICPMHUCE TIO BCEMY
TNy MOYKH, M JKEIE3UCThIX KIIETOK Ha (YHKIMOHAJIBHO MEpEIHEM KOHIIE IUIaHYJIOMOJ00HOH MOYKH.
Taxoke ObLTO ONMHMCAHO HATMYHE OTACTHHBIX HEHPOHOB, HEPBHBIX OTPOCTKOB U YETHIPEX TPYIII MBIIICUHBIX
BOJIOKOH y CBOOOJHOILIaBaOMICH Mmouku. TeM He MeHee, oOIlas OpraHu3allisi HEPBHOW M MBIIICYHOM
CHCTEM M JTallbl MX Pa3BUTHS OCTaBAJIUCh HEICHBIMHU. Take Oblaa MPEANpPUHATA MOMBITKA MPOCICIUTh
KJICTOYHbIE MCTOYHMKHM TKaHEH mouku. bbula mokasaHa MHUrpaius KJIETOK SIUAEPMHCAa MAaTEPHHCKOIO
NOJIMIIa B pAiiOH pacTyIEro BBINSYMBAHUS Ha PAaHHHMX OJTalax poOCTa IMOYKU, OIHAKO 30H aKTHBHOM
nposnudepanuu odoHapyxkeno He 6put0 (Hofmann, Gottlieb, 1991 [84]).

TepmuHOIOTHSA, HCIOB3yeMas sl 0003HAUCHHUST OCOOCHHOTO THUIIA MMOYKOBAHUS MPEICTaBUTENICH
Kolpophorae, Ttaxxke TpeOyer yrtounenusi. Kak BHAHO W3 TpEACTaBICHHBIX B 0030pe MPHUMEPOB,
OTIPENICIICHUS] «IIOYKOBAHUS» U «IOYKHM» JOBOJILHO pacIUIbIBYaThl. TeM He MEHee, BaXKHBIM MPU3HAKOM
«TOYKM» SIBJISICTCS COXPAHSIONIAsICS B TEUCHHE OOBIYHO HEMPOIODKUTEIBLHOIO MPOMEXKYTKA BPEMEHH
Mopdostoriuueckas ¥ pU3MOIOrHYecKas CBA3b ¢ MaTePUHCKUM opranu3MoM. B ciydae Kolpophorae, u, B
YacTHOCTH, Oosiee wm3yueHHbIx Cassiopeidae, 3Ta CBs3b COXpaHSETCS JHUIIb B KOPOTKHH TEPUO[T
dopmupoBanus mouku. [lociie oTeeHuss 0T MAaTEPUHCKOTO MOJTUIA TaKask «IOYKa» MPEICTABISET COOO0M
CaMOCTOSITENILHBI OpPraHU3M C COOCTBEHHBIMHU IMOBEICHUYCCKUMHU PEAKIMIMUA. DTH OCOOCHHOCTH, TIO-

BUIUMOMY, H O6YCJ'IOBI/IJ'II/I 0003HaUYeHHE HCKOTOPBIMHU HCCICHAOBATCIIAMU  IINIAHYJIOUAHBIX ITOYCK
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KacCHOMNEHI TEPMHUHOM «IIPOMAryJbD», YTO TO3BOJHIO IOMYEPKHYTh WX CAMOCTOSTEIBHOCTh H
CIOCOOHOCTh K CaMOCTOSITENILHOMY TepenBrxkeHnto. OJHaKo, Kak OBUIO YIOMSHYTO BBIIIC, TCPMHH
«Tpomaryiia» TPaKTyeTcss OYEHb IMUPOKO, TOITOMY B JaHHOH pabore mpenaraeTcs 0003HAYAThH
ianynonoao0Hyto nouky Kolpophorae tepmunom «mmanysinoum». ITo, ¢ OJHON CTOPOHBI, 0003HAYALT
CaMOCTOSITEIIbHOCTh TaKOH «IIOYKW» U YTPATy CBSI3U C MAaTEPHHCKUM OPTaHU3MOM, a C JIPYTrOil CTOPOHBI
yKa3bIBaeT Ha €€ BHEIIHEE CXOJICTBO C IMYMHKON-TUIAHYIIOH.

TakuM 00pa3oM, OCHOBHBIC JJaHHBIC O OECIIOJIOM Pa3MHOKEHUU TMOJIUMIOUIHBIX CTAINi KHUIApUH
BechMa pa3po3HeHbl. OHU MPEACTABISAIOT cOO0M MO0 HHPOPMAIIHIO O MOJICTHHBIX 00BEKTaX U3 KIACCOB
Hydrozoa u Anthozoa, nu6o ¢parmeHTapHble HCCIECAOBAHKS PA3IHYHBIX YACTHBIX, IO OOJIBINEH YacCTH,

JKOJOTHYECKHX aCIEKTOB 0€CII0IOr0 PAa3SMHOXKCHUA.
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MarepuaJbl 1 METObI

Kynerypa crudomnonumos Cassiopea xamachana Bigelow, 1982 [20] (Cnidaria, Rhizostomeae,
Cassiopeidae) 6s11a npenocrasiena B 2015 rogy Kadenpoii 300moruu 6ecro3Bonounbix (bruogornueckuii
dakynbrer, MockoBckuii I'ocymapcTBeHHbIii YHUBepcuTeT UM. JlomoHocoBa). [Tonumnel comepxanuch B
IUTACTUKOBBIX KOHTEIHEpax pazMepoM 25x15x8 cM B HCKYCCTBEHHOM MOPCKOM BOJIE € COJIEHOCTHIO OKOJIO
28-30 %o mpu koMHaTHON Temmeparype. KynbTypy perysisipHO KOPMHIM JIMYMHKAMH-HAyIUIMYCaMH
Artemia sp. B naGopaTopHbIX YCIOBUSX (OPMHUPOBAHHE M OTICICHUE ILIAHYJIOHIOB HMPOUCXOIMIO
MIOCTOSIHHO U HE TPeOOBAIO KaKOW-THO0 crienuanbHOW HHAYKIHH. 711 IpoBeIeH s SKCIIEPHUMEH TaTbHBIX
IpOIEeyp HEMOCPEACTBEHHO W3 KYJIbTYPaJbHBIX KOHTCHHEPOB OTOMpaNM B3pOCIbIE MOJUMBI 0e3
BU3YaJIbHBIX NPU3HAKOB Hayaja MMOYKOBAHMs, MOJUMBI C (GOPMUPYIOLIMMHUCS IUIAHYJIOUAAMU Ha pa3HbIX
CTaJusX, a TAaKXKe CBOOOAHOIUIABAIOIINE IIAHYJION bl YacTh MIIaHYJIOUA0B OTCAXKUBAIM B yaluku [letpu
C HCKYCCTBEHHOH MOpPCKOH BOJOW, 4YTOOBI TPOCIENUTh TNPOLEcC OceAaHuss u meramopdosa.
[Mpmxu3HEeHHBIC N300paXkeHHsT OBUTH MOJYYEHBI C MOMOIIBIO cTepeoMuKkpockorna Leica 250M.

JUIs MMMYHOTHMCTOXMMHYECKOTO MEYEHHs BC€ OTOOpaHHbIE CTaguM ObLIM aHECTE3UpPOBAHBI C
nomoieio 7,5 % pacreopa MgCl, Ha AUCTHILIMPOBAHHOH BOJE, KOTOPBIA IMOCTEIIEHHO NOOABIISIICS B
HEOOJIbIIIKE YaITKU ¢ 00pa3IioM 10 UCUE3HOBEHUS 3aMETHOM peakinu (COKpalleHue ynaiel u credenbKa)
Ha pasnpaxenue. [locne amectesmn Bce oOpasibl (PUKCUPOBATUCH ¢ MOMOIIBI0 4% OXJIaKIEHHOTO
pactBopa mapadopmanbaeruna (IIPA), npuroroBieHHoro Ha Mopckoi Boxe, nmu6o 0,1 M docpaTHO-
coneBoM Oydepe (PBS). CyiiecTBeHHOM pa3HUIBI B MOJyYaeMbIX pE3yJbTaTax MEXAY IBYMs 3TUMHU
croco0amMu TPUTOTOBJICHUST (PUKCATOpa 3aMedeHO He ObuTo. DuKcanus MPOBOAMIACH NMPH KOMHATHOM
Temneparype B TeueHue | uaca, win 3-4 yacoB npu temmneparype +4°C. Ilocne ¢ukcanum obOpasibl
otmbiBasK B pactBope PBT (PBS + 5% Tween-20) 3-4 pa3a o 15 MunyT. 3aTtem 00pa3iibl HHKYOHPOBAIIU
cHavasa B TedeHue yaca B 0,4 M pactBope rnunuHa B PBS, a mocne — B 1% pacTtBope Oblubero
CBIBOPOTOYHOTO allbOyMUHa Ha ToM ke Oydepe. [To okoHUaHMM MHKYOalMu 00pa3ibl BHOBb OTMBIBAIU B
PBT 3 paza no 10 munyT. Bce 0OTMBIBKM U MHKYOalMK MIPOBOAMIIN IIPU KOMHATHOM TeMIepaType.

[Tocne oTMBIBKM 0Opa3ipl MHKyOMpoBasid C nepBUYHbIMU aHTUTenamu K FMRFamuay (20091,
Immunostar, produced in rabbit, passenenue 1:1000 B PBS) B Teuenme 2 cyrtok mpu +4°C. ITlocne
UHKyOa1u o0pasibl OTMBIBANIK B pacTBope PBS 3 pasa mo monyaca npu KOMHaTHOM TemnepaType. 3atemM
oOpasiel MHKYOMpoBanu ¢ BropuuHbIMH aHTHTenamu Alexa Fluor 488 goat anti rabbit (A-11034,
Invitrogen) i CF633 donkey anti rabbit (SAB4600132, Sigma) B pa3seaenuu 1:1000 — 1:800 B PBS, a
taoke ¢ TRITC-konbrorupoBanHbM parutongiaoM (Sigma, P1951; 1 mxr/min) B PBT B Teuenue cyTok npu
+4°C. Tlocne wuHkyOaumu oOpa3ubl BHOBb OTMbIBaM B pactBope PBS 3 paza mo 15 munyT.
[ToaroToBieHHBIE TaKKMM 00pa3oM OOBEKTHI MOHTHPOBAIHM Ha MPEIMETHBIX CTEKIAaX W 3aKITFOYaIH IO

IMOKPOBHOE CTCKJIO C HCIOJB30BAHUEM CPCIAbl JJId 3aKIOUCHHUA Ha OCHOBE IMOJIMBUHUIIOBOI'O CIIMPTa
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Mowiol 4-88. H3o0paxkenus ¢yopeclieHTHO-MEUCHBIX IPErnaparoB OBbLIH COCIaHbl C IOMOIIBIO
Ja3epHOro KOH(POKaILHOrO CKaHupyromero Mukpockora Leica TCS SP5.

Jlyis IpOBEICHUST SKCIIEPUMEHTA C BKJIFOUEHHEM S-3TuHWI-2’-ne3okcuypuauda (EAU) otOupanu
MOUYKYIOLMECS IMOJIUIIbI, IUIAHYJIOWABl Ha pa3HbIX CTAAUAX pa3BUTHUS M MOJIOJBIE IIOJIUIIBI IOCIE
meramopdosa. Bee craaun nHKyOHpOBaIy pu KOMHATHOH Temieparype B pactBope EJU B Mmopckoii Bozie
koHUeHTpanuedt 50 mxkMounb. {15 onpeneneHus ONTUMAIbHOIO BPEeMEHU MHKYyOanuu Obula MpoBeAcHA
cepusl MpeIBAPUTEIBHBIX SKCIIEPUMEHTOB, B PE3yJIbTaTe KOTOPOH ObLT BEIOPaH MPOMEKYTOK BPEMEHH B 1-
1,5 yaca. MeHnbliee BpeMsi HHKYOaluu OBbUIO HEOCTATOYHO JUIS Pa3BUTHUSL YCTOHYMBOTO CUTHAJIA, OOJIbIIEe
MPUBOJIUIIO K Pa3BUTHIO Upe3MepHOoro poHoBoro mryma. [locie nakyoannu Bce 00pasiibl OTMbIBAIH YUCTOM
MOpckoii Bomor 3 pasza mo 10 MuUHYT W (QUKCHpOBAIM  OMUCAHHBIM JUISI  METOAMKH
UMMYHOTHCTOXHMHUYECKOTO OKparmBanus criocooom. [locne dukcarum oOpasibl OTMBIBAIA B PaCTBOPE
PBT 3 pa3a no 15 Munyt. Busyanuzanuio MeTKy IpOBOAMIIN IOCPEICTBOM KOHBIOTALUN BCTPOUBLIETOCS
B JIHK EdU c asumom kpacurens Sulfo-Cyanine3 (A13330, Lumiprobe), Jlast storo o6pasibi
WHKYOMpOBaJIM B T€UEHHE Yaca MPH KOMHATHOW TemrepaType B 2 MHUKPOMOJSPHOM BOJHOM pPacTBOpPE
kpacutesst ¢ 1 Moab Tpuc-HCI (pH 8-8,5), 100 MMons CuSO4, 500 MMoiib acKOpOMHOBOM KUCIIOTHI .
WukyOanuio mpoBoAMAM TpU KOMHATHOM Temmeparype B TemHoTe. [locime okpammBaHus 00pa3ibl
orMmbiBaM 3 pasza nmo 15 munyt B PBT. Bo Bpems mocnenneit ormbiBku B PBT Takke noOasmsuics
dbnyopecuentHsii  kpacutenb DAPIl  ansg  IONMONHUTENBHOTO TOTANBHOTO OKpALIUBAHUS  sJEP.
[ToaroroBieHHbIE TAKUM 00pa30M 00pa3Iibl MOMEIATH Ha IPenapaThl ¢ TOMOIIBIO CPE/IbI TS 3aKTF0UESHUS
Mowiol 4-88. Busyanuzaiuro npenaparoB U Mojay4eHHe cepuil KOHPOKATbHBIX U300paKEHHI POBOTUITN
C MCITOJIb30BaHUEM JIa3€PHOT0 KOH(OKAIBHOTO CKaHUpYIoIIero Mukpockormna Leica TCS SP5.

JanbHelimas 06paboTka MOTYYEHHBIX W300paKeHHM, BKIIOYas U3MEPEHHUS OTAETbHBIX CTPYKTYD,
MPOBOAMIIACKH C TTOMOIIbI0 Tiporpammel Fiji. [Tomcyer MedeHbIX siaep MpOBOAMIICS Ha YEThIpeX oOpasiiax
JUIsL Kakaou craauu. s mojcdera MCHOJB30BAlCS CTEK M3 CHHUMKOB, IOJIYYEHHBIX C IOMOIIBIO
KOH()OKaJIbHOIO MHUKPOCKOIIA B CArUTTAJIbHOM MJIOCKOCTH 00pasia, cyMMmapHoOi TommuHoi 10-15 MM B
3aBUCHUMOCTH OT BENMYHHBI 00bekTa (Ooiee TOHKHE i TUIAHYJIOHAOB M MOJIOABIX TMOJHUIOB, Oojee
TOJICTBIE JJII B3POCHBIX MOJNHIOB). [laHHas 00macTh cTeka Obla BHIOpaHa, MOCKOJBKY Takas TONIUHA
MO3BOJISJIA 3aXBATUTh B I0JIE 3PEHMSI TOJBKO JIBa BEPXHHUX CJIOS TKaHEW M, TaKUM 00pa3oM, U30ekaTh
OIIMOOYHOTO MOJICUeTa METKU IO BCEH TOJIIMHE >KUBOTHOro. B cilydyae moiumoB — >KUBOTHOE OBLIO
nosiesieHo Ha obsactu miomaapio 100x100 MKM, B KOTOPBIX MOJACYUTHIBATUCH MEUEHBIC S7pa, B CIIydae
IUTAHYJIOUJIOB — MEYEHbIe sapa ObUIM MOCUMUTAHBI B IIEIOM >KMBOTHOM, M 3aTE€M HUX KOJIUYECTBO
nepecuntano st obmactedt 100x100 mxm. 3aTteM ObUTO HAWACHO CpeaHEe 3HAYCHHUE IS KOJUYECTBA
MEYEHBIX siIep B 3TUX oOnacTsaxX. JIJis KaKaoi cTaauy yKazaH AUana3oH KpaHUX 3HAYEHUW C y4eTOM
CTaHJApTHOTO OTKJIOHeHHs. Bce pacuersl mpoBomwiuch B mporpamme Microsoft Excel ¢ momormrsio

(I)OpMy.]'I pacucTa CpCAHCTIO U CTAHAAPTHOTO OTKJIOHCHUA BCJIMYUNH.
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[Monumer u wianynouasl C. Xamachana HecyT B CBOMX TKaHSX MHOTOYHCICHHbBIC (JOTOCHMOHOHTBI,
KOTOpBIE B 0Opa3iax ObUTH TaKKe BU3yaJM3UPOBAHbBI Oyiarogaps aBTo(GIyopecleHIny XJI0popuiuia B UX
KJIETKaxX, C MCIOJIb30BAHNEM CTaHIAPTHBIX HacTpoek ais kpacurens Alexa Fluor 633, mockonbky minHa
BOJIHBI UCIYCKaHHs XJOpO(HIIIa M 3TOr0 KpacuTens cxoku. OOpaboTka MOMyYeHHBIX W300paKeHHM,
BKJIIOYAss HM3MEPEHHs OTICIbHBIX CTPYKTYp, MPOBOIMIACH C IMOMOIIbI0 mporpammbl Fiji u Adobe

Photoshop. Cxembl ObLTH BBITIOIHEHBI B Iporpamme Inkscape 0.92.
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Pe3yabTarhl

1. BwusyanabHble Ha0/II0eHNUs 32 pa3BUTHeM IUIaHydouaa Cassiopea xamachana

PazButne mnanynomma C. Xamachana waumHaercs ¢ (GOpPMUPOBAHUS LWIMHAPHYECKOTO
BBINISTYMBAHUSI HA TPAaHUIIE HOXKKH U yatieuku nosmmna (Puc. 1 A, b). B o6pa3zoBanuu 1aHHOTO BBINSTYUBAHUS
IPUHUMAIOT y4acThe 00a SMUTENHAIBHBIX CJI0S CTEHKU Teia. biaromaps moiynpo3padyHOCTH MOKPOBOB
TeJa XOpOILO BUAHO, YTO TacTpalibHas MOJIOCTh MAaTEPUHCKOTO OpraHM3Ma, YacTO HEeCylllas OpaH>KEBbIe
WM Oypble HeTlepeBapeHHbBIE OCTATKH IHIIH, 3aX0IUT B PACTYIIYIO ITOUKY. IHOT1a MOKHO TaKXe 3aMETUTh
3€JICHOBATO-)KEJIThIC KJICTKH (poTocuMOMOHTOB Symbyodinium Sp., kak B yalieyke, Tak ¥ B paiiOHE
oOpa3yromierocst BeigsuuBanus. [lpu mocnenyroomeM pocTe BBHIMSIUMBAHUE CHAYala YUIMHSIETCS, 3aTeM
pacumpsieTcss y OCHOBaHUS M 3a0CTPsIeTCS K TUCTAIBHOMY KOHILy, 00pa3ysl KaruleBHAHYIO WIH JTUMOHO-
no1o6HyI0 Gopmy Oyaymiero wianynouaa (Puc. 1B). K aToMmy MOMEHTY MOBEpXHOCTh TIOYKH MTOKPBIBACTCS
pecanukamu. HakoHem, ractpaipHasi TOJOCTh MOJHOCTBIO 000co0msieTcs, W CcHOPMUPOBABIIUNCS
IUTAHYJIOU]] OKa3bIBAE€TCS COCJUHEHHBIM C MATEPUHCKUM OPraHU3MOM TOJIbKO HEOOJBUIMM Y4aCTKOM
snuAepMalIbHBIX TKaHel. Bckope 3TOT yuacTok pa3pyliaercs, U IUIaHyJIou ] oTaenserca. BepostHo, aToMy
TaKk)Ke CHOCOOCTBYeT akTHBHOe OueHue pecHuyek. OT MOMEHTa MOSBJICHHSI TEPBBIX IMPU3HAKOB
(dbopMUpPOBaHHUA MOYKH /0 MOJHOTO OTIEJICHUS IUIaHYJIOUJa OT MAaTEPUHCKOIO0 OpraHM3Ma MPOXOIUT /10
JBYX JTHEH.

[Tocne oTneneHWs OT MATEPUHCKOIO OpraHu3Ma IUIAHYJOMJ IEPEMEIIAETCS B TOJIIE BOABI C
IOMOIIIBI0 PECHUYEK M CHocoOeH HE3HAYUTEIbHO HU3MEHATh (OpMy CBOEro Teiaa OT CIIaXKeHO-
BepeTeHOBUAHONW 10 cierka okpyrioil (Puc. 1I'). Ilpu 3TOM ero aucTaibHBI 3a0CTPEHHBIA KOHEIl
CTaHOBUTCA (PYHKIIMOHAIBHO NepeIHuM. [IpogomkuTenbHOCTh CBOOOTHOTO MJIABAHU I MOXKET BapbUPOBATh
OT OJHOTO JO Tpex AHed. B 3ToT mepuon y muiaHyjgouja yke HauMHAIOT (HPOPMHUPOBATHCA 3a4aTKU
TUIIOCTOMA M IIynajien Ha (QyHKUuoHanbHO 3aaHeM KoHie (Puc. 1]]). Ocemanue u mpukpemyieHHe K
cyOcTpaTy IpOMCXOAUT C IOMOILBIO MIEPEIHET0 KOHIIA, KOTOPBII 3aTeM MPEBPALAeTCs B [TOIOIIBY U HOXKKY
M0JINIIA, B TO BpeMs Kak CpeJlHss 4acTh TeJla IUIaHyJIouaa mpeodpasyercs B yanieuky. Ha ObiBIIEM 3a1HEM
KOHIIE TeJa o0pa3zyeTcs pOTOBOE OTBEpCTHE, O(OPMIISIETCS TMIIOCTOM W HAaYMHAETCSl aKTHUBHBIH POCT
mynanen. Takum oO6pa3zoM, IPOUCXOIUT MeTaMopdo3 U oOpazoBaHHe HOBOM ocoOu. HoBblil momun npu
PEryJsIpHOM MUTAHUU OBICTPO PACTET U B TEUEHUE HEAENIU CIIOCOOEH MPUCTYIUTh K IOYKOBAHHUIO.

Kak npaBuino, nonun ¢opMupyeT TOIbKO OJHY MOYKY, HO HHOTa TTOYKOBAaHUE Y KPYIHBIX MOJIUIIOB
HA4YMHAETCA C JIBYX WIN JIaXKe TpeX CTOpOH 4damedku onHoBpeMeHHO (Puc. 1E). Kpome Toro, Hepenko
oOpasyeTcs 1ernouka U3 MJIaHyJI0HI0B, KOTOPbIE OCTAIOTCS COEAMHEHHBIMU JPYT C IPYTOM HEOOIbIIUMHU
SNUTENNATbHBIMU NMEPETHKKAMU U Pa3BUBAIOTCA MOcieoBaTebHO. OOBIYHO KOJUYECTBO IUIAHYJIOUIOB B
TaKOM LIEMOYKEe HE MPEBBIIIAET JIBYX-TPEX, OJHAKO ObLI OTMEUYEH Cily4ail, KOrja B COCTaBe LEMNOYKU

HaxoaWwIoch Iecth rianynounos (Puc. 1E). M3penka oTmeuaroTcst Takke aHOMAJIUHM B Pa3BUTHH, MPH
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KOTOpBIX Yy IUIaHYJIOMAA HapyllaeTcs TUNUYHAs KarjieBuAHas Qopma Tena wian obOpasyercss [Ba
JTUCTANIbHBIX KOHIA. Takue IUIaHyJIOuAbl CIOCOOHBI K CaMOCTOSTEIbHOMY IUIABaHUIO, OJHAKO UX

JanbHEHIIee Pa3BUTHC NPOCIICAUTH HE YIAJIOCh.

Pucynok 1. ®opmupoBanue u pasputue mianysiounaa C. xamachana.

A, b — mosBIeHWE BBIISIYMBAHHSA U POCT IMOYKHM B OCHOBAHHWU YaNICYKHU IIOJIHIIA, B - OT}ICHH}OH{HﬁCS{ IJIaHyJIONT U
o0Opa3oBaHHe CIIEAYIOIIEH TTOUKH B IIeTH, | — OTIenuBIIHMIACS TIaHyIou 1, [| — mo3nqHui miaHyIona nepen npukperniennem, E —
IMOJIMII ¢ aHOMAJIMAMHU B IPOLECCE TTOYKOBAHUA (HCCKOJ'H)KO HNCTOYHUKOB ITOYKOBAHHUA, 00JIBIIIOE KOJIUYECTBO TJIaHyJIOUJI0B B
nenn). Hampasnenne pocTa MOYKHM IMOKa3aHO OENBIMH CTpENKaMH, OeJol TOYKoW 0003HadeH NepeiHuil KOHEIll IUIaHyJIonAaa,
YEepHBIMHU 3BE3/J0YKAMHU yKa3aHbl MECTa OJTHOBPEMEHHOIO MMOoYKoBaHMs. OO03HAYEHUsS: T — TUIIOCTOM, H — HOXKKA ITOJIUIIA, I —
nouka, GH — GOpMHUpYIOLIAsCS HOXKKa, Ya — Yalleyka nosuna. JinuHa macimurabHoro mrpuxa — 1 Mm.
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2. MyckyJsaTypa 4 HepBHasi cucTeMa B3pocioro mosgumna Cassiopea xamachana

C nomouipro okpammBanus TRITC-konbrorupoBanHbsiM (autonguaoM y mosunos C. Xxamachana
OBUIO BBISBIEHO HECKOJBKO IPYII MBIIIEYHBIX 3JIeMeHTOB. Hanboiee 3aMeTHBI 4eThIpe MOITHBIE JICHTHI
MBIIIIEYHBIX OTPOCTKOB, 3ayieratomue B obnactu cent nojumna (Puc. 2A, Puc. 3A, B). Otu cenraibHbie
MBILIIBI HAUUHAKOTCS Y TOJOUIBBI, IPOXOAAT 110 BCEH HOXKKE M YalleyKe U JIOCTUTAIOT OPAJIBHOIO JHCKa
nojauna. Y OCHOBAaHMS UIyNajell MYCKYJbHbIE JIEHTBl BEEPOOOpPAa3HO PA3BETBISIIOTCS M HMHOIZA
nepernieTatoTcs ¢ Mplnamu mynanen (Puc. 2b, B). Ha BceM npoTs>keHUH B KayK0M CENTAIbHOM MBIIIILIE
MOYKHO XOPOILO Pa3INYUTh COCTABIIAIOLINE €€ KPYIHbIE MbIIICUHbIE OTPOCTKH, OJHAKO MECTO Hayaja U
OKOHYAHHUS KaXKJIOTO OTPOCTKA YCTAaHOBUTb HEBO3MOXHO. [llupuHa cenTaabHON MBIILIEYHOM JIEHTHI
IIPAKTUYECKU HE U3MEHSETCS Ha BCEM €€ MPOTSHKEHUHU, U COCTaBiIAeT B cpeaHeM 25-30 mxM. B Hoxke
[0JIMIIa TIOMMMO CENTAJIbHBIX MBIIIILL POCIEKUBAIOTCSI OUEHb TOHKHUE JJIMHHBIE ITPOJOJIbHBIE MbIIICYHbIE
BOJIOKHA, paclojlararouiyecs 4yTh OJMKe K IOBEpXHOCTH, IO-BUIMMOMY, Cpa3zy TIOJA CJIOeM
snuAepMaibHbIX KineTok (Puc. 2I'). OTu npoaonbHble MbIIIEYHbIE OTPOCTKH PABHOMEPHO PAaCIpEAesIOTCs
[0 BCEH IUIOIIAaM HOXKKH, 00pa3ys HEIUIOTHBIM MblieuHbli cioil. Heckonbko riy0Oxe 3TOro ciod
HaXOJATCSl KOPOTKUE KOJIbLIEBble MblleuHble BoiokHa (Puc. 2]1). KosbleBrle BONOKHA pacronoXeHbl
PBIXJIO U 3a4aCTYIO IUIOXO MpociekuBaroTcs. [Ipu 3ToM B yaleuke He ObUIO BBISBICHO HU MPOJOJIbHBIX,
HU KOJIBLIEBBIX OJIMHOYHBIX MBIIIEYHBIX OTPOCTKOB.

B mynaneiax HaxoAsTCs KOpPOTKHE MblleuHble BookHA (Puc 3A). /lnuHa Kakaoro BOJIOKHA B
cpeaHeMm coctaiser 15-19 mxm, mmpuna — 1,7-2,2 Mxm. [lo Bcell qnmHe miynanblia peryJsspHO
YepenyrTcsl Y4acTKU ¢ OOJIBIIMM KOJMYECTBOM BOJIOKOH, W YYaCTKH, IJleé UX 3HAUUTEIILHO MEHBIIIE.
CKOIUIEHUS MYCKYJBHBIX ~OTPOCTKOB COOTBETCTBYIOT — PACHOJIOKEHMIO KPYMHBIX  CTOJIOYATBIX
racTpoJiepMajibHbIX KJIETOK IIYyTNajblia, @ Pa3peKeHHbIE YYaCTKH — I'PaHUIAM MEXIy 3TUMH KJIETKaMH.
KoJbIIeBBIX MBIIMIEYHBIX AJIEMEHTOB B IIyNAIbIIC BBISIBICHO HE ObUT0. C momonisio okpamuBanus TRITC-
KOHBIOTMPOBAaHHBIM (DaJUIOMAMHOM ObUIM BBISBIEHBl J€TaJd AaKTHMHOBOIO IIMTOCKEJETa CTOJIOYAThIX
racTpoAepMaibHbIX KieTok mrynansia (Puc. 3B). AkTHHOBBIE (DMIIaMEHTBI OKPYKAlOT KPYHHOE sIpo,
pacrionararomieecss B LeHTpe KJIeTkH. OT 3Toil 00nacTH K TpaHMIIAM KJIETKH PacXoJsTCS OTIENbHBIE
OTPOCTKH, 00pa3ysl phIXJIyIO CETh.

B opanbHOM aMcKe JIOKadM30BaHbl TOHKHE KOPOTKHE MBIIIEYHbIE BOJIOKHA, PacXOAsIIuecs
pagualbHO OT OCHOBAHHUS THIOCTOMAa K OCHOBaHMsM Inynaner] (Puc. 5A). OTu BolOKHA He 00pa3yroT
CKOIUICHUH, a pacripe/ielIeHbl pPaBHOMEPHO I10 BCEil TUIOIAAN OpaJIbHOTO UCKa, 00pa3ys CJIoi paauaabHOR
MyckynaTypsl. Ha kparo opaigbHOro Aucka y OCHOBAaHMM IIyTajel] 3aJieraioT KOJIbLIEBbIE MBbIIIEYHbIE
BosiokHa. OHU 00pa3yIOT CIa00BBIPAKEHHYIO IIMPKYMOPAITBHYIO KOJBIEBYIO «MBIIIIY» mojumna. [llupuna
9TOW «MBILIIBD B CPEAHEM cOCTaBisieT 32-36 MKM, HO B MECTE€ BBIXOJAa K OCHOBAaHHUAM NIylajell

CCHTAJIbHBIX MBIIIICYHBIX JICHT IIUPHUHA KOJIBIICBOM «MBIIIIIIBI YBCIUYUBACTCA IO 50-60 mxMm. HpI/I 9TOM
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IUIOTHOCTB PACIOJIOKEHHUS MBIIIEYHBIX BOJIOKOH B KOJIBIEBOM MBIIIIE CPaBHUMA C TAKOBOU B IIyTNaIblaX
WIN B PaJUalIbHON MYCKYyJaType OpalbHOIO JMCKA, U HUKOI'/Ia He ObIBaeT HACTOJIBKO YK€ BBICOKOW Kak B
CENTAJIbHBIX MBIIINAX. B runocrome J10Kaau3y0TCsl TOHKUE IIPOJOIbHBIE MBIIIEYHbIE BOJOKHA AJIMHOMN B
cpeaHeM 34-37 MKM, HO IJIOTHOCTb MX PACIIOJIOKEHMS 110 CPAaBHEHHUIO C IJIOTHOCTHIO PACIOJIOKEHUS
MBILIEYHBIX 37eMeHTOB urynainern Huwke (Puc. 5I). [loMMMO NpOIOJBHBIX MBIIIEYHBIX BOJOKOH B
TUIIOCTOME OKPAILMBAIOTCA OYEHb KOPOTKHUE MTOIIEPEYHBIE MBIIICYHBIE BOJIOKHA. OHU PACIIOJIOKEHBI OUYCHb
penKo, He 00pa3yIOT KaKuX-T100 CKOTUICHHH U IJIOX0 PAa3ITUYMMBI Ha (POHE MPOOIBHON MYCKYJIaTyphI.

[lpu oxpammBanuu anturenamu k FMRFamuny B momunax C. xamachana ObLIO BBISBICHO TpH
IpynIbsl MMMYHOPEAKTUBHBIX 3JeMeHToB. [lepBas rpynna — sto amuHHble FMRFamua-nonoxunrensHele
HEBETBALIMECS BOJIOKHA C XOPOILIO BBIPAKECHHBIMU BE3UKYJIAMH, COIIPOBOKIAIOIINE CEITAIBHBIE MBIIILIBI
Ha BCEM UX IMPOTSKEHUU OT OCHOBAHMS HOXKKH J10 opajbHOro aucka (Puc. 4A-I'). Otu BojokHa MI0THO
CrpYNIMPOBaHbI, TaK, YTO HHOIJIA HEBO3MOXKHO IPOCIEIUTh Ka)XJ0€ OTAEIbHOE BOJIOKHO. B creHke
yalleykKyd IOJMIa TaKkKe pacrojlararoTcsi OAMHOYHbIE mHpoaosibHble FMRFamun-nonoxurenbHble
anementsl (Puc. 41, E). Onu nexar Oosiee pbixio, He 00pa3yloT 3aMETHBIX CKOIUIEHUM, HUKOI/Aa He
BeTBATCS. BTopas rpynna FMRFaMua-nonoXuTeabHbIX MMMYHOPEAKTUBHBIX 3JIEMEHTOB pacroaraeTcs B
mynanbiax (Puc. 3B). DTo KOpoTKME OTPOCTKH, XOPOIIO 3aMETHBIE MEXJY OTAEIbHBIX MBIIIEYHbIX
BOJIOKOH. HekoTopble U3 3TUX OTPOCTKOB BETBATCS. VIMMyHOpEaKTUBHBIE 3JIEMEHTHI TPEThEH TPYIIIIbI,
00pa3yIoT Tak Ha3blBa€MOE HEpBHOE KOJIbLO nosinna. OHU pacroyiaraloTcsi HUPKYMIUIIOCTOMAIbHO Y
OCHOBAaHMH IIynasel] HemoCPEeJICTBEHHO HaJ KOJbLIEBOM MycKynaTypoil opainbHoro aucka (Puc. 5b, B).
OTpOCTKM HMMMYHOpPEAaKTUBHBIX D3JIEMEHTOB, CONPOBOXKJIAIOIIME CENTAJbHbIE MBIIIIBl, a TaKXKe
JIOKQJIN30BaHHbIE B IIyHaJibllax, BXOASIT B HEPBHOE KOJIbLIO, HO B CaMOM KOJbIE HMX JOKaJIU3aLHUIO
npocienuTs He ygaaerca. Kpome TOro, kK HEpPBHOMY KOJBIy TOAXOAAT OTPOCTKM KPYIIHBIX
MMMYHOPEAKTUBHBIX JIEMEHTOB, PACIIOJIOKEHHBIX B OpajIbHOM Jucke. OHM PaBHOMEPHO pacroararoTcs
B OpaJIbHOM JMCKE OT OCHOBAHUS THIIOCTOMA /10 HEPBHOTO KOJIbLIa, 4aCTO 00pa3yloT BETBJIECHUS U XOPOLIO
3aMEeTHbIE BE3UKYJIbl. B runocrome takxke oOHapyKUBarOTCS HEOOJIbIINE BETBSILNECS HIMMYHOPEaKTUBHBIE
3JIEMEHTBHI, HE 00pa3yIoIINe 3aMETHBIX CKOTIJICHHH.

Hu MbleyHsle, HU HEPBHBIE JIEMEHTHI HE yIAlI0Ch IPOCIEANTh B 00JIACTH MOAOIIBHI MOJIMIIA, TaK
3TO MECTO MOKPBITO MEepUCcapKoM. XUTHH, BXOISIIMA B COCTaB Iepucapka CUU(OUIHBIX MOJUIIOB,
oOnanaer CWIbHOM aBTO(IyOpecleHlHel, 4TO JeldaeT HEBO3MOXKHBIM BU3YaIHM3alMI0 HEOOXOAMMOTO

CHUI'HaJia.



Yalwleyka

Pucynoxk 2. B3pocasriit momumn C. Xamachana, okparmmsanue Mmyckyaatypsl TRITC-KOHBIOTHPOBaHHBIM (DAIITOUINHOM.

A — o0muii B MycKyJIaTypsl oiumna, b, B — okoH49aHne cenTaipbHBIX MBI Y OCHOBAHHS LIyTaJIel] B OPAIEHOM JINCKE
nonumna, I' — NpojonbHbEIE MBIIIEYHBIE BOJIOKHA B HOXKE MOJUMNA, [| — KOJbIEBBIE MBIIIEUHBbIE BOJOKHA B HOKKE IIOJIMIA.
HakxoHeuyHMKaM¥ CTPEJIOK YKa3aHbI OT/eIbHbIE MbIIIEYHbIC BOJIOKHA. O003HAUEHHS: T — TUIIOCTOM, CM — CENTaIbHbIE MBIIIIIEI,
11 — mynansie. JJnnHa macmradbnoro mrpuxa — 100 MKM.




yHOK 3. MblllIeYHbIC M HEpBHBIE 3JIEMEHTHI B Liynansle noauna C. xamachana, okpaluiBaHie aHTUTEIAMH K
FMRFamuny (cunnit) 1 TRITC-koHBIOrHpOBaHHBIM (ayioninHOM (KpacHbIH).

