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3BOJ'IIOI[I/IOHHLIC PACCTOAHUSA U CKOPOCTH 3BOJIIOIINH KPECATUHKUHA3 XO0PA0BbIX
JKNBOTHBIX

Benopycckuii 2ocyoapcmeennvlii MeOUyuHCKuULl yHu8epcumem

N3yyeHbl aMMHOKHCIIOTHBIE NTOCIIEI0BATENbHOCTH M- 1 B-u3opepmenTon
kpearnnkuHa3 (CK) XxopaoBbIX KHUBOTHBIX. Ope/Ie/ieHbl YBOTIOIMOHHBIC TUCTAHIIUU U
CKOPOCTH 3BOJIIOIIMU KpEaTUHKHUHA3 B (hujtoreneTnyeckoM psiay. [lokazano, 4to sBontonus
n3opepmenToB CK Mo3BOHOYHBIX KUBOTHBIX TPOUCXOIUIIA C TPUOIUZUTEIBLHO MOCTOSHHON
ckopocThto, paBHoit 0,17-0,18 ITo, a ux 3BOTIOIMOHHBIMU NMPEIECTBEHHUKAMU SIBJISIIOTCS
CK 1uoHbl 1 JaHIETHUKA. Y CTAHOBJIEHO, YTO 00pa30BaHHUE LIUTOIIA3MATUYECKHUX
n30()epMEHTOB MPOU3OILIO MPUMEPHO D32,3 MJTH. JIET Ha3a/I.

KuaroueBble cji0Ba: KpeaTUHKMHA3a, U30(E€PMEHTHI, BpEMSI TUBEPICHIINH,
MOJIEKYJISIpHAs SBOJIFOLUS

V.E. Butvilovsky, V.V. Davydov, A.V. Butvilovsky, V.. Semak, V.F. Muraveyko
Evolutional Distance and evolution rate of creatinekinase of the chordates

Aminoacide sequences M- and B- isoenzymes of creatinekinase (CK) of the chordates were
studied. Evolutional distance and evolution’s rate of CK in the filogenetic row were
determined. It was showed that evolution-isoenzymes of CK of vertebrates animal were
happend with approximately constant rate, equal to 0,17-0,18 Po. CK Cionaintestinalis and
Branchiostoma fluoridae are evolutional predecessors of the M- and B-isoenzymes CK. This
cytoplasmik isoenzymes of CK arose approximately 532,3 mil. years ago.

Key words: creatinekinase, isoenzymes, divergence time, molecular evolution

Kpeatunkunasza (EC 2.7.3.2) - hepMeHT, Urparomiyii BAXKHYIO pPOJIb B SHEPreTHISCKOM
oOMEeHe XOpAOBBIX )KMBOTHBIX. KpeaTMHKMHA3a KaTanu3upyeT 0OpaTUMbIN IEPEHOC OCTaTKa
bocdopnoit kucnotsl ¢ ATD Ha KpeaTHH, 4TO MPUBOAUT K 0OpazoBaHMIo KpeaTuHpochara
u AJ1D.

ATO® + kpeatun 7? AIID + kpeatundocdar

Cy1iecTByIOT, IO KpallHel Mepe, YEThIpe pa3InyHbIX, XOTS U CXOAHBIX N30(hepMeHTa
KpCaTUHKHWHA3LI. I[Ba N3 HUX ABJAIOTCA OUTOIINIA3MAaTHYICCKUMU, a ABA JPYTIUX —
MUTOXOAPHUAJIBbHBIMHU. K QUTOIIIa3MAaTUUYCCKUM I/ISO(l)epMeHTaM OTHOCSITCSI MBIIIICUHBIHN
nuzodpepment (M (muscle)-uzodpepment) u mosroeoit nuzopepment (B (brain)-uzodpepmenr).
eraTI/IHKI/IHaSa SABJIAACTCA JUMCPOM, COCTOAIIUM M3 IBYX OAWHAKOBLIX MW PA3JIMYHBIX
nzodepmenToB. MM-nuMep NpeuMyIiecTBEHHO JIOKAIU3YETCSl B MUOKAPE U CKEJIETHBIX
MbImax, MB-ngumep — B Muokapie, BB-numep — Bo MHOTUX TKaHSX, 0COOEHHO B TOJIOBHOM
mo3re [10]. B cBoro ouepenb, Kaxblii n30()epPMEHT KPEaTHHKHHA3 COCTOMT U3 JABYX
CTPYKTYPHO-() YHKIIMOHAJIBHBIX Y4acCTKOB (IoMeHOB): N-TepMUHAIBHOTO U
KaTaJIUTUYCCKOTI'O.