A — MpImedHBIe d3JeMeHTHl mymansiia, b — FMRFamua-nmMmyHOpeakTHBHBIE »JIEMEHTHI IIymajiblia, B
racTpofepMaibHble KIETKH IIynaibila. HakOHEYHHKH CTPENOK YKa3bIBaIOT HA OTACIbHBIC MMMYHOPEAKTUBHBIE 3JIEMEHTHI,
MYHKTUPHOM TUHHUEH 0003HaYeHa IpaHHIa OJJTHOW U3 TacTPOJEPMAIBHBIX KJIETOK, TK — CTOJIOUAaTast racTpojiepMaibHast KIEeTKa,
MII — MBIIIEYHBIE OTPOCTKH B INyMajblle, M — MECTO PACIOJIOKEHHUS KJIETOYHOTO SApa, I - 3JEMEHTH ITUTOCKEeNeTa
racTpoAepMaIbHON KIETKH, 9K — SIUAepMabHbIe KiIeTku. J{mnHa MacmTabHoro mrpuxa — 50 MKM.




yalueyka

Yyaule4ka

Pucynoxk 4. B3pocieriii momun C. xamachana, okpamusanue anturenamu k FMRFamuny (cunnit) u TRITC-
KOHBIOTHPOBAHHBIM (haUIOMTUMHOM (KPaCHBIH).

A — Hoxka monuna, b, B, /I, E — yyactku wameuku momuma, I — MecTo mepexona HOXKH B YallledKy IOJIUIIA.
HakoHeYHWKH CTpeIoK YKa3bIBAIOT Ha OT/ENbHbIE IMMYHOPEAKTUBHBIE OTPOCTKH, ITyHKTUPHOHN JTMHUEH 0003HAYEHBI TPAHHUIIBI
cenTabHOM MBI O003HaUeHUs: ¢O — POTOCUMOMOHTHI, CM — CENTaIbHbIE MBIIIIII, CH — CENTAIbHBIE HEPBHBIE JIEMEHTHI.
Jmaa macmtabroro mrpuxa — 100 MM.
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PucyHok 5. ®parmenTs! Teja B3pocioro monumna C. xamachana, okparmsanue anturenamu Kk FMRFamuay (cunuii)
1 TRITC-kOoHBIOrHPOBaHHBIM (HAIOMINHOM (KPACHBIH).

A — MycKymnaTypa OpajbHOTO I¥CKa IOJWIa, b — HepBHBIE AJIEMEHTHI OpaJbHOTO J¥CKa Ionnmna, B — coBMemenHoe
n300paKEHUE MYCKYJIaTypbl U HEPBHOIN CUCTEMBI OpalIbHOrO Aucka nonuna, I', JI — runocrom nonumna. [TyHkTHpHON nuHUER
0003HaUeHa TpaHWIa HEPBHOTO KOJbIA, ACTEPHCK YKa3bIBAET MECTOHAXOXK/IEHHE POTOBOIO OTBEPCTHS THIIOCTOMA,
HaKOHEYHHKH CTPEJIOK YKa3bIBAIOT HA OTJENIbHbIE IONEpPEYHbIe MBIIIEYHbIE BOJIOKHA B runocrome. O0o3HayeHUs: KM —
KOJIBLIEBAsl MyCKyJIaTypa OpalIbHOrO JUCKA, IIMI — IPOIO0JIbHBIE MBIIIIECUHBIE 3JIEMEHTHI THIIOCTOMA, MOJI — MBIIICYHbIE JIEMEHTHI
OpAJIBHOTO JUCKA, HI' — HEPBHBIE JIEMEHTHI TMIIOCTOMA, HOJ — HEPBHBIE JIEMEHTHI OPAIbHOrO AWCKA, LI — Ilynansle. JauHa
macmrrabHoro mrpuxa — 100 MxM.
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3. Pa3BuTHe MycKyJIaTypbl M HEpPBHOII cucTeMbl muianyaouaa Cassiopea xamachana

Havanpuplii sTanm  (GopMUpOBaHHMS MYCKYJNaTyphl IUIAHYJIOWZA COINPOBOXKIACTCS YAaCTHUYHOU
peopraHu3anueil MyCKyJaTypbl MaTepHMHCKOro noiuma. Ha craguu HMIMHAPUYECKOTO BBIISTYMBAHUS
IIOYKHU HaOJI0JaeTCsl OTBETBIICHHE YaCTH MYCKYJIbHBIX BOJIOKOH OT O KalIIel cenTalbHOM MBIIIIBL. DTH
BOJIOKHA JIOCTHTAIOT OCHOBaHWs (opmupyromeiics mouku (Puc. 6A). [Ipu sTOoM OTBETBIEHHE OT
CeNTaIbHOIN MBIIIIBI MOXKET MMPOUCXOANUTH OAHOBPEMEHHO KaK CO CTOPOHBI, OJMKHEH K TUTIOCTOMY, TaK U
CO CTOpPOHBI HOXKU. HemocpencTBEHHO y MecTa COEJMHEHHUs pACTyLled IOYKHM CO CTEHKOM Tena
MaTEpUHCKOI0 OpraHu3Ma MBIILIEYHbIE JIEMEHTHI 1oJinna 00pa3yoT peixiyto cetb (Puc. 6b). Bo Bpems
JAIIbHEUIIIETO POCTa BHIISTYMBAHMS HEKOTOPbIE OJMHOYHbBIE MBIIICYHbIE BOJIOKHA MOJIMIA MPOHUKAIOT B
00pa3yIoUIyocss MOYKYy M MOTYT JIOXOIUTHh 10 €€ JMCTAIBHOTO KOHIA. TeM He MeHee, OOJBITMHCTBO
MBILIEYHBIX 3JE€MEHTOB OKAHYMBAETCS y CEpElUHbl BbIISIUMBaHMUI. B chHOpMHUPOBAHHOM M TOTOBOM K
OTJICJICHUIO IUIAHYJIOWJE BcE elle HaOJI0JalTCs 3TH OTAEIbHbIE Pa3HOHANpPaBIIEHHBbIE MYCKYJbHbIE
BosiokHa (Puc. 6B), ogHako B TOJBKO YTO OTAEIUBLIMXCS IJIAHYJOWJAX MBIIIEYHBIE 3JIEMEHTHI HE
obnapy:xwuBatorcs (Puc. 6I').

OTtnenuBLIMIICS OT MATEPUHCKOTO MOJIMIA TIAHYJIOUA MPUCTYTaeT K (OPMUPOBAHUIO COOCTBEHHOM
MBILIEYHON cucTeMbl. bimke K ero mepeiHeMy KOHILY MOSIBISIOTCS YEThIpE TIPYIIIBI HPOIOJIBHBIX
MBIILIEYHBIX BOJIOKOH (Puc. 7A). OTu BOJOKHa TSHYTCS 10 CEpEeIUHBI Tea IUlaHyjlouaa. B HeKoTophix
IUTaHYJIOUJaxX OHM 00pa3yroT oTBeTBieHUs U-00pa3Hoil popMBbl, NU3rHO KOTOPHIX MOXKET OBbITH OOpalleH
KaK K MepeJHeMy, TaK M K 3aJHeMy KOHI[y. DTH OTBETBJIECHHS OOBIYHO OKAHUYMBAIOTCA Ha CEpeIuHe
pPacCTOSHUS MEXTy ABYMSI COCETHUMM TPYIIaMH MBIIIEYHBIX BOJOKOH, HO B HEKOTOPBIX CIydasX MOTYT
JocTUraTh coceHel rpynmnel. Ha 3aiHeM KoHIe Tutanynouaa oOHapy>KUBAIOTCSI KOPOTKUE Pa3pO3HEHHBIE
MBIIIEYHBIE OTPOCTKH, KaK MPABUIIO, TTOTIepeuHo-HanpasieHHbie (Puc. 6B).

[To mepe nanpHEHIIEro pocTa NEPEAHMM KOHEI IUIAHYJIOMZA HEMHOIO 3a0CTPSIETCS, OTYEro
npuoOperaer (GopMy CIIaKEHHOIO TPEyrojibHUKa. B 3TO Bpemsi MyCKyJibHbIE OTPOCTKHM B TIpymmax
KOHUEHTPUPYIOTCS, GOPMUPYS IJIOTHBIE MBIIIEYHBIE JIEHTHI, U MTOYTH JIOCTUTAIOT MEPEAHEr0 KOHIlA Tea
(Puc. 7B). OnHOBpeMEHHO C STHM HAUYMHAIOT MOSIBISTHCS KOPOTKHE MBIIIEYHBIE 3JEMEHTHl B
oOpasyromuxcsi 3avatkax runocroma u mynanen (Puc. 7I'). Ilocnme mnpukperuieHust IMaHyJloHIa K
cyOcTpaTy 4eThlpe MBIIIEUHbIE JEHThI JOCTUTAIOT OCHOBaHUHN (opmupyromuxcs mynanern (Puc. 7/1). B
3TO K€ BpEMsI CTAHOBSTCS Oojiee 3aMETHbI KOPOTKHE MYCKYJIbHBbIE OTPOCTKH B TMIIOCTOME U PACTYIIUX
nrynaibliax, uX KOJIW4YecTBO yBeianuuBaercs. Crycts 1-2 nHS 1mociie NpUKperieHus: MyCKyJ1aTypa HOBOU
0co0w, B 11eJIOM, COOTBETCTBYET IO CTPOEHUIO MycKynaType B3pocioro nonumna (Puc. 7E).

Bo Bpems ¢dopmupoBanus mnanyiouna FMRFamua-nonoxutenbHble HMMMYHOPEAKTHBHBIE
CTPYKTYpHhI He oOHapyxuBatoTcs (Puc. 8A). Bommsu mecta 00pa3oBaHus MUJIMHIPUIECKOTO BHITSTIUBAHUS

IMOYKH XOpOoHmI0 IIPOCICIKUBATCA OTACIBHBIEC HWMMYHOPCAKTHBHBIC JJIEMCHTEI, COIIPOBOXIAIOIINC
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CENTaJIbHYIO MBIIIIIY [TOJIUIIA, KOTOpasi K ’TOMY MOMEHTY YK€ 00pa3yeT OTBETBJICHUS MBILIICUYHBIX BOJIOKOH
B CTOpPOHY pactymieil mouku. Taxke 3ameTHbl U oguHouHble FMRFamua-nonoxurensHpie BOJIOKHA B
yameuke. OJTHaKO, B OTJINYHME OT MBIIICYHBIX JIEMEHTOB, HU CENTaTbHbIE IMMYHOPEAKTUBHBIC 3JIEMEHTHI,
HU A3TH OJMHOYHBIC BOJIOKHA YalleYKW HUKOTAA HE (OPMHUPYIOT OTBETBICHHMH IO HANPABICHUIO K
pacTyuieH movke.

B otnenuBmuxcs mianynouaax FMRFamu-nonoxxutenbHbIe 3J1IeMEHTHI BbIpaxeHbl ci1abo. Tolbko
€MHUYHBIE IPOJI0JIbHBIE MUMMYHOPEAaKTUBHbBIE BOJIOKHA BBISABIIAIOTCA B cpeaHei yactu tena (Puc. 8B). Ilpu
3TOM HX PACIOJI0KEHHUE HE COOTBETCTBYET JIOKAIM3ALMHU pa3BUBAOIICICS MycKyaTypsl. Kak Bo Bpems
dbopMUpPOBaHUS MOYKU HA MATEPUHCKOM OpPraHU3ME, TaK U B MEPHO] CBOOOAHOrO IJIaBaHUs IUIaHYJIONIa,
Ha repeHeM KoHile ooHapyskuBaetcs rpynmna FMRFamun-nonoxutensHbix kiietok (Puc. 8b). OHu umeror
¢GopMy OYEHb Y/UIMHEHHOTO TPEYTOJIbHUKA, OPUEHTHPOBAHHOTO CBOMM OCHOBAaHUEM KHAPYXH. Y 3THUX
KJIETOK HUKOT/a HE OOHAPY>KUBACTCSI OTPOCTKOB HJIU CBSI3€H C MMMYHOPEAKTUBHBIMU 3JIEMEHTAMH B TEJIE
nouku. [Ipocieauts pa3BUTHE JaHHBIX HMMMYHOPEAKTUBHBIX AJIEMEHTOB IPH AalibHeleM Meramopdose
ianynouaa He yaaerca. PacnoznaBanne FMRFamMua-nonoxxuTenbHbIX CTPYKTYP CHIIBHO 3aTPyAHSETCA
HeCHelM(PUUYECKHUM OKpAaIIMBAaHUEM TIOBEPXHOCTH IUIaHyJouaa, Ha (OHE KOTOPOro HEBO3MOXKHO

I/II[eHTI/I(l)I/IIII/IpOBaTI) OTACIIBHBIC ACTAaJIM CTPOCHMUA.

Pucynoxk 6. Poct ouku C. xamachana, okpamusanne TRITC-KOHBIOTHPOBAHHBIM (HaTOUTHHOM.

A, b — dopMmupoBanue nouku, B — ruraHysions, TOTOBBIH K OTAENEHHIO, I — TOJBKO YTO OTACNUBILUICS IUIAHYJIOUI.
Crpesikn yKa3bplBaIOT HalpaBJIeHHWE POCTa ITOYKH, Oeoil Toukod oOo3HaueH mepeaHuil KoHer moukd. OOO3HaYEHHS: CM —
CenTajbHbIE MBIIIIBI, OM — OCTaTOYHBIE MBIIIEYHbIE OTPOCTKHU. [lyiHa MaciuTabHoro mrpuxa — 100 MxM.



Pucynok 7. Passutre u Mmetamopo3 mianynonaa C. xamachana,

okpatrBanue Myckyiatypsl TRITC-koHbIOrHpOBaHHBIM (aNIOUANHOM.
A — TIaHyJIOUA CIYCTS JeHb HOCHe OTAENCHHS C (POPMUPYIOIIMMHUCS TPYIIIaMU MBI U (OTOCUMONOHTAMH (KENThIi), b —
3aHUN KOHEIl IJIaHyJION/1a, HAKOHEYHUKaMH CTPEJIOK YKa3aHbl KOPOTKHE TOMEepEedHbIe MBIIIEYHBIE OTPOCTKH, B — mranymony
Ha BTOpOH ZIeHb IOCIIe OTHENEeHMs, [T — mIaHyJou TOTOBBIA K OcefaHuto, J| — muianysous, CIycTsl HECKOJIbKO 4acOB IIOCIIE
ocemanusi, E — Momonod monum, HauMHAOMUKA (OpMUPOBATH IIynaibla. bemol Toukod 0o0O03HAueH NepeaHHi KOHEI]
wianysionaa. O003HaYeHUS: T — TUIIOCTOM, T'M — TPYIIIBI MBIIII IUIAHYJIOW/AA, 3 — 3a4aTKH LIynajen, H — Hoxka. [lmiHa
macmrrabHoro mrpuxa — 100 MxM.
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Pucynok 8. Pa3Butie HepBHBIX 3JIeMeHTOB Manyiouna C. xamachana, MedeHne HEpBHBIX 3JIEMEHTOB aHTHTEIAMH K
FMRFamuny (cuuunit) u myckymatypsl TRITC-KOHBIOTHPOBAHHBIM (aTIOMIMHOM (KPACHBIH).

A — y4acTOK YalleYKH BO3JIE OCHOBaHUS (hOPMHUPYIOMICHCS MMOYKH, JITHMHHOW CTPEIKOW YKa3aHO HAIpaBJICHHUE POCTa
noukd, b — mepemHWil KOHENl IUIaHYJIOWIA, 3€JICHBIMH cTpelkamu ykasanel FMRFamum-momoxurenpHble kinetku, B —
TUTAHYJIOU], CITyCTsI ACHb IOCIIe OTneneHus. benoil Toukoii 0003HaUeH MepeHuid KOHEI IDIaHyJION/1a, HAKOHEYHHKH CTPEIIOK
VKa3bIBalOT Ha OTAeibHbIe FMRFamun-monoxurensHple OTPOCTKU, MYyHKTUPHOHM JIMHUEH O0O3HA4YeHA MPHOIM3UTEIbHAS
rpaHUIa OCHOBAHUS PACTYyIIEro Ianyinonna. O003HaYeHHUs: TM — TPYIIIBI MBIIII] INIAHYJION]IA, MIT — MBIIIIBI, IPOHUKAIOIINE B
MOYKY, O — CHMOHOHTBI, CH — CEeNTaJIbHBIC HEPBHBIC OTPOCTKH, CM — CeNTalbHast MbIiiia. JnuHa macmrabroro mrpuxa — 100
MKM.
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4. Bruiouenue MmeTku EAU Bo Bpemsi pocTa mouKku, pa3BUTHS U TpaHchopManuu NJIaHyJI0uaa

Cassiopea xamachana

C MOMOIIIBIO SKCIEPHUMEHTOB 110 BKIIFOUeHHI0 MeTKH EAU ObUIN BBISIBIICHBI 30HBI aKTHBHOTO CHHTE3a
JTHK Ha pa3nuuHbIX CTaIusIX pocTa IOYKHU U pa3BUTHs ianyionaa C. xamachana. Y moiunos ¢ pacryiiei
MOYKOM HabromaeTcs aBe 30HbI BKiIOUeHUS MeTkH (Puc. 9A). IlepBas u3 HUX HAXOIUTCS B YallleyKe U
3aHUMAaeT MPOCTPAHCTBO OT HOXKKH JI0 OCHOBAHUH Ilynayell. MeueHsle sipa B Heil pacrpeesieHbl 4acTo U
PaBHOMEPHO, UX KOIMYECTBO BApbUPYeT oT 45 110 65 na 100 Mxm?. B mynmanbiax U HOXKKe MOJIUIA BO3IIE
YallleyKyd BCTPEYAIOTCS JIMIIb PEIKUE OJUHOYHBIE siipa ¢ MeTKoM. BTopas 30Ha pacrosaraercst B
BBIMSIYMBAHUU TTOYKH OT €€ OCHOBAHUS JI0 AUCTAJIHHOTO KOHIIA, 32 UCKIIIOUEHHEM HeOOJIbIIIOro y4acTKa Ha
camoM KkoHue BbinsuuBanusi (Puc. 9b). Curnan MeTku B 3TOW 30HE HACTOIBKO HHTEHCUBHBIM, YTO
OT/EJbHBIC SI[Pa MOTYT OBITh TNIOXO pa3nuuuMbl. Yactora BritoueHus EAU B pactymieii modke 3aMeTHO
BBIIIIE, YeM B Jaredke noiauna. KoandaecTBo MeueHbIX sifiep B 3Tou 30He nocturaet 120-140 rma 100 MEKM?.
[Ipn 3ToM B yacTsaX MOJMIA, MPUIEKALIMX K OCHOBAHUIO BBIINSYMBAHMS I0YKM, HE HaOIIOgaeTcs
YBEJIMYEHUS YaCTOTHI BKIFOYCHHS] METKH.

B mutanynonsie, roToBOM K OTIEJIEHUIO, HHTEHCUBHOCTD BKIIIOUCHHSI METKU yMeHbInaercs 10 30-50
Ha 100 MKkM2. DTO 0COGEHHO XOPOIIO 3aMeTHO NMpH GOPMUPOBAHKH Lienouek mianytounos (Puc. 9B). B
ATOM Clly4ae HauboJee yacToe BKIOYEHHE METKH BCE TaKXKe MPOUCXOIUT B MECTE BBIISIUMBAHUS IOYKH, B
TO BPEMS KaK B KaKJOM MOCJIEAYIOUIEM IUIAHYJIOUAE HENOYKN KOJINYECTBO MEUEHBIX AJIEP CYIECTBEHHO
yMeHblaercs. [Ip# 3TOM MeCTO pacHoNOKeHUs 30HbI BKiModeHus EdU ocrtaeTcs HEM3MEHHBIM.
Haubonpiiee komndyecTBO MEUEHBIX S€p pacmojaraercs ONMKe K OCHOBAaHUIO C(POPMHUPOBAHHOTO
wianynouga. Ilo Mepe mnpuOMMKEeHHs K JUCTAIBHOMY KOHILY WHTEHCHBHOCTh BKJIIOYEHMSI METKU
cHuxkaetcs. HemocpecTBEHHO Ha JUCTAIbHOM KOHIIE IJIaHYJIOW/1a CUTHAII OTCYTCTBYET.

Y cBOOOMHOMIABAIONIUX ITUIAHYJIOUAOB KOJMYECTBO MEUEHBIX SJEpP BapbUPyeT B Pa3HBIX
HCCIeIOBAaHHBIX 0Opasiax oT 40 10 60 Ha 100 Mxm% Ha paHHEX 3Tamax cCOXpaHseTcs TOT e TaTTepH
pactipenenenuss EJU, uro u B ruanynounnax a0 otaenenus (Puc. 10A). KonuyectBo MeueHbIX sjaep Ha
(GYHKIMOHAIBHO 33 JHEM KOHIIE TulaHyouaa B 3,2-3,4 pasa Bbllle, 4eM Ha nepegHeM: okosio 3141 u 8—
14 ma 100 MxM? cooTBeTcTBeHHO. K MOMEHTY Hauana pa3BUTHS y IUIAHYJIOMAA 3a4aTKOB IIyTajell,
TUTIOCTOMA M HOXKKH 30HA BKJIFOYEHHUS METKHU 3aHMMaeT Bce Teno mianyinouaa (Puc. 10 b-T'). bonbmras
YacTh MEUEHBIX s/lep pacronaraeTcs B 3adaTkax mrymanen — 38-42 wa 100 mMxm?. B 3TOT MOMeHT
OTJIeIbHBIE MEUEHBIC S/Ipa BIEPBBIC MOSBISIOTCA M Ha (YHKIIMOHAJIHHO TEpeJHEM KOHIIE TUIaHyJIOHa
(ObIBIIIEM TUCTATBHOM KOHIIE pacTyiueil moukn). [Togo6HbIi XapakTep pacnupeeneHust METKU COXPaHSETCs
JI0 Oce/laHus IUIaHyJIouJa Ha CyOCTpaT U MpeBpaIeHNs B HOBBIH MOJIHII.

Y MoJio0ro monuna 30Ha Hanbosee Yactoro BkiatoueHus EAU-meTku pacronaraercsi B 4amieuke —
oxos10 3040 meuenbIx saep Ha 100 mxm? (Puc. 10]1). ITo-npesxHeMy, HanGoIbIIee KOITMYECTBO MEUCHBIX

azep HabMogaeTcs y ocHoBaHus 1ynaner] — 42—52 Ha 100 MKM2, XOTsI 30Ha BKJIIOUEHUS METKH 3aHUMAET
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BCE NPOCTPAHCTBO YaIIC€YKH OT IIMyHajer] 10 HOXKHA. HemocpeacTBEHHO B IIyHaibllaX M HOXKKE

Ha6J'IIO,Z[aIOTC$I JIMIIb €AUHUYHBIC MCUCHBIC SA/1pa.

5. HacienoBanue mianyjaouaom Cassiopea xamachana ¢porocumMouoHTOB

CumoOunornueckue quHoduaresuistel Symbiodinium Sp., TUIMYHBIE IS MPEICTaBUTEICH CeMEHCTBa
Cassiopeidae, xopomio 3aMeTHbBI TIpH ChEMKE Ha KOH(POKAILHOM MHKpPOCKONE Onaromaps
aBroryopecueHnny xjiopoduiia B UX KieTkax. Bo B3pocibix monumnax (GpOTOCUMOHOHTHI B OOWINH
BcTpeuaroTces B yanieuke (Puc. 4/1, E). Bo BpeMst pocTa OYKH HEKOTOPOE KOJIMYECTBO KIETOK MUTPHPYET
B o0ylacTh 00pasyloIierocsi BBIISYMBAHUS. B IUIaHyjoWIe OHHM 3aHUMAIOT OOLIMPHYIO 00JacTb OT
CEepeIMHBI TelIa JI0 3a/IHET0 KOHIIA, HO HUKOTIa He HaXoIsATcs B 001actu nepennero konna (Puc. 7A). Ora
0COOCHHOCTh MOMOTaeT HAJICKHO ONPEACNIATh HNEePEAHE3aIHIOI OPUCHTALUIO IUIAHYJIOKIA, JaXe B TeX

ClIy4asx, Korjga OH yTpauuBacT CBOKO M3HAYAJIbHYIO (bOpMy B XOI€ U3IrOTOBJICHHA IIPCIIapaTOB.



vYawe4ka

HOXKa—

Pucynok 9. Brirouenne metku EAU (po3oBbiit) Ha stame hopmupoBanust mianyaonaa C. xamachana, okpariBanue
snep DAPI (cunmii).

A — monuIl ¢ pacTymieil mo4Ykoi, b — BRIMAYMBAHUS MOYKK HA Yallleyke TOJUNa, B — BRIMAYMBAHUS TIOYKH U IIETTOYKH
TUTaHYJIOU OB, TOTOBBIX K OT/eNIeHnI0. benoii 3Be3/104K0ii 0003HaueH epeTHUH KOHET] POPMHUPYIOMIETOCS IUIAHYIOUIa, CTPEIIKA
yKa3blBaeT HampaBleHHE pocTa IulaHylouaa. lIpephbIBUCTON JMHHWEH O0O3HAYEHBI T'PAHMIIBI 30HBI AKTUBHOTO BKJIFOUCHUS
EdU.Coxkpamienust: BIT — BoinsiuuBanusi mouky, I11, T12 — nepBblif ¥ BTOPO# MIIaHYJIOH] B LIEMOYKE, 1] — MIynanbie. JiuHa
macmrrabHoro mrpuxa — 100 MxM.




*

Lwynansua

.

Pucynox 10. Bkirouenne metku EJU (po3oBblii) Ha pa3HbIX dTanax pa3Butus mwianyiaouaa C. xamachana,
okpammuBanue saep DAPI (cuamii).

A — TONBKO YTO OTAENMBINMNCA IUIaHylnoua, b — mmanynmouna, cmycTs CyTku mocne otaeneHus, B, I' —
TUIaHYJIOMA ¢ (POPMUPYIOIIMMHUCS 3aYaTKaMH TUIocToMa W Imynanen, | — momonoi momnun. beno# 3Be3moukoit
0003Ha4eH nepeaHuil KoHel Iianyaouaa. CokpameHus: 3r — 3a4aTOK TUII0CTOMA, 3H — 3a4aTOK HOKKH, 3111 — 3a4aTOK
mynansia. Jnuna macmrabHoro mtpuxa — 100 MM,
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Oo0cy:xnenne pe3yJibTaTOB

1. O6mas mopgoorus mpimevynoii 1 FMRFamuaepruueckoii HepBHO# cHCTeMbl OJIUIIOB

Cassiopea xamachana

Kak 6bu10 mokaszano panee B O030pe JUTeparypsl, JaHHBIE 00 YCTPOHCTBE HEPBHOUW M MBIIICYHON
CHCTEMBI TOJMIIONIHBIX CTaJUil Pa3IMYHbIX KHUJIAPUKA OrpaHUYCHBI JHUIIb CIUHUYHBIMU paboTaMH IO
OTJEeNILHBIM BHJIaM, KaK IPAaBHIIO, MOJCIBHBIM 00bekTaM. OHAKO J1a)Ke HAa OCHOBE 3TUX CBEICHUI MOXKHO
BBISIBUTh HECKOJIBKO OOIIMX YepPT B OPraHU3aIMH ITUX CUCTEM. Y BCEX HM3YYCHHBIX IOJIMIIOB XOPOIIO
BBIpa)KEHA MPOJOJIbHASI MYCKyJIaTypa Tella, MyCKyJIaTypa, CONpPsDKEHHAsi ¢ OPAIbHBIM KOHIIOM (MBIIIIIIBI
THIIOCTOMA WJIM TJIIOTKH, paJualibHas U KOJbIEBas MYCKyJIaTypa OPaJIbHOTO TOJIs), @ TAaKXKe MPOAOJIbHAsS
MyCKyJaTypa Iiymaieil. B To e BpeMs KoiblieBasi MycKyJaTypa Tella, i B 0COOCHHOCTH IIyTaJiell, pa3BuTa
B MeHbIIeH crerneHd. HepBHas cucreMa mpencTaBlieHa HEPBHBIM KOJIBIIOM B OCHOBaHWM IIyMajell |
OTJEeNbHBIMU HEUPOHAMH B TE€JIE U HEPBHBIMU OTPOCTKAMH, CONIPOBOKIAIOIIUMHI OCHOBHYIO MYCKYJIaTypy
tena. CyIIeCTBEHHBIE OTIWYMS 3aKIIOYAIOTCS B CTENEHU KOHIEHTPALWW MBIIIEYHBIX M HEPBHBIX
AJIEMEHTOB. MBIIIEYHbIE BOJOKHA MOTYT OBITh pPa3pO3HCHHBIMH, WM K€ OOBEJAMHATHCS B
(YHKIMOHAJIBHBIC TPYIIbl: BAIWKH WIH JICHTI. HeEpBHbIE OTPOCTKM B HEPBHOM KOJIBIIE MOTYT
00pa30BBIBATH PHIXIIYIO CETh MM KOHIICHTPHPOBATHCS, 00pa3yst HEKOTOPOE 1M0A001e MPOBOIAIINX Ty TEH.
OCHOBHBIE NTPU3HAKN CTPOCHUSI HEPBHO-MBIIICYHON CUCTEMBI H3YYCHHBIX MOJIMTIOUIHBIX CTAIHNA Pa3HBIX
KJIACCOB KHUJIApHii OTpakeHbI B cxeme Ha pucyHke 11. [Ipu aTom cBeneHust 06 opranu3anuu cuu(ouaHbIX
¥ KyOOUTHBIX TIOJUIOB MOJIYYEHBI U3 eJUHUYHBIX Pab0T, BHIMTOJIHEHHBIX C TOMOIIHIO TPAHCMHUCCHOHHOTO
AJIIEKTPOHHOTO MUKPOCKOIIA, U MOTYT HE BIIOJIHE TOYHO OTPAXKaTh OOIIYIO TOTIOJIOTHIO HEPBHO-MBIIIIEYHBIX
anementoB (Chapman, 1978 [37]; Chia, Amerongen, Peteya, 1984 [40]).

Kak ObuT0 ycTaHoBIeHO B Xoje ganHou padots! (Khabibulina, Starunov, 2019 [104]; Khabibulina,
Starunov, 2020 [103]), opranmzauusi Myckyiaatypel ¥ FMRFamuaepriuueckoii HEpPBHON CHCTEMbI
cuudponomumnoB C. xamachana cooTBeTcTByeT TakoBoMy Yy ciudononumo A. aurita. Obmiee
pacronoxenue MpliedHbix 1 FMRFaMua-monoXuTenbHBIX HEPBHBIX JIEMEHTOB B TEJIE MOJTUIA OTPAKEHO
Ha puCyHKe 12.

VY nonumnos C. xamachana Mo>kHO BBIIEIHUTE TP IPYIIIBI MBI 1) MyCKyJIaTypy Tela, 2) Irynaier
u 3) opanpHOTO Arcka. MycKynarypa Teia IpecTaBlIeHa B OCHOBHOM YEThIPbMS MOIITHBIMU MTPOOIEHBIMU
CeNTaIbHBIMA MBIIICYHBIMH JICHTAMH, MPOXO/SIIAMH OT OCHOBAaHHUS HOXKH IO OPAIbHOTO JTUCKA. DTH
MBIIIIIBI, BEPOSITHO, OOECHEeUMBAIOT OBICTPOE CHIIBHOE COKpAIlleHWEe Teina B clydae, €CIH IOJUI
NOTpEeBOXKEH. Takxke 3a cueT paboThl CENTaIbHON MYCKYJIaTyphl, IO-BUIUMOMY, IPOUCXOIAT N3THOAHUs
HOXKKM TIOJIMIIA W TOBOPOTHI 4Yalieuku npu mwmiieBom noseneaun (Bigelow, 1900 [21]). Ilomumo

CenTalbHOMI MYCKYJIAaTypbl B HOXKEC HUMCIOTCA OTACIIBHBIC HeOOJIbIIINE OpOaOJIBHBIE W KOJIBLICBBIC
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MBbINICYHBIC BOJIOKHA. OHI/I, BEPOATHO, MOT'YT ABJIATHCA BCIIOMOI'aTCIbHBIMU IJI CEITAJIBHBIX MBIIICYHBIX

JIEHT ¥ CIIOCOOCTBOBATH 00JIE€ TOYHBIM ABIKECHUSIM.

Pucynoxk 11. Cxema opraHu3aiyy HEpBHOW M MBIIICYHON CHCTEMBI Y TOJHIIOB OCHOBHBIX KiaccoB Cnidaria

A — nomun Aurelia aurita (Scyphozoa), mo Chia, Amerongen, Peteya, 1984 [40], b — momum Nematostella vectensis
(Anthozoa), ast yrpoleHus cXeMbl MyCKyaTypa IJI0TKA He oka3ana, o Jahnel, Walzl, Technau, 2014 [96], B — monun Hydra
sp. (Hydrozoa) mo Grimmelikhuijzen et al., 1989 [70] u Szymanski, Yuste, 2019 [184], ' — mnonun Tripedalia cystophora
(Cubozoa) mo Chapman, 1978 [37]. KpacubiM 1iBeToOM 00O3HAUEHBI HEPBHBIE 3JIEMEHTBI, 3€JI€HBIM IBETOM — MBIIIECUYHBIE
sneMeHThl. COKpAIeHNS: T — TUIIOCTOM, KM — KOJIBIIEBAsk MYCKYJIATypa OPaJIbHOTO M0JIs, MB — MBIIIEYHbIE BAIMKH, HK — HEPBHOE
KOJIBLIO, IT — [TOZIOIIBA, IIP — IEPUCAPK, P — POT, I — rynajibie. OTHOCUTEIbHBIEC Pa3Mephl HE COOIOICHBI.

mynanbua %
Pucynok 12. Cxema opraHuzaiyy MbIILIEYHON U
FMRFamuaeprudeckoit HepBHOI CHCTEMBI
HlU.

nonuna C. xamachana

| O0603HaUYCHUSA: KM — KOJIbII€BAss MBIIIIA
OpaJIbHOT'O AMCKA, MI' — MBIIIIbI THIIOCTOMA, MO/]
- MbIIIObBI OPAJIBHOTO AUCK, MT — OTACJIBHBIC

HOAO
MBIIICYHBIC 3JIEMEHTBI B TeJIe, MII — MBIIIIBI
IIymnanbla, HC — HEPBHBIC AJIEMEHTHI THIIOCTOMA,
; HOJl — HEPBHBIC 3JIEMECHTHI OPaTbHOTO IUCKA, HT
'\ I / — HEPBHBIE DJJIEMEHTHI Te€ja, HI — HEPBHBIC
0 HepaHoe' ! 3JIEMEHTHI 1IyIajblia, CM — CeNTajJbHas MbIIIIA,
aleuKa |, L KOnbUo ;- CH — CENTallbHbIE HEPBHEIE 3JIEMEHTHL. HepBHbie
P " 9JIEMEHTHI TOKa3aHbl KPACHBIM, MBIIIECTHbBIE
3JIEMEHTHI TIOKa3aHbI 3€JICHBIM.
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Myckysarypa Imrynaier COCTOMT U3 KOPOTKHX, TOJCTBIX MPOJOJBHBIX MBIIICYHBIX BOJOKOH. DTH
MBIIIIIBI, BEPOSITHO, 00ECIIEYNBAIOT COKPAIICHUE IIynaiblia U ero u3runoanue. KosbleBbIX MBIIICYHBIX
aneMeHTOB y mosunoB C. xamachana He oOHapy>KUBaeTCs, Kak U y UCCIICAOBAHHBIX paHEe IMOJUIIOB T.
cystophora (Chapman, 1978 [37]) u A. aurita (Chia, Amerongen, Peteya, 1984 [40]). Pacnpasnenue
IIynaiblia B CIydyae OTCYTCTBHS KOJBIIEBBIX MBIIII[-aHTATOHKCTOB, MOXXET OCYILIECTBIATHCS 3a CYUET
yIPYTUX CBOWCTB CHJILHO BaKyOJHM3MPOBAHHBIX racTPOACPMANIbHBIX KJIETOK M KOJUIAr€HOBBIX BOJIOKOH
mesorien (Chapman, 1970 [38]). MyckynaTypa opajbHOIO JUCKa BKJIFOYAET B ceOsl CIOH paaualibHBIX
MBIIICYHBIX BOJIOKOH, M KOJBICBYIO «MBIIIILY», PAcHOJararollylocss Ha OpaJIbHOM JUCKE B OCHOBAaHUU
urynanel;. TepMHH «MBIIIIa» B JIaHHOM Cliy4ae HCIOJb3yeTCsl B KaBbIUKaX, TaK Kak y IMOJHIA He
o0pa3yercsi HACTOSIIICH, aHATOMHYECKH 00OCOOJICHHOM KOJIBIIEBON MBbIMIIbI. KOJBIEBbIC MBIIICYHbIC
BOJIOKHA B JTOM CKOIUICHHWH, [0 BCEH BUIMMOCTH, JCHCTBYIOT COIVIACOBAaHHO M (DYHKIIMOHAIBLHO
BBIMIOJIHSIOT PabOTy OTHOW «MBIIIIB. K KOJNBIIEBOM «MBIIIIIE) MOAXOAIT MBIIICYHBIC OTPOCTKH IIyTaJIell,
panuanbHOI MyCKYJIaTypbl OPajbHOTO IUCKA, 8 TAK)KE OKOHYAHHS CENTAIbHBIX MBI, CXOIHOE CTPOCHUE
MYCKYJIaTypbl OpajbHOTO AKCKa ObL10 00HapykeHo y nonumnos A. aurita (Chia, Amerongen, Peteya, 1984
[40]). dynkumeit paguanbHONW MYyCKYJIATyphl, TO-BUAUMOMY, SIBJSIETCSI PACKPBITHE JIOMACTEH THIIOCTOMA
¥, KaK CJICICTBHE, POTOBOT'O OTBEPCTHS JUIs 3aXBaTa MUILEBOro oobekra. Cirdornoiunb MOTyT MOTIONATh
MUIIEBbIE O0BEKTHI, CYIIECTBEHHO NPEBOCXOJSIIME 1O pa3Mepy O0BEM HX TacTpajbHOM MOJIOCTH U
poTOBOro OoTBepcTUs B 00bIdHOM coctosHuu (Ostman, 1997 [145]; Schiariti et al., 2008 [168]; Ikeda,
Mizota, Uye, 2017 [92]). Cnoii paauanpHOi MyCKyJIaTypbl OpajJbHOTO HCKa, MO BCEH BHIMMOCTH,
o0ecrieunBaeT MpoIecC MOTJIOMICHHUs TOCTAaTOYHO KPYIHBIX YacTUIl. PacTsaruBaHue CTEHOK YalleukKd |,
COOTBETCTBEHHO, IaCTPAJbHOW TOJOCTH CTAHOBUTCS BO3MOXKHBIM 33 CUET OTCYTCTBHSI CIUIOIIHOTO CIIOS
IPOJIOIBHOM M KOJIBIIEBOW MYCKYJIaTypbl. HermocpencTBeHHO 3axXBat MUMIN OCYIIECTBISIETCS THIIOCTOMOM,
B KOTOPOM HMeEeTCsi COOCTBEHHAs MYCKYyJaTypa, COCTOSINAs W3 MHOXECTBAa JUTMHHBIX IPOAOJIBHBIX
MBIIICYHBIX BOJIOKOH M PEIKHX IMOMEPEYHBIX BOJOKOH. CMBIKAHHE TacTPajbHOW MOJOCTH M POTOBOTO
OTBEPCTHS, BEPOSITHO, MPOMCXOIMUT 33 CYET Pa0OOTHI MOMEPEYHOW MYCKYJIATypbl THIIOCTOMA, a TaKXkKe
COKpAIIIEHUS KOJIBIICBON «MBIIIIIBD OPAILHOTO JHMCKA.

HccnenoBanne 0COOCHHOCTEH JOKAIM3AIlMK DJIEMEHTOB HEPBHOM CHUCTEMBI OBLJIO TPOBEACHO C
nomouiblo MeueHus: antutenamu k FMRFamuny. Ilpu 3TOM yaanoch BBISIBUTH JIUIIb clienU(UYECKOE
OKpaIMBaHNUE OTPOCTKOB HEHPOHOB, B TO BPEMsI KaK SAPOCOICPIKaIas YacTh KJICTOK He 00HAPYKHUBAIACh.
BeposiTHo, 3T0 CBsI3aHO ¢ TeM, uTo Heifpomenuatop FMRFamun HaxoauTces mo 6onblield 4acTh B KPYITHBIX
BE3WKyJax HepBHBIX oTpocTkoB (Singla, Mackie, 1991 [172]; Westfall, Grimmelikhuijzen, 1993 [201]). V¥
cuudonomunos Aurelia aurita u y Heckonbkux BuIOB crmpouaabix meny3 FMRF-monoxurenpHas
UMMYHOPEAaKTHBHOCTh TaK)Ke€ OTMEYajaach JIMIIb B HEpBHBIX BosokHax (Sakaguchi et al, 1999 [160];
Satterlie, Eichinger, 2014 [166]). Tem He MeHee, B psijie APYruX padOT, MOCBSIIEHHBIX U3yUYSHHIO HEPBHOM
CHCTEMBI THIPOMEIY3 M CBOOOJHOXHUBYIIEH craauu mnapasuta Polypodium hydriforme, FMRFamua-

MOJIOXKHUTEIBHOE MEUCHHE HAOIF01aI0Ch TakKe U B Tenax HeiipoHos (Mackie et al, 1985 [121]; Marlow et
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al, 2009 [122]; Nakanishi et al, 2009 [136]; Raikova, Raikova, 2016 [156]). BeposiTHO, TOoKamu3aIus
FMRFamuaa nMEeHHO B HEPBHBIX OTPOCTKAX MOKET OBITH crienuduyeckoit ueproii SCyphozoa.

Busyanuzanus HEpBHBIX 3JIEMEHTOB 33a4acTyO0 3aTPYIHSACTCSA CHIIBHBIM (DOHOBBIM OKpAIIMBAaHHEM,
00yCJIOBJICHHBIM HECHICIIU(PHUECKUM CBSI3bIBAHUEM AaHTHUTEN. DTO HecTenu(pHUIECKOe MEYCHHE, BEPOSTHO,
IPOUCXOIUT M3-3a MPUCYTCTBHS OOJBIIOrO KOJIMYECTBA KEJE3UCThIX KJIETOK B cocTaBe TkaHei C.
xamachana, B 0cobeHHOCTH, B 00JaCTH TEJaIbHOTO JTUCKA MOJHUIA U JAUCTAIBHOTO KOHIIA TUIAHYJIOH/IA
(Hoffmann, Honegger, 1990 [82]). Takoe ¢oHOBOE OKpalIMBaHHE BO3MOXKHO OTYACTH yOpaTh, YBEINYIHB
BpEeMsI ¥ KOJIMYECTBO OTMBIBOK 00pa3ioB B (hochaTtHOM Oydepe, 0MHAKO MOTHOCTHIO OT HEro n30aBUThHCS
HE yJaeTcsl.

FMRFamuaepruueckast HepBHast cucteMa mojumoB C. Xamachana cocTouT u3 Tpex IPyIIn HEPBHBIX
351eMeHTOB. [lepBbIe 1BE rpyMITbl HEPBHBIX OTPOCTKOB CONPSKEHBI C MBIIIIIAMH B TEJIE MOJIUTIA U MBIIIIIAMHU
mrynanen. Tperest rpymnmna oOpasyeT HUPKYMIHIIOCTOMAIbHOE KOJBIIO B OPAJIbHOM JIUCKE Y OCHOBAHHUS
mrynanen. Hanbonee 4eTko BbIpaykeHbl CKOIUIEHUS NPOAoiabHbIX FMRFaMuI-TI00KUTENBHBIX BOJIOKOH,
COTPOBOKAAIOIINX CENTAIbHBIE MBIIIIIBI B3pociioro ciudononuna. [1ogo0HbIe CKOTIIICHHS TaKkKe OMMUCaHbI
y Aurelia aurita (Sakaguchi et al, 1999 [160]), u, BeposiTHO, SABJISAIOTCS OOIIEH XapaKTEPHOH 4YepTOi
OpraHu3alli HEPBHOM CHUCTEMBI y CHU(OIOIUIOB. Y W3YYEHHBIX MPEICTABUTEICH aKTUHHA U MOPCKHUX
nepreB FMRFamunepruueckuie HepBHBIE S3JEMEHTHI CXOIHBIM O0pa3oM COIMPOBOXKIAIOT MBIIIIIbI-
perpaktopsl B MeseHtepusix (Girosi et al., 2005 [64]; Marlow et al., 2009 [122]). ComnpsbkenHas
nokanuzamus FMRFaMua-mogoXuTenbHbIX HEPBHBIX BOJIOKOH UM MBIIIEYHBIX JJEMEHTOB MOXKET
CBUJETENLCTBOBATH 00 yuacTu FMRFaMuieprudeckux 371€MEeHTOB B KOHTPOJIE MBILIEYHON aKTUBHOCTH.
DTO TPEANONIOKEHHE TMOATBEPKAAeTCS Takke W AaHHbIMH 00 ydactun FMRFamua-monoxxutensHbIX
HEPBHBIX DJIEMEHTOB B HEMPOMOTOPHBIX PEAKIUSAX M PETYNSALUU TJIaBaTeNbHBIX JBIKEHUN y APYTUX
kuumapuii (Plickert, Schneider, 2004 [153]; Satterlie, Eichinger, 2014 [166]). ITo Bceii BHIUMOCTH,
FMRFamuneprudeckue KJiIeTKd Tela W Imynanern y monumnoB C. xamachana, MoryT oOCyIIeCTBISTBH
HETIOCPEACTBEHHOE YIIPaBICHHE MYCKYJIATYpOH B COOTBETCTBYIOIINX yUacTKax Teja. Tak Kak cenTaabHbIe
MBI Y CUU(OMONHUIIA SIBIISIOTCS HanOoJee Pa3BUTHIMU, TO U JIOKAJIM30BaHHBIE PSJIOM C HUMHU HEPBHbIE
OTPOCTKM 00pa3yioT Oonee mioTHoe ckomieHue. Llupkymrunoctomansieile FMRFamunepruueckue
HEPBHBIE OTPOCTKU 00Pa3yIOT TaK Ha3bIBa€MOE HEPBHOE KOJBII0. DTO MECTO HAMOOIBIIIEH KOHIICHTPAIHH
HEPBHBIX 3JIEMEHTOB B Teje Mojuma. YacTh 3TUX HEPBHBIX JIEMEHTOB, BEPOSTHO, MOXKET OCYIIECTBIATh
KOHTPOJIb Pa0OTHI KOJIBIIEBOM U paJualibHOW MYCKYyJIaTypbl OpaJIbHOro aucka. Kpome Toro, cymecTByroT
JTaHHbIE, CBUJICTEIBCTBYIOLIME O TOM, YTO MOMUMO 3TOH (PYHKIIMM HEPBHOE KOJIBIIO MOXKET BBHICTYNATh B
POJIH 00IIIET0 HHTETPATUBHOTO IeHTpa kuBoTHOTrO (Koizumi, 2007 [107]; Arendt, Tosches, Marlow, 2016
[11]). HepBHBIC OTPOCTKH OpaIbHOTO AMCKA, IIyaJell, Tea, U B YaCTHOCTH, CENTATbHbIC HEPBBI BXOST B
HEepBHOE KOJbI0. [lo-BuanMoMy, 3a CUeT peryJsiui B HEPBHOM KOJIbLIE OCYIIECTBIISIETCS B3aUMOCBS3b U

clIaXkKeHHas paboTa MyCKyJaTypsl MOJUIA.
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HepBHOE KOJBIIO OMHMCAHO y MOJHMIIOB pa3iuyHbix rpymm Cnidaria. OcoGeHHOCTH OpraHU3aluu
HEPBHBIX 3JICMEHTOB B €TI0 COCTaBE MOTYT CHJIBHO BapbHUpOBaTh. Y KyOOIOJMIIOB M THIPOIIOJIUIIOB
HEPBHBIC AJIEMCHTHI CKOHIICHTPUPOBAHbI OUYCHb IUIOTHO M 00pa3yloT (aKTUYECKH J1Ba KOJbIA — BO
BHCIIHEM M BHYyTpeHHeM kierouHbix ciosix (Chapman, 1978 [37], Koizumi et al., 1992 [110]).
OTnenbHBIMH HCCIIEIOBATEIISIMUA 3TO HEPBHOE KOJIBIIO TPAKTYETCSl KaK OYCHb MPUMHUTUBHAS IICHTPAbHAs
nepBHas cucrema (Holland, 2003 [88]; Koizumi, 2007 [107]). ¥ npeacraButencii Anthozoa rtakike
IPOUCXOIUT pa3/ieiieHNe HEPBHOIO KOJIbIA HA JIBE YaCTH — JMUACPMAIBHYIO U T'acTPOJCPMaIbHYIO, HO
HEPBHBIE JIEMEHTHI PACIIONOKEHBI Oosee phIxio, 6e3 o0pa3oBaHus IOTHHIX Tshkel (Marlow et al., 2009
[122]; Kelava, Rentzsch, Technau, 2015 [101]). C HepBHBIM KOJBIOM y MpEACTABUTENCH 3TOro Kiacca
TaKXe TECHO CBSI3aHbI HEPBHBIC DJIEMEHTHI XOPOIIIO pa3BUTON MIOTKH. HakoHell, Kak cienyer u3 TaHHOTO
uccienosanus C. xamachana u npeapinynmx pador mo nmoiumam A. aurita (Chia, Amerongen, Peteya,
1984 [40]; Sakaguchi, Imai, Nomoto, 1999 [160]), y noaumoB SCyphozoa HepBHbIC 31eMEHTHI B HEPBHOM
KOJIBIIC PACIIOJIOKECHbI HaWMeHee IUIOTHO. (DakTHYecKH, Tella HEWPOHOB M HMX OTPOCTKHA O0pa3yroT
KOJIBLICBYIO HEPBHYIO CETh y OCHOBaHHS IIyIayell, P 3TOM KaKHX-TO HAIPaBJICHHBIX HEPBHBIX TSHKEH
WINA TPAKTOB HE OOHAPYXKUBACTCsA. B OTIIMYME OT MOJIMIIOB MPEICTABUTEICH IPYTUX KJIACCOB, HEPBHBIC
aNIeMeHThI y SCYphozoa pacnonararorcs ToibKko B anuaepMaibHoM cioe (Helm, 2018 [78]).

B ciiyuae Cubozoa u Scyphozoa ocHoBHBIE Y4epThl YCTPOHCTBA HEPBHOT'O KOJIbIIa, CBOMCTBEHHBIE 15
HIOJIMIIOB, COXpaHstoTces U y Meny3 (Garm et al, 2007 [60]; Satterlie, Eichinger, 2014 [166]). B sTux kiaccax
KHUJIapUi Meay3sl (OpPMHUPYIOTCS IyTEeM CTPOOMIISIMM — OOpa3oBaHUs Ha IMOJHMIIE IOTEPEYHBIX
HepPETSHKEK, KOTOPbIE OTICISIOT YYaCTKU Tella, MO3THEee TPAHCPOPMHUPYIOIIUECS B MOJOIYI MEIy3y -
a¢upy (Haymos, 1961[4]; Toshino et al., 2015 [190]; Helm R. R, 2018 [78]). Y MHorux cunouaHbIx
nonumnos, Harpumep, Aurelia aurita (Haymos, 1961 [4]), Lychnorhiza lucerna (Schiariti et al., 2008 [168]),
Stomolophus meleagnis (Calder, 1982 [31]) u apyrux (Helm, 2018 [78]) mpoucXoauT MOJUIACKOBAS
ctpobussins. [Ipu 3TOM Ha MOJIKIE MOYTH €AMHOBPEMEHHO 00pa3yeTcsl CTONKa M3 HecKoIbKuX 3¢up. B
Clly4ae MOHOJIMCKOBOM CTpOOMIISIIMY Ha MOJIUIIE PA3BUBAETCS JIUIIb OJIHA APUpa. DTOT TUIl CTPOOMIIALIUN
XapakTepeH Uil KyOOIOIUIIOB, U HEKOTOPBIX CIM(OIONNIIOB, B YaCTHOCTH, TPEJICTABUTENCH ceMeiicTBa
Cassiopeidae (Bigelow, 1892 [20]; Hofmann, Neumann, Henne, 1978 [86]). IIpu sToM (akTuuecku
OoJibIlIasi YacTh TKAHEH MOJHIA JIMOO HEMOCPESICTBEHHO CTAHOBHUTCS TKAHSIMHU MEIY3bl, JIHOO SBISCTCS
HMCTOYHUKOM KIJIETOUHBIX JIeJIeHUH i ee pocta. Pa3BuTHe HEpBHOW M MBIIIEYHON CHCTEMBI y 3GuUp B
npolecce CTPOOHIISIIMU MPOCIeKeHO cliabo. OTenbHbIe padOTHl YKa3bIBAIOT Ha TO, YTO, IO KpaitHeH Mepe,
YacThb HEPBHBIX OJJIEMEHTOB MeEAy3bl, 3aHMMAIOIIMX SIUAECPMAILHOE TMOJ0XKEHHE, HaCIeIyeTCs
HerocpeacTBeHHo ot monuma (Satterlie, Eichinger, 2014 [166]). B To ke Bpems MbIIICYHbIC JICMEHTHI,
BEPOSITHO, HE MPUHUMAIOT ydacTusi B (DOPMHUPOBAHUU MYCKYJIATypbl 3QHUPBI, TaK KaK y oOpasyroreics
CTaJIUH COBEPILACTCS TIEPEXO0/I K COBEPIIICHHO HHOMY crioco0y okomornu (Helm et al., 2015 [79]). Takum

o0pa3oM, HepBHOE KOJIBIIO Mey3bl B Kitaccax Cubozoa u Scyphozoa MoxeT ObITh OTYACTH TOMOJIOTHYHO
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HEPBHOMY KOJIbILy IOJIMIIA, U IOATOMY OOIIME YEPThl €r0 CTPOSHUS COXPAHSIOTCS IIPH NIEPEX0/1e OT OJHOM
YKU3HEHHOUW (POPMBI K JPYTOM.

B CcOBOKyIHOCTH yCTpPOMCTBO MYCKyJaTypbsl ¥ HepBHOHM cuctembl ciudononunos C. xamachana
COXpaHseT IPUMUTHUBHBIC YEPThl OPTaHU3aLNNA. MBIIIEUYHBIE U COIIPOBOXKIAIOIINE UX HEPBHBIC JIEMEHTHI
ciabo auddepeHnpoBaHbl: YETKO BBIAEISACTCS JHIIb KOMIUIEKC CENTAJbHBIX MBIIIEYHBIX JIEHT M KO-
Jokanu3oBaHHbIX FMRFamuzepruueckux HEpBHBIX OTPOCTKOB, @ TAKXKe HEPBHO-MBILIEUHBIH KOMILIEKC
OpaJIHOTO JIFICKA U TUIIOCTOMA. DJIEMEHTHI HEPBHOTO KOJIbIA c71a00 CKOHIICHTPUPOBAHBL, U, B OTIMYUE OT
BCEX HMHBIX HCCIEAOBAHHBIX IIPEACTABUTENECH KHUIAPHM, 3aHUMAIOT HMCKIKOYUTEIBHO SIUAECPMAIBHOE
II0JIO’KEHUE, HHBIX MECT CKOIIJICHUI HEPBHBIX KJIETOK WJIM OTPOCTKOB HE UMEETCS. MBIIIEUHbIE U HEPBHBIC
3JIEMEHTBHI 110 0OJIbIIIEH YaCTH Pa3pO3HEHBI, U HE 00pa3yIOT YETKO BhIPAKEHHBIX ()YHKIIMOHAIBHBIX IPYIIII,
KaK 3TO MPOUCXOMT, HATIPUMEP, Y OJMHOYHBIX moiunoB Anthozoa, o0safaromuX CI0KHO yCTPOCHHOM
MYCKYJIaTypOU IVIOTKH M CENTaJIbHbIX BAJIMKOB, a TAKXKE CBA3AHHBIMU C HUMH HEPBHBIMHU JJIEMEHTaMU.
Cuudonomumnel 0071a1al0T MEHBIIMM pa3HOOOpa3sueM TOBEIACHYECKHX PEaKIUid ¥ ABWKEHHH, 4YTO,
BEPOSITHO, U CBA3aHO ¢ 0ojiee MPOCTHIM YCTPOMCTBOM HEPBHOM M MBILIEUYHOW CUCTEMBI. Y H3YYEHHBIX
T'HJIPOIIOJIMIIOB U KyOOIIOJIMIIOB TaKXKe He HabogaeTcss 00pa3oBaHUs KPYITHBIX «MBIIIID B TeJ€ MOJIMIIA,
OJIHAKO 3TO MOKET 00yCIIaBIMBAThCS, B 11EJIOM, MEHBIIMMH pa3MepaMH HCCIEAyEMBbIX )KUBOTHBIX. TeM He
MeHee, UMEIOIMXCS IaHHbIX [T0Ka HEA0CTATOYHO, YTOOBI MOKHO ObLIO TOBOPUTH O YETKUX TEHACHIIUSIX B
9BOJIIOLIMM HEPBHO-MBIILICYHBIX CUCTEM IMOJMIIOMAHBIX CcTaaui kHuapui. JlanpHeiue paboThl 1O
UCCIIEIOBAaHUIO MOP(OJIOTMM TOJUIIOUIHBIX CTAaAUi B COBOKYMHOCTH C aHAJIM30M MOJIEKYJISIPHBIX

MCXaHHU3MOB Pa3BUTHA MOT'YT IIPOJIMTh CBET HA 3TOT BOIIPOC.

2. Pa3BuTHe MYCKYJIATYpbl H HEPBHOM CHCTEMbI IJIAHYJI0HA

PesynbpraThl aHanM3a JaHHBIX W3 JUTEPATYpHBIX HCTOYHUKOB CBHUJETENBCTBYIOT O HaJIUYUU
HIMPOKOT'0 CIIEKTPa pa3HOOOpa3usi BapUaHTOB OECIOIO0r0 pa3MHOXKEHUS OJIUITOMIHBIX CTaAni KHUIApUH.
OH BKIIIOYAeT pa3JIM4HbIE CIIOCOOBI pa3/ieleHusl Tela MM KOJIOHMM Ha HOBBIX 0oco0ei, oOpa3oBaHue
MOKOSIIIUXCS (TMOJAOUUCTBI) WM MOJBWXKHBIX CTaaui (GpycTysibl, Mpomarysibl) ¥, HAKOHEL, HECKOJIbKO
TUIOB MOYKOBaHMs. VMeromuecs: CBeIeHNS B MOAABIISAIONIEM OOJBIINHCTBE CIy4aeB OTpaHUYEHbI JIUIIb
BU3YaJIbHBIMU HaOJIIOJCHUSMHU M ONMCAHUSIMHM BapUaHTOB KM3HEHHBIX LUKJIOB. Kpome Toro, HeKoTopbie
TEPMUHBI, B YACTHOCTH IIPOTIAryJiay, UCIOIb3YIOTCS aBTOPAMH CIIMIIKOM Pa3MBITO U, (PaKTUYECKH, MOTYT
0003Ha4yaTh pa3Hble MO MPOUCXONKACHHUIO U CIOKHOCTH OpraHU3alMK CTPYKTyphl. Takum oOpazom, gaxe
MMEIOIIHNECS] JTaHHBIE O Pa3HOOOpa3uM TUIIOB OECIOJIOT0 PAa3MHOKEHHS KHUIApHU TpeOyroT Oosee
TIIATEIbHON KiIacCU(UKAIIUN U YTOUHEHHS TEPMUHOJIOTHH.

Knaccugukaius 1 u3ydeHne BO3MOXKHBIX yTeH 3BOMIONNUN OECIONIOro pa3sMHOKEHUST KHUAAPH Ha

JAHHOM JTare OCJIOKHSETCS OTCYTCTBHEM MOAPOOHBIX MOP(OIOrHUECKUX U MOJEKYJSPHBIX JaHHBIX 00
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OCOOEHHOCTSAX Tporecca (HopMUpPOBaHUS HOBBIX o0coOeil. YacTMYHO UCCIeNOBaHbBl TEHETHYECKUE
MEXaHU3MbI, PETYJIMPYIOIIUE pa3IndHbIe CIIOCO0bI AeieHus y Mopckoro anemona Nematostella vectensis
(Reitzel et al, 2007 [157]; Burton, Finnerty, 2009 [29]). HauGonee neTaqbHO HM3Y4YECHO JaTepaibHOE
MIOYKOBAaHHE Y KIIACCHYECKOro MojenbHoro odobekra Hydra sp. B menom psize paboT paccMaTpuBarOTCsI
Mopdostoruueckre 0COOEHHOCTH O00pa30BaHUsI MOYKHM HA THUCTOJOTMYECKOM M  YIBTPACTPYKTYPHOM
YPOBHE, a TaK)Ke MOJIEKY/IIpHO-TeHeTHYeCKUE aceKThl e¢ passutus (Webster, Hamilton, 1972 [196]; Graf,
Gierer, 1980 [67]; Otto, 1977 [147]; Bode, 2012 [24]; Hobmayer et al., 2012 [81]). Pa3nuuHbie THIIBI
0€eCroIoro pasMHOKEHHs, B TOM YHCIIE JIaTepalbHOE ITOYKOBAHHWE, HEOJHOKPATHO OTMCUYCHBI Y
HOJUIOUAHBIX (opM Scyphozoa u, mo-BHAMMOMY, HIMPOKO PAaCHpPOCTPAaHEHbI B 3TOM Kiacce. Tem He
MEHEee, HCCIICJOBAHUS IPOIIECCOB OECIOIOro Pa3sMHOXKEHHUS B 3TOH Tpymme 00 OrpaHHYHMBaOTCS
KPAaTKUMH CBEJIECHUSIMH O THIIE TOYKOBAHUS ¥ BHEIIHEM BHJIE ITOYKH IIPH OIMMCAHUK KM3HEHHBIX [[HKIIOB,
7100 MMOCBSIIEHBI M3YYECHHUIO BIMSHHS PA3IMYHBIX KOJIOTHYECKUX (DAKTOPOB HA CTPATETHIO TOYKOBAHUS
(Schiariti et al., 2014 [169]). OcHoBHBIC OIKCAHHBIE CHOCOOBI OECIIONIOr0 Pa3sMHOXKEHHUS CpEan
cuudornosunoB 00600meH B cxeMe Ha pucyHke 13. JlaHHBIE O pacmpOCTPaHEHHH ATHUX CIIOCOOOB

Pa3MHOXCHHUS Y pa3IM4IHbIX BUIOB SCYph0ozoa npeacrasieHsl B Taduie 1.
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Pucynok 13. Tumbl 6ecrosioro pa3sMHOXeHHUsI HOIUNOB SCyphozoa

A — nmatepanpHOE TMOYKOBaHWE, b — oOpa3oBaHme IUIaHyJIOMIOB, B — oOpa3oBanme momommct, I” — cToslOHHANBHOE
noukoBanue, /| — npononbHoe neneHue nonuna. CepsiM IBETOM 0003HAYE€HO MECTO PACIOIOKEHUS TacTPabHON MOJIOCTH.
OtHocuTeNbHbIe pa3Mephl He COOIIOICHB.
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Tabauua 1. PactipocTpanenue cnoco6oB 6ECoIoro pasMHOKEHHS Y Pa3IMYHbIX BUIOB NONUIIOB SCYphozoa.

camtschatica

Rhopilema nomadica

Lotan et al., 1992 [117]

Rhopilema verrilli

Calder, 1973 [30]

Sanderia malayensis

Adler, Jarms, 2009 [6]
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TS 1201}
Nausithoe aurea Silveira, Morandini, 1997 [173]
Nausithoe Kawahara et al., 2006 [100]
Coronatae | planulophora
Acromitus hardenbergi Miyake et al., 2021 [131]
Catostylus mosaicus Pitt, 2000 [151]
Catostylus tagi Gueroun et al., 2021 [73]
Cephea cephea Sugiura, 1966 [182]
Cotylorhiza Kikinger, 1992 [106]

Q tuberculata

% Lychnorhiza lucerna . Schiariti et al., 2008 [168]

R Mastigas papua ! Sugiura, 1963 [181]

T Nemopilema nomurai Kawabhara et al., 2006 [100]
Rhizostoma luteum Kienberger et al., 2018 [105]
Rhizostoma octopus Holst et al., 2007 [89]
Rhizostoma pulmo Fuentes et al., 2011 [57]
Stomolophus meleagris Calder, 1982 [31]

Aurelia aurita Ishii, Watanabe, 2003 [94]
Chrysaora fuscescens Widmer, 2008. [203]
Chrysaora hysoscella Widmer et al., 2016 [205]

[<5]

g Chrysaora lactea Morandini et al., 2004 [132]

% Cyanea capillata Widmer et al., 2016 [205]

é Cyanea lamarkii Widmer et al., 2016 [205]

3 Phacellophora Widmer, 2006 [204]
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Heckomnpko 6osiee moapoOHO U3yUeH OCOOBIN THIT TTOYKOBAHUS, ITyTEM 00pa30BaHUs OTACIISIOIINXCS
PECHUYHBIX CTAJUH - TUIaHYJIOUIOB, TIOJYUYHBIIUI pacpOCTpaHEHHE Y CUU(OUTHBIX ITOJUIIOB U3 TPYIIIBI
Kolpophorae. OcHoBHbIC UCCIeTOBaHMsI TOCBAIICHBI U3YyUEHHIO IMpoIlecca 00pa3oBaHUs IUIAHYJIOUIA Y
noaumnoB cemeiictBa Cassiopeidae (Scyphozoa: Kolpophorae) ¢ momoribio cBeTOBO#, CKaHHpYOIIEH U
TPaHCMHUCCHOHHOM 31ekTpoHHON Mukpockornuu (Bigelow, 1900 [21]; Hoffmann, Honegger, 1990 [82];
Van Lieshout, Martin, 1992 [194]), omHako 3TH METOAbI HE IO3BOJIAIOT MPOCIECIUTh JTUHAMHKY
(dbopMUPOBAHUS OTACTBHBIX CHCTEM U CTPYKTYP BO BpeMs pa3BUTHSL.

B nanHO# paboTe nmpeacTaBieHbl HOBBIE CBEICHUS O (POPMUPOBAHUY MBIIIIEYHON U HEPBHOW CUCTEMBI
y wianyiaouaos C. xamachana (Khabibulina, Starunov, 2019 [104]; Khabibulina, Starunov, 2020 [103]).

Cxema pa3BUTHSI MyCKYJIaTyphl IUIAaHYJION1a IPEJICTaBIeHA HA pUCyHKe 14.

Pucynok 14. Cxema pa3BuTHs MycKyJatypsl mianysionaa C. xamachana

A - B3pocneiii monwmn, b, B — mosiBieHWe W pocT BBINSTYMBAHUS TOYkH, || — MiaHynous mepen oTaeneHuem, J —
OTIENMBIIHNCS TUTanynoua, E-3 — pocT u pa3BuTHe MmIaHyJI0H 2, BKIIOYast GOpMUPOBaHUS TUITOCTOMA U nrymaner. CTpeakaMu
MOKa3aHO HaIpaBJICHWE POCTa TOYKH, YEPHOHW TOUYKOW OO0O3HAuUeH MepeaHuid KoHel IutaHynouaa. OO0o03HAYeHUS: BM —
OTBETBJIEHUS MYCKYJbHBIX OTPOCTKOB MOJIMIA, T — TUIIOCTOM, M — TPYMIBI MBI TUTAHYJIOMAQ, 3 — 3a4aTKH HIynajell, H —
HO’XKa, OM — OCTaTOYHbIE MBIIIEUYHbIE OTPOCTKH, I1 — IEPUCAPK Ha MOAOIIBE MMOJIUIA, CM — CENTAIbHbIE MBIIIIbI, Ya — Yallleyka,
11 — mynanbsia. OTHOCHTEIBHEBIC pa3Mephl HE COOJFOICHEI.

PazButne miuanymouaa COMpoBOXKIAETCS peOpraHu3aIiel CENTaTbHOM MYyCKYJIaTypbl MATEPUHCKOTO
nonumna BOMM3HM MecTa oOpa3zoBaHus Mouku. Cxoskasi KapTHHA OTMEUeHA U MIPH JIaTepalibHOM MTOYKOBAHUU
Hydra sp., y koTopoii po/IoJibHbIC U KOJBIICBbIE MYCKYJbHBIE OTPOCTKH B CTEHKE Tejla TAKXKE MEHSIOT
CBOE€ HampaBJIeHHE W 3aX0iT B pactymryio mouky (Otto, 1977 [146]). Onnako B OTIIMYHE OT THAPHI, Y
KOTOPOW MyCKyJaTypa JOUYEpHETO IMOJIHIA, 0 KpallHeH Mepe, 0T9acTH, 00pa3yeTcs 3a CUeT MAaTEPUHCKHUX

SMUTCINAIBHO-MBIIICYHBIX KJICTOK, B CIIy4ac C. xamachana MYCKYyJIaTypa I10JIMIIa BOBJICYCHA TOJIBKO B
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paHHHE STambl POCTa TMOYKH. Bo Bpems pocra BBINSYMBAHUS MOYKH M (OPMHPOBAHUS IUIAHYJIOWA
KOJIMYECTBO MBIIICYHBIX JIECMEHTOB, OTBETBIISIOLINXCS OT CENTAIBHON MBIIIIBI MATEPUHCKOTO MOJIHIIA, HE
yBenuuuBaetcs. [Ipu 3ToM y GONBIIMHCTBA yiKe CHOPMUPOBAHHBIX IUIAHYJIOUIOB, COXPAHSIONINX CBA3b C
MATePHUHCKHM OPTaHW3MOM, MBIIICYHBIX JJICMEHTOB, KaK IMPaBWIO, HEe OOHapyxuBaercs. Jlumb y
HEKOTOPBIX 0CO0Ci, TOTOBBIX K OT/ACNICHHIO, ObUIH OOHApy)KEHbI CAWHHYHBIC MYCKYJbHBIC OTPOCTKH,
YHACJICJIOBaHHBIE OT MAaTEPHHCKOro opranu3Ma. ToT (akT, 4TO 3TH OCTATOYHBIC MYCKYJIbHBIC OTPOCTKH
ObLTIH OOHAPYIKEHBI JIUIIh B HECKOJIBKHUX MCCIICIOBAHHBIX 00pa3liax, yKa3plBaeT HA CIyYaiHBIA XapakTep
UX HacienoBanus. KpoMe Toro, moo0HbIe MBIIICUHBIC JICMEHTBI HUKOT/Ia HE O0OHAPYKHBAIOTCS B TOJIBKO
YTO OTJACIHMBLIMXCS TUIAHYJIOUIAX. DTO CBHICTEIBCTBYET O TOM, YTO YHACICAOBAHHBIC OT MaTCPHHCKOIO
IOJIUIIA MYCKYJIbHBIE OTPOCTKH, 110 BCEH BUANMOCTH, PE30POUPYIOTCS M HE YYaCTBYIOT B JAlIbHEHILEM
(GOpMHpOBAaHWK  MYyCKyJIaTypbl — IUIaHyjJouga.  Hemb3s — HCKIIOYaTh  TaKKe  BO3MOXKHOCTB
TparcanpGepeHIMAINN ITHX KIETOK, TaK KaK y KHUJapuil ObUla paHee MOKa3aHa BO3MOXXHOCTH TOTO
npouecca (Leclére, Rottinger, 2017 [113]). Takum o6pa3om, hopMHUPOBaHKHE MYCKYJIATYpPhI IUIAHYJIOH 1A, &
COOTBETCTBEHHO M IIOJMIIA HOBOTO MOKOJIeHWs mpoucxoaut de novo. YV Hydra sp. naGmomaercs
pEOpraHm3alys MBIIICYHBIX OTPOCTKOB AMUTEIHATBLHO-MBIIICYHBIX KIETOK MATEPUHCKOW OCOOM B MecTe
o0Opa3oBaHus OYKHU IpH JatepaibHoM moukoBanuu (Aufschnaiter et al, 2017 [14]). Oanako, B oTiau4ne
or C. xamachana, »tu kieTKu TO3aHEE BXOISIT B COCTaB Teia JOYEPHEH TUApbl U (HOPMHUPYIOT ee
neUHUTHBHYIO MYCKyJaTypy. TakuMm oOpa3oM, peopraHu3anusi CEeNnTaJbHBIX MBI MaTEPHUHCKOTO
TIOJIUIA, KOTOpasi MPOUCXOJUT MPH POCTE MOYKH, MO-BUAUMOMY, SBISCTCS COXPAHUBIIUMCS MTPU3HAKOM
THITAYHOTO JIATEPATHLHOTO TMOYKOBaHMsS, KOTOPOE IMPOUCXOINIO paHee, HO ObLIO YACTHYHO YTPAYEHO Y
npejcTaButenei storo Buaa (Fautin, 2002 [53]; Schiariti et al., 2014 [169]).

MpeiievHasi cuctema 0oliee MO3AHUX CTAIMHA PAa3BUTHS IUIAHYJIOHMIA COCTOUT M3 YETHIPEX TIPYII
IPOJIOJIBHBIX MBIIII] B TeJIe, a TAK)KE KOPOTKUX MBIIICYHBIX OTPOCTKOB B THITIOCTOME M 3aYaTKax IIyHaell.
OTa crcTeMa 1o OpraHu3aIiK yKe OU4eHb OJIM3Ka K MyCKYJIaType B3pocioro momura. ITocie mpuKperieHust
IUTAHYJIOU/Ia MBIIMICYHBIE OTPOCTKU TMPOIOIDKAIOT JalbHEHIIyI0 AupGEepeHIupoOBKY U POCT, HO BCE
OCHOBHBIC YepPThI CTPOCHHSI MYCKYJIATypbl K 3TOMY MOMEHTY yke c(hOopMUpOBaHbI. Tak Kak JTOKOMOIIUSI
IUIAHYJIOUIa TPOMCXOAUT Onarofapst paboTe pecHHYEK, MYCKYJIaTypa, BEpPOSTHO, B ITOT MpOLECC He
BoBJIeueHa. EMHCTBEHHBIC 00eCeYnBacMBbIe MBIIIIAMH JBIKEHsI, HAOJFOJAIONINECS Y IUTaHYJIOHUa, 9TO
HE3HAYUTENIbHBIC M3MEHEHHST (OPMBI TeJla C HECKOIBKO BEPETEHOBHIHOM Ha OKPYTIIYIO0. Takne n3MEeHEeHUsI
MOTYT OCYIIECTBISITBCS 3@ CUET MPOAOIBHBIX TPYII MBI HAPSAY ¢ KOPOTKHMH Pa3HOHAIIPABICHHBIMH
MBIIICYHBIMU BOJIOKHAMU. HeboubIime CoKpalieHus POA0IbHON MyCKYJIATyphI IPUBOIST K OKPYTIICHUIO
(GopMBI Teda, a TOMEPeYHbIe MBIIICYHBIE OTPOCTKH OOECIICUMBAIOT BBITATHBAHWE IUIAHYJIOMIa. B
JaTbHEHIIIEM YEThIPE TPYIIIIBI IIPOIOIBHBIX MBIIII] PA3BUBAIOTCS B CENTAIBHBIC MBIIIICYHBIC JICHTHI TIOJIUTIA.
Mpliiiib! GyHKIHOHATBHO 3aIHETO KOHIIA [UIAHYJION 1A BXOIST B COCTaB MYCKYJIATyphl OPAIbHOTO THCKA U

OCHOBaHMI ymnaJcH. Takoe paHHEC Pa3sBUTUC MYCKYJIATYPbL MMOJTUITOUTHOM OpraHu3alvu B IJIaHYJIOUIC,
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Mo-BUAMMOMY, 00ecrieunBaeT OBICTPBIN MeTaMop(}o3 U Tepexo] K MPUKPETUICHHOMY 00pa3y KU3HU H, KaK
CJIEZICTBHE, YBEIIMYEHUE CKOPOCTU PA3MHOKEHHSI MOITYJIALIUH.