HGJIB HUCCIICIOBaHU. YCTaHOBUTDL CTCIICHDb (I)I/IJIOFGHGTI/I‘IGCKOFO poAaCTBa KpCaTUHKMHA3
PA3IMYHBIX CUCTEMATUYCCKUX I'PYIIIT XOPAOBBIX ) KUBOTHBIX ITO UX aMHUHOKHUCJIOTHBIM
MMoCJaACA0BATCIIBHOCTAM, OLCHUTD 3BOJIOOMOHHLIC paCCTOSAHUA MCKAY HUMU U CKOPOCTL UX
9BOJIFOIINHN.



Marepuansl 1 METOBI

[Mpoananu3upoBaHbl AMHUHOKHUCIIOTHBIC MOCIIEI0BATEIbHOCTH KPEATHHKHHA3
pa3IMYHBIX XOpA0BbIX: o0omounuka (Cionaintestinalis— C.i., [6]), naHmeTHHKa
(Branchiostoma fluoridae — B.f. [6]), M-u30depmenTa pri0 (Ictalurus punctatus —1.p. [7]),
M-u3odepmenta npecmbikatomiuxces (Zaocys dhumnades — Z.d. [19]), M u B u3odepmenToB
ntui (Gallus gallus— G.g. [11, 18]), M u B u3odepmenTos rpeizyHos (Rattus norvegicus —
R.n. [3, 4], Mus musculus — M.m. [14, 15]), M u B uzodepmeHnToB 3aiinieoopa3Hbix
(Oryctolagus cuniculus — O.c. [12]), M-u30depmenTa mapHokomnbITHBIX (BOS taurus— B.t.,
NCBI:AAD30974.1), M u B uzodpepmenron xumniubix (Canis familaris— C.f. [13]) u M u B
nzodpepmentoB npumaroB (Homo sapiens — H.s. [9, 17]). AMUHOKHUCIIOTHBIC
MOCJIeIOBATEIBHOCTH N30(OPM KPEaTHHKHHA3 000JIOYHUKA U JIAHIIETHUKA HE BBISIBIICHBI.

DBOJIOIMOHHAS JUCTAHIUS (CpEeIHEEe YMCIIO AMUHOKHCIOTHBIX 3aMEH, IPUXOISIIUXCS
Ha Mapy rOMOJIOTUYHBIX CAalTOB JBYX cpaBHHBaeMbIx OenkoB (Kaa)), paccunThiBanack mo
dopmyne M. Kumypsl [1]: Kaa=-n (1 - Pd — 1/5Pd2), rae Pd = daa/naa — noms pa3indaHbIx
AMHHOKHUCIIOTHBIX CAWTOB, IO KOTOPHIM CPABHUBAIOTCS JIBE TOMOJIOTHYHBIC OCITKOBBIC
NOCJIeIOBATEIbHOCTH, (88 — YMCII0 OTIMYAIOIIUXCS JPYT OT JAPYyra CaToB, Naa — YHCII0
AMHHOKHUCIIOTHBIX CAWTOB, IO KOTOPBIM CPaBHUBAIOTCS JIBE TIOCIICIOBATEIBHOCTHU. [Ipn
MOJICUETE YUCIIA PA3IIMUUil YUaCTKU, HE UMEIOIINE COOTBETCTBUS C OJTHOM U3
COIOCTABJIIEMBIX TOCIIEI0BaTebHOCTEH (“ TPOOEITbl”) U BO3HUKIIIKME B PE3YJIbTATe BCTABOK
U JIEJIELNM, HE paCCMaTPUBAJIUCH.

Crangaptayto omnoky Kaa paccunteiBanu no popmyie:

_ Pd
Ku "~ \[(1—Pd)-n

CKOpOCTb 3BOJTIOIMOHHBIX 3aMeH aMHUHOKHUCIIOT (Kaa) Ha caliT B roJ1 BEIUMCIISUIN T10
dbopmyne: kaa= Kaa/2T, rae T — yuciio JieT, MPOLIeAIINX MOCIe YBOTIOIMOHHON
JMBEPIreHIIUU JIBYX IETel OT 00IIeH i HUX MPEIKOBOM 1IETH: MHOXHUTENb 2 B
3HaMEHaTeJIe COOTBETCTBYET ABYM BETBSIM MOAPa3yMEBaeMOTo (PUIOTC€HETUIECKOTO IpeBa

[1].
Pe3ynbpTaThl 1 00Cy)XaeHuE
AMHHOKHCIIOTHBIE MTOCJIEe10BAaTeNbHOCTH B- 1 M-130(pepMeHTOB KpeaTUHKHUHA3

XOPJOBBIX OBUTH MIPOAHATM3UPOBAHBI M BEIPOBHEHHI ¢ MOMOIIIBI0 porpammbl Clustal W [16]
(puc. 1, 2).
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Puc. 1. BeipoBHEHHbIE aMUHOKHUCIIOTHBIE MOCIE0BATEIbHOCTH YYaCTKOB
KAaTaJIUTUYECKUX TOMEHOB B-n30epMEHTOB KpeaTUHKMHA3 MO3BOHOYHBIX U
COOTBETCTBYIOIIMX YYAaCTKOB KPEATUHKMHA3 JIAHLIETHUKA U 000JIOYHHUKA.