B otnnuue ot myckynarypsl, FMRFamua-umMmmyHopeakTuBHas 4aCcTh HEPBHOW CHCTEMBI TOJINIIA, T10-
BUAMMOMY, HE NpPUHUMAET ydacTus B (OpMUpOBaHMM IOYKH. B Xome mporecca peopraHu3aiuu
CeNnTalbHOI MBIIILBI COIPOBOMKAAOLINE 3Ty MBIIIIY HEPBHBIE OTPOCTKH HE U3MEHSAIOT CBOETO OOBIYHOTO
HalpaBJIEHUs], UX KOJIMYECTBO HE MeHseTCs. ENMHNYHBIE IPO10JIbHBIE HEPBHBIE OTPOCTKHU, MPOXOSAIINE
HEMOAAJIeKy OT MecTa oOpa3oBaHMs IMOYKH, TAKXKE HE BOBJIEKAIOTCSA B mpolecc ee GopmupoBanus. B
pacTyIeM BBIISTYMBAHUH M 0POPMIISIONIEMCS TUIaHYJIONIE TakxKe He ynanoch oOHapyxuth FMRFamuz-
HIOJIOKHUTEIbHBIX HEPBHBIX 3J1€MEHTOB. IlepBble HEpBHBIE OTPOCTKH B HEM OOHAPYXKHUBAIOTCA yKe MOCIIe
OTJEJIEHHUs] OT MaTEpPUHCKOro opranusma. OHM NpencTaBIsA0T cO00i eAMHNYHbBIE KOPOTKHUE MPOJOIbHbIE
HEpBHBIC BOJIOKHA, pacIojararoliyecss B CpeaHei dactu tena monuma. llpuw 3Tom uX jokanu3anus He
npuypoueHa K auddepeHnupyonmMcs Ha 3TOH CTaauu TpyniaM MbI. bimke kK mepeaHeMy KOHILY
IUTaHYJION 1A KOJIMIECTBO BBISBIISIEMBIX HEPBHBIX BOJIOKOH HECYIIECTBEHHO Bo3pacTaeT. Hanmune HepBHBIX
3JIEMEHTOB B IUIaHyJOMJE OBbUIO OTMEUYEHO paHee C IOMOUIbI0 TPAaHCMUCCHOHHOW 3JIEKTPOHHOM
MHUKPOCKOIIHH, OIHAKO ITOT METO/ HE IIO3BOJISIET ONPEACIUTh X TOUHOE KOJIMYECTBO, IPOCTPAHCTBEHHYIO
opraHM3anuio ¥ Hehpoxumuyeckyro crenuduynocts (Hofmann, Honegger, 1990 [82]). Hcxons wu3
IIOJIyYEHHBIX pE3yJIbTaTOB, MOXKHO 3aKitounTh, 4To FMRFamua-nonoxurensHbie HEpPBHBIE AJIEMEHTHI
IUIaHYJIOWJa, KaK M MBbIIIEYHbIe, HE HACIEAYIOTCS OT MAaTepUHCKOro opraHusmMa U (opMupyroTcs
He3aBucuMo. [Ipu 3ToM Bo Bpemst neproaa cBoboiHoro raBanuss FMRFamuneprudeckas 4acth HepBHOM
CHCTEMBI pa3BuTa Cl1abo U, BEPOSITHO, ee aKTHUBHast AU epeHInpoBKa HAUMHAETCS YXKE TTOCIIe OCETaHuUs
IUTaHyJIOWJa Ha cyOcTpaT. DTO XOpOIIO COTNIacyercss ¢ TeM (haKTOM, YTO MMEIoMascs y IUIaHyJIouaa
MYCKyJIaTypa MpakTHYECKH He 3a7eicTByeTcs 10 MeTamopdo3a.

OTtnenbHOI mpoOeMoii B MCCIEOBAHUAX Mpoliecca MOYKOBAHUS KHUAAPUNA SBISETCS BBISBICHUE
KJIETOYHBIX UCTOYHUKOB, U3 KOTOPBIX 00pa3yercs MovKa U B JajbHEWIIeM HoBast 0co0b. OCHOBHAsI 4acTh
paboT, MOCBSIIEHHAs 3TOMY BOIPOCY, COCPEIOTOUeHa Ha u3y4eHun noukoBanus y Hydra sp. (Clarkson,
Wolpert, 1967 [41]; Shostak, Kankel, 1967 [171]; Otto, 1977 [146]; Otto, Campbell, 1977 [147]; Holstein
et al, 1991 [90]). B atux paborax ObUIO MMOKAa3aHO, YTO HA PAaHHUX ITAMaX POCT BBIISIYMBAHHS MOYKH
IPOMCXOTUT TIO OOJBINEH Mepe 3a CUeT MHTPAllUU AIHUTEIHATHHO-MBIIICYHBIX KJIETOK MaTePHHCKOTO
OpraHu3Ma, KOTOpPO€ CONPOBOXIACTCS HW3MEHEHHEM OpHEHTAIlMM WX MBIIIEYHBIX OTPOCTKOB
COOTBETCTBEHHO 3aKJIJbIBAIOIICHCS OpalbHO-a0opalbHOW OCH pacTyuied mouku. Jlume mo3aHee
¢dbopMHpoBaHUE M POCT TKaHEH HOBOTO IOJIMIA OCYIIECTBIISETCS 3@ CUET JICJIEHUS] COOCTBEHHBIX KIIETOK
MOYKK. Y OTIENUBIICHCS THAPHI 30HA Mpoirdepanuy 3aHUMaeT BCE TEJIO OT TMOAOMIBBI JJO OCHOBaHUS
urynanel ¥ QyHKIMOHUPYET Ha MPOTshKeHUU Beel sxku3nu noswmmna (Campbell, 1965 [32]).

VY npexncraBureneit SCyphozoa nponudepaTuBHAsS aKTHBHOCTH B 30HE (DOPMHPOBAHHS ITOYKU ObLIa
OoTMeuYeHa Npu JlaTepaiibHoM moukoBanuu A. aurita (Balcer, Black, 1991 [18]). IIpu 3TOM KOJIHYECTBO

ACIIIIUXCA B 30HC BBIMIAYHUBAHUA IMOYKU SAACP OBUIO JIMIIb HE3HAYHTEIHLHO BBIIIC, YEM B OKPYXKAIOMIUX
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TKaHsX nmojumna. Y mosnumnoB Cassiopea andromeda ¢ moMoIip0 BUTAIbHBIX KpacuTesel Oblia oTMevYeHa
MUTpaNUs SMUACPMATIbHBIX U TaCTPOACPMAIBHBIX KJIETOK B BBIISTYMBAHHUE PACTYIICH MOYKH HA PAaHHHUX
cragusix ee pocta (Hofmann, Gottlieb, 1991 [84]; Hofmann, Fitt, Fleck, 2003 [83]). [To-BuagumMoMy, UMEHHO
TKaHd MATEPUHCKOTO TIOJHIA SBISIOTCS TEPBUYHBIM HMCTOYHHKOM KIETOK JUIsl (POPMHUPOBAHUS
TUTaHYJIOUIA.

B nannoit pabore ¢ MOMOIIBIO MpHKU3HEHHOro MeueHus EAU Obu1o0 0OHApPYKEHO HECKOJIBKO
obmacreit aktuBHoro cunreza JJHK y MOYKyrommxcs MONMIOB W IUIAHYJIOHIOB Ha Pa3HBIX CTaJUAX
passutus (Khabibulina, Starunov, 2021 [102]). DTto MoOXeT yKa3biBaTh Ha (YHKIHOHUPYIOIINE
nposinepaTuBHBIC 30HBI BO BpeMsl (JOPMHUPOBAHUS TIOYKH U HOBOTO mosinma. Cxema pacroiokeHus ITHX

30H Mpe/CTaBJIeHa Ha pUCYHKe 15.
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Pucynox 15. Cxema pacnosioxeHust 30H npoiudepaTHBHON aKTUBHOCTH Y TIOJUIIOB 1
Ha pasHbIX CTaAWX pa3BUTHs Mianynouna C. xamachana.

Oo6o3nauenus: I1 — chopmupoBanublii manymnoun, PIT — pacrtymas mouka, 3Be3J0YKOH yKa3aH (YHKIHOHAJIBHO
MepeAHNI KOHeI] IIaHyJION/a, CTPEJIKA yKa3bIBAlOT HANPaBJICHHE POCTA MOYKH U IUaHynouaa. OTHOCHTENIBHBIE pa3Mephl He
COOJIOACHEI.

B noukytomemcs nosnume Habaromaercs 18e 30HbI npoiudepanun. OqHa U3 HAX pacroniaraeTcs B
o0IIMpHON 00JacTH Yamiedku (OT Mepexo/a HOKKM B YalledKy J0 OCHOBaHMs HIymajel), BTopas — B
BBIMISTYMBAHUN PACTYIIEH MOYKH. YacToTa BKIIFOYSHUSI METKHA BO BTOPOil 30HE 3HAYUTEIBHO BBIIIE, YEM B
KaKuX-JIMOO MHBIX TKaHsX mosuma. [Ipu 3ToM B 00J1aCTH, OKPYIKArOIICH BHIIISTYUBAHUE TOYKH, YBEITUICHHSI
YaCTOTHl CHTHala HE OTMEYEHO. BeposTHO, Ha STOW CTaJuM POCT MOYKH MOXKET O00ECIeUUBATHCS
JICTICHUSIMHA KJICTOK BBIMISTYMBAHMS, B TO BpPeMsl KaK MUTPAllMOHHAs aKTUBHOCTh MATEPHHCKUX KIIETOK
camxaercs (Hofmann, Fitt, Fleck, 2003 [83]). Takum 00pa3om, nepBbie STarbl pOCTa ITAHYI0OUHON MOYKH

CXOXHU € IpOHECCOM JIAaTCPAJTbHOI'0 ITIOYKOBAHUA T'MJIPbI.
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B cdopmupoBaHHOM mIIaHylOMAE, TOTOBOM K OTAEICHHIO, NpoiudepaTUBHAsS aKTUBHOCTh
CHI)KAETCs, YTO OCOOEHHO XOPOIIO MPOCISKHUBACTCA B Clydae oOpa3oBaHHs LENOYeK IUIaHyJoua0B. B
KQXJIOM TIOCIEOYIOIEM IUIaHYJOHWJe IeTMOYKH YacToTa BKIIOYEHHS METKM yMeHblnaerca. Kak
YIOMHHAJIOCh paHee, MMEHHO B 3TOT MOMEHT y IUIAHYJIOWJa HadMHAeTCsl 00pa3oBaHHE COOCTBEHHOM
myckynaTypsl. [locne otnenenust mimanynouna akTuBHOCTH cuHTe3a JIHK BHOBbL yBenmumBaercs.
Haubonpias yactota BKJIFOUEHUSI METKA OTMEUYAETCsl B MECTe 3aKJIa/IKH 3a4aTKOB IIyHaJiel] U THIIOCTOMA
Ha (PyHKIIMOHAJIBHO 33JIHEM KOHIIE TUIaHyJouaa. Tak Kak HaIM4ue 30HbI akTUBHOTO cuHTe3a JJHK mums
KOCBEHHO YKa3bIBa€T Ha BO3MOXKHBIE KJIETOUHBIC ICTICHUS, TO MOYKHO MPEAIIOI0KUTD, YTO YaCTh WM JAaXKe
BCE KJIETKU B ATOM 30HE MOTYT OCTaBaTbcs B (haze MOKOS U MEPEXOAUTh HEMOCPEICTBEHHO K JICTICHUIO
MO3/HEE, BO BPEMs POCTa COOTBETCTBYIOIIUX OPTraHOB.

HuTepecHo, 4To B (DYHKIMOHAIBHO NEPEAHEM KOHIE IUIAHYJIOHAa BKIIOYEHHE METKU IIOYTH
OTCYTCTBYET, HAUMHAs C MIEPBBIX ATAMIOB (POPMUPOBAHUS ITOYKH M B TEUECHHE JITUTEILHOTO BPEMEHH ITOCIIe
otneneHus. Ha 3ToM KOHIIE pacroyaraioTcsi MHOTOYUCIICHHBIE KEJE3UCThIE KIETKH, 00ECIIeUHBAIOIINE
HpUKpeIUIeHre ianynonaa npu ocemnanuu (Van Lieshout, Martin, 1992 [194]). BeposiTHO, *ee3ucThie
KIeTKH AuQepeHIupyoTcs O4YeHb paHo, U B 3TOM 00JacTU HE MPOUCXOAMT AKTHBHBIX IMPOILIECCOB
KJeTouHoi mponudepanun. [IponudeparnBHas akTUBHOCTh B 3TOW 30HE IMOSIBIISETCS TOJIBKO BO BpPEMSI
(bopMHpOBaHUS HOKKHU U TIOAOMIBBI. DTO XOPOIIIO COTIACyeTCs ¢ OOIMIMMHU MPEICTABICHUSIMHU O POCTOBBIX
npoleccax y JaHHOTO BHJIA.

[Tocne ocenanus 30Ha aktuBHOTO cuHTe3a JIHK nponomkaer GyHKIIMOHUPOBATH B MOJIOAOM MOJIHIIE.
[Ipu >TOM MecTo pacroyIOKEeHUsI 3TOW 30HBI (PAKTUYECKH HE MEHSETCS: ITO TO-TIPEeKHEMY OOIIHpHAs
o0acTh Ha ObIBIIEM (PYHKIIMOHAIHHO 33/IHEM KOHIIE IIAHYJION 1a, KOTOPBIN TeTeph TpaHC(HOPMHUPYETCS B
Yalieyky, TUIOCTOM U IIymNajiblla monumna. ['paHuibl mpoardepaTUBHOM 30HBI PACHIUPSIOTCS MO Mepe
pocTa ToNumna, OAHAKO TaK W HE 3aXOJIT HEMOCPEICTBEHHO B IIyMajblla U HOXKKY. B 3THX yacTax Tena
TIOJIMITa OTMEYAIOTCS JIMIIb SAMHUYHBIE CITyYan BKIFOUEHHS METKH. J[ambHEHIIHIA pOCT HOXKKH U IITyTIAJeIl,
MO-BUAMMOMY, 00OECTIEYMBACTCS 33 CUET KIIETOUHBIX HICTOUHUKOB B UX OCHOBAaHUSX, BXO/ISIINX B OCHOBHYIO
30Hy nponudepannu. 30Ha nponrdeparuy B yalieyke COXpaHseTcs Ha MPOTSHKEHUU BCel JKU3HHU TOJUTIA,
x0Ts akTUBHOCTH cuHTe3a [IHK B Heil co Bpemenem cHuxkaetcs. [lo-BuauMoMy, TKaHH 3TOM 30HBI CIY>KaT
KJIETOYHBIM UCTOYHUKOM HE TOJBKO JUISI POCTA TOJIHITA ¥ TIOYKOBAHUS, HO TaKXKe MPOIECCOB pereHeparnu
(Curtis, Cowden, 1974 [48]) u crpobmmsuu (Hofmann, Fitt, Fleck, 2003 [83]; Helm, 2018 [78]).

Takum oOpa3om, 30Ha mnponudepamuu y mnomunoB C. xamachana, o0pa3oBaHHBIX MyTEM
TUTAHYJIOUHOTO TOYKOBAaHUS, POPMHUPYETCS] €AUHOXKIBI, BO BpeMsi (OPMUPOBAHUS MOYKH. AKTUBHOCTh
9TON 30HBI M3MEHSETCS OT CTA UM K CTaJHH, OJHAKO €€ JIOKAIM3aIlUsl B TeJie OCTAeTCS HEM3MEHHOM.
CxomHbiM 00pa3oM, 3a UCKIIFOYCHUEM HAJTUYHs CBOOOHOTUIABAIONINX CTA/IMH, BEPOATHO, HhOPMHUpPYETCS

30Ha MPOoIH(EPaTHBHON aKTUBHOCTH M NPH JaTEPAILHOM IMOYKOBAHUH, B YaCTHOCTH, y TUApHI (Shostak,

Kankel, 1967 [171]).
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Emte nepseiMu uccrienoBatessimu C. xamachana ormeuanack cX0xecTh IIAHYJIOUI0B C THTHYHBIMU
JMYMHKAMU-TUIAHYJIAaMH KHUJIApUid, KOTOopasi BeIpaXKaJlaCh B aHAJIOTHYHOI (opMe Tela, HAIMYUH JIBYX
SMUTENNATIBHBIX CJIOEB U pecHUYHOM nokomormu (Bigelow, 1900 [21]). Kpome Toro, ruiaHy 1o Ibl, KaK 1
IUIAHYJIBI, TIPETepreBaroT MeramMopdo3, JaBas Hayajlo HOBOMY moiumnougHoMmy mokoienuto (Fleck,
Hofmann, 1990 [55]; Thieme, Hofmann, 2003 [189]). [Ipu 5TOoM, B 000UX Ciy4asx MPOMCXOIUT CMCHA
(YHKIMOHATBHOW OCH: NEpeIHUN KOHEI| OpraHu3Ma IO0CIe OCeJaHUsl CTAHOBHTCS MOAOLIBOM M HOTOM
dopmupyromerocss nonuna. [1oaToMy HE0OXOAMMO CpaBHEHUE ITHX JIBYX CXOXKHX MO MOP(OJIOTUH U
TIOBE/ICHHIO, HO Pa3HBIX IO MPOUCXOKACHHUIO CTa i )KU3HEHHOTO IIMKIJIa SCYphozoa.

WccnenoBanus uiaHys mpeacTaButeneil kinacca SCyphozoa ¢gparmeHtaphsl. Bo MHOTUX citydasx
OHHM OTPaHMYMBAIOTCS KPATKHM ONHCAHHWEM BHEIIHEH MOp(OJIOrHH Ha YPOBHE CBETOBOW MHKPOCKOITUH
(Calder, 1982 [30]; Adler, Jarms, 2009 [6]). Otuyacti, 0COOEHHOCTH SMOPHOHAIBHOTO PA3BUTHUS U
(dopMupoBaHUsT HEPBHOM CHCTEMBI IUIaHyJ ObUM U3yueHbl Ha npumMepe Aurelia aurita (Yuan et al., 2008
[210]; Mayorova et al, 2012 [129]). ¥V mnanynsr A. aurita obHapyxensl FMRFaMua-nonoxuTenbHbie
HEWpPOHBI, 00pa3yroIKe CKOIUICHUS B 3KTOJICPME TIEPEAHEro KOHIIA TeNa, SAMHHYHBIC OTPOCTKH KOTOPBIX
HAIIPaBJICHBI K 3aHEMY KOHILy Teja JIMYMHKUA. Kpome Toro, B 3HTO/AEpME ObLJIO OTMEUCHO HPHCYTCTBUE
penkux pazdpocaHHbIX MycKyJbHBIX oTpocTkoB (Nakanishi et al., 2008 [138]). Ha yabTpacTpykTypHOM
ypoBHE ObLTH Takxke omucanbl W Iwuranyiasl C. xamachana (Martin, Chia, 1982 [126]). YV uux ObLIO
OTMEYEHO YEThIPE TUIIA KJICTOK: OCHOBHBIC PECHUYHBIC KIICTKH U HEMATOLMTHI B OKTOJEPME, CTOJI0YAThIC
Y MHTEPCTHIMAIBHBIE KIETKH B 9HTO/IepMe. [Ipr 97TOM HUKaKHX CEKPETOPHBIX M HEPBHBIX KIIETOK, a TAKXKE
MYCKYJIbHBIX OTPOCTKOB y TUIaHYJI JaHHBIMH aBTOPaMHU HE ObLIO OOHapykeHo. JleTaibHbIe JaHHBIC O
Pa3BUTHUU HEPBHOW M MBIIICYHON CHCTEM BO BpeMsi MeTaMop(o3a IUIaHyJbl B CHU(ONOIHI Ha JaHHBINA
MOMEHT OTCYTCTBYIOT.

VY mnanynounoB C. xamachana umerorcst Bce KIETOYHBIC THIBI, MPHUCYIIUE JUYHUHKE, OJHAKO
IIOMHMO 3TOTO OHH 00JIaJal0T XOPOIIO BBIPAKEHHBIMH MbIIIeYHbIMU 3eMeHTamu (Bigelow, 1900 [21];
Hofmann, Honegger, 1990 [82], naunnast paboTa). IHTEpeCHO OTMETHTH, YTO JIMIIb YaCTh OOHAPYKECHHBIX
MBIIIEYHBIX JIEMEHTOB BOBJIEUEHA B 00ECIIeYeHNE KaKuX-TH00 IBIKEHHH, B TO BpeMsl Kak OOJIbIlas 4acTh
MBI TUIAHYJIOMJa Ha CaMOM Jelie TPEICTaBIsieT Co00il MycKynaTypy Oyaymiero MoJHIa.
JuddepeHnmaryst MpIIIEYHONH CUCTEMbI HAUMHACTCS 10 OCeIaHMs TUIAHYJION/1a, JaXKe B TOT MEPUO/I, KOTIa
OH ellle BHEIIHE HAOMUHACT TUIAHYJIy M He 00JiajaeT Mpu3HaKaMy Hojiuna. B To ke BpeMs, pa3BUTHE
TIOJIMIIOUHOW MYCKYJaTyphl y TUIaHYJIBI HAYWHAETCS, IO BCE BUAMMOCTH, TOJIBKO IOCJE €€ OCeIaHus,
napaJuieNbHO mporeccy Meramopdo3a. Ha 3To yka3bIBarOT yabTpacTpyKTYpHBIE UCCIICIOBAHUS TUIAHYI, Y
KOTOPBIX He OBUTO HalJeHO MyCKyJbHBIX 31emenToB (Martin, Chia, 1982 [126]). AHanu3 okpamiBaHus
TRITC-kOHBIOTHPOBAaHHBIM (PATUTOUIMHOM JIMUYUHOK JPYrux SCYph0zoa moamaep:KkuBaeT mpearnoioxKeHue
0 TOM, YTO MBIIIEYHAs! CUCTEMa B SMOPHOHAIBEHOM pa3BUTUHU (opMUpyeTcs mo3aHO. Y tuianyn A. aurita
pacnoyioxeHne, CTPYKTypa U KOJMYECTBO MBIIICYHBIX DJIEMEHTOB, B 00IIEM, HE COOTBETCTBYET TAKOBOMY

y IJIaHYJIOW/IA M, COOTBETCTBCHHO, HE HECET MPHU3HAKOB OyayIeil myckynaTypsl monuma (Nakanishi et al.,



54

2008 [138]). Hakowert, mrymanbiia 1 THIOCTOM (GOPMHPYIOTCS Y IUIAHYJIBI TOJBKO MOCIE OCEIaHHs, B TO
BpeMsl KaK y IJIAHYJOMJIa 3TH CTPYKTYPbI, KAK U UX MBIIICYHbIE AJIEMEHTHI, MOSBIISIIOTCS €llle B IePUOJ
CBOOOTHOTO TUIABAHMUSL.

W y muanyn, U y IUIaHYJIOMJOB OOHapyKMBarOTCSl OAMHOYHbIE MpojoiabHbie FMRFamun-
MOJIO’KUTEIbHBIE HEPBHBIE BOJIOKHA, KOJIMYECTBO KOTOPBIX BO3pACTAaeT Ha MepeiHeEM KoHIe. TeM He MeHee,
y IUIaHyJl 3TUX HEUPHUTOB OOJibllle, OHU O00Pa3yrT XOPOIIO 3aMETHOE CKOIUIEHHE M MOTYT BETBHUTHCS
(Nakanishi et al., 2008 [138]). ¥ muanynounos C. xamachana oOHapy KUTb 110100HbBIE CKOTUICHUSI HEPBHBIX
2JIEMEHTOB He ynanock. IloMuMo oauHO4HBIX HelpuToB aHTHTenamu Kk FMRFamuny BblsBistoTcs
OJIMHOYHBIE MPOJOJTrOBaThIe KJIETKH B AMHAEPMHUCE Ha IepeiHeM KOHIE Iutanynouaa. OHH BIEepBbIE
MOSIBJISIFOTCSL enle Ha d3Tarne (OPMUPOBAHUSA MOYKU U TMPOCIHSKHUBAIOTCS B TEUYCHHE BCEro IMepuoja
CBOOOTHOTO TuTaBaHUs IUiaHysnonaa. C IMOMOIIBI0 METOJ0B MMMYHOTMCTOXMMHUHU HE yNAJIOCh BBISIBUTH
HaJIUYUE y ATUX KJIETOK OTPOCTKOB WJIM CBsi3U ¢ HeMputamu mia”ynouna. Iloxoxue FMRFamuna-
MOJIO’KUTENbHBIE KIIETKU C JIOKAaJIU3alueill Ha MepeHEeM KOHLE Tela OOHApY’KEHbl Yy JIMUMHOK-IUIAHYJI
HECKOJBKUX BHIOB KHMaapuii (Martin, 2000 [125]; Mayorova, Kosevich, 2013 [128]; Pennati et al., 2013
[149]), a panee Obuto mOKazaHO ydvacte FMRFaMua-moioKuTeTbHBIX HEHPOHOB B 00ECICUCHUH
cercopHoit nanepsaruu (Martin, 1992 [123]). Takum 06pa3om, MOKHO MPEAION0KUTh, uTo FMRFamu-
HIOJIOKUTEIIbHBIC KJIETKH, OOHApy)KCHHBbIC Ha TMepelJHeM KoHle Tena IuiaHyjiouna C. xamachana
BBITIOJIHSIOT CEHCOPHBIE (PYHKITHH.

B wmemom, mmanynounsl C. xamachana neiicTBUTEIBHO CXO0XH C JTHYMHKAMHU-TUIaHYJIAMH B
HEKOTOPBIX MOP(OIOTHYECKHX acIeKTax, a Takke B QyHKIIMOHAILHOW HAarpy3Ke, Tak Kak 00€ 3TH CTaJuu
KU3HEHHOTO0 LHMKJIa 00ecleunBaloT paccelieHne M pasMHokeHue. OJHaKo, 3TO CXOJCTBO JIUIIb
MOBEPXHOCTHO M, BEPOSATHO, KOHBEpreHTHO. OcoOeHHOCTH 00pa30BaHMs HOBOT'O MOJIMIIA U3 IUIAHYJION/a,
TaKue KaK pa3BUTHE LIyIalel U THIOCTOMA, U 3a01aroBpeMeHHoe (POPMUPOBAHNUE MBIILIEYHON CHCTEMBI,
CHWJIBHO OTJIMYAIOTCA OT MOJO0OHOTrOo Ipoliecca y IulaHynbl. Pasnnyaercs M MpoMCXOXKIEHUE 3TUX ABYX
cramuii. B TO BpeMs kKak IUTaHyJBl — 3TO PE3YNBTAT IMOJIOBOTO PAa3MHOKEHHS MeAy3, (OpMHpOBaHUE
IUTaHYJIOW/]a HAaUMHAETCs TaK )K€, Kak ()OpMUpPOBaHKE HOBOT'O MOJIHIIA IPH JIaTepaIbHOM TOYKOBAaHUU. Tem
HEe MeHee, IPU JIaTepaibHOM IMOYKOBAaHUM T'0JIOBa HOBOI 0co0U ¢ (PyHKIIMOHUPYIOIIUM PTOM 00pa3yeTcs
Ha JUCTAJIHPHOM KOHIIE pacTylied mouyku. B ciydae mmanynonga HaoOOpOT: MUCTaIbHBIN KOHEI, XOTh
SBIISIETCST HEKOTOpOe BpeMs (PYHKIIMOHAIBHO TIEpeIHUM, B HTOTEe OOECIeuMBaeT INPHUKPEIUICHHE U
TpaHc(hopMHUpYyeTCss B MOAOIIBY M HOXKY. B 3ToM oTHOIIeHHH mporecc MeTamopdo3a y IulaHyJouaa
ropaszio OoJplle MOX0X Ha MeTaMop(o3 MIIaHYJbl, TaK KaK B 000MX cilydasx (pakKTHYECKH MPOUCXOTUT
CMeHa nepeHe3aaHel ocu. B ciyyae TMYMHOK-TIIIaHYJT OCHOBHYIO POJIb B ONPEJCICHUN OCH TeJla UTPatoT
KOHCEpBaTHBHBIC reHbI-roMosiord BMP (koctHbiil Mopdorenetndeckuii 6enok) (Genikhovich et al, 2015
[62]), Hox-reunr (Yanze et al, 2001 [209]), a Taxxe rensl kackama Wnt (Plickert et al, 2006 [152]).
BepositHO, (dopmupoBaHME NepeAHE3aqHEH OCH y IUIAaHYJIOHJOB MOXET PeryjJupoBaTbCcs TEMH JKe

MOJIEKYJISIPHBIMH KacKaJaMH, OJIHAKO JaHHAas FUIoTe3a TpeOyeT JabHENe MPOBEpKHU.
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3akarouyenue

Crtpoenune myckynatypbl 1 FMRFamua-nonoxxurenbHOro KOMIoOHEHTa HEPBHOM CHCTEMBI TTOJIMIIOB
C. xamachana cooTBETCTByeT THIMYHOMY IUIaHy OpraHM3alud CHU(OMONUIOB. (s 3THX CHCTEM
XapaKTepHO pa3/ielicHue Ha HECKOJIbKO (PYHKIIMOHATHHBIX TPYII: KOMIUIEKC MPOJOIBHBIX CENTaIbHBIX
MBIIIIT U KO-JIOKAJIN30BAHHBIX HepBHbIX OTpOCTKOB, KOpOTKI/Ie MBIIICYHBIC BOJIOKHA OpaJIBHOFO JHUCKa,
TUIIOCTOMA, IIMyIajel] U Teja, COMPOBOXKIAEMbIe COOCTBEHHBIMH PEIKMMH HEPBHBIMH JJIEMEHTaMH, a
TaKke cJa00 KOHJIGHCHPOBAHHOE SIHJICPMaIbHOC HEPBHOE KOJBIO, SBIISIOIICECS HHTETPATHBHBIM
[EHTPOM KUBOTHOTO. Takoil THI OpraHM3aIiii HEPBHON CUCTEMBI U MYCKYJATyphI SIBISICTCS Hambosee
IPOCTBIM CpPEeIM H3YYCHHBIX Ha JaHHBIA MoMeHT monunoB Cnidaria wu, BeposTHO, OJM30K K
aHIECTPATHLHOMY COCTOSIHHIO.

Hcxonss w3 pe3ylbTaTOB CPaBHEHHsI C JIPYTMMH TUIAMHU IMOYKOBAHUS CIU(OUIHBIX TOJHIIOB,
OMKMCAHHBIMHU B HAYYHOU JHUTEpaType, a TAK)KE OCHOBBIBASICh HA TIOJYYEHHBIX JAHHBIX O (POPMUPOBAHUU
HEPBHO-MBIIIIEYHOW CUCTEMBI U XapakTepe Mpoiu(pepaTUBHON aKTUBHOCTH, MOXKHO IPEIIOJIOKHUTh, YTO
wianyiaous C. xamachana sisisiercst 100aBOYHBIM 3BEHOM B THIIMYHOM >XKH3HCHHOM IMKIEe SCyphozoa,
BKJIFOYAOIIEM JIaTepaibHOEe moukoBaHue. C TOSBICHUEM 3TOr0 3BeHa (pOpMUpOBaHHUE HOBOTO TOJIHUIIA
OBLJIO CABMHYTO BO BPEMEHM, U €r0 CBSI3b C MAaTEPUHCKUM OpraHu3MoM Oblia mpepBaHa. Hamuume B
JKU3HEHHOM ITUKJIE CTaJiH, CIIOCOOHOW K aKTMBHOMY TEPENBIKEHHIO, 00ecrieunBaeT 0oJyiee IIMPOKHE
BO3MOXKHOCTH JJIs1 paccenieHus. B To »xe BpeMs paHHss U depeHIMpOBKa MYCKYJIaTyphl MOJIUIIOUAHOTO
THUTA, Hadano (JOPMUPOBAHMSI HEPBHOM CHCTEMBI, HapsAy C MOSIBJICHUEM 3a4aTKOB IIyHalell U THIIOCTOMA
enle Ha CTaAuu HENPUKPEIUICHHOTO IUIaHYJOMAd, a TAaKXKEe paHHEE BBIJCICHUE IOCTOSIHHOM 30HBI
AKTUBHOT'O CUHTE3a HHK SABJISICTCA, HO-BI/II[I/IMOMy, CJICACTBUECM OTJIIOKCHHOI'O paSBI/ITI/Iﬂ IIoJmIia, KOTOpOG
paHee TPOUCXOAUIIO TIOTHOCTHI0 Ha MAaTEPUHCKOM opraHu3Me. MOKHO BBICKA3aTh MPEANOI0KEHHUE, YTO
CXO0XeCThb MPOIIECCOB MeTaMopdo3a MIaHyIONIa U TUUYNHKU-TIIAHYJIbI SIBIISIETCS CIIEACTBHEM pealln3aliu
€IMHBIX TPOrpaMM pa3BUTHs. TeMm He MeHee, JaHHAs THIOTe3a TPeOyeT JOMONHUTEIHHONW MPOBEPKH C
MPUBJICYEHUEM METOJIOB M3YUYEHUSA IIATTEPHOB DKCIPECCUU I'€HOB-PErYIATOPOB Pa3BUTHUSA, YTO BBIXOIJUT
JTAJTIEKO 33 PAMKHU JAHHOM paboTHI.

TepMUH «IIaHYJIOMOJAO0HAS TMOYKa», HUCIOIB3yeMblid paHee s O00O03HAuYeHHUs JTOH CTaauu
*)u3HeHHOTOo nukia C. xamachana npezcrasisieTcs: He B MOJHON Mepe KOppeKTHBIM. [lociie oTieneHus ot
MaTEpUHCKOTO TIOJIUIA 3TOT OPTaHM3M pa3BUBACTCA HE3aBUCHUMO U TPOXOIUT CBOW COOCTBEHHBIN
OHTOI'€HE3, B TO BpeMSI KaK HaCcTodIIasl ITo4YKa COXpaHfleT CBS3b C MaTepI/IHCKI/IM Opl"aHI/ISMOM B TCUCHUC
BCEro Mepuojia CBOEro pa3BUTHA. TakuMm 00pa3oM, MOYKOW MOKHO Ha3bIBaTh TOJBKO MPHUKPEILICHHYIO
CTaJMI0, HO He IUaBarolyr. [loaToMy ObUT MPEANIOKEeH TEPMUH «IUIAHYJIOWA», KOTOPBIHA, C OIHOM
CTOPOHBI, MOJYEPKUBAET CAMOCTOSATEILHOCTH HOBOTO OPTaHU3Ma, a C IPYTOi — YKa3bIBAaeT Ha MMEIOIIeecs

CXOJICTBO C TUIaHYJIOM.
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BriBoabI

1. Myckynarypa nonunoB Cassiopea xamachana o6yasaer THITUYHBIM 151 CHU(OMIHBIX TTOJUIIOB
CTPOEHHUEM U IIPECTABICHA YETHIPbMS CENTATbHBIMU JICHTAMH M TIPOIOJILHBIMH MBIIIEYHBIMH OTPOCTKAMHU
B HOXKKE M YallleyKe, KOPOTKUMH MBIIICYHBIMH OTPOCTKAMH B IyNanbliaX ¥ THIIOCTOME, paJdalbHBIMU

MbBIIICYHBIMH OTPOCTKAMHU B obnactu OpaJIbHOTO IIOJIA.

2. FMRFamun-monoxuTenbHble DJIEMEHTHl HEPBHOH cucTeMbl B Tenie monumnoB Cassiopea
xamachana oT4acTH KOJOKAJIM30BaHbI C MYCKYJIaTypoil, 4TO yKa3blBaeT Ha UX Y4acTHUE B PEryJsilUU
JIOKOMOTOPHON aKTUBHOCTH IOJIMIIA, & TAKXKE BXOAAT B MHTEIPATUBHBIN LIEHTP M10JIMIIA B COCTABE HEPBHOT'O

KoJib11a.

3. Ilnanymoun Cassiopea xamachana sieisiercsi 100aBOYHBIM 3BEHOM B THITMYHOM >KH3HEHHOM
nukiie SCyphozoa, BKIIOYArOIEM JiaTepabHOS MOYKOBAHHE HA MOJMITOMIAHON craauu. DopMHUpOBaHHe
CTPYKTYp HOJHUIIOMAHOIO THUIIA HA paHHUX CTaAusAX Pa3BUTHUA IUJIAaHYJIOHIA SBIICTCA CICICTBHEM

OTJIOKCHHOT'O pa3BUTHUA ITOJIHUIIA, KOTOPOC PAHEC MMOJIHOCTHIO ITPOUCXOANIIO HA MATCPUHCKOM OpPraHu3Me

4. 3ona nponudeparruBHON akTHBHOCTH mojuna Cassiopea xamachana gpopmupyercst Ha paHHHX
JTanax GOpMHUPOBAHUS MOYKH, €€ MECTOIOJIOKEHUE OCTAETCS] IOCTOSHHBIM B TEUEHUE PAa3BUTHUS U KU3HU

IIOJIMIIA.

5. TepMI/IH ((HJ'IaHy.]'IOHOI[OGHaH IMMO4YKa» HE BIIOJIHEC KOPPEKTCH AJIA 0003HaYCHHS JaHHOM CTaguu
JKHU3HCHHOI'o I1IHUKJIa CaSSiOpea XamaChana, BMECTO HCro mnpeajaractcsa HUCIOJIb30BATh TEPMUH

(IUIAaHYJIOUI», HOAYCPKHUBAA CaMOCTOATCIIBHOCThE HOBOI'O OpraHn3Mma.
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BbaaromapuocTu

ABTop OnarojapuT, B NEpPBYIO OuYe€pelb, CBOEr0 HaydyHOro pykoBojutens CrapyHoBa Bukropa
BsuecnaBoBHuYa 3a HEOLIEHUMYIO TIOMOIbL B MMOATOTBKE AaHHOW paboTsl. KpoMme Toro, aBrop Onarogaput
Beaymero crnenuanucta PL] «Xpomac» A. PanaeBa, a Takke COTPYIHUKOB M aclUPAHTOB Kadeapsl
3o0o0mnorun 6ecno3BonouHbix CIIOIY, u, B ocobennoctu, npodeccopoB Aunpes Mropesuua ['paHoBrya u
I'eoprus CepreeBuua CnrocapeBa, accucteHta Kpynenko Jlappro HOpbeBHY, Miaamiero Hay4dHOIO
corpyaHuka Mesennesa Enuces CepreeBuua, 3a nomolb B padoTe U lIeHHble KOMMeHTapuu. OTIeNbHYO

0JIaroJapHOCTH aBTOP BhIpakaeT AHIpero AnekcanapoBudy J{00pOBOIECKOMY 32 HAYYHBIE KOHCYJIBTAINH,

IoMoumb B MHTCPIPETAINU ITOJYUYCHHBIX PE3YJIbTATOB M ITOJIC3HBIC JUCKYCCHUH O CIIOPHBIX TCPMHUHAX

MOp(bOJ'IOI‘I/II/I H ) KM3HCHHBIX THMKJIOB KHPII[apPIﬁ.

Jannast pabora BBIIOJNHEHA C TOMOIIBIO oOopymoBanus Pecypcubix 1eHTpoB CIIOIY
«KynbTUBUpOBaHNME MHMKPOOPTraHU3MOBY», «Pa3BUTHE MOJEKYJSIPHBIX M KJIETOYHBIX TEXHOJIOTHMH» U

«Xpomacy, a take LIKIT «Takcon» 3VUH PAH (http://www.ckp-rf.ru/ckp/3038/?sphrase_id=8879024).



58

Cnucok Jurepatypbl

1. bexnemumier B. H. OcHOBBI cpaBHUTENIBHOW aHATOMHM Oecrio3BoHOYHBIX. M.: CoB //Hayka. — 1944, —
T.492. — C. 1964.

2. lorens B. A. 3oonorus 6ecrno3BoHouHBIX. — M31-Bo" Beicmas mkomna", 1981.

3. Mapdenun H. H., Crenanpsun C. J[. @yHKmoHanbHass MOpGOIOTHs KOJTOHUATBHBIX THIAPOUIOB. —
Poccuiickas akanemus HayK, 300J0THUECKUA UH-T, 1993.

4. Haymos /I. B. Cuudounanasie menay3sl mopeit CCCP /M., Jlenunrpan: U3n-so AH CCCP. — 1961.

5. Acosta A., Sammarco P. W., Duarte L. F. Asexual reproduction in a zoanthid by fragmentation: the role
of exogenous factors //Bulletin of Marine Science. — 2001. — T. 68. — Ne. 3. — C. 363-381.

6. Adler L., Jarms G. New insights into reproductive traits of scyphozoans: special methods of propagation
in Sanderia malayensis Goette, 1886 (Pelagiidae, Semaeostomeae) enable establishing a new classification
of asexual reproduction in the class Scyphozoa //Marine Biology. —2009. — T. 156. — Ne. 7. — C. 1411-1420.
7. Anderson P. A. V., Schwab W. E. The organization and structure of nerve and muscle in the jellyfish
Cyanea capillata (Coelenterata; Scyphozoa) //Journal of Morphology. — 1981. — T. 170. — Ne. 3. — C. 383-
399.

8. Arai M. N. A functional biology of Scyphozoa. — Springer Science & Business Media, 1997.

9. Arai M. N. The potential importance of podocysts to the formation of scyphozoan blooms: a review

/1Jellyfish blooms: causes, consequences, and recent advances. — Springer, Dordrecht, 2008. — C. 241-246.

10. Arendt D. Elementary nervous systems //Philosophical Transactions of the Royal Society B. —
2021. —T. 376. — Ne. 1821. — C. 20200347.
11. Arendt D., Tosches M. A., Marlow H. From nerve net to nerve ring, nerve cord and brain—

evolution of the nervous system //Nature Reviews Neuroscience. — 2016. — T. 17. — Ne. 1. — C. 61.

12. Arnone M. |., Byrne M., Martinez P. Echinodermata //Evolutionary Developmental Biology of
Invertebrates 6. — Springer, Vienna, 2015. — C. 1-58.
13. Attenborough R. M. F., Hayward D. C., Wiedemann U., Forét S., Miller D. J., Ball E. E.

Expression of the neuropeptides RFamide and LWamide during development of the coral Acropora
millepora in relation to settlement and metamorphosis //Developmental biology. — 2019. — T. 446. — Ne. 1.
—C. 56-67.

14. Aufschnaiter R., Wedlich-S6ldner R., Zhang X., Hobmayer B. Apical and basal
epitheliomuscular F-actin dynamics during Hydra bud evagination //Biology open. — 2017. — T. 6. — Ne. 8.
—C. 1137-1148.

15. Avian M. et al. Asexual reproduction and strobilation of Sanderia malayensis (Scyphozoa,
Pelagiidae) in relation to temperature: experimental evidence and implications //Diversity. — 2021. — T. 13.
—Ne. 2. -C. 37.



59

16. Badhiwala K. N., Primack A. S., Juliano C., Robinson J. T. Multiple nerve rings coordinate
Hydra mechanosensory behavior //bioRxiv. — 2020. — C. 2020.10. 16.343384.
17. Baguiia J., Martinez P., Paps J., Riutort M. Back in time: a new systematic proposal for the

Bilateria //Philosophical Transactions of the Royal Society B: Biological Sciences. — 2008. — T. 363. — Ne.
1496. — C. 1481-1491.

18. Balcer L. J., Black R. E. Budding and strobilation in Aurelia (Scyphozoa, Cnidaria): Functional
requirement and spatial patterns of nucleic acid synthesis //Roux’s archives of developmental biology. —
1991. — T. 200. — Ne. 1. — C. 45-50.

19. Batham E. J., Pantin C. F. A. The organization of the muscular system of Metridium senile
/lJournal of Cell Science. —1951. — T. 3. — Ne. 17. — C. 27-54.

20. Bigelow R. P. On a new species of Cassiopea from Jamaica. — 1892.

21. Bigelow R. P. The anatomy and development of Cassiopea xamachana. — Boston Society of

natural history, 1900.

22. Bocharova E. Reproduction of sea anemones and other hexacorals //The Cnidaria, Past, Present
and Future. — Springer, Cham, 2016. — C. 239-248.

23. Bocharova E. S., Kosevich I. A. Bapuantsl pasmuoxenus aktunuii (Cnidaria, Anthozoa)
/[30omornueckuii sxypuair. — 2011, — T. 90. — Ne. 11. — C. 1283-1295.

24. Bode H. R. The head organizer in Hydra //International Journal of Developmental Biology. —
2012. — T. 56. — Ne. 6-7-8. — C. 473-478.

25. Boero F., Bouillon J., Piraino S. The role of Cnidaria in evolution and ecology //Italian Journal
of Zoology. — 2005. — T. 72. — Ne. 1. — C. 65-71.

26. Bosch T. C. G. et al. Back to the basics: cnidarians start to fire //Trends in neurosciences. — 2017.
—T.40. - Ne. 2. - C. 92-105.

217. Browne E. N. The production of new hydranths in hydra by the insertion of small grafts //Journal

of Experimental Zoology. — 1909. — T. 7. — Ne. 1. — C. 1-23.

28. Burnett A. L., Diehl N. A. The nervous system of Hydra. I. Types, distribution and origin of
nerve elements //Journal of Experimental Zoology. — 1964. — T. 157. — Ne, 2. — C. 217-226.

29. Burton P. M., Finnerty J. R. Conserved and novel gene expression between regeneration and
asexual fission in Nematostella vectensis //Development genes and evolution. — 2009. — T. 219. — Ne. 2. —
C. 79-87.

30. Calder D. R. Laboratory observations on the life history of Rhopilema verrilli (Scyphozoa:
Rhizostomeae) //Marine Biology. — 1973. — T. 21. — Ne. 2. — C. 109-114.

31. Calder D. R. Life history of the cannonball jellyfish, Stomolophus meleagris L. Agassiz, 1860
(Scyphozoa, Rhizostomida) //The Biological Bulletin. —1982. — T. 162. — Ne. 2. — C. 149-162.

32. Campbell R. D. Cell proliferation in hydra: An autoradiographic approach //Science. — 1965. —
T. 148. — Ne. 3674. — C. 1231-1232.



60

33. Carlgren, O. A survey of the Ptychodactiaria, Corallimorpharia and Actiniaria / O. Carlgren //
Kungliga Svenska Vetenskapsakademiens Handlingar. — 1949. - V. 1. - P. 1 - 121.

34. Chapman D. M. A new type of muscle cell from the subumbrella of Obelia //Journal of the
Marine Biological Association of the United Kingdom. — 1968. — T. 48. — Ne. 3. — C. 667-688.

35. Chapman D. M. Cnidarian histology. — Academic Press, New York, 1974, — C. 1-92,

36. Chapman D. M. Further observations on podocyst formation //Journal of the Marine Biological
Association of the United Kingdom. — 1970. — T. 50. — Ne. 1. — C. 107-111.

37. Chapman D. M. Microanatomy of the cubopolyp, Tripedalia cystophora (Class Cubozoa)
//Helgolaender wissenschaftliche meeresuntersuchungen. — 1978. — T. 31. — Ne. 1. — C. 128.

38. Chapman D. M. Reextension mechanism of a scyphistoma’s tentacle //Canadian Journal of
Zoology. — 1970. — T. 48. — No. 5. — C. 931-943.

39. Chapman D. M. Structure, histochemistry and formation of the podocyst and cuticle of Aurelia

aurita //Journal of the Marine Biological Association of the United Kingdom. — 1968. — T. 48. — Ne. 1. — C.
187-208.

40. Chia F. S., Amerongen H. M., Peteya D. J. Ultrastructure of the neuromuscular system of the
polyp of Aurelia aurita L., 1758 (Cnidaria, Scyphozoa) //Journal of morphology. — 1984. — T. 180. — Ne. 1.
—C. 69-79.

41. Clarkson S. G., Wolpert L. Bud morphogenesis in Hydra //Nature. — 1967. — T. 214. — Ne. 5090.
— C. 780-783.

42. Collins A. G. Phylogeny of Medusozoa and the evolution of cnidarian life cycles //Journal of
Evolutionary Biology. — 2002. — T. 15. — Ne. 3. — C. 418-432.

43. Collins A. G. Recent insights into cnidarian phylogeny //Smithsonian contributions to the marine
sciences. — 2009. — Ne. 38.

44, Concas A., Imperatore R., Santoru F., Locci A., Porcu P., Cristino L., Pierobon P.

Immunochemical localization of GABA A receptor subunits in the freshwater polyp Hydra vulgaris
(Cnidaria, Hydrozoa) //Neurochemical research. — 2016. — T. 41. — Ne. 11. — C. 2914-2922.

45, Coppari M., Mestice F., Betti F., Bavestrello G., Castellano L., Bo, M. Fragmentation, re-
attachment ability and growth rate of the Mediterranean black coral Antipathella subpinnata //Coral Reefs.
—2019.-T.38.—Ne. 1. - C. 1-14.

46. Cornelius P. F. S. Medusa loss in leptolid Hydrozoa (Cnidaria), hydroid rafting, and abbreviated
life-cycles among their remote-island faunae: An interim review //Sci. mar. — 1992, — T. 56. — Ne. 2. — C.
245-261.

47, Courtney R., Browning S., Seymour J. Early life history of the ‘Irukandji’jellyfish Carukia
barnesi //PloS one. — 2016. — T. 11. — Ne. 3.



61

48. Curtis S. K., Cowden R. R. Some aspects of regeneration in the scyphistoma of Cassiopea (Class
Scyphozoa) as revealed by the use of antimetabolites and microspectrophotometry //American Zoologist.
—1974. - T.14. — Ne. 2. — C. 851-866.

49, Daly M. et al. The phylum Cnidaria: a review of phylogenetic patterns and diversity 300 years

after Linnaeus. — 2007.

50. Daly M., Fautin D. G., Cappola V. A. Systematics of the hexacorallia (Cnidaria: Anthozoa)
//Zoological Journal of the Linnean Society. — 2003. — T. 139. — Ne. 3. — C. 419-437.
51. Darling J. A. Reitzel A. R., Burton P. M., Mazza M. E., Ryan J. F., Sullivan J. C., Finnerty J. R.

Rising starlet: the starlet sea anemone, Nematostella vectensis //Bioessays. — 2005. — T. 27. — Ne. 2. — C.
211-221.

52. Davis L. E., Burnett A. L., Haynes J. F., Osborne D. G., Spear M. L. Histological and
ultrastructural study of the muscular and nervous systems in Hydra. Il. Nervous system //Journal of
Experimental Zoology. — 1968. — T. 167. — Ne. 3. — C. 295-331.

53. Fautin D. G. Reproduction of cnidaria //Canadian Journal of Zoology. — 2002. — T. 80. — Ne. 10.
—C. 1735-1754.
54. Fischer A. B., Hofmann D. K. Budding, bud morphogenesis, and regeneration in Carybdea

marsupialis Linnaeus, 1758 (Cnidaria: Cubozoa) //Hydrobiologia. — 2004. — T. 530. — Ne. 1-3. — C. 331-
337.

55. Fleck J., Hofmann D. K. The efficiency of metamorphosis inducing oligopeptides in Cassiopea
species (Cnidaria: Scyphozoa) depends on both primary structure and amino-and carboxy terminal
substituents //Verh Dtsch Zool Ges. — 1990. — T. 83. — C. 452-453.

56. Frank P., Bleakney J. S. Histology and sexual reproduction of the anemone Nematostella
vectensis Stephenson 1935 //Journal of Natural History. — 1976. — T. 10. — Ne. 4. — C. 441-449.
57. Fuentes V. et al. Life cycle of the jellyfish Rhizostoma pulmo (Scyphozoa: Rhizostomeae) and

its distribution, seasonality and inter-annual variability along the Catalan coast and the Mar Menor (Spain,
NW Mediterranean) //Marine Biology. — 2011. — T. 158. — Ne. 10. — C. 2247-2266.

58. Galliot B. Hydra, a fruitful model system for 270 years //International Journal of Developmental
Biology. — 2012. — T. 56. — Ne. 6-7-8. — C. 411-423.

59. Garm A., Ekstrom P., Boudes M., Nilsson D. E. Rhopalia are integrated parts of the central
nervous system in box jellyfish //Cell and tissue research. — 2006. — T. 325. — Ne. 2. — C. 333-343.

60. Garm A., Poussart Y., Parkefelt L., Ekstrom P., Nilsson D. E. The ring nerve of the box jellyfish
Tripedalia cystophora //Cell and tissue research. — 2007. — T. 329. — Ne. 1. — C. 147-157.

61. Geller J. B., Fitzgerald L. J., King C. E. Fission in sea anemones: integrative studies of life cycle

evolution //Integrative and Comparative Biology. — 2005. — T. 45. — Ne. 4. — C. 615-622.
62. Genikhovich G. et al. Axis patterning by BMPs: cnidarian network reveals evolutionary
constraints //Cell reports. — 2015. — T. 10. — Ne. 10. — C. 1646-1654.



62

63. Gilchrist F. G. Budding and locomotion in the scyphistomas of Aurelia //The Biological Bulletin.
—1937.—T.72.— Ne. 1. - C. 99-124.
64. Girosi L., Ramoino P., Diaspro A., Gallus L., Ciarcia G., Tagliafierro G. FMRFamide-like

immunoreactivity in the sea-fan Eunicella cavolini (Cnidaria: Octocorallia) //Cell and tissue research. —
2005. — T. 320. — Ne. 2. — C. 331-336.

65. Gohar H. A. F. The development of Cassiopea andromeda //Publication of the Marine Biological
Station, Ghardaga, Red Sea. — 1960. — T. 11. — C. 147-190.

66. Golz R. Occurrence and distribution of RFamide-positive neurons within the polyps of Coryne
sp. (Hydrozoa, Corynidae) //The Biological Bulletin. — 1994, — T. 186. — Ne. 1. — C. 115-123.

67. Graf L., Gierer A. Size, shape and orientation of cells in budding hydra and regulation of
regeneration in cell aggregates //Wilhelm Roux's archives of developmental biology. — 1980. — T. 188. —
No. 2. - C. 141-151.

68. Gravier-Bonnet N., Bourmaud C. Cloning by releasing specialized frustules in a successful
epiphytic zooxanthellate haleciid (Cnidaria, Hydrozoa, Haleciidae), with comments on stolonization and
frustulation //Invertebrate Reproduction & Development. — 2005. — T. 48. — Ne. 1-3. — C. 63-609.

69. Grimmelikhuijzen C. J. P., Dockray G. J., Schot L. P. C. FMRFamide-like immunoreactivity in
the nervous system of hydra //Histochemistry. — 1982. — T. 73. — Ne. 4. — C. 499-508.
70. Grimmelikhuijzen C. J. P., Graff D., Koizumi O., Westfall J. A., McFarlane, I. D. Neurons and

their peptide transmitters in coelenterates //Evolution of the first nervous systems. — Springer, Boston, MA,
1989. — C. 95-109.

71. Grimmelikhuijzen C. J. P., Williamson M., Hansen G. N. Neuropeptides in cnidarians //Cell
signalling in prokaryotes and lower Metazoa. — Springer, Dordrecht, 2004. — C. 115-139.

72. Griinder S., Assmann M. Peptide-gated ion channels and the simple nervous system of Hydra
//Journal of Experimental Biology. — 2015. — T. 218. — Ne. 4. — C. 551-561.

73. Gueroun S. K. M., Torres T. M., Dos Santos A., Vasco-Rodrigues N., Canning-Clode J., Andrade
C. Catostylus tagi (Class: Scyphozoa, Order: Discomedusae, Suborder: Rhizostomida, Family:
Catostylidae) life cycle and first insight into its ecology //PeerJ. — 2021. — T. 9. — C. e12056.

74. Han C. H., Uye S. Combined effects of food supply and temperature on asexual reproduction and
somatic growth of polyps of the common jellyfish Aurelia aurita sl //Plankton and Benthos Research. —
2010. — T. 5. — Ne. 3. — C. 98-105.

75. Hansen G. N., Williamson M., Grimmelikhuijzen C. J. A new case of neuropeptide coexpression
(RGamide and LWamides) in Hydra, found by whole-mount, two-color double-labeling in situ
hybridization //Cell and tissue research. — 2002. — T. 308. — Ne. 1. — C. 157-165.

76. Hasse C. et al. FGFR-ERK signaling is an essential component of tissue separation
//Developmental biology. — 2014. — T. 395. — Ne. 1. — C. 154-166.



63

77. Haynes J. F., Burnett A. L., Davis L. E. Histological and ultrastructural study of the muscular
and nervous systems in Hydra. I. The muscular system and the mesoglea //Journal of Experimental
Zoology. — 1968. — T. 167. — Ne. 3. — C. 283-293.

78. Helm R. R. Evolution and development of scyphozoan jellyfish //Biological reviews. — 2018. —
T. 93. — Ne. 2. — C. 1228-1250.

79. HelmR. R., Tiozzo S., Lilley M. K., Lombard F., Dunn, C. W. Comparative muscle development
of scyphozoan jellyfish with simple and complex life cycles //EvoDevo. — 2015. — T. 6. — Ne. 1. — C. 1-10.
80. Highsmith R. C. Reproduction by fragmentation in corals //Marine ecology progress series.
Oldendorf. —1982. — T. 7. — Ne. 2. — C. 207-226.

81. Hobmayer B. et al. WNT signalling molecules act in axis formation in the diploblastic metazoan
Hydra //Nature. — 2000. — T. 407. — Ne. 6801. — C. 186-1809.

82. Hofmann D. K., Honegger T. G. Bud formation and metamorphosis in Cassiopea andromeda

(Cnidaria: Scyphozoa): a developmental and ultrastructual study //Marine biology (Berlin). — 1990. — T.
105. — Ne. 3. — C. 509-518.

83. Hofmann D. K., Fitt W. K., Fleck J. Checkpoints in the life-cycle of Cassiopea spp.: control of
metagenesis and metamorphosis in a tropical jellyfish //International Journal of Developmental Biology. —
2003. — T. 40. — Ne. 1. — C. 331-338.

84. Hofmann D. K., Gottlieb M. Bud formation in the scyphozoan Cassiopea andromeda: epithelial
dynamics and fate map //Coelenterate Biology: Recent Research on Cnidaria and Ctenophora. — Springer,
Dordrecht, 1991. — C. 53-59.

85. Hofmann D. K., Hellmann M. Studies in the Reef-dwelling Cnidarian Cassiopea spp.: RF-amide
positive elements of the nervous system at different stages of development //Beitr Paldont. —1995. —T. 20.
—C. 21-29.

86. Hofmann D. K., Neumann R., Henne K. Strobilation, budding and initiation of scyphistoma
morphogenesis in the rhizostome Cassiopea andromeda (Cnidaria: Scyphozoa) //Marine Biology. — 1978.
—T.47.— Ne. 2. - C. 161-176.

87. Holland B. S., Dawson M. N., Crow G. L., Hofmann D. K. Global phylogeography of Cassiopea
(Scyphozoa: Rhizostomeae): molecular evidence for cryptic species and multiple invasions of the Hawaiian
Islands //Marine Biology. — 2004. — T. 145. — Ne. 6. — C. 1119-1128.

88. Holland N. D. Early central nervous system evolution: an era of skin brains? //Nature Reviews
Neuroscience. — 2003. — T. 4. — Ne. 8. — C. 617-627.
89. Holst S., Sétje I., Tiemann H., Jarms G. Life cycle of the rhizostome jellyfish Rhizostoma octopus

(L.) (Scyphozoa, Rhizostomeae), with studies on cnidocysts and statoliths //Marine Biology. — 2007. — T.
151. — Ne. 5. — C. 1695-1710.

90. Holstein T. W., Hobmayer E., David C. N. Pattern of epithelial cell cycling in hydra
//IDevelopmental biology. — 1991. — T. 148. — Ne. 2. — C. 602-611.



64

91. Hubot N., Lucas C. H., Piraino S. Environmental control of asexual reproduction and somatic
growth of Aurelia spp. (Cnidaria, Scyphozoa) polyps from the Adriatic Sea //PloS one. — 2017. - T. 12. —
No. 6.

92. Ikeda H., Mizota C., Uye S. Bioenergetic characterization in Aurelia aurita (Cnidaria:
Scyphozoa) polyps and application to natural polyp populations //Marine Ecology Progress Series. — 2017.
—T. 568. — C. 87-100.

93. Ikeda H., Ohtsu K., Uye S. I. Fine structure, histochemistry, and morphogenesis during
excystment of the podocysts of the giant jellyfish Nemopilema nomurai (Scyphozoa, Rhizostomeae) //The
Biological Bulletin. —2011. — T. 221. — Ne. 3. — C. 248-260.

94. Ishii H., Watanabe T. Experimental study of growth and asexual reproduction in Aurelia aurita
polyps //Sessile Organisms. — 2003. — T. 20. — Ne. 2. — C. 69-73.

95. Isomura N., Hamada K., Nishihira M. Internal brooding of clonal propagules by a sea anemone,
Anthopleura sp //Invertebrate Biology. — 2003. — T. 122. — Ne. 4. — C. 293-298.

96. Jahnel S. M., Walzl M., Technau U. Development and epithelial organization of muscle cells in
the sea anemone Nematostella vectensis //Frontiers in zoology. — 2014. — T. 11. — Ne. 1. — C. 44.

97. Jarms G., Bdmstedt U., Tiemann H., Martinussen M. B., Fossé J. H., Haisceter T. The holopelagic
life cycle of the deep-sea medusa Periphylla periphylla (Scyphozoa, Coronatae) //Sarsia. — 1999. — T. 84.
—Ne. 1. — C. 55-65.

98. Kass-Simon G., Pierobon P. Cnidarian chemical neurotransmission, an updated overview
//Comparative Biochemistry and Physiology Part A: Molecular & Integrative Physiology. —2007. — T. 146.
—Ne. 1. - C. 9-25.

99. Katsuki T., Greenspan R. J. Jellyfish nervous systems //Current Biology. — 2013. — T. 23. — Ne.
14. — C. R592-R594.
100. Kawahara M., Uye S. |., Ohtsu K., lizumi H. Unusual population explosion of the giant jellyfish

Nemopilema nomurai (Scyphozoa: Rhizostomeae) in East Asian waters //Marine Ecology Progress Series.
—2006. - T. 307. - C. 161-173.

101. Kelava I., Rentzsch F., Technau U. Evolution of eumetazoan nervous systems: insights from
cnidarians //Philosophical Transactions of the Royal Society B: Biological Sciences. — 2015. — T. 370. —
Ne. 1684. — C. 20150065.

102. Khabibulina V., Starunov V. 2021 Proliferation activity in the polyps of Cassiopea xamachana:
where the planuloid buds grow //Biological Communications. — 2021. — T. 66. -Ne 4. — C. 333-340.

103. Khabibulina V., Starunov V. FMRFamide immunoreactive nervous system in the adult
Cassiopeia xamachana scyphopolyp and at the early stages of planuloid formation //Invertebrate Zoology.
—2020. - T.17.— Ne. 4. — C. 371-384.

104. Khabibulina V., Starunov V. Musculature development in planuloids of Cassiopeia xamachana
(Cnidaria: Scyphozoa) //Zoomorphology. — 2019. — T. 138. — Ne. 3. — C. 297-306.



65

105. Kienberger K., Riera-Buch M., Schénemann A. M., Bartsch V., Halbauer R., Prieto L. First
description of the life cycle of the jellyfish Rhizostoma luteum (Scyphozoa: Rhizostomeae) //PloS one. —
2018. — T. 13. — Ne. 8. — C. €0202093.

106. Kikinger R. Cotylorhiza tuberculata (Cnidaria: Scyphozoa) - Life history of a stationary
population //Marine Ecology. —1992. — T. 13. — Ne. 4. — C. 333-362.

107. Koizumi O. Nerve ring of the hypostome in hydra: is it an origin of the central nervous system
of bilaterian animals? //Brain, behavior and evolution. — 2007. — T. 69. — Ne. 2. — C. 151-1509.

108. Koizumi O. Origin and evolution of the nervous system considered from the diffuse nervous
system of cnidarians //The Cnidaria, past, present and future. — Springer, Cham, 2016. — C. 73-91.

109. Koizumi O., Hamada S., Minobe S., Hamaguchi-Hamada K., Kurumata-Shigeto M., Nakamura
M., Namikawa H. The nerve ring in cnidarians: its presence and structure in hydrozoan medusae //Zoology.
—2015.-T.118. — Ne. 2. — C. 79-88.

110. Koizumi O., Itazawa M., Mizumoto H., Minobe S., Javois L. C., Grimmelikhuijzen C. J., Bode
H. R. Nerve ring of the hypostome in hydra. I. Its structure, development, and maintenance //Journal of
Comparative Neurology. — 1992. — T. 326. — Ne. 1. — C. 7-21.

111. Lampert K. P. Cassiopea and its zooxanthellae //The Cnidaria, Past, Present and Future. —
Springer, Cham, 2016. — C. 415-423.

112. Leclere L. et al. Hydrozoan insights in animal development and evolution //Current Opinion in
Genetics & Development. — 2016. — T. 39. — C. 157-167.
113. Leclére L., Réttinger E. Diversity of cnidarian muscles: function, anatomy, development and

regeneration //Frontiers in cell and developmental biology. — 2017. — T. 4. — C. 157.

114. Leeuwenhoek A. V. IV. Part of a letter from Mr Antony van Leeuwenhoek, FRS concerning
green weeds growing in water, and some animalcula found about them //Philosophical transactions of the
Royal Society of London. —1753. — T. 23. — Ne. 283. — C. 1304-1311.

115. Lewis A. C. Medusa: a review of an ancient cnidarian body form //Marine organisms as model

systems in biology and medicine. — 2018. — C. 105-136.

116. Lichtneckert R., Reichert H. Origin and evolution of the first nervous system //Evolutionary
neuroscience. — 2009. — C. 51-78.
117. Lotan A., Ben-Hillel R., Loya Y. Life cycle of Rhopilema nomadica: a new immigrant

scyphomedusan in the Mediterranean //Marine Biology. — 1992. — T. 112. — Ne. 2. — C. 237-242.

118. Lucas C. H., Graham W. M., Widmer C. Jellyfish life histories: role of polyps in forming and
maintaining scyphomedusa populations //Advances in marine biology. — Academic Press, 2012. — T. 63. —
C. 133-196.

1109. Mackie G. O. Central neural circuitry in the jellyfish Aglantha //Neurosignals. — 2004. — T. 13.
—Ne. 1-2. - C. 5-19.



66

120. Mackie G. O., Passano L. M. Epithelial conduction in hydromedusae //The Journal of general
physiology. — 1968. — T. 52. — Ne. 4. — C. 600-621.
121. Mackie G. O., Singla C. L., Stell W. K. Distribution of nerve elements showing FMRFamide-

like immunoreactivity in hydromedusae //Acta Zoologica. — 1985. — T. 66. — Ne. 4. — C. 199-210.

122. Marlow H. Q., Srivastava M., Matus D. Q., Rokhsar D., Martindale M. Q. Anatomy and
development of the nervous system of Nematostella vectensis, an anthozoan //Developmental neurobiology.
—2009. —T. 69. — Ne. 4. — C. 235-254.

123. Martin V. J. Characterization of a RFamide-positive subset of ganglionic cells in the hydrozoan
planular nerve net //Cell and tissue research. — 1992. — T. 269. — Ne. 3. — C. 431-438.

124. Martin V. J. Photoreceptors of cnidarians //Canadian Journal of Zoology. — 2002. — T. 80. — Ne.
10. - C. 1703-1722.

125. Martin V. J. Reorganization of the nervous system during metamorphosis of a hydrozoan planula
/lInvertebrate Biology. — 2000. — T. 119. — Ne. 3. — C. 243-253.

126. Martin V. J., Chia F. S. Fine structure of a scyphozoan planula, Cassiopeia xamachana //The
Biological Bulletin. — 1982. — T. 163. — Ne. 2. — C. 320-328.
127. Matsuno A., Kawaguti S. An ultrastructural study of the polyp and strobila of Atorella japonica

(Cnidaria, Coronatae) with respect to muscles and nerves //Hydrobiologia. — Kluwer Academic Publishers,
1991. - T. 216. — Ne. 1. — C. 39-43.

128. Mayorova T. D., Kosevich I. A. Serotonin-immunoreactive neural system and contractile system
in the hydroid Cladonema (Cnidaria, Hydrozoa) //Invertebrate Neuroscience. — 2013. — T. 13. — Ne. 2. — C.
99-106.

129. Mayorova T. D., Kosevich I. A., Melekhova O. P. On some features of embryonic development
and metamorphosis of Aurelia aurita (Cnidaria, Scyphozoa) //Russian journal of developmental biology. —
2012. — T. 43. — Ne. 5. — C. 271-285.

130. Mayorova T., Kosevich I. FMRF-amide immunoreactivity pattern in the planula and colony of
the hydroid Gonothyraea loveni //Zoology. — 2013. — T. 116. — Ne. 1. — C. 9-109.

131. Miyake H., Honda S., Nishikawa J., Yusoff F. M. Life Cycle of Edible Jellyfish Acromitus
hardenbergi Stiasny, 1934 (Scyphozoa: Rhizostomeae) Inhabiting a Brackish-Water Environment
//Animals. —2021. — T. 11. — Ne. 7. — C. 2138.

132. Morandini A. C., Da Silveira F. L., Jarms G. The life cycle of Chrysaora lactea Eschscholtz,
1829 (Cnidaria, Scyphozoa) with notes on the scyphistoma stage of three other species //Hydrobiologia. —
2004. — T. 530. — Ne. 1. — C. 347-354.

133. Morandini A. C., Stampar S. N., Migotto A. E., Marques A. C. Hydrocoryne iemanja (Cnidaria),
a new species of Hydrozoa with unusual mode of asexual reproduction //Journal of the Marine Biological
Association of the United Kingdom. —2009. — T. 89. — Ne. 1. — C. 67-76.



67

134. Mueller J. F. Some observations on the structure of hydra, with particular reference to the
muscular system //Transactions of the American Microscopical Society. — 1950. — T. 69. — Ne. 2. — C. 133-
147.

135. Miinder S., Késbauer T., Prexl A., Aufschnaiter R., Zhang X., Towb P., Bottger A. Notch
signalling defines critical boundary during budding in Hydra //Developmental biology. — 2010. — T. 344. —
Neo. 1. - C. 331-345.

136. Nakanishi N., Hartenstein V., Jacobs D. K. Development of the rhopalial nervous system in
Aurelia sp. 1 (Cnidaria, Scyphozoa) //Development genes and evolution. — 2009. — T. 219. — Ne. 6. — C.
301-317.

137. Nakanishi N., Renfer E., Technau U., Rentzsch F. Nervous systems of the sea anemone
Nematostella vectensis are generated by ectoderm and endoderm and shaped by distinct mechanisms
//Development. —2012. — T. 139. — Ne. 2. — C. 347-357.

138. Nakanishi N., Yuan D., Jacobs D. K., Hartenstein V. Early development, pattern, and
reorganization of the planula nervous system in Aurelia (Cnidaria, Scyphozoa) //Development genes and
evolution. — 2008. — T. 218. — Ne. 10. — C. 511-524.

139. Nath R. D. et al. The jellyfish Cassiopea exhibits a sleep-like state //Current Biology. — 2017. —
T. 27. — Ne. 19. — C. 2984-2990. e3.

140. Noro Y. et al. Regionalized nervous system in Hydra and the mechanism of its development
//Gene Expression Patterns. —2019. — T. 31. — C. 42-59.

141. Noro Y., Shimizu H., Mineta K., Gojobori T. A single neuron subset governs a single coactive

neuron circuit in Hydra vulgaris, representing a possible ancestral feature of neural evolution //Scientific
reports. — 2021. — T. 11. — Ne. 1. — C. 1-12.

142. Ohdera A. et al. Box, stalked, and upside-down? Draft genomes from diverse jellyfish (Cnidaria,
Acraspeda) lineages: Alatina alata (Cubozoa), Calvadosia cruxmelitensis (Staurozoa), and Cassiopea
xamachana (Scyphozoa) //GigaScience. — 2019. — T. 8. — Ne. 7. — C. giz069

143. Ohdera A. H. et al. Upside-down but headed in the right direction: review of the highly versatile
Cassiopea xamachana system //Frontiers in Ecology and Evolution. — 2018. — T. 6. — C. 35.

144. Osadchenko B. V., Kraus Y. A. Trachylina: The Group That Remains Enigmatic Despite 150
Years of Investigations //Russian Journal of Developmental Biology. — 2018. — T. 49. — Ne. 3. — C. 134-
145,

145. Ostman C. Abundance, feeding behaviour and nematocysts of scyphopolyps (Cnidaria) and
nematocysts in their predator, the nudibranch Coryphella verrucosa (Mollusca) //Interactions and
Adaptation Strategies of Marine Organisms. — Springer, Dordrecht, 1997. — C. 21-28.

146. Otto J. J. Orientation and behavior of epithelial cell muscle processes during Hydra budding
/[Journal of Experimental Zoology. — 1977. — T. 202. — Ne. 3. — C. 307-321.



68

147. Otto J. J., Campbell R. D. Budding in Hydra attenuata: bud stages and fate map //Journal of
Experimental Zoology. — 1977. — T. 200. — Ne. 3. — C. 417-428.

148. Pallasdies F., Goedeke S., Braun W., Memmesheimer R. M. From single neurons to behavior in
the jellyfish Aurelia aurita //Elife. — 2019. — T. 8. — C. e50084.

149, Pennati R., Dell’Anna A., Pagliara P., Scari G., Piraino S., De Bernardi F. Neural system
reorganization during metamorphosis in the planula larva of Clava multicornis (Hydrozoa, Cnidaria)
//Zoomorphology. — 2013. — T. 132. — Ne. 3. — C. 227-237.

150. Pernet V., Anctil M., Grimmelikhuijzen C. J. P. Antho-RFamide-containing neurons in the
primitive nervous system of the anthozoan Renilla koellikeri //Journal of Comparative Neurology. — 2004.
—T.472. — Ne. 2. — C. 208-220.

151. Pitt K. A. Life history and settlement preferences of the edible jellyfish Catostylus mosaicus
(Scyphozoa: Rhizostomeae) //Marine Biology. — 2000. — T. 136. — Ne. 2. — C. 269-279.

152. Plickert G., Jacoby V., Frank U., Miiller W. A., Mokady O. Wnt signaling in hydroid
development: formation of the primary body axis in embryogenesis and its subsequent patterning
//Developmental biology. — 2006. — T. 298. — Ne. 2. — C. 368-378.

153. Plickert G., Schneider B. Neuropeptides and photic behavior in Cnidaria //Hydrobiologia. — 2004.
—T.530. — Ne. 1-3. — C. 49-57.

154. Purcell J. E. Climate effects on formation of jellyfish and ctenophore blooms: a review //Marine
Biological Association of the United Kingdom. Journal of the Marine Biological Association of the United
Kingdom. — 2005. — T. 85. — Ne. 3. — C. 461.

155. Raikova E. V., Ibragimov A. Y., Raikova O. I. Muscular system of a peculiar parasitic cnidarian
Polypodium hydriforme: a phalloidin fluorescence study //Tissue and Cell. — 2007. — T. 39. — Ne. 2. — C.
79-87.

156. Raikova E. V., Raikova O. I. Nervous system immunohistochemistry of the parasitic cnidarian
Polypodium hydriforme at its free-living stage //Zoology. — 2016. — T. 119. — Ne. 2. — C. 143-152.

157. Reitzel A. M., Burto P. M., Krone C., Finnerty J. R. Comparison of developmental trajectories
in the starlet sea anemone Nematostella vectensis: embryogenesis, regeneration, and two forms of asexual
fission //Invertebrate Biology. — 2007. — T. 126. — Ne. 2. — C. 99-112.

158. Reitzel A. M., Stefanik D., Finnerty J. R. Asexual reproduction in cnidarian: Comparative
developmental processes and candidate mechanisms //Mechanisms of life history evolution: The genetics
and physiology of life history traits and trade--offs. — 2011. — C. 101-113.

159. Rippingale R. J., Kelly S. J. Reproduction and survival of Phyllorhiza punctata (Cnidaria:
Rhizostomeae) in a seasonally fluctuating salinity regime in Western Australia //Marine and Freshwater
Research. — 1995. — T. 46. — Ne. 8. — C. 1145-1151.



69

160. Sakaguchi M., Imai Y., Nomoto S. The presence and distribution of RFamide-like
immunoreactive nerve fibers in scyphistomae of Aurelia aurita /Comparative Biochemistry and
Physiology Part A: Molecular & Integrative Physiology. — 1999. — T. 122. — Ne. 2. — C. 261-266.

161. Sakaguchi M., Mizusina A., Kobayakawa Y. Structure, development, and maintenance of the
nerve net of the body column in Hydra //Journal of Comparative Neurology. —1996. — T. 373. — Ne. 1. - C.
41-54.

162. Sandrini L. R., Avian M. Biological cycle of Pelagia noctiluca: morphological aspects of the
development from planula to ephyra //Marine Biology. — 1983. — T. 74. — Ne. 2. — C. 169-174.

163. Santhanam R. Biology and ecology of venomous marine Cnidarians. — Thoothukudi : Springer,
2020. - C. 7-27.

164. Satterlie R. A. Do jellyfish have central nervous systems? //Journal of Experimental Biology. —
2011. —T. 214. — Ne. 8. — C. 1215-1223.

165. Satterlie R. A. Neuronal control of swimming in jellyfish: a comparative story //Canadian Journal
of Zoology. — 2002. — T. 80. — Ne. 10. — C. 1654-1669.

166. Satterlie R. A., Eichinger J. M. Organization of the ectodermal nervous structures in jellyfish:

scyphomedusae //The Biological Bulletin. —2014. — T. 226. — Ne. 1. — C. 29-40.

167. Satterlie R. A., Thomas K. S., Gray G. C. Muscle organization of the cubozoan jellyfish
Tripedalia cystophora Conant 1897 //The Biological Bulletin. — 2005. — T. 209. — Ne. 2. — C. 154-163.
168. Schiariti A., Kawahara M., Uye S., Mianzan H. W. Life cycle of the jellyfish Lychnorhiza
lucerna (Scyphozoa: Rhizostomeae) //Marine Biology. — 2008. — T. 156. — Ne. 1. — C. 1-12.

169. Schiariti A., Morandini A. C., Jarms G., von Glehn Paes R., Franke S., Mianzan H. Asexual
reproduction strategies and blooming potential in Scyphozoa //Marine Ecology Progress Series. — 2014. —
T. 510. - C. 241-253.

170. Seipel K., Schmid V. Evolution of striated muscle: jellyfish and the origin of triploblasty
//Developmental biology. — 2005. — T. 282. — Ne. 1. — C. 14-26.

171. Shostak S., Kankel D. R. Morphogenetic movements during budding in Hydra //Developmental
biology. — 1967. — T. 15. — Ne. 5. — C. 451-463.

172. Singla C. L., Mackie G. O. Immunogold labelling of FMRFamide-like neuropeptide in neurons
of Aglantha digitale (Hydromedusae: Trachylina) //Canadian journal of zoology. — 1991. — T. 69. — Ne. 3.
— C. 800-802.

173. Silveirada F. L., Morandini A. C. Nausithoe aurea n. sp. (Scyphozoa: Coronatae: Nausithoidae),
a species with two pathways of reproduction after strobilation: sexual and asexual //Bijdragen tot de
Dierkunde. — 1997. — T. 66. — Ne. 4. — C. 235-246.

174. Skogh C., Garm A., Nilsson D. E., Ekstrom P. Bilaterally symmetrical rhopalial nervous system
of the box jellyfish Tripedalia cystophora //Journal of morphology. — 2006. — T. 267. — Ne. 12. — C. 1391-
1405.



70

175. Slobodov S. A., Marfenin N. N. Reproduction of the colonial hydroid Obelia geniculata (L.,
1758) (Cnidaria, Hydrozoa) in the White Sea //Coelenterate Biology 2003. — Springer, Dordrecht, 2004. —
C. 383-388.

176. Spencer A. N. Neuropeptides in the Cnidaria /American Zoologist. — 1989. — T. 29. — Ne. 4. — C.
1213-1225.

177. Spencer A. N., Arkett S. A. Radial symmetry and the organization of central neurones in a
hydrozoan jellyfish //Journal of Experimental Biology. — 1984. — T. 110. — Ne. 1. — C. 69-90.

178. Stampar S. N., Maronna M. M., Kitahara M. V., Reimer J. D., Beneti J. S., Morandini A. C.
Ceriantharia in current systematics: life cycles, morphology and genetics //The Cnidaria, past, present and
future. — Springer, Cham, 2016. — C. 61-72.

179. Steinmetz P. R. H. et al. Independent evolution of striated muscles in cnidarians and bilaterians
//Nature. — 2012. — T. 487. — Ne. 7406. — C. 231-234.
180. Straehler-Pohl 1., Jarms G. Morphology and life cycle of Carybdea morandinii, sp. nov.

(Cnidaria), a cubozoan with zooxanthellae and peculiar polyp anatomy //Zootaxa. — 2011. — T. 2755. — Ne.
2.—C. 36-56.

181. Sugiura Y. On the life-history of rhizostome medusae |. Mastigias papua. Anotationes
zoologicae japonensis. — 1963. — T. 36. — Ne. 4. — C. 194-202.
182. Sugiura Y. On the life-history of Rhizostome medusae IV. Cephea cephea //Embryologia. —

1966. — T. 9. — Ne. 2. — C. 105-122.

183. Swain T. D., Schellinger J. L., Strimaitis A. M., Reuter K. E. Evolution of anthozoan polyp
retraction mechanisms: convergent functional morphology and evolutionary allometry of the marginal
musculature in order Zoanthidea (Cnidaria: Anthozoa: Hexacorallia) //BMC evolutionary biology. — 2015.
—T.15.—Ne. 1. - C. 123.

184. Szymanski J. R., Yuste R. Mapping the whole-body muscle activity of Hydra vulgaris //Current
Biology. — 2019. — T. 29. — Ne. 11. — C. 1807-1817. e3.

185. Takahashi T. Comparative Aspects of Structure and Function of Cnidarian Neuropeptides
//Frontiers in Endocrinology. — 2020. — T. 11. — C. 339.
186. Takahashi T., Takeda N. Insight into the molecular and functional diversity of cnidarian

neuropeptides //International journal of molecular sciences. — 2015. — T. 16. — Ne. 2. — C. 2610-2625.

187. Takahashi-lwanaga H., Koizumi O., Fujita T. Scanning electron microscopy of the muscle
system of Hydra magnipapillata //Cell and tissue research. — 1994. — T. 277. — Ne. 1. — C. 79-86.

188. Thé J., Gamero-Mora E., da Silva M. V. C., Morandini A. C., Rossi S., de Oliveira Soares M.
Non-indigenous upside-down jellyfish Cassiopea andromeda in shrimp farms (Brazil) //Aquaculture. —
2021. - T. 532. — C. 735999.



71

189. Thieme C., Hofmann D. K. Control of head morphogenesis in an invertebrate asexually produced
larva-like bud (Cassiopea andromeda; Cnidaria: Scyphozoa) //Development genes and evolution. — 2003.
—T.213. — Ne. 3. - C. 127-133.

190. Toshino S. et al. Monodisc strobilation in Japanese giant box jellyfish Morbakka virulenta
(Kishinouye, 1910): a strong implication of phylogenetic similarity between Cubozoa and Scyphozoa
//[Evolution & development. — 2015. — T. 17. — Ne. 4. — C. 231-2309.

191. Trembley A. Mémoires pour servir a l'histoire d'un genre de polypes d'eau douce, a bras en forme
de cornes. — Chez Jean & Herman Verbeek, 1744. — T. 1.

192. Underwood A. H., Straehler-Pohl I., Carrette T. J., Sleeman J., Seymour J. E. Early life history
and metamorphosis in Malo maxima Gershwin, 2005 (Carukiidae, Cubozoa, Cnidaria) //Plankton and
Benthos Research. — 2018. — T. 13. — Ne. 4. — C. 143-153.

193. Vagelli A. A. New observations on the asexual reproduction of Aurelia aurita (Cnidaria,
Scyphozoa) with comments on its life cycle and adaptive significance //Invertebr Zool. — 2007. — T. 4. —
Ne. 2. - C. 111-27.

194. Van Lieshout J. S., Martin V. J. Development of planuloid buds of Cassiopea xamachana
(Cnidaria: Scyphozoa) //Transactions of the American Microscopical Society. —1992. — C. 89-110.

195. Watanabe H., Fujisawa T., Holstein T. W. Cnidarians and the evolutionary origin of the nervous
system //Development, growth & differentiation. — 2009. — T. 51. — Ne. 3. — C. 167-183.

196. Webster G., Hamilton S. Budding in Hydra: the role of cell multiplication and cell movement in
bud initiation //Development. — 1972. — T. 27. — Ne. 2. — C. 301-316.

197. Werner B. Stephanoscyphus planulophorus n. spec., ein neuer Scyphopolyp mit einem neuen
Entwicklungsmodus //Helgoldnder Wissenschaftliche Meeresuntersuchungen. — 1971. — T. 22. — Ne. 1. —
C. 120-140.

198. Werner B., Chapman D. M., Cutress C. E. Muscular and nervous systems of the cubopolyp
(Cnidaria) //Experientia. — 1976. — T. 32. — Ne. 8. — C. 1047-1049.

199. Werner B., Cutress C. E., Studebaker J. P. Life cycle of Tripedalia cystophora Conant
(cubomedusae) //Nature. —1971. — T. 232. — Ne. 5312. — C. 582-583.

200. Westfall J. A. Ultrastructural evidence for neuromuscular systems in coelenterates //American
Zoologist. —1973. — T. 13. — Ne. 2. — C. 237-246.
201. Westfall J. A., Grimmelikhuijzen C. J. P. Antho-RFamide immunoreactivity in neuronal synaptic

and nonsynaptic vesicles of sea anemones //The Biological Bulletin. — 1993. — T. 185. — Ne. 1. — C. 109-
114.

202. Westfall J. A., Kinnamon J. C. A second sensory—motor—interneuron with neurosecretory
granules in Hydra //Journal of neurocytology. — 1978. — T. 7. — Ne. 3. — C. 365-379.

203. Widmer C. L. Life Cycle of Chrysaora fuscescens (Cnidaria: Scyphozoa) and a Key to Sympatric
Ephyrael //Pacific Science. —2008. — T. 62. — Ne. 1. — C. 71-82.



72

204. Widmer C. L. Life cycle of Phacellophora camtschatica (Cnidaria: Scyphozoa) //Invertebrate
Biology. — 2006. — T. 125. — Ne. 2. — C. 83-90.
205. Widmer C. L., Fox C. J., Brierley A. S. Effects of temperature and salinity on four species of

northeastern Atlantic scyphistomae (Cnidaria: Scyphozoa) //Marine Ecology Progress Series. — 2016. — T.
559. - C. 73-88.

206. Williams R. B. Locomotory behaviour and functional morphology of Nemalostella vectensis
(Anthozoa: Actiniaria: Edwardsiidae): a contribution to a comparative study of burrowing behaviour in
athenarian sea anemones //Zoologische Verhandelingen. — 2003. — C. 437-484.

207. Wood R. L. The fine structure of the hypostome and mouth of hydra //Cell and tissue research.
—1979. - T. 199. — Ne. 2. — C. 319-338.
208. Yamaguchi M. Early life history of the sea wasp, Chironex fleckeri (Class Cubozoa)

//Development and cellular biology of coelenterates. — 1980. — C. 11-16.

209. Yanze N., Spring J., Schmidli C., Schmid V. Conservation of Hox/ParaHox-related genes in the
early development of a cnidarian //Developmental biology. — 2001. — T. 236. — Ne. 1. — C. 89-98.

210. Yuan D., Nakanishi N., Jacobs D. K., Hartenstein V. Embryonic development and
metamorphosis of the scyphozoan Aurelia //Development genes and evolution. — 2008. — T. 218. — Ne. 10.
— C. 525-539.

211. Yum S., Takahashi T., Hatta M., Fujisawa T. The structure and expression of a preprohormone
of a neuropeptide, Hym-176 in Hydra magnipapillata /FEBS letters. — 1998. — T. 439. — Ne. 1-2. — C. 31-
34.

212. Zimmerman K. L., Jamshidi A. D., Buckenberger A., Satterlie R. A. Organization of the
subumbrellar musculature in the ephyra, juvenile, and adult stages of Aurelia aurita Medusae //Invertebrate
Biology. — 2019. — T. 138. — Ne. 3. — C. 12260.

213. Zrzavy J., Mihulka S., Kepka P., Bezd¢k A., Tietz D. Phylogeny of the Metazoa based on
morphological and 18S ribosomal DNA evidence //Cladistics. — 1998. — T. 14. — Ne. 3. — C. 249-285.



Saint-Petersburg University

As manuscript

Khabibulina Valeriia Ruslanovna

ORGANIZATION AND DEVELOPMENT OF THE NERVOUS AND MUSCULAR SYSTEM
DURING ASEXUAL REPRODUCTION OF THE POLYPOID STAGE OF CASSIOPEA
XAMACHANA (CNIDARIA: SCYPHOZOA)

Scientific specialization: 1.5.12. Zoology

Thesis for the degree of Candidate of Biological Sciences

Translation from Russian

Scientific supervisor:

Candidate of Biological Science,

Starunov V. V.

Saint-Petersburg

2023



74

Contents

Introduction
Literature review

1. Special features of the polyps’ muscular and
nervous systems organization in different Cnidaria groups

2. Asexual reproduction at the polyp stage
in different groups of Cnidaria

Material and methods
Results

1. Visual observations of the Cassiopea xamachana
planuloid development

2. Musculature and nervous system of the adult
Cassiopea xamachana polyp .

3. Musculature and nervous system development
in planuloids of Cassiopea xamachana

4. The EdU labeling during the bud growth, development
and transformation of Cassiopea xamachana planuloid

5. The inheritance of photosymbionts by planuloids
of Cassiopea xamachana .o

Discussion

1. General morphology of the muscular and FMRFamidergic
nervous system in polyps of Cassiopea xamachana

2. The development of musculature and nervous system in planuloid
Main results obtained

Conclusions

Acknowledgments

List of literature

75

80

84

90

92

94

99

103

106

107

111
120
121
122
123



75

Introduction

Relevance of work:

One of the important stages in Eumetazoa evolution is appearance of functionally connected muscle
and nervous system (Daly et al., 2007 [49]; Lichtneckert, Reichert, 2009 [116]; Arendt, 2021 [10]). First
phases of these systems differentiation are followed in Cnidaria. These animals have decentralized diffuse
nervous system, without distinguished ganglions or nerve chords (Koizumi, 2007 [107]; Koizumi, 2016
[108]; Badhiwala et al., 2020 [16]). Their musculature in most cases is presented by myoepithelial cells,
which possess the ability to transmit nerve impulse (Mackie, Passano, 1968 [120]; Leclére, Rottinger, 2017
[113]). Such special features of neuromuscular system organization, which possibly resemble early
evolutionary state, are most well-noticeable in polypoid stages of Cnidaria (Bosch et al, 2017 [26]).
Wherein the organization of this system in medusoid cnidarian stages is getting more complicated, that is
apparently connected with the transition to active locomotion and due to this — significant development of
sensory organs (Satterlie, 2002 [165]; Seipel, Schmid, 2005 [170]; Satterlie, 2011 [164]; Katsuki,
Greenspan, 2013 [99]; Lewis, 2018 [115]). Therefore, the investigation of neuromuscular systems of
cnidarian polyps gives important information for first stages of contractile and signal function analysis at
the level of true multicellular animals.

The spectra of studies, describing the structure of cnidarian neuromuscular system, is notably limited.
The most detailed works, including descriptions of morphology (both histological and ultrastructural level)
and molecular features of functioning and development are dedicated to model objects: Hydra sp.
(Hydrozoa) (Webster, Hamilton, 1972 [196]; Grimmelikhuijzen, 1982 [69]; Koizumi, 2007 [107]) and
Nematostella vectensis (Anthozoa) (Darling et al., 2005 [51]; Marlow et al, 2009 [122]). Works on other
cnidarians are concerned mainly some particular aspects of neuromuscular system organization. For
example, there is extensive information of anthozoans muscle system at histological level, since special
features of musculature are important for taxonomy inside the class (Carlgren, 1949 [33]; Daly, Fautin,
Cappola, 2003 [50]; Swain et al., 2015 [183]; Stampar et al., 2016 [178]). Data of polyp’s neuromuscular
system structure in Scyphozoa and Cubozoa are limited by single studies of histology and ultrastructure
(Chia, Amerongen, Peteya, 1984 [40]). Thus, structure of nervous system and musculature of polyps in
these cnidarian classes is least explored.

Data on formation of neuromuscular systems in ontogenesis of cnidarian polypoid stages are even
scarcer. Most embryological, morphological and molecular studies are made only for Hydra spp. (Webster,
Hamilton, 1972 [196]; Otto, Campbell, 1977 [147]; Holstein et al, 1991 [90]; Hobmayer et al., 2012 [81];
Galliot, 2012 [58]) and some colonial hydrozoan polyps (Mayorova, Kosevich, 2013 [128]; Pennati et al.,
2013 [149]; Leclere et al., 2016 [112]). Wherein it is important to note, that formation of the neuromuscular

system in cnidarian ontogenesis may occur in several ways. Besides the primary differentiation after sexual
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reproduction during metamorphosis in planula-larva, formation of neuromuscular elements takes place in
asexual reproduction. Cnidarian polyps have a wide spectra of asexual reproduction types, including
fragmentation, longitudinal and transversal division, formation of resting podocysts and frustules and
various types of budding (Collins, 2002 [42]; Fautin, 2002 [53]). Among others the greatest attention is
paid for lateral budding, which is particularly well-studied in hydra (Galliot, 2012 [58]). At the same time
almost nothing is known about organogenesis during another, more specialized types of polyps budding.

One of these poorly-studied processes is budding, characteristic for species of Kolpophorae order
(Cnidaria: Scyphozoa). It was firstly described in scyphopolyps of Cassiopea sp. (Bigelow, 1892 [20]). In
Cassiopea sp. ciliary planula-like stages bud off, then after short period of swimming they settle and
transform into polyps of new generation. Several phases of these bud formation were described with
methods of histology, transmission and scanning electron microscopy (Hoffmann, Honegger, 1990 [82];
Van Lieshout, Martin, 1992 [194]). However general topology and development of different systems in
these organisms are still not-studied.

All of the above determines the choice of investigation object, which allows (1) to get the whole
picture of neuromuscular system topology in Scyphozoa polyps; (2) to follow the formation of
neuromuscular system in polyp from early ontogenetic stages to definitive one; (3) to get detailed data on
organogenesis during specialized asexual reproduction. Cassiopea xamachana (Scyphozoa: Rhizostomeae)
fits these conditions perfectly. Polyps of this species are relatively small and thereby are convenient for
different modern morphological investigations, which may base on previous histological and ultrastructural
descriptions. Besides they are easy to culture and regularly from planuloid buds without any additional
artificial induction by temperature or chemicals, which may influence the normal development of the bud.

Investigation of mentioned actual evolutionary questions of morphofunctional organization of
weakly-differentiated neuromuscular systems and their formation in ontogenesis of polypoid stages now
have a new possibility with routine use of confocal microscopy and immunohistochemical labeling. This
methos allows to visualize both general localization of nerve and muscular elements in the whole organism
and special features of their localization in body parts. That fact determined the use of this method in our
work. For nervous system visualization the labeling with antibodies against FMRFamide neuropeptide is
used more often (Spencer, 1989 [176]; Takahashi, 2020 [185]). This led to the choice for this study the
FMRFamidergic part of nervous system for better comparison of results. The important aspect in
neuromuscular system development during ontogenesis of C. xamachana polyps, formed from planuloid
bud, is comparison of these budding type with other ones, described in cnidaria. Not only following the fate
of muscle and nerve elements is required for this, but also the detection of cell source for formation of new
organism tissues. A few information of cell source search problem is dated mainly to the end of twentieth
century and are dedicated to lateral budding in hydra (Holstein, Hobmayer, David, 1991 [90]). Modern
methods of vital DNA replication detection with the help of 5-ethynyl-2'-deoxyuridine (EdU) act with lesser
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damage of animal, but still allow to reveal zones of active DNA synthesis and indirectly indicate

localization of cell source for bud formation.

The theoretical and practical significance of the work:

This work is mainly fundamental. Received data might be useful for analysis of evolutionary trends
on neuromuscular system development both inside the Cnidaria group and comparing to other basal
Bilateria. Our data give new information for reconstruction of origin and evolution of polypoid stage in
Cnidaria. Besides, data on special feature of budding process in Cassiopeidae have scientific value in light
of question of cnidarian asexual reproduction and growth and cell divisions zone formation in invertebrate
animals.

The schemes presented in this work might be used for educational purpose. Data on bud development
potentially have practical meaning. Cassiopeidae species are often invasive and distribute with the help om
motile bud. Our results might be applied for design of countermeasures to invasion, provided by this way.

The scientific novelty of work:

In this study the complete description of musculature and FMRFamidergic component of the nervous
system organization in Cassiopea xamachana polyps was made with immunohistochemistry methods. It is
a first work of this kind, which allows to characterize the structure of muscle and partly nervous system in
the whole body, for polyps from Scyphozoa group. Also, at first time we followed the process of
musculature formation in new generation polyps, which form due to special type of budding with planuloid
buds. Besides we analyzed the tissue proliferative activity during the growth of planuloid bud, its

independent development and metamorphosis.

Principal findings to be considered

1) The structure of muscle and FMRFamidergic component of the nervous system in polyps of
Cassiopea xamachana corresponds to those in studied scyphozoan polyps. Such type of organization is,
possibly, close to the ancestral state in Cnidaria.

2) Planuloid of Cassiopea xamachana is an intercalary stage in process of asexual reproduction by
lateral budding, which provides effective distribution and fast metamorphosis into new generation polyp

due to early development of polypoid type structures.
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Author’s personal contribution:

The author of this work took an active part in all phases of study: goal and particular tasks setting,
literature search and analysis, planning of experiments, maintaining of the polyp culture, specimens
preparation, application of immunohistochemistry and DNA-synthesizing cells labeling methods, optical,
fluorescent and confocal microscopy, images processing, and also in received data interpretation, writing
of scientific manuscripts and its presentation at conferences and in scientific publications.

Goal and tasks:

Goal:

Study of organization of musculature and nervous system in polyps of Cassiopea xamachana
(Scyphozoa: Rhizostomeae), along with special features of these systems development during the asexual

reproduction by formation of planuloid buds.

Tasks:

1) To study special features of nervous and muscle system structure in adult polyps of Cassiopea
xamachana;

2) To analyze the process of FMRFamidergic component of the nervous system and musculature
formation and development in planuloid bud of Cassiopea xamachana;

3) To reveal possible zones of proliferative activity during budding and further growth of planuloid

bud of Cassiopea xamachana using vital labeling by EdU.
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Literature review

1. Special features of the polyps’ muscular and nervous systems organization in different Cnidaria
groups

Special traits of the cnidarian neuromuscular system organization are the object of the intent scientific
interest. Since Cnidaria is considered as a sister group to Bilateria (Baguna et al., 2008 [17]; Collins, 2009
[43]), their nervous and muscular systems, on the one hand, may keep primitive features of the common
ancestor. On the other hand, cnidarians possess their own unique features, which have appeared due to
independent evolution (Bosch et al, 2017 [26]).

Such unique feature of the cnidarian muscular system organization is the absence of true muscular
cells (Beklemishev, 1944 [1]). As a rule, cnidarian musculature is presented by myoepithelial cells (Leclére,
Rattinger, 2017 [113]). Apical part of this cell is located in epithelial layer and its’ basal part bears processes
with smooth muscle fibers (Chapman, 1974 [35]). In some cases, the independent muscle cells, also called
myocytes, lose their connection with epithelium and emerge subepidermally in mesoglea. Such myocytes
are found in longitudinal muscular bands of Anthozoa and Scyphozoa (Leclére, Rottinger, 2017 [113]).
Rarely myoepithelial cells may be absent, as for example, in free-living polyp-like stages of the parasite
Polypodium hydriforme (Raikova, Ibragimov, Raikova, 2007 [155]). Actively swimming jellyfish have
striated myocytes of ectodermal origin, however these cells evolved independently of Bilateria (Seipel,
Schmid 2005 [170]; Steinmetz et al., 2012 [179]). The presence of such separated from epithelial layer
muscular cells and, in particularly, unclear way of its formation, is a subject of the active discussion about
the origin of mesoderm in Metazoa evolution. The important characteristic of the myoepithelial cells is
their ability to transfer electrical impulses in cell layer and, thereby, to provide the signal transduction
without direct involvement of the nervous elements (Mackie, Passano, 1968 [120]). This feature promotes
more coordinate work of the muscle fibers (Westfall, 1973 [200]). By this way clusters of unidirectional
muscle fibers, which contract like one functional unit, are formed. In this case such muscular formation is
sometime called “a muscle”, as, for example, “the ring muscle” in jellyfish bell.

The specific feature of cnidarian nervous system is its diffuse organization. Actually, the nervous
system is presented by individual neurons, which may form clusters, but never form ganglions and long
conductive ways (Beklemishev, 1944 [1]). Relatively weak concentration of the nervous elements is highly
connected with the radial symmetry of cnidarians (Spencer, Arkett, 1984 [177]). The similar absence of the
nervous concentrations, although secondary, is observed in radially-symmetric echinoderms (Arnone et al,
2015 [12]).

Despite the relatively simple organization of the cnidarian nervous systems, their neurons diverse
morphologically as unipolar, bipolar and multipolar. There is no axon/dendrite differentiation, so often their

processes are called “neurites” (Koizumi, 2016 [108]). The signal transduction in the cnidarian nerve cells
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may be either unidirectional or bidirectional. Besides, the nerve cells might be multifunctional: one neuron
can provide the sensory function, transmit a signal and innervate myoepithelial cells (Westfall, Kinnamon,
1978 [202]). Also, various neurotransmitters play a key role in the cnidarian nervous system functioning
(Grimmelikhuijzen et al, 2004 [71]; Takahashi, 2020 [185]). They include small molecules like
acetylcholine, serotonin, gamma-aminobutyric acid (GABA), glycine, glutamic acid and others, and
neuropeptides, for example FMRFamide and GLWamide (Kass-Simon, Pierobon, 2007 [98]; Takahashi,
Takeda, 2015 [186]). These neurotransmitters are found in nervous systems of other multicellular animals,
and, apparently, appeared in common ancestor of cnidarians and bilaterians (Watanabe et al, 2009 [195]).

The substantial data of diversity, organization and functional features of cnidarian neuromuscular
systems concern medusa stages. In common jellyfish nervous system is presented by motor and diffuse
nerve nets and nerve ring (Katsuki, Greenspan, 2015 [99]). Motor net innervates the swimming musculature
of subumbrella (inner part of the jellyfish bell). Large neurons of this net obviously have two neurites and
are located mostly disorderly (Anderson, Schwab, 1981 [7]; Satterlie, 2002 [165]). The signal from several
activated neurons runs fast in many directions through the whole net providing synchronous musculature
contraction (Satterlie, Eichinger, 2014 [166]; Pallasdies. et al, 2019 [148]). Diffuse nerve net regulates the
locomotion activity of medusa, although it doesn’t directly innervate swimming musculature (Katsuki,
Greenspan, 2015 [99]). Neurons of this net, apparently, control contractions of the tentacle, ring muscle,
provide sensory function and connection between exumbrella (outer part of the bell) and subumbrella (Arai,
1997 [8]; Satterlie, Eichinger, 2014 [166]; Pallasdies. et al, 2019 [148]). Nervous elements of two nets
presumably don’t interconnect, although their functions are close (Arai, 1997 [8], Pallasdies. et al, 2019
[148]). Coordination of motor and diffuse net and jellyfish behavior occurs on nerve ring and other
structures connected with it (Mackie, 2004 [119]; Garm et al., 2007 [60]; Koizumi et al., 2015 [109]). Nerve
ring is a large aggregation of neurons and their neurites at the bell rim. Integration centers are, possibly,
located in special sensory organs at the bell rim called “rhopalia” (Garm et al., 2006 [59]; Skogh et al., 2006
[173]). Rhopalium is a complex of photoreceptive and balance organs, which might be extremely well-
developed in some species (Martin, 2002 [124]). Nowadays nerve ring and rhopalia are often considered
as a central nervous system of medusae, whereas motor and diffuse nerve net represent peripheral part
(Garm et al., 2006 [59]; Satterlie, 2011 [164]).

Gradual complication of the nerve ring and rhopalia organization is observed in a row of Scyphozoa
— Hydrozoa — Cubozoa medusae classes. It includes the higher concentration of the nerve elements and also
their morphological and functional differentiation (Katsuki, Greenspan, 2015 [99]). The same is true for
morphological row of musculature complication. In scyphozoans, which usually reach large size, muscular
system is presented by tentacle muscles, ring muscle and strong sububmbrellar muscles (Anderson,
Schwab, 1981 [7]; Zimmerman et al., 2019 [212]). In hydromedusae and cubomedusae functional groups
of velum, manubrium and bulbs (tentacle bases) muscle emerge (Seipel, Schmid, 2005 [170]; Satterlie et

al, 2005 [167]). Jellyfish musculature is presented mostly by smooth muscles, however there are striated
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muscles in swimming musculature (Chapman, 1968 [39]; Seipel, Schmid, 2005 [170]). Generally,
complication of neuromuscular system in a row Scyphozoa — Hydrozoa — Cubozoa provide more and more
complicated behavior.

There is much less data on diversity and organization features of the polyp stage neuromuscular
systems. These data are almost limited to classical model objects investigations like for hydroid polyps
Hydra spp. (Galliot, 2012 [58]) and sea anemones Nematostella vectensis (Darling et al., 2005 [51]).

The nervous system of hydra includes diffuse nerve elements in gastrodermis and epidermis, in polyp
tentacles, and also two nerve clusters (Burnett, Diehl, 1964 [28]; Sakaguchi, Mizusina, Kobayakawa, 1996
[161]; Griinder, Assmann, 2015 [72]). The lesser cluster is located in polyp foot, whereas another one with
the highest concentration of the nerve elements, called the nerve ring, is situated on hypostome zone. The
nerve ring consists of sensory cells, neurons with neurites, located either circumhypostomally (around the
hypostome closer to the tentacle bases) or radially (from hypostome to the tentacle bases)
(Grimmelikhuijzen et al., 1989 [70]). Also, the longitudinally oriented neurites of hydra’s body run to the
nerve ring (Davis et al., 1968 [52]; Koizumi et al., 1992 [110]; Koizumi, 2007 [107]). Possibly, the nerve
ting plays role of integrative center of the animal (Koizumi, 2007 [107]; Badhiwala et al., 2020 [16]).
Several subpopulations of neurons are distinguished in hydra, depending on the different neurotransmitters
distribution, such as FMRFamide, RGamide, LWamide, GABA and specific neuropeptide of hydra - Hym
(Sakaguchi, Mizusina, Kobayakawa, 1996 [161]; Yum et al., 1998 [210]; Hansen, Williamson,
Grimmelikhuijzen, 2002 [75]; Concas et al., 2016 [44]). By this way the regionalization and functional
differentiation is provided in diffuse nerve net (Noro et al., 2019 [140]). Fox example, the subpopulation
of neurons, expressing Hym-176 neuropeptide, control the longitudinal contraction of the body, but not the
any other movements (Noro et al., 2019 [141]).

Hydra’s musculature is presented by myoepithelial cells in epidermis and gastrodermis (Mueller,
1950 [134]; Szymanski, Yuste, 2019 [184]). Muscle processes in these cells are oriented orthogonally. In
epidermis they located longitudinally to the oral-aboral axes, whereas in gastrodermis they form the ring
musculature, functioning as antagonist muscles (Beklemishev, 1944 [1]; Haynes, Burnett, Davis, 1968 [77];
Takahashi-lwanaga, Koizumi, Fujita, 1994 [187]). The tentacle musculature is presented mainly by
longitudinal myoepithelial cells (Otto, 1977 [146]). In hypostome muscle fibers of epidermal layer are
oriented radially, while individual gastrodermal cells form ring muscle processes around the mouth opening
(Wood, 1979 [207]). Similar organization of neuro-muscular elements is noticed in other Hydrozoa polyps,
like in Coryne sp. (Golz, 1994 [66]), Cladonema sp. (Mayorova, Kosevich, 2013 [128]), Gonothyraea
loveni (Mayorova, Kosevich, 2013 [130]).

In the polyps of Nematostella vectensis neuromuscular system organization is more complex. Sea
anemone musculature is presented by muscles of tentacles and body (Frank, Bleakney, 1976 [56]; Jahnel,
Walzl, Technau, 2014 [96]). In the bode there are longitudinal parietal muscles and retractor muscles,

associated with mesenteries (Williams, 2003 [206]). Parietal musculature is relatively underdeveloped and
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located at the mesenteria bases in the body wall. The retractor muscles are the most well developed. They
attach to the branching mesogleal outgrowths in mesenteria, that allows to compactly arrange more
contractile units. Such type of musculature organization is sometime considered as feather-like
(Beklemishev, 1944 [1]). Ring musculature of actinia is located in the body wall, outward from the
longitudinal muscles. Unlike the hydra all mentioned muscle formations are gastrodermal originated.
Tentacles musculature is also presented by longitudinal and ring muscles. Ring musculature is formed by
muscle fibers of gastrodermal cells, longitudinal one by fibers of epidermal cells. At least some cells
(retractor and longitudinal bode muscles) reduce the epithelial part, separate from epithelial layer and
become independent myocytes with their own nuclei (Leclére, Rottinger, 2014 [113]). This common type
of muscular system organization is observed in other species of Anthozoa, however additional
modifications often appear, depending on biology of particular specimens (Batham, Pantin, 1951 [19];
Swain et al., 2015 [183]). These modifications include the specializations of the foot musculature due for
attachment or burrowing. The location of muscle bands on mesenteria also vary in different groups of
Anthozoa, and it is often used for taxonomic identification (Daly, Fautin, Cappola, 2003 [50]; Swain et al.,
2015 [183]; Stampar et al., 2016 [178]).

The organization of the N. vectensis nervous system if partly associated with musculature location.
Like in Hydra sp. diffuse nerve net of actinia includes epidermal and gastrodermal parts (Nakanishi et al.,
2012 [137]). However, in N. vectensis nerve elements form clusters along the longitudinal mesenterial
musculature, at the tips of tentacles and in the foot (Kelava, Rentzsch, Technau, 2015 [101]). The most
concentrated nerve clusters are located in two nerve rings: oral and pharyngeal. In nervous system of N.
vectensis there are FMRFamide-, GABA- and serotoninergic neuron subpopulations, which occupy
different positions on polyp body (Marlow et al., 2009 [122]). GABA subpopulation neurons are associated
with tentacles and pharynx, whereas FMRFamidergic neurons are part of the nerve ring and also accompany
mesenterial musculature. Similar picture of the neve elements distribution is observed in feeding zooids of
colonial anthozoans: sea pen Renilla koellikeri (Pernet, Anctil, Grimmelikhuijzen, 2004 [150]), soft
octocoral Eunicella cavolini (Girosi et al., 2005 [64]) and stony coral Acropora millepora (Attenborough
etal., 2019 [13]).

Neuromuscular system of polyp stages in other cnidarian groups is much less explored. In Cubozoa
class the structure of nervous and muscular system is partly investigated at ultrastructural level in two
species Tripedalia cystophora and Carybdea sp. (Werner, Chapman, Cutress, 1976 [198]). Cubopolyp’s
musculature is presented by epidermal myoepithelial cells and mesogleal myocytes, which, possibly, have
gastrodermal origin and located. Muscle processes of these cells in gastral zone run either longitudinally or
transversally, like in hydrozoan polyps. Longitudinal muscle processes are also found in the stalk and
hypostome, where they are accompanied with radial muscle processes. Nerve elements are parallel to the
musculature, and, apparently do not form any clusters, excluding double nerve ring, located between

tentacle bases and hypostome (Chapman, 1978 [37]). Nevertheless, it is hard to explore general topology
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of the neuromuscular elements using the method of transmission electron microscopy (TEM). Thus, this
aspect as well as special features of neurochemical organization of the cubopolyps’ nervous system are still
unknown.

Nervous and muscular system of scyphozoan polyps is also poor investigated. Scientific works,
devoted to the study of these systems organization, are practically limited to the study of Aurelia aurita
polyps. The musculature of A. aurita scyphistomes is presented by longitudinal tentacle muscles, radial
hypostomal muscles and longitudinal muscles of body and stalk. Muscles are generally formed by
myoepithelial cells, excluding longitudinal body and stalk musculature, formed by myocytes. Myocytes are
grouped in muscular bands, running in septs — four folds of gastrodermis and mesoglea, evaginating in
gastral cavity. The nervous system of A. aurita scyphistomes is presented only by epidermal nerve net in
the body and tentacles, and low-concentrated nerve ring (Chia, Amerongen, Peteya, 1984 [40]). At least
part of these nerve elements is FMRFamidergic: they are involved in the nerve ring, run in the tentacles
and accompany septal musculature (Sakaguchi, Imai, Nomoto, 1999 [160]). Similar nervous ring is also
shown in coronate polyps Atorella japonica (Matsuno, Kawaguti, 1991 [127]), and presence of
FMRFamidergic nerve elements is observed in polyps of Cassiopea spp. (Hofmann, Hellmann, 1995 [85]).
Though, like in case of cubozoans, data of scyphozoan neuromuscular system are obtained with TEM, and
do not show the whole picture of these system organization.

2. Asexual reproduction at the polyp stage in different groups of Cnidaria

Typical cnidarian life cycle includes two stages: the attached polyp and free-swimming medusa
(Collins, 2002 [42]). Medusae reproduce sexually and produce ciliated larvae — planulae, which settle on
the suitable substrate, then transform into polyp or colony of polyps. In their turn polyps form new
generation of medusae by several ways in different groups. This scenario has various deviations: jellyfish
are absolutely absent in Anthozoa class (Dogiel, 1981 [2]), and secondary reduce in some families of
Hydrozoa class (Cornelius, 1992 [46]). The opposite situation is also possible: in some life cycles the polyp
stages are absent, like in case of scyphozoan jellyfish Pelagia noctiluca (Sandrini, Avian, 1983 [162]) and
Periphylla periphylla (Jarms et al., 1999 [97]) or in hydroid medusae of Trachylina group (Osadchenko,
Kraus, 2018 [144]).

The important role in life cycles of Cnidaria plays asexual reproduction (Fautin, 2002 [53]). It is
widespread in all cnidarian groups and often provides not only the increase in the number of individuals,
but also dissemination and long prolong maintenance of the population in nature. The diversity of cnidarian

asexual reproduction can be divided in several types.
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In a simple case the reproduction occurs as a result of the full or partial division of the body of solitary
or colonial animal at the separate fragments. Such division may happen due to accidental traumatism or as
a consequence of deficient feeding of the separate colony modules (Marfenin, Stepaniants, 1993 [3]).
Different body parts can be those divided fragments, such as tentacles, like in Hexacorrallia (Bocharova,
2016 [22]) or colony branches (Coppari et al., 2019 [45]). This reproduction type is characteristic of colonial
anthozoans ((Highsmith, 1982 [80]; Acosta et al., 2001 [5]). It is still the subject of discussion, what role
does fragmentation actually play in the realization of cnidarian life cycles as well as the obligation of this
process (Fautin, 2002 [53]).

Among the solitary anthozoan polyps of Hexacorallia group the asexual reproduction by longitudinal
or transversal body division is common (Reitzel et al, 2011 [158]). During this division polyp splits into
two new individuals, which later complete the missing structures. Transversal division is described in
primitive families Gonactiniidac u Aiptasiidae (Bocharova, Kosevich, 2011 [23]). This process is most
thoroughly studied in model object Nematostella vectensis. Transversal division of N. vectensis may occur
by two scenarios. In first case the constriction forms by tissue contraction near the aboral end, and
eventually fully separates the upper part of the body from foot. Later the upper part grows a foot, whereas
the remaining foot forms head and tentacles. In second case the change of oral-aboral axis occurs: at the
foot place new mouth forms, the polyp body elongate and in the middle two new foots appear (Reitzel et
al, 2007 [157]). The process of new oral and aboral structures formation during the transversal division is
under control of conservative genes anthoxla, anthox7 anthox8 and anthox6. The same Hox-genes
regulates formation of the oral-aboral axes in embryogenesis of N. vectensis (Burton, Finnerty, 2009 [29]).
Longitudinal division is more common in different families of Hexacorallia (Bocharova, 2016 [22]). The
division process may start from either from foot, or head. In both cases polyp tissues begin to stretch in
opposite sides. Simultaneously the constriction, in which the apoptosis is triggered, forms in the middle of
polyp. This leads to the split of new individuals. Tissues in the gap regenerate and grow missing structures
(Geller et al., 2005 [61]). In other cnidarian groups only rare examples of longitudinal division are
described: in scyphozoan polyps Sanderia malayensis (Adler, Jarms, 2009 [6]), in cubozoan polyps
Carybdea morandini (Straehler-Pohl, Jarms, 2011 [180]) and in colonies of hydroid polyps Hydrocoryne
iemanja (Morandini et al., 2009 [133]).

The most studied in terms of morphology, cytology and molecular biology type of cnidarian asexual
reproduction is budding. This term covers wide range of quite unsimilar processes, united by long preserved
morphological and physiological connection between mother and daughter individuals. Budding process
was first described in Hydra sp. in classical work of Abraham Trembley (Trembley, 1744 [191]), although
first drawings of the budding hydra was made by A. V. Leuwenhoek in 1702 (Leeuwenhoek, 1753 [114]).
In further years hydra become the main model object for study of cnidarian biology and including the
budding process (Galliot, 2012 [58]).
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The Hydra sp. is characterized by so-called lateral budding. During lateral budding daughter polyps
form at the body wall of the mother individual. Initiation of the bud growth in Hydra sp. occurs in small
ring area at the polyp body and affects both epithelial layers (Webster, Hamilton, 1972 [196]). At the
histological level the site of bud anlage is well-distinguishable of surrounding tissues by lesser distance
between cells, which therewith lose vacuoles and become more columnar (Graf, Gierer, 1980 [67]). Anlage
cells divide intensely, forming cylindrical protrusion, in which the gastral cavity of the mother polyp enters.
This is accompanied by orientation changing of the nearest myoepithelial cells muscle fibers, which also
enter into protrusion. Thus, the musculature of the future polyp emerges (Otto, 1977 [146]). At the early
stages cell source of the anlage is mostly provided by mother’s polyp cell migration (Otto, Campbell, 1977
[147]; Holstein et al, 1991 [90]). Further migration stops and bud growth is driven by division of bud’s own
cells (Shostak, Kankel, 1967 [171]). Regulation of the cell division and formation of the oral-aboral axes
occur in the head organizer, located in the area of the forming hypostome (Browne, 1909 [27]; Bode, 2012
[24]). The key role in this process is played by genes of canonical and non-canonical Wnt-signaling
(Hobmayer et al., 2012 [81]). After formation of mouth and first tentacles the foot development begins at
the base of the bud. Before the complete foot formation daughter polyp keeps the connection with mother
individual, although, as a rule, it is able to catch prey independently. Since the gastral cavities of both
polyps are still connected food is evenly distributed between them. The mechanism of daughter polyp
separation is still unclear. However, it was shown in recent studies, that genes of Notch-signaling and FGRF
(fibroblasts receptors growth factors) take part in this process. These genes, possibly, initiate rearrangement
of actin cytoskeleton in epidermal cells of the foot and cause the final split of mother and daughter polyp
tissues ocoou (Miinder et al., 2010 [135]; Hasse et al., 2014 [76]).

Lateral budding is noticed in cubozoan polyps of Tripedalia cystophora (Werner et al., 1971 [199]),
Chironex flickeri (Yamaguchi, 1980 [208]), Carybdea marsupialis (Fischer, Hofmann, 2004 [54]), Carukia
barnesi (Courtney et al., 2016 [47]) and Carybdea morandini (Straehler-Pohl, Jarms, 2011 [180]). In case
of C. morandini new polyps don’t attach near the mother polyp, but are able to crawl, which is, possibly,
provides propagation. Lateral bud also develops by unusual way in another cubozoan species Malo maxima
(Underwood et al., 2018 [192]). Early stages of bud growth are typical, but after the first tentacle formation
the foot of growing polyp anlages as evagination of the mother polyp body wall. Thus, the bud is joined to
the parent polyp by lateral side. After the split young polyps of M. maxima are able to move with cilia.

Lateral budding is widespread in Scyphozoa (Schiariti et al., 2014 [169]). However, the data are
mainly limited to visual observations as a part of the life cycle descriptions. The common feature of
hydrozoans and scyphozoans, possibly, is the localization of bud anlage site at the border between polyp
calyx and stalk. It is noticed, that, similar to Hydra sp. both epithelial layers are involved in the bud
formation, and gastral cavities of mother and daughter polyps stay connected for a while (Gilchrist, 1937
[63]). In Aurelia aurita polyps the proliferation activity was observed in the lateral bud protrusion (Balcer,

Black, 1991 [18]), but, unlike the hydra, in A. aurita the number of dividing nuclei in the growing bud zone
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was lower, than in near polyp tissues. More detailed descriptions of lateral bud development, including data
on cell source, as well as special features of organs and tissues differentiation are absent in literature.

Besides the lateral budding there are another several types of specialized asexual reproduction in
scyphozoan polyps. One of them is the formation of podocysts, which are small roundish aggregations of
homogeneous cell mass, surrounded by complex covering of chitin and structural proteins (Arai, 2008 [9]).
Podocysts formation was observed in many species of Scyphozoa, excluding the Kolpophorae suborder
(Holst et al., 2007 [89]). Morphology and development of podocysts are partly studied at histological and
ultrastructural level in Aurelia aurita (Chapman, 1968 [39]; Chapman, 1970 [36]) and Nemopilema
nomurai (lkeda et al., 2011 [93]). Podocysts are formed of epidermal cells and migrating mesogleal cells
at the area of scyphistoma’s pedal disc or at the site of stolon’s base (Chapman, 1970 [36]). Wherein cells
lose their shape and accumulate nutrients. Podocyst firmly attaches to substrate, and polyp that formed it
moves to the new place nearby. The new individual development begins under the podocyst’s covering
with the differentiation of gastrodermis and epidermis, in which first cnidocytes appear. After
differentiation ends the excystation of podocyst occurs, due to dissolution of the covering by proteolytic
enzymes of epidermis and mechanical tearing of the walls by dividing cells. It is still unclear, which factors
induce this process. After the excystation cell mass grows quickly and continue to differentiate, forming
mouth and first four tentacles of the polyp (Ikeda et al., 2011 [93]). Probably, the appearance of the
podocysts in scyphozoan evolution was originally conditioned by necessity to survive unfavorable
conditions or temporal pressure of predators. Afterwards podocysts may be included in the life cycle as one
of the asexual reproduction strategies (Arai, 2008 [9]). Thus, in some species like Nemopilema nomurai
and Rhopilema nomadica the podocysts formation is precisely the main way of polyp population increasing
(Lotan, 1992 [117]; Kawahara et al, 2006 [100]).

Another way of asexual reproduction, which is mainly characteristic for Scyphozoa, is stolonial
budding. In this budding type new individuals form on the special polyps’ processes — stolons, providing
the attachment of scyphopolyp to substrate or its slowly movement (Gilchrist, 1937 [63]). Often the bud
formation on stolons occurs at the same time as the lateral budding. The stolonial budding is poorly studied,
and it is still unclear, how exactly buds form and develop in this way of reproduction. The main part of
studies, in which stolonial budding is mentioned, are dedicated to the influence of various ecological factors
at the budding type preference and its rate (Hubot, 2017 [91]; Avian et al., 2021 [15]).

Itis difficult to classify such peculiar type of cnidarian asexual reproduction as propagules separation.
As a rule, the term “propagule” is used for weakly developed small pieces of polyp’s tissues, which after
the settlement give rise for new polyp individuals. The tissue source for propagules formation as well as its
ability to the independent locomotion vary a lot in different species, for with this process was described.
Thus, in Aurelia aurita the propagules, formed from gastrodermal cells and moving with the help of cilia,
were noticed (Vagelli, 2007 [193]). Opposite to this example, in scyphopolyps of Sanderia malayensis

propagules (called by authors as “bud-like particles”) form as aggregations of epidermal cells at the border
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of polyp’s calyx and stalk and can’t swim on their own (Adler, Jarms, 2009) [6]. Also, frustules of
hydrozoans are sometimes classified as propagules. Frustules are small separating pieces of colony tissues,
in which the cell mass is already divided into two layers (Slobodov, Marfenin, 2004 [175]; Gravier-Bonnet,
Bourmaud, 2005 [68]). They can swim with the water flow, and crawl for some time upon the contact with
the substrate. In sea anemone Anthopleura sp. the development of propagules in mesenterial filaments is
described (Isomura et al., 2003 [95]). These propagules are able to the ciliary locomotion and even to the
muscular body contraction. As it seen from these examples, the term “propagule” doesn’t include the strict
description of the morphological bud type or special features of its development. It is used for any
separating parts of the organism. In modern literature this term is interpreted very broadly, and in fact it
can be used only for first phenomenological descriptions. In each case the further analysis of organization,
origin and development features is needed. After that it will be possible to classify all “propagules”
properly.

The term “propagule” was sometime used for special type of bud, characteristic for scyphozoan
polyps of Kolpophorae suborder (Holst et al, 2007 [89]). In modern literature another term is used —
“planuloid” or “planula-like” bud. Planuloid buds are described in such species as Mastigias papua
(Sugiura, 1963 [181]), Phyllorhiza punctata (Rippingale, Kelly, 1995 [159]), Cotylorhia tuberculata
(Kikinger, 1992 [106]), Cephea cephea (Sugiura, 1966 [182]), Cassiopea andromeda (Gohar, 1960 [65])
Cassiopea xamachana (Bigelow, 1900 [21]). These buds are also described in Coronata order in species
Nausithoe aurea and Nausithoe planulophora (Silveira, Morandini, 1997 [173]; Kawahara et al., 2006
[100]). However, the development of these buds wasn’t observed, so it is hard to compare them with
planuloid buds of Kolpophorae.

The formation of planuloid buds in Kolpophorae suborder is similar to the lateral budding at the first
stages. Small cylindrical evagination of both epidermis and gastrodermis forms at the border or the polyp’s
calyx and stalk. But the head development, like in typical lateral budding, doesn’t occur. Instead of this
evagination becomes drop-shaped, covers by cilia and then separates from the mother organism. Wherein
ex-distal end of evagination becomes functionally anterior of such planuloid bud. After the bud finds the
suitable substrate, it attaches with the anterior end, whereas mouth and tentacles form at its posterior end
(Bigelow, 1900 [21]). These buds represent quite formed organism with its own special behaviour. Wherein
such structural details as presence of two epithelial tissue layers and ciliary locomotion resemble the
organization of typical cnidarian planula larva, which was the reason of the term for this bud type.

The budding process is studied mainly in Cassiopeidae family (Rhizostomeae, Kolpophorae). In
Cassiopeidae species life cycle is the typical for scyphozoan, with alternation of polyp and medusa stage.
Cassiopeidae jellyfish are unusual: they don’t live in plankton, but lie turning over at the sea bottom, that’s
why they are often called “upside-down jellyfish”. Their mouth lobes grow a lot, forming a wide net of the
secondary mouths for small prey capture. Either medusae or polyps have in mesoglea photosymbionts —

unicellular algae Symbyiodinium sp. (Lampert, 2016 [11]). In recent years cassiopeids become popular
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objects for ecological, neurobiological and molecular research, including the peculiarities of their budding
process (Nath et al., 2017 [139]; Ohdera et al., 2018 [143]; Ohdera et al., 2019 [144]). Such high interest
for cassiopeids is partly conditioned by the fact, that species of this family provides the invasion in different
seas far from typical areal and may influence local ecosystems (Holland et al., 2004 [87]; Thé et al., 2021
[188]). Possibly, the planuloid buds make the significant contribution in cassiopeids invasion.

First detailed visual and histological observations of the planuloid bud development in Cassiopeidae
was made at the turn of XIX and XX centuries (Bigelow, 1900 [21]). In this study the presence in bud of
two epithelial layers and gastral cavity, inherited from the mother polyp, was shown. In the end of XX
century the investigation of planuloid bud development was made with the help of scanning electron
microscope in C. xamachana (Van Lieshout, Martin, 1992 [194]) and transmission electron microscope in
C. andromeda (Hofmann, Honegger, 1990 [82]). In these studies the consequent development of the bud
from its anlage at the mother polyp to the new polyp formation was firstly followed. Besides the cnidocyte
presence was shown in epidermis through the whole bud and gland cells was observed at the functionally
anterior bud’s end. Also, solitary neurons, neurites and four groups of muscle fibres were found in free-
swimming bud. Nevertheless, the general organization on neuromuscular system and its development
remain unknown. Either the attempt to find out the cell source of bud tissue was made. It was shown that
epidermis cells of the mother polyp migrate into the area of growing bud evagination at the early stages,
but zones of active proliferation weren’t found (Hofmann, Gottlieb, 1991 [84]).

The terminology, used for special budding type of Kolpophorae, is also needed of clarification. As at
seen from presented examples, the definitions of “budding” and “bud” are quite vague. Nevertheless, the
important feature of the “bud” is usually short in time persisting morphological and physiological
connection with mother organism. In case of Kolpophorae, and particularly more studied Cassiopeidae, this
connection persists only very short period of the bud formation. After the separation from the mother polyp
such “bud” represents the independent organism with own behavior. These special features, apparently,
bring to mind some investigators to call planuloid buds of cassiopeids by the term “propagules”. It allows
to resemble their independence and movement ability. However, as it was mentioned before, the term
“propagule” is interpreted very widely. Thus, in this work we suggest to call planula-like bud of
Kolpophorae by the term “planuloid”. On the one hand, it emphasizes the independence of this bud and its
loss of connection with the mother organism, and to the other hand it implies on its external similarity with

planula larva.
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Material and methods

Culture of scyphopolyps Cassiopea xamachana Bigelow, 1982 [20] (Cnidaria, Rhizostomeae,
Cassiopeidae) was provided in 2015 by Department of Invertebrate Zoology (Biology faculty, Lomonosov
Moscow State University). Polyps were kept in plastic tanks 25x15x8 cm size in artificial sea water with
the salinity about 28-30 %o at the room temperature. Polyp culture was regularly feed with Artemia sp.
nauplii. In laboratory conditions formation and separation of planuloids was constant and didn’t require
any special induction. For experiments conduction adult polyps without visual signs of budding, polyps
with forming planuloids at the different stages and also free-swimming planuloids were taken directly from
cultural tanks. Part of the planuloids were deposited in Petri dishes with artificial sea water to observe
process of their settlement and metamorphosis. All lifetime pictures were taken with stereomicroscope
Leica 250M.

For immunohistochemical labeling all specimens were anesthetized with the solution of 7,5 % MgCl>
in distilled water, which was added little by little into small dishes with animals until the absence of reaction
to irritation (contraction of the stalk and tentacles). After the anesthetization all specimens were fixed with
cooled 4% solution of paraformaldehyde (PFA), made with artificial sea water or 0,1 M phosphate buffer
saline (PBS). We haven’t noticed any significant differences between these two ways of the fixative
preparation. Fixation was made in room temperature for 1 hour, or 3-4 hours with the temperature +4°C.
After fixation specimens were washed in PBT solution (PBS + 5% Tween-20) 3-4 times for 15 minutes.
Then specimens were incubated primarily for 1 hour in 0,4 M glycine in PBS solution, and after that in 1%
solution of bovine albumin serum in same buffer. After incubation specimens were washed again in PBT 3
times for 10 minutes. All washing steps and incubations were made at the room temperature.

After washing specimens were incubated with FMRFamide primary antibodies (20091, Immunostar,
produced in rabbit, dilution 1:1000 in PBS) for 48 hours at the +4°C. After incubation specimens were
washed in PBS solution for 30 minutes at the room temperature. Then specimens were incubated with
secondary antibodies Alexa Fluor 488 goat anti rabbit (A-11034, Invitrogen) or CF633 donkey anti rabbit
(SAB4600132, Sigma) with dilution 1:1000 — 1:800 in PBS, and also with TRITS-conjugated phalloidin
(Sigma, P1951; 1 pg/ml) in PBT for 24 hours at the +4°C. After incubation specimens were washed again
in PBS solution forl5 minutes at the room temperature. Prepared specimens were mounted at slides with
Mowiol 4-88. Images were taken with the help of laser confocal scanning microscope Leica TCS SP5.

For experiment with 5-ethynyl-2"-deoxyuridine (EdU) labeling we used budding polyps, planuloids
at the different developmental stages and young polyp after metamorphosis. All specimens were incubated
at the room temperature in 50 pM EdU solution with artificial sea water. Series of preliminary experiments
were made to determine the optimal incubation time. As a result of these experiments, we have chosen the

1-1,5 hours as an optimal time. Less incubation time was not enough for strong signal, whereas longer
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incubation time led to the excessive background noise. After incubation all specimens were washed with
sea water 3 times for 10 minutes, anesthetized with the solution of 7,5 % MgClI; in distilled water and fixed
the same way as for immunohistochemical labeling. After fixation specimens were washed in 3 times for
15 minutes in PBT solution. The visualization of labeling was made by conjugation of DNA-associated
EdU with fluorescent Cy3 dye (Sulfo-Cyanine3; A13330, Lumiprobe). Specimens were incubated for 1
hour at the room temperature in water solution of 2 uM Cy3 dye, 1M Tris-HCI (pH 8-8,5), 100 mM CuSOQO4
and 500 mM ascorbic acid. Incubation was made in the dark at the room temperature. After dyeing
specimens were washed in 3 times for 15 minutes in PBT solution. During the last washing step, the
fluorescent DAPI dye were added for additional nuclei labeling. Prepared specimens were mounted at slides
with Mowiol 4-88. Images were taken with the help of laser confocal scanning microscope Leica TCS SP5.

Counting of the labeled nuclei were made at four specimens for each stage. For counting we used the
stack of images, made with confocal microscope at the sagittal plane of object with general thickness about
10-15 pum, depending on animal size. More subtle stacks were used for planuloids and young polyps, and
thicker for adult polyps. This stack size was chosen, because it allowed to out unto view only two tissue
layers, and, by this way, to avoid wrong counting of the label at the whole animal’s thickness. In case of
polyps the animal was divided into areas of 100x100 pum, in which labeled nuclei were counted. In case of
planuloids labeled nuclei were counted in the whole animal and then their amount was recalculated for
100x100 um areas. The value of labeled nuclei in these areas was averaged. In every case the range of
extreme values is shown, taking into account the standard deviation, calculated in Microsoft Office Excel.

Either polyps or planuloids of C. xamachana possess numerous photosymbionts in their tissues. They
were also visualized due to chlorophyll autofluorescence in their cells, using standard parameters for
AlexaFluor 633 dye, since emission wavelength of this dye and chlorophyll are similar.

Image processing, including measurements of different structures, were made with Fiji software and

Adobe Photoshop. All schemes were made in Inkscape 0.92
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Results

1. Visual observations of the Cassiopea xamachana planuloid development

Development of the C. xamachana planuloid begins with the formation of the cylindrical evagination
at the border of the stalk and calyx (Fig. 1 A, B). Both epithelial layers of the body wall are involved in this
evagination. Due to body tissues translucency, it is clearly visible, that gastral cavity of the mother polyp,
often with orange or brown undigested food debris, enter the growing bud. Sometime greenish-yellow cells
of the photosymbionts Symbiodinium sp. may be noticed both in calyx and in the area of the forming
evagination. During the further growth evagination at first elongates, and then widens at the base and
sharpens at the distal end, forming the drop- or lemon-like shape of the future planuloid (Fig. 1C). To this
moment the bud surface covers with cilia. Finally, the gastral cavity separates completely, and formed
planuloid become connected with mother organism only by small circuit of epidermal tissue. Soon this
circuit degenerates, and planuloid separates. Possibly, active cilia beating promotes the splitting. It takes
about two days from the appearance of first signs of the bud formation to the complete separation of the
planuloid.

After the separation from the mother organism planuloid moves in water with the help of cilia and
can slightly change body shape from smooth-fusiform to roundish (Fig. 1D). Wherein its distal sharped end
become functionally anterior. Duration of the free-swimming may vary from one to three days. In this
period planuloid already starts to form hypostome and tentacle anlages at the functionally distal end (Fig.
1E). Settlement and attachment to the substrate occurs with the help of the anterior end, which later
transform into foot and stalk. Whereas the middle part of the planuloid body becomes a calyx. At the ex-
distal end of the planuloid the mouth opening emerges, the hypostome forms and active growth of the
tentacles begins. Thus, the metamorphosis and the new individual formation occurs. New polyp with the
regular feeding grows quickly and after a week is ready for budding.

Polyp, as a rule, forms only one bud at the time, but sometime in large polyps budding starts at the
two or three sides of the calyx simultaneously (Fig. 1F). Besides, often the chain of planuloids forms.
Planuloids in chain are connected with each other with small epithelial circuits and develop consequently.
Usually, the amount of planuloids in chain doesn’t exceed two or three. However, it was noted the chain
with six planuloids (Fig. 1G). Occasionally, developmental anomalies are also observed. In planuloids
typical drop-shaped body from disturbs, or two distal ends forms. Such planuloids are able to swim,

however their further development was not observed.
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Figure 1. Formation and development of C. xamachana planuloid.

A, B —emergence and growth of evagination at the base of polyp calyx, C — separation of the planuloid and formation of a next
one in chain, D — separated planuloid, E — planuloid before settlement, F- polyp with anomalies in budding process (several
budding sites, planuloids in chain). Direction of the planuloid growth is shown with white arrow, anterior end of the planuloid
is marked by white dot, budding sites are marked with black asterisk. Abbreviations: b1-b5 - planuloids, ca — calyx of polyp, fs
— forming stalk, h — hypostome, st — stalk of polyp. Scale — 1 mm.
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2. Musculature and nervous system of the adult Cassiopea xamachana polyp

With the help of TRITC-conjugated phalloidin labeling we revealed several groups of muscle
elements in polyps of C. xamachana. The most noticeable are four strong bands of muscle fibers, laying in
the polyps septums (Fig. 2A., Fig. 3A, B). In each septal muscle large muscle fibers are well-distinguishable
along the entire length, but the beginning and the end of each fiber aren’t seen. The width of the septal band
Is about 25-30 um and doesn’t change through the length. Besides septal muscles very thin longitudinal
muscle fibers are found in the stalk closer to the surface, probably right under the epidermal layer (Fig.
2D). These fibers are evenly distributed in all stalk, forming loose muscular layer. A little deeper than this
layer are short transversal muscle fibers (Fig. 2E). Transversal fibers are located very sparse and often hard
to find. Whereas, no longitudinal neither transversal solitary muscle fibers were found in the calyx.

In tentacles short longitudinal muscle fibers are found (Fig. 3A). The length of each fiber is about 15-
19 pm, and width — 1,7-2,2 pm. At the entire length of the tentacle zones with high amount of muscle fibers
alternate with the zones with much lesser number of fibers. The concentrations of muscle fibers are
associated with location of large columnar gastrodermal cells, whereas sparse zones — to the borders
between these cells. No circular muscle elements were found in tentacles. Also, with the help of phalloidin
labeling some details of actin cytoskeleton of gastrodermal tentacle cells were shown (Fig. 3C). Actin
filaments surround large nucleus located in the center of the cell. From this area to the cell borders
individual process run, forming the sparce net.

In the oral disc of the polyp short thin muscle fibers are located. They run radially from the hypostome
base to the bases of the tentacles (Fig. SA). These fibers don’t form any aggregations, but disperse evenly
at the entire space of the oral disc, forming the layer of radial musculature. At the edge of the oral disc near
the tentacle bases circular muscle elements are located. They form feeble circumoral annular muscle of the
polyp. The average width of this muscle is about 32-36 um, but in sites near the tentacle bases it increases
to 34-37 um. Whereas the density of muscle elements in circumoral muscle is comparable to those in
tentacles or radial musculature of the oral disc, and never as high as in septal muscle bands. In hypostome
thin longitudinal muscle fibers 34-37 um in length are located, but their density is lower, than in tentacles
(Fig. 5D). Besides the longitudinal musculature very short transversal muscle fibers are also revealed in
hypostome. They are located very rare, never form any concentrations and are poorly distinguishable
against the longitudinal muscle fibers.

With the help of FMRFamide antibodies labeling were revealed three groups of the immunoreactive
elements. The first group are long FMRFamide-positive non-branching fibers with well-distinguishable
vesicles, accompanying septal muscle bands at their entire length from the stalk base to the oral disc (Fig.
4A-D). These fibers are such dense, that it is sometime hard to follow each individual fiber. In the calyx

wall solitary longitudinal FMRFamide-positive elements are also located (Fig. 4E, F). They lay looser,
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don’t form noticeable aggregations and never branch. The second group of FMRFamide-positive elements
are located in tentacles (Fig. 3B). They are short processes, well-noticeable among muscle fibers. Some of
these process branch. Immunoreactive elements of the third group form so-called nerve ring of the polyp.
They are located circumhypostomally near the tentacle bases, directly over the circular musculature of the
oral disc (Fig. 5B, C). Processes of immunoreactive elements accompanying septal muscle bands and
tentacles enter the nerve ring, but in the ring their localization is hard to see. Besides, processes of the large
FMRFamide-positive elements form the oral disc are also enter the nerve ring. Ther lay evenly in oral disc
from the hypostome base to the nerve ring, often form branching and well-distinguishable vesicles. Small
branching immunoreactive elements are also found in hypostome, but they never form noticeable
concentrations.

No muscular neither nervous element were found in the polyp foot, since this part is covered by
perisarc. Chitin, included in perisarc of scyphozoan polyps, have strong autofluorescence, so the

visualization of immunoreactive signal is not possible.
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Figure 2. Adult polyp of C. xamachana, musculature labeling with TRITC-conjugated phalloidin.

A — general view of polyp musculature, B, C — endings of septal muscle bands near the tentacle bases in oral disc, D —
longitudinal muscle fibers in polyp’s stalk, E — transversal muscle fibers in polyp’s stalk. Arrowheads indicate individual muscle
fibers. Abbreviations: h — hypostome, sm — septal muscles, t — tentacle. Scale bar — 100 um.



Figure 3. Muscle and nerve elements in tentacle of C. xamachana polyp, labeling with antibodies against FMRFamide
(blue) and TRITC-conjugated phalloidin (red).

A — muscle elements of tentacle, B — FMRF-immunoreactive elements of tentacle, C — gastrodermal cells of tenacle.
Arrowheads indicate individual immunoreactive elements, border of gastrodermal cell is shown with dotted line. Abbreviations:
¢ — cytoskeleton elements of gastrodermal cell, ec — epidermal cells, gc — gastrodermal cell, np — place of nucleus, tm — tentacle
muscles. Scale bar — 50 um




Figure 4. Adult polyp of C. xamachana, labeling with antibodies against FMRFamide (blue) and TRITC-conjugated
phalloidin (red).
A —polyp stalk, B, C, E, F — part of the polyp’s calyx, D — transition from stalk to calyx of polyp. Arrowheads indicate
individual immunoreactive elements, borders of septal muscle band are shown with dotted line. Abbreviations: sb —
photosymbionts, sm — septal muscle band, sn — septal nerve elements. Scale bar — 100 um.
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Figure 5. Body fragments of adult C. xamachana polyp, labeling with antibodies against FMRFamide (blue) and
TRITC-conjugated phalloidin (red).

A — musculature of the oral disc, B — nerve elements of the oral disc, C — combined image of musculature and nerve
elements in oral disc, D, E — polyp’s hypostome. The border of nerve ring is shown with dotted line, asterisk indicates the place
of mouth opening, arrowheads indicate individual transversal muscle fibers in hypostome. Abbreviations: cm — circular
musculature, hn — hypostomal nerve elements, Imh — longitudinal muscle fibers in hypostome, odm — musculature of the oral
disc, odn — nerve elements of the oral disc, t — tentacles, tmh — transversal muscle fibers in hypostome. Scale bar — 100 um.
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3. Musculature and nervous system development in planuloids of Cassiopea xamachana

The first stage of the planuloid musculature formation is accompanied by partial reorganization of
the mother polyp musculature. At the stage of cylindrical bud evagination the part of muscle fibers branches
from the nearest septal muscle band. These fibers reach the base of forming bud (Fig. 6A). Whereas the
branching from septal muscle band may occur form the side, which is closer to the hypostome, or from the
side of the stalk. Directly near the place, where growing bud is connected to the body wall of the mother
organism, muscle elements form sparse net (Fig. 6B). During the further growth of the evagination some
solitary muscle fibers permeate in forming bud and may run to its distal end. Nevertheless, the most part of
muscle elements end in the middle of evagination. In formed and ready-to-separate planuloid
multidirectional muscle fibers are still observed (Fig. 6C). However, in just separated planuloid muscle
elements are not found (Fig. 6D).

Free-swimming planuloid starts to form its own musculature. Near to the anterior end four groups of
longitudinal muscle elements emerge (Fig. 7A). These elements run to the middle part of the planuloid
body. In some specimens they form U-shape branching, which may bend both anterior and posterior ends.
These branching usually end at the middle between two neighboring groups of longitudinal muscle fibers,
but in some cases, they may reach the closest muscle group. Also, short scattered transversal muscle
processes are found at the posterior end of planuloid (Fig. 6B).

During the further growth the anterior end of planuloid sharpens, so it takes a form of the smooth
triangle. At this time muscle processes in groups concentrate, forming dense muscle bands and almost reach
the anterior end of the body (Fig. 7B). Simultaneously short muscle elements emerge in forming anlages of
hypostome and tentacles (Fig. 7D). After the planuloid attachment to the substrate four muscle bands reach
the bases of forming tentacles (Fig. 7E). At the same time short muscle fibers in hypostome and growing
tentacles become more distinguishable, and their amount increases. In 1-2 days after settlement musculature
of the new individual corresponds to the organization of the adult polyp at the whole (Fig. 7F).

During the planuloid formation FMRFamide-positive structures are not found (Fig. 8A). Near the site
of cylindric bud evagination several immunoreactive elements are well observed. They accompany septal
muscle band, which already form branching of the muscle processes to the growing bud to this moment.
Solitary FMRFamide-positive fibers in calyx are also well-observed. However, unlike the muscle elements,
no septal immunoreactive elements neither these solitary fibers form branching to the growing bud.

In separated planuloids FMRFamide-positive elements are weak. Only several solitary
immunoreactive fibers are found in the middle part of the body (Fig. 8C). Whereas their location doesn’t
correspond to the localization of developing musculature. During bud formation as well as in period of the

planuloid free-swimming the group of FMRFamide-positive cells is observed at the anterior end (Fig. 8B).
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They have a shape of the very elongated triangle with the base oriented to the bode surface. We never found
any processes or connections of these cells with the immunoreactive elements in the bud or planuloid.
We failed to follow the development of FMRFamide-immunoreactive elements during the further

metamorphosis of planuloid. The recognition of such structures is very complicated due to non-specific
labeling of the planuloid surface.

Figure 6. Growth of C. xamachana planuloid, musculature labeling with TRITC-conjugated phalloidin.

A-C — planuloid forming in polyps, D — planuloid just before separation with the muscles inherited from the mother
polyp. Direction of the planuloid growth is shown with white arrow, anterior end of the planuloid is marked by white dot,
sm — septal muscle, im — inherited muscle elements. Scale — 100 um.




Figure 7. Development of the muscular system in C. xamachana planuloid, musculature labeling with TRITC-conjugated
phalloidin.

A — 1 day planuloid with the forming groups of muscular elements and autophluorescenting photosymbionts Symbiodinium
sp. (yellow), B — posterior end of the planuloid with transversal muscles (small white arrows), C — 2 day planuloid continuing
muscle differentiation and concentration of muscle elements into bands, D — planuloid before the settlement with forming
stalk, hypostome and tentacles anlages, E — planuloid several hours after the settlement with the formed stalk and muscle
bands, proceeding tentacles and hypostome growth, F — planuloid finishing metamorphose into the polyp with almost formed
septal muscles, stalk, calyx, concentrating short muscle elements in hypostome and tentacles. Anterior end of the planuloid
is marked by white dot, a — tentacles anlages, h — hypostome, mb — muscle bands, sb — photosymbionts, st — stalk of polyp.
Scale — 100 pm.
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Figure 8. Forming and separated planuloids of C. xamachana labeled with FMRFamide antibodies (blue) and
TRITC-conjugated phalloidin (red).

A — the base of growing planuloid protrusion near the septal muscle band of polyp, the approximate border
between calyx and protrusion is marked with the intermittent line, scale bar: 100 um, B — separated planuloid, scale bar: 50
um, C — the anterior end of the planuloid, green arrowheads point the possible sensory cells, scale bar: 50 um. The anterior
end of the planuloid marked with asterisk, the direction of planuloid growth is shown with arrow, single FMRFamide
positive neurites are pointed with white arrow heads, bmf — branched off septal muscle fibers entering the growing
planuloid, pm — planuloid muscles, sb — photosymbionts cells, sm — septal muscle band, sn — septal neurites,
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4. The EdU labeling during the bud growth, development and transformation of Cassiopea

xamachana planuloid

With the experiments of EdU labeling we determined zones of the active DNA synthesis at the
different growth stages in buds and planuloids of C. xamachana. In budding polyps two zones of active
labeling are observed (Fig. 9A). The first one of located in polyp calyx in the space from stalk to the tentacle
bases. Labeled nuclei in this zone are distributed evenly and frequently. Their amount varies from 45 to 65
per 100 pm? . Only rare solitary nuclei with the signal are found in tentacles and stalk. The second zone is
located in the bud evagination from its base to the distal end, excluding the small region at the very end of
the bud (Fig. 9B). EdU signal in this zone is so intense, that separate nuclei are poorly-distinguishable. The
number of labeled nuclei in growing bud is noticeably higher, than in polyp calyx. Their number reaches
120-140 per 100 pm? in bud evagination zone. Whereas there is no increasing of labeling in polyp tissues
near the evagination base.

In ready-to-separate planuloid the intensity of labeling decreases to 30-50 per 100 um?. It is especially
well-noticeable in case of planuloid chains formation (Fig. 9C). The highest level of labeling is still
observed in the bud evagination, whereas in each subsequent forming planuloid in chain the number of
labeled nuclei decreases. Wherein the location of EdU labeling doesn’t change. The biggest number of
labeled nuclei is near the formed planuloid base, but to the distal end the intensity of labeling become lower.
Directly on the distal end planuloid there is no any signs of EdU signaling.

In free-swimming planuloids the number of labeled nuclei varies in different studied specimens from
40 to 60 per 100 pm?. At the early stages the same pattern of EdU signal distribution as in planuloids before
separation is observed (Fig. 10A). The amount of the labeled nuclei at the functionally posterior end of
planuloid is 3,2-3,4 times higher, than at the anterior end: about 31-41 and 8-14 per 100 pm? respectively.
To the moment of tentacles, hypostome and stalk anlages development zone of EdU labeling occupies the
whole body of planuloid (Fig. 10 B-D). Most labeled nuclei are situated in tentacles anlages — 38-43 per
100 um?. In this moment solitary labeled nuclei emerge at the functionally anterior end of planuloid (ex-
distal end of the growing bud). Such pattern of labeling persists until the planuloid settlement and
transformation.

In young polyp zone of the most intense EdU labeling is located in calyx — about 30-34 labeled nuclei
per 100 um? (Fig. 10E). As before, the biggest number of labeled nuclei is observed near the tentacle bases
— 42-52 per 100 um?, thus, the labeling zone is situated all space of calyx from the stalk to the tentacles.
Directly in stalk and tentacles only solitary labeled nuclei are found.



Figure 9. Polyp and growing buds of C. xamachana, labeled with EdU (pink) and DAPI (blue).

A — polyp with growing bud evagination, B — bud evagination, C — bud evagination and two planuloid buds in chain.
Abbreviations: B1, B2 — planuloid buds, BE — bud evagination, tent — tentacles. The functionally anterior end of the planuloid is
labeled with asterisk, arrows show the direction of bud growth, the dotted line marks the border of labeling zone. Scale bar — 100

pm.




Figure 10. Planuloid development stages and young polyp of C. xamachana, labeled with EdU (pink and red) and DAPI
(blue).

A — planuloid, just after separation, B — planuloid, one day after separation, C — late planuloid, D — planuloid before
settlement, F — young polyp. Abbreviations: ha — hypostome anlage, sta — stalk anlage, ta — tentacle anlage, tent - tentacles. The
functionally anterior end of the planuloid is labeled with asterisk. Scale bar — 100 pum.
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5. The inheritance of photosymbionts by planuloids of Cassiopea xamachana

Symbiotic dinoflagellate algae Symbiodinium sp., typical for Cassiopeidae family, are well-
distinguishable during the confocal microscopy imaging due to autofluorescent chlorophyll molecules in
their cells. In adult polyps photosymbionts are abundant in calyx (Fig. 4 E, F). During the bud growth some
cells migrate to the area of forming evagination. In planuloid they occupy large region from the middle of
the body to the posterior end, but never on the area of the anterior end (Fig. 7A). This special feature allows
to surely identify antero-posterior orientation of planuloid, even in cases, when it loses its shape during

slides preparation.
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Discussion

1. General morphology of the muscular and FMRFamidergic nervous system in polyps of

Cassiopea xamachana

As it was shown earlier in Literature review data on neuromuscular system organization of different
cnidarian polyps are limited to the several studies of some species, which are, as a rule, model objects.
However, even basing on this knowledge one can reveal several common features in this system
organization. In all studied polyps the most developed is longitudinal body musculature, musculature
associated with oral end (hypostome or pharynx muscles, radial or circular musculature of the oral disc)
and longitudinal musculature of the tentacles. At the same time circular musculature of the body, and
especially of the tentacles, is developed much lesser. The nervous system is presented by the nerve ring at
the tentacle bases, individual neurons in the body and nerve processes, accompanying main body
musculature. The significant differences lie in the level of nerve and muscle elements concentration.
Muscle fibers may be scattered or united in functional groups, like bands. Nerve processes in the nerve ring
may form sparse net or concentrate, forming some sort of transduction ways. The main features of
neuromuscular system organization of studied polyps in different Cnidaria classes are shown on scheme at
Figure 11. Wherein the data of scyphozoan and cubozoan polyps are taken from studies, made with
transmission electron microscope, and may resemble the general topology not in all details (Chapman, 1978
[37]; Chia, Amerongen, Peteya, 1984 [40]).

Figure 11. Scheme of muscle and nervous system organization in polyps of main Cnidaria classes.

A — polyp of Aurelia aurita (Scyphozoa), by Chia, Amerongen, Peteya, 1984 [40], B — polyp of Nematostella vectensis
(Anthozoa), pharynx musculature is not shown for simplification, by Jahnel, Walzl, Technau, 2014 [96], C — polyp of Hydra
sp. (Hydrozoa) by Grimmelikhuijzen et al., 1989 u Szymanski, Yuste, 2019 [184], I' — polyp of Tripedalia cystophora
(Cubozoa) by Chapman, 1978 [37]. Nerve elements are shown in red; muscle elements are shown in green. Abbreviations: cm
— circular musculature of oral pole, f — foot, h — hypostome, nr — nerve ring, Im — longitudinal muscles, p — pharynx, pr —
perisarc, sm — septal musculature. Relative dimensions are not kept.
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As it was revealed in this study (Khabibulina, Starunov, 2019 [104]; Khabibulina, Starunov, 2020
[103]), organization of the musculature and FMRFamidergic nervous system of C. xamachana
scyphopolyps on the whole corresponds to those in Aurelia aurita scyphopolyps. General location of the
muscle and FMRFamide-positive nerve elements in the polyp body is shown at Figure 12.

r\\ K\ \ tentacles%/ /7

/

e -i—_—_;, ! Figure 12. Scheme of neuromuscular systen
' / ! organization in polyp of C. xamachana.

Abbreviations: bm — body musculature, bn
body nerve elements, cm — circular muscle, h
— hypostomal muscles, hn — hypostomal ner
elements, odm — oral disc musculature, odn
oral disc nerve elements, sm — septal musc
bands, sn — septal nerve elements, tm — tentac
muscles, tn — tentacle nerve elelemnts. Ner
elelments are shown in green, muscle elemer
are shown in red.

perisarc

In C. xamachana polyps three groups of the muscles may be distinguished: 1) body musculature, 2)
tentacle musculature and 3) oral disc musculature. Body musculature is mainly presented by four mighty
longitudinal septal muscle bands, running from the stalk base to the oral disc. These muscles, possibly,
provide fast strong contraction of the body in the case, when polyp is disturbed. Also, these muscles,
apparently, ensure the stalk bending and calyx turning during the deeding behavior (Bigelow, 1900 [21]).
Besides the septal musculature there solitary small longitudinal and transversal muscle fibers in the stalk.
They, possibly, might be engaged for more accurate movements.

Tentacle musculature includes short, thick longitudinal muscle fibers. These muscle, possibly,
provide the tentacle contraction and its bending. No circular muscle elements were found in C. xamachana
tentacles, as well as in previously studied polyps Tripedalia cystophora (Chapman, 1978 [37]) and A. aurita
(Chia, Amerongen, Peteya, 1984 [40]). In case of absence of antagonist muscles tentacles elongation and
spreading may occur due to tension of highly vacuolized columnar gastrodermal cells and collagen fivers
of mesoglea (Chapman, 1970 [38]).

Oral disc musculature includes the layer of radial muscle fibers and circular muscle, located near the

tentacle bases. It must be emphasized, that circular muscle doesn’t form real anatomically separated ring
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muscle. Circular muscle processes in this aggregation, apparently, act in concert and function as one
“muscle”. Muscle processes of tentacles, radial musculature of the oral disc and endings of the septal muscle
bends run to the circular muscle. Similar structure of the oral disc musculature was described in A. aurita
polyps (Chia, Amerongen, Peteya, 1984 [40]). Function of the radial musculature is, possibly, the expansion
of hypostome’s lobes, and consequently the mouth opening for food capture. Scyphopolyps can swallow
prey, that is significantly larger, then the volume of their gastral cavity and mouth in normal conditions
(Ostman, 1997 [145]; Schiariti et al., 2008 [168]; Ikeda, Mizota, Uye, 2017 [92]). Apparently, the layer of
the oral disc radial musculature provides the process of big particles swallowing. Such stretching of the
calyx walls and, respectively, the gastral cavity is possible due to the absence of the massive layer of
longitudinal and circular musculature. Directly the food capture is provided by hypostome, in which its
own musculature is presented. It includes a plenty of long longitudinal muscle processes and rare transversal
fibers. The gastral cavity and mouth closure, probably, occurs due to acting of transversal musculature of
hypostome and contraction of the oral disc circular muscle.

The investigation of the nervous system elements localization special features was made with the
labeling of antibodies against FMRFamide. We revealed only specific labeling of neuron processes,
whereas the nucleated parts of the cells weren’t observed. It is likely connected to the fact, that FMRFamide
neurotransmitter is distributed mainly in large vesicles of the nerve processes (Singla, Mackie, 1991 [172];
Westfall, Grimmelikhuijzen, 1993 [201]). In A. aurita scyphopolyps and in some other species of
scyphozoan jellies FMRFamide-positive immunoreactivity was also described only on nerve fibers
(Sakaguchi et al, 1999 [160]; Satterlie, Eichinger, 2014 [166]). Nevertheless, in a row of other studies,
dedicated to investigation of the nervous system of hydromedusae and free-living stage of parasite
Polypodium hydriforme, FMRFamide-positive labeling was observed in neurons’ bodies (Mackie et al,
1985 [121]; Marlow et al, 2009 [122]; Nakanishi et al, 2009 [136]; Raikova, Raikova, 2016 [156]).
Probably, the localization of FMRFamide exactly in neurites might be a special feature of Scyphozoa.

Visualization of the nervous elements is often complicated by strong background noise, caused by
non-specific antibodies binding. This non-specific labeling possibly occurs due to presence of the big
amount of glandular cell in C. xamachana tissues, especially in foot and at the distal end of planuloid
(Hoffmann, Honegger, 1990 [82]). It is possible to reduce background noise by increasing washing time
and number of the washing steps, but it is impossible to dispose of it completely.

FMRFamidergic nervous system of C. xamachana polyps includes three groups of nerve elements.
First two groups of nerve processes are associated with muscles in body and tentacles of the polyp. Third
group forms circumhypostomal ring in oral disc near the tentacle bases. Aggregations of longitudinal
FMRFamide-positive nerve fibers, accompanying septal muscle bands of the scyphopolyp, are the most
noticeable. Such aggregations are also described in Aurelia aurita (Sakaguchi et al, 1999 [160]), and,
probably, are the common feature of the nervous system organization in scyphozoan polyps. In studied sea

anemones and sea pens FMRFamidergic nerve elements similarly accompany mesenterial retractor muscles
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(Girosi et al., 2005 [64]; Marlow et al., 2009 [122]). Linked localization of FMRFamide-positive nerve
fibers and muscle elements may indicate the involvement of FMRFamidergic elements in the control of
muscular activity. This assumption is confirmed by data on other cnidarians, in which FMRFamidergic
nerve elements regulate neuromotor reactions and swimming movements (Plickert, Schneider, 2004 [153];
Satterlie, Eichinger, 2014 [166]). Apparently, FMRFamidergic cells of the body and tentacles in polyps of
C. xamachana may provide the musculature control in corresponding body parts. Since the septal muscle
bands are the most developed, so nerve elements nearby them form the densest concentration.

Circumhypostomal FMRFamidergic nerve processes form so-called nerve ring. That is the site of the
most concentrated nerve elements in the polyp body. Part of these nerve elements, probably, may control
circular and radial musculature of the oral disc. However, besides this function nerve ring may act as general
integrative center of the animal (Koizumi, 2007 [107]; Arendt, Tosches, Marlow, 2016 [11]). Nerve
processes of the oral disc, tentacles, body (and, particularly, septal nerves) enter the nerve ring. So,
interconnection and coordination of the polyp musculature might be provided due to regulation of the nerve
ring.

Nerve ring is described in polyps of the different cnidarian groups. Special organization features of
its” nervous elements may vary a lot. In cubopolyps and hydropolyps nerve elements are highly
concentrated and form actually two rings — in outer and inner cell layers (Chapman, 1978 [37], Koizumi et
al., 1992 [110]). Some investigators interpret this nerve ting as a very primitive central nervous system
(Holland, 2003 [88]; Koizumi, 2007 [107]). In Anthozoa there is also nerve ring division into epidermal
and gastrodermal part, but nerve elements are located looser, without formation of dense circuits (Marlow
etal., 2009 [122]; Kelava, Rentzsch, Technau, 2015 [101]). Nerve elements of the well-developed pharynx
are also strongly connected with nerve ring in anthozoans. Finally, as follows from this study and previous
works with A. aurita polyps (Chia, Amerongen, Peteya, 1984 [40]; Sakaguchi, Imai, Nomoto, 1999 [160]),
in scyphozoans nerve elements in nerve ring are least densely located among all cnidarian polyps. Actually,
neurons and neurites form circular net near the tentacle bases. Wherein, no directed nerve circuits are
observed. Besides, unlike the other cnidarian polyps, nerve elements in Scyphozoa are present only in
epidermal layer (Helm, 2018 [78]).

In case of Cubozoa and Scyphozoa main features of the nerve ring structure persist in medusae (Garm
et al, 2007 [60]; Satterlie, Eichinger, 2014 [166]). In these cnidarian classes jellyfish are formed by
strobilation — formation of transversal constrictions in polyp, each of those transforming into young medusa
— ephyra (Naumov, 1961; Toshino et al., 2015; Helm R. R, 2018). Many scyphozoan polyps, for example
Aurelia aurita (Haymos, 1961 [4]), Lychnorhiza lucerna (Schiariti et al., 2008 [168]), Stomolophus
meleagnis (Calder, 1982 [31]) and others (Helm, 2018 [78]) possess polidisc strobilation. In this case the
set of ephyrae almost simultaneously develops at one polyp. During the monodisc strobilation only one
ephyra forms at the polyp. This type of strobilation is typical for cubopolyps and some scyphopolyps,
particularly, for Cassiopeidae family (Bigelow, 1892 [20]; Hofmann, Neumann, Henne, 1978 [86]).
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Herewith, the most part of the polyp tissues directly become medusa’s tissues, or is the cell source for its
growth. Development of the neuromuscular system of ephyrae during the strobilation is poorly described.
Several studies show that, at least, part of jellyfish’s nerve elements in epidermis is inherited directly from
the polyp (Satterlie, Eichinger, 2014 [166]). At the same time muscle elements are, probable, not involved
in ephyra musculature formation, since in forming jellyfish occurs the transition to completely different
way of locomotion (Helm et al., 2015 [79]). Thus, nerve ring of medusa in Cubozoa and Scyphozoa might
be partly homologous to the nerve ring of polyp, that’s why its general features persist during transition
from one life form to another.

In total, structure of musculature and nervous system of C. xamachana scyphopolyps retains the
primitive organization features. Muscle and nerve elements, which accompany them, are low-differentiated:
only complex of septal muscle bands with co-localized FMRFamidergic processes and neuromuscular
complex of oral disc and hypostome clearly stand out. Nerve ring elements are weakly concentrated and,
unlike in other cnidarians, are situated only in epidermis. There is no nerve cells or nerve processes
concentrations. Muscle and nerve elements are mostly scattered. They don’t from clear functional groups,
like in case of solitary anthozoan polyps, which have complex musculature of pharynx and retractor
muscles, and nerve elements, associated with them. Scyphopolyps have less variety of behavioral reactions
and movements, that is possibly connected with more primitive organization of the neuromuscular system.
In studied polyps of Hydrozoa and Cubozoa formation of complex musculature also wasn’t observed.
However, it might be conditioned by relatively small body size. Besides, in case of hydropolyps and
cubopolyps the absence of differentiated musculature is, probably, compensated by development and
specialization of the nervous system, especially the nerve ring. It leads to better coordination of scattered
muscle elements. Nevertheless, available data are not enough to reveal specific tendency in neuromuscular
system evolution of cnidarian polyp stages. Further studies of polyps’ morphology as well as molecular

mechanisms of their development will shed a light on this question.

2. The development of musculature and nervous system in planuloid

The result of literature data analysis shows the wide diversity of asexual reproduction in cnidarian
polyp stages. There are different ways of body or colony splitting into new individuals, formation of resting
(podocysts) or moving (frustules, propagules) stages, and, finally, several types of budding. Available
information in most cases ore limited by visual observations and life cycle variants descriptions. Besides,
come term, and particularly “propagule”, are used in too blurry meaning, and, in fact, may denote
organisms, which differ in origin and structure complexity. Thus, data on types of cnidarian asexual

reproduction require more rigorous and clear classification.
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Wherein, classification and investigation of possible evolutionary ways of asexual reproduction in
Cnidaria is complicated by lack of detailed morphological and molecular data on special features of new
individual formation. Genetic mechanisms, regulating different types of body division, are partly described
for sea anemone Nematostella vectensis (Reitzel et al, 2007 [157]; Burton, Finnerty, 2009 [29]). In most
details the lateral budding is investigated in classical model object — Hydra sp. Molecular genetic aspects
of hydras’ bud development, as well as morphological special features at histological and ultrastructural
level are considered in a row of studies (Webster, Hamilton, 1972 [196]; Graf, Gierer, 1980 [67]; Otto,
1977 [147]; Bode, 2012 [24]; Hobmayer et al., 2012 [81]). Various types of asexual reproduction, including
lateral budding, are noticed in polypoid stages of Scyphozoa, and, apparently, are widespread in this class.
Nevertheless, studies of asexual reproduction processes in this class are limited to short information about
budding type and appearance in life cycle descriptions, or they are dedicated to influence of different
ecological factors on budding strategy (Schiariti et al., 2014 [169]). Main described types of asexual
reproduction in scyphopolyps are summarized at scheme on Figure 13. Data on distribution of this

reproduction types in different species of Scyphozoa are presented in Table 1.

A C

planuloid podocyst

parent new
polyp polyp

Figure 13. Types of asexual reproduction in polyps of Scyphozoa.

A - lateral budding, B — planuloid formation, C — podocysts formation, D — stolonial budding, E — longitudinal division of the
polyp. Gastral cavity is shown in grey. Relative dimensions are not kept.
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Table 1. Distribution of asexual reproduction types in polyps of different Scyphozoa species.

Order

Species

Lateral budding

Stolonial budding

Podocysts

Longitudinal division

Coronatae

Nausithoe aurea

Nausithoe planulophora

Rhizostomeae

Acromitus hardenbergi

Catostylus mosaicus

Catostylus tagi

Planuloids

Source

Silveira, Morandini, 1997 [173]

Kawahara et al., 2006 [100]

Miyake et al., 2021 [131]

Pitt, 2000 [151]

Cephea cephea

Cotylorhiza tuberculata

Lychnorhiza lucerna

Mastigas papua

Nemopilema nomurai

Gueroun et al., 2021 [73]

Sugiura, 1966 [182]

Kikinger, 1992 [106]

Schiariti et al., 2008 [168]

Sugiura, 1963 [181]

Kawahara et al., 2006 [100]

Rhizostoma luteum

Kienberger et al., 2018 [105]

Rhizostoma octopus

Rhizostoma pulmo

Stomolophus meleagris

Semaeostomeae

Aurelia aurita

Chrysaora fuscescens

Chrysaora hysoscella

Holst et al., 2007 [89]

Fuentes et al., 2011 [57]

Calder, 1982 [31]

Ishii, Watanabe, 2003 [94]

Widmer, 2008. [203]

Widmer et al., 2016 [205]

Chrysaora lactea

Morandini et al., 2004 [132]

Cyanea capillata

Widmer et al., 2016 [205]

Cyanea lamarkii

Phacellophora
camtschatica

Rhopilema nomadica

Widmer et al., 2016 [205]

Widmer, 2006 [204]

Lotan et al., 1992 [117]

Rhopilema verrilli

Sanderia malayensis

Calder, 1973 [30]

Adler, Jarms, 2009 [6]
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One special type of budding — by formation of separating ciliated stages — planuloids is described in
some more details. It is peculiar for scyphozoan polyps of Kolpophorae group. Main studies dedicated to
planuloid formation process were made with polyps of Cassiopeidae family (Scyphozoa: Kolpophorae)
with the help of light, scanning and transmission microscopy (Bigelow, 1900 [21]; Hoffmann, Honegger,
1990 [82]; Van Lieshout, Martin, 1992 [194]). However, these methods don’t allow to follow the formation
dynamics of different systems and structures during the development.

In this study we present new data on muscle and nervous system formation in planuloids of C.
xamachana (Khabibulina, Starunov, 2019 [104]; Khabibulina, Starunov, 2020 [103]). General scheme of

musculature development is shown at Figure 14.

Figure 14. Scheme of the musculature development in C. xamachana planuloid.

A — adult polyp, B-C — emergence and growth of evagination, D — planuloid just before the separation, E — separated
planuloid, F-H — growth and development of the planuloid, including the formation of hypostome and tentacles. Direction of
the planuloid growth is shown with black arrow, anterior end is marked by black dot. Abbreviations: a — tentacles anlages,
ca — calyx of polyp, f—foot of polyp, h — hypostome, im — inherited muscle elements, mb — muscle bands of bud, pm — polyp
muscle fibers, sm — septal muscle, st — stalk of polyp. Relative dimensions are not kept.

Planuloid development is accompanied be reorganization of mother polyp musculature near the site
of bud formation. Similar process is observed during lateral budding of Hydra sp. Its longitudinal and
circular muscle processes in the body wall also change their direction and enter the growing bud (Otto,
1977 [146]). But unlike the hydra, in which musculature of the daughter polyps at least particularly forms
by mother’s myoepithelial cells, in case of C. xamachana polyp musculature only at the early stages is
involved in bud growth. During the growth of bud evagination the number of muscle elements, branching

from the septal muscle band of mother polyp, don’t increase. As a rule, in most already formed planuloids,
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still connected to the mother organism, muscle elements are not observed. Only in some ready-to-separate
individuals solitary muscle fibers, inherited from mother organism, were found. The fact, that these residual
muscle fibers were found only in several studied specimens, implies on accidental cases of its inheritance.
Also, such muscle elements are never observed in just separated planuloids. It confirms, that muscle fibers,
inherited from the mother polyp, resorb and don’t participate in further planuloid’s musculature formation.
Also, one can exclude the possibility of transdifferentiation of these cells, since this process was shown in
cnidarians earlier (Leclére, Réttinger, 2017 [113]). Thus, formation of the planuloid musculature and,
accordingly, the musculature of new generation polyp occurs de novo. In Hydra sp. the reorganization of
muscle processes of mother polyp myoepithelial cells near the budding site is also described (Aufschnaiter
et al, 2017 [14]). But, unlike in C. xamachana, these cells are later included in body of daughter hydra and
form its definitive musculature. Thus, reorganization of septal muscle bands of mother polyp, which occurs
during the bud growth, is, apparently, a preserved feature of typical lateral budding, which have been taken
place before, but was partly lost in this species (Fautin, 2002 [53]; Schiariti et al., 2014 [169]).

Muscle system of later developmental staged of planuloid includes four groups of longitudinal muscle
fibers and short muscle processes in anlages of hypostome and tentacles. This organization type is already
close to the musculature of the grown polyp. After planuloid attachment muscle fibers continue to
differentiate and grow, but all main features of musculature structure are formed to this moment. Since
planuloid locomotion is provided by cilia, the musculature is probably not involved in it. The only planuloid
movements, provided by muscles contraction, are unsignificant changes in body shape from fusiform to
roundish. Such changes might be carried out by longitudinal muscles along with short multidirectional
fibers. Minor changes of longitudinal musculature led to the rounding of the body, and transversal fibers
provide planuloid elongation. Further four groups of planuloid muscle fibers develop into septal muscle
bands of polyp. Apparently, such early development of polypoid type musculature in planuloid provides
fast metamorphosis and transition to the settlement, and, consequently, to increasing of reproduction rate
in population.

Unlike the musculature FMRFamidergic part of the nervous system, apparently, is not involved in
bud formation. During the reorganization of septal muscle band nerve processes, which accompany this
muscle, don’t change their usual direction and their number doesn’t change. Solitary longitudinal nerve
processes, laying near the budding site, also don’t participate in bud formation. In growing evagination and
forming planuloid we never observed FMRFamide-positive elements. Firstly, nerve processes are found in
planuloid already after its separation from the mother organism. They are present by solitary short
longitudinal nerve fibers at the middle of planuloid body. Wherein their localization is not associated with
differentiating muscles. Closer to the anterior end of planuloid the number of observed nerve fibers
insignificantly increases. The presence of nerve elements in planuloid was described previously with
transmission electron microscopy (Hofmann, Honegger, 1990 [82]). However, this method doesn’t allow

to determine their accurate number, space organization and neurochemical specificity. Based on our results,
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we can conclude, that FMRFamidergic nerve elements of planuloid, as well as muscle elements, are not
inherited from the mother organism and form independently. Herewith, during the free-swimming period
FMRFamidergic part of the nervous system is poorly-developed. Possibly, its active differentiation begins
after planuloid settlement. It agrees with the fact, that planuloid musculature is almost not involved in
movements before metamorphosis.

The special problem in cnidarian budding research is detection of the cell source, which gives rise to
a bud and further — a new individual. The main part of studies, dedicated to this question, are focused on
Hydra sp. (Clarkson, Wolpert, 1967 [41]; Shostak, Kankel, 1967 [171]; Otto, 1977 [146]; Otto, Campbell,
1977 [147]; Holstein et al, 1991 [90]). It was shown in these works, that at the early stages the growth of
bud evagination occurs mainly because of mother organism myoepithelial cells migration. This migration
is also accompanied by change of muscle processes direction in accordance with forming oral-aboral axes
of the growing bud. Only later formation and growth of the new polyp tissues is provided by division of
bud’s own cells. In separated hydra proliferation zone occupies the whole body from foot to the tentacle
bases and function through the whole life of polyp (Campbell, 1965 [32]).

In polyps of Scyphozoa proliferative activity in budding zone was noted in lateral budding of A. aurita
(Balcer, Black, 1991 [18]). Wherein the number of dividing nuclei in bud evagination was only
insignificantly higher, than in surrounding polyp’s tissue. In C. xamachana polyps the migration of
epidermal and gastrodermal cells to the growing bud evagination at the early stages was described with the
help of vital dyes (Hofmann, Gottlieb, 1991 [84]; Hofmann, Fitt, Fleck, 2003 [83]). Apparently, mother
polyp tissues are primary cell source for planuloid formation.

In this study we discovered several zones of active DNA synthesis in budding polyps and planuloids
at the different developmental stages using lifetime labeling by EAU (Khabibulina, Starunov, 2021 [102]).
It may imply on functioning proliferation zones during formation of bud and new polyp. Scheme of these

zones’ localization is shown at Figure 15.
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Figure 15. Scheme of proliferation zone activity at the different stages of planuloid budding in C. xamachana.

Abbreviations: BE — bud evagination, h — hypostome, PS — planuloid before separation, t — tentacles. The functionally anterior
end of the planuloid is labeled with asterisk, the narrow shows the direction of bud growth. Relative dimensions are not kept.
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In budding polyp two proliferation zones are observed. One of them is located in large area of calyx
(from transition of stalk to the calyx to tentacle bases), the second one — in growing bud evagination. The
labeling rate in the second zone is significantly higher, than in any other polyp tissues. Wherein in area,
which surrounds the body evagination, we haven’t found the increasing of labeling. At this stage the bud
growth might be provided by division of bud evagination cells, whereas the migration activity of mother
cells decreases (Hofmann, Fitt, Fleck, 2003 [83]). Thus, the planuloid bud growth is similar to the lateral
budding of hydra at early stages.

In formed planuloid, which is ready to separate, proliferation activity decreases. That is especially
clearly visible in case of planuloid chains formation. In each consequent planuloid in chain the labeling rate
decreases. As it was mentioned before, the own musculature formation begins in planuloid right at this
moment. After planuloid separation DNA synthesis activity increases again. The highest level of labeling
is observed in tentacles and hypostome anlages at functionally posterior end of the planuloid. Since the
presence of active DNA synthesis zone only indirectly indicates on possible cell divisions, it might be
supposed, that part or even all cells in this zone may be in resting stage and transit directly to development
later, during the growth of corresponding body parts.

Interestingly, that at functionally anterior end of planuloid the labeling is almost absent starting from
first stages of bud development and during the long time after separation. At this end numerous glandular
cells are located. They provide planuloid attachment during settlement (Van Lieshout, Martin, 1992 [194]).
Probably, glandular cells differentiate very early, so there is no process of active proliferation in this area.
Proliferation activity in this zone emerges only at the time of stalk and foot formation. This is consistent
with general idea of growth process in this species.

After settlement zone of active DNA synthesis functions in young polyp. Wherein the place of this
zone doesn’t change: it is still large area at the functionally posterior end of planuloid, which transforms
into calyx, hypostome and tentacles. The borders of proliferative zone expand as polyp grows, but never
reach directly the stalk and tentacles. Only solitary labeled nuclei are found in these body parts. Further
growth of stalk and tentacles is, apparently, provided by cell sources at their bases, which are included in
main proliferation zone. Proliferation zone in calyx persists during the whole life of the polyp, though the
DNA synthesis activity in it decreases with time. Apparently, tissues of this zone are the cell source not
only for polyp growth and budding, but also for regeneration (Curtis, Cowden, 1974 [48]) and strobilation
(Hofmann, Fitt, Fleck, 2003 [83]; Helm, 2018 [78]).

Thereby, the proliferation zone in C. xamachana polyps, which are formed by planuloid budding,
forms once during the bud development. The activity of this zone changes from stage to stage, but its
localization is constant. During lateral budding, particularly in hydra, proliferation activity zone forms the
same way, excluding the presence of free-swimming stage (Shostak, Kankel, 1967 [171]).

Even the first researchers of C. xamachana noted the similarity of planuloids and typical planulae

larvae of cnidarians. Both have same body form, two tissue layers and ciliary locomotion (Bigelow, 1900
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[21]). Besides, planuloids as well as planulae undergo metamorphosis, giving rise to a new polyp generation
(Fleck, Hofmann, 1990 [55]; Thieme, Hofmann, 2003 [189]). Wherein in both cases the change of
functional axis occurs: anterior end of the organism become the foot and stalk of the forming polyp after
settlement. Therefore, we need to compare these two scyphozoan life cycle stages, which are similar in
morphology and behavior, but different in origin.

The investigations of scyphozoan planulae are fragmentary. In most cases they are limited to short
description of external morphology at the light microscopy level (Calder, 1982 [30]; Adler, Jarms, 2009
[6]). Special features of embryonal development and nervous system formation were studied in Aurelia
aurita (Yuan et al., 2008 [210]; Mayorova et al, 2012 [129]). Planulae of A. aurita have FMRFamidergic
neurons, which from aggregations in ectoderm of the anterior end. Their solitary neurites run to the posterior
end of larva. Besides, rare scattered muscle fibers are also noted in ectoderm (Nakanishi et al., 2008 [138]).
Planulae of C. xamachana were described at ultrastructural level (Martin, Chia, 1982 [126]). They have
four types of cells: basic ciliary cells and cnidocytes in ectoderm, columnar and interstitial cells in
entoderm. Interestingly, no secretory or nerve cells, as well as muscle fibers were found by these authors.
Detailed data on neuromuscular system development during metamorphosis from planula to polyp are
absent at this moment.

Planuloids of C. xamachana have all cell types, characteristic for larva, however they also possess
well developed muscle elements (Bigelow, 1900 [21]; Hofmann, Honegger, 1990 [82], this study). It is
important to notice, that only small part of observed muscle elements is involved in movement activity,
whereas the main part of planuloid muscles actually presents the musculature of the future polyp.
Differentiation of muscle system begins before planuloid settlement, in period, when it resembles planula
externally and doesn’t have any polyp’s features. At the same time, development of polypoid musculature
in planula, apparently, begins only after its settlement, simultaneously with metamorphosis. It is confirmed
by ultrastructural investigations, in which no muscle elements were found in planula (Martin, Chia, 1982
[126]). Analysis of TRITS-conjugated phalloidin labeling of different scyphozoan larva supports the,
suggestion, that muscle system forms lately in embryonal development. In planulae of A. aurita location,
structure and number of muscle elements doesn’t correspond to those in planuloid. Accordingly, it has no
signs of future polyp musculature (Nakanishi et al., 2008 [138]). Finally, tentacles and hypostome in planula
form only after settlement, whereas in planuloid these structures and their muscle elements emerge already
during the free-swimming period.

Both planulae and planuloids possess solitary longitudinal FMRFamide-positive nerve fibers, which
number increases to the anterior end. Nevertheless, planulae have more these neurites, they form well-
noticeable aggregation and can branch (Nakanishi et al., 2008 [138]). In C. xamachana planuloids we
haven’t found such nerve elements aggregations. Besides solitary neurites, only solitary oblong cells are
labeled by antibodies against FMRFamide in epidermis at the anterior end of planuloid. They emerge first

at the bud forming stage and are followed during the whole free-swimming period. We didn’t reveal any
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processes of connections with planuloid’s neurites with the help of immunohistochemistry method. Same
FMRFamide-positive cells with localization at the anterior end were found in planulae of several cnidarian
species (Martin, 2000 [125]; Mayorova, Kosevich, 2013 [128]; Pennati et al., 2013 [149]). Also, the
involvement of FMRFamide-positive neurons in sensory innervation was shown previously (Martin, 1992
[123]). Therefore, we may conclude, that FMRFamide-positive cells at the anterior end of C. xamachana
planuloid perform a sensory function.

Generally, C. xamachana planuloids are indeed similar to planulae larvae in some morphological
aspects and functional purpose, since both these stages provide reproduction and distribution. However,
this similarity is only superficial, and, possibly, convergent. Special features of polyp development from
planuloid, such as advanced formation of hypostome and tentacles, and especially muscle system, differs a
lot from same process in planula. Origin of these two stages is different too. Whereas planulae — are the
result of sexual reproduction of medusae, formation of planuloid begins in the same way as formation of
new polyp during lateral budding. Nevertheless, in lateral budding the head if new individual with
functioning mouth forms at the distal end of growing bud. In case of planuloid vice versa: distal end, though
it functions for some time as anterior one, finally provides attachment and transforms into foot and stalk.
At that point the metamorphosis process is more similar to those in planula, since in both cases in fact the
change of antero-posterior axes occurs. In planulae the key role in body axes determination play
conservative homologous genes of BMP (bone morphogenetic proteins) (Genikhovich et al, 2015 [62]),
Hox-genes (Yanze et al, 2001 [209]), and also Wnt cascade genes (Plickert et al, 2006 [152]). Probably,
formation of antero-posterior axes in planuloids may be regulated be same molecular mechanisms, but this

hypothesis requires further confirmation.
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Main results obtained

The organization of musculature and FMRFamide-positive component of nervous system of C.
xamachana corresponds to typical plan of scyphozoan polyp. For these systems division into several
functional groups is characteristic: complex of longitudinal septal muscle bands and co-localized nerve
processes, short muscle fibers of oral disc, hypostome, tentacles and body, accompanied by their own sparse
nerve elements, and also poorly-concentrated nerve ring, which present the integrative center of polyp.
Such organization type of neuromuscular system is the simplest among studied cnidarians and, possibly, is
close to ancestral state.

Based on comparison with other budding types of scyphozoan polyps, described in literature, and our
own findings of neuromuscular system formation and proliferative activity, we can assume that planuloid
of Cassiopea xamachana is additional step in typical life cycle of Scyphozoa, which includes lateral
budding. With the appearance of this stage formation of the new polyp was shifted in time, and his
connection with mother organism were lost. The presence of the stage, which is able for active locomotion,
in life cycle provides wide possibilities for distribution. At the same time early differentiation of polyp-
type musculature, beginning of nervous system formation along with emerge of tentacle and hypostome
anlages still in stage of un-attached planuloid, as well as assignment of constant active DNA synthesis zone
is, apparently, the consequence of delayed polyp development, which previously occurred completely at
the mother organism. It is possible to speculate, the similarity of metamorphosis processes of planuloids
and planulae is conditioned by realization of same developmental programs. Nevertheless, this hypothesis
requires further confirmation with gene expression patterns investigations, which is far beyond the scope
of this study.

The term “planuloid bud”, which was used previously for this stage of C. xamachana life cycle, is
not quite correct. After the separation from the mother polyp this organism develops independently and
goes through its own ontogenies, whereas the true bud is connected to mother organism during the whole
period of its development. Therefore, only attached stage might be called “bud”, not swimming. That’s
why we suggest term “planuloid”, which one the one hand emphasizes the independence of new organism,

and to the other hand implies on similarity with planula.
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Conclusions

1. Musculature of Cassiopea xamachana polyps is typical for scyphozoan polyp organization. It is
presented by four septal bands and longitudinal muscle processes in stalk and calyx, short muscle processes

in tentacles and hypostome, radial muscle processes at the oral disc.

2. FMRFamide-positive nerve elements in the body of Cassiopea xamachana polyps are partly co-
localized with musculature, which indicates their involvement in regulation of locomotor activity of polyp,

and also are included in integrative center of polyp in the nerve ring.

3. Planuloid of Cassiopea xamachana is an additional link in typical life cycle of Scyphozoa,
including lateral budding at the polyp stage. Formation of polypoid-type structures at the early stages of
planuloid development is a consequence of the delayed polyp development, which previously occurred

completely on mother organism.

4. Proliferative activity zone in Cassiopea xamachana polyps forms at early stages of bud formation,

its localization remains constant during development and life of the polyp.

5. The term “planuloid bud” is not quite correct for this stage of life cycle of Cassiopea xamachana.

Instead of it we suggest to use the term “planuloid”, emphasizing the independence of new organism.
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