IIpumeyanue. Hymepanus aMUHOKUCIOTHBIX OCTAaTKOB IIPOU3BEIEHA 110
KpeaTUHKHHA3€ YeJIoBeKa. 3HaKOM * OTMEUYEHbl HHBaPHUAHTHbIE aMUHOKHUCIIOTHI.
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EEEQQOLIDDHFLEDE PVS PLLLASGMARTR PDARCTWHNDMRES FLYTINVINEEDALE VI 5M
BOEQOOLTDDHFLEDR V5 PLLLAS AR PDARGTWHNDNKT FIVTINVITEEDHLR VI S M
EQEQQILIDDHFLEDR S PLLLAS GMARDW FEDARGI W DNESFLVITVINEEDHLRWVI SH
EQEQOOLIDDHFLEDR S PLLLAS GMARDW EDARGIWHN DNESFLVITVINEEDHLR VI S
EQEQOULIDDHFLEDE VS PLLLAS QMARDW PDARCI WHN DNE S FLVITVINEEDHLR VI S M
ECEQOULIDDHELE DR S PLLLAS GMAR LR PDARGIWHN DNEEFLVITVINERDHLR VI 5
EQECQULIDDHELEDE FVE PLLLAS GMARIE FDARGI WHNDNET FLYITVNEEDHLEWVI 89
DARCOOL TDDHFLEDE P11 S PLLLAS CMARDM FDARGTWHNDNET FLVIIVINEEDHLE VI B
PAECECLLADHELEDE WG PLLLALGMARIN FRARGIWHNDEET FLVINVNEEDHLE VI B
PAEQEQLIADHELEDE BVE RLLTCAGHMARI PRARGIWHNHERS FLIWINEEDHLEVIGH
BEAQDOLINDHELE DR BV E FLLLASNMARDH FDARGIWHNDERNELVIVNEEDHLE VI G
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Puc. 2. BeipoBHEHHbIE aMUHOKHUCIIOTHBIE MOCIE0BATEIbHOCTH YYaCTKOB
KaTAUIUTUYECKUX JOMEHOB M-H30(pepMEHTOB KpeaTUHKUHA3 MTO3BOHOYHBIX U
COOTBETCTBYIOIINX YYaCTKOB KPEaTUHKMHA3 JIAHIIETHUKA U 000JIOUYHHUKA.

[Tpumeuanne. Hymepaiiusi aMMHOKUCIOTHBIX OCTATKOB MPOU3BEICHA 11O
KpeaTUHKUHA3€ YeIOBeKa.

B 1a651. 1 1 2 noka3aHbl DBOJIOLMUOHHLIEC JUCTAHIINA JJISI AMUHOKHUCIIOTHBIX
nocieaoBaTenbHOCTEN B- 1 M-n30(epMeHTOB KpeaTUHKHUHA3 XOPAOBBIX KUBOTHBIX.

Tabnuma 1

DOBOJIIOIMOHHBIE JUCTAHIIMUA U UX CTaHJAapTHAs OMIUOKA JJIs1 aMUHOKHUCIIOTHBIX
nocjieaoBaTeibHOCTEN B-n30hepMeHTa KpeaTUHKHMHA3 TO3BOHOYHBIX U KPEaTUHKUHA3
JIAaHIIETHUKA B 000JI0YHHKA

H.s. C.E e, Mm. Ra G.g EFL i
Hs. 0,0031 0,0024 0,0098 00108 00169 0,0351 0,0330
Cf 0,0245 0,0081 00,0094 0,010z 0,0171 0,0345 0,0343
O, 00328 0,0245 00113 0,0120 00176 0.0349 0.0342
Mum. 0,0357 0,0328 ﬂﬂ4iﬁ 00034 0,0181 0.0355 00342
R 00413 | 0,084 00527 | 00108 00184 0,038 0,0345
Gz 0,1033 0,1063 0,112 0,1188 01220 00528 0,2332
B, 04086 0,3951 04040 04178 04213 03319 0.0364
Cli 03775 0,3951 0,3908 0,3906 0,3951 03687 0,4363

[Tpumevanwne. JKupHbIM mIPU(TOM BBIICICHBI YBOJIOIMOHHBIC TUCTAHIIHH.
Tabnuua 2
DBOTIONMOHHBIC TUCTAHIIUKA U UX CTaHJIAPTHAS OIIMOKA JJIT aAMUHOKHUCIIOTHBIX

nocieaoBaTenbHOCTEN M-u30depmMenTa KpeaTHHKUHA3 TO3BOHOYHBIX U KPEATUHKUHA3
JIAHIIETHMKA ¥ 000JIOYHMKA



Hs. Ct Bx Oc. | M | B G.e Zd Lp. B Ci
H.s. 0,0102 | 0,0102 | 0,0098 | 0,0098 | 00106 | 00166 | 0,0181 | 0,0158 | 0,6323 1 0,0336
Cf | 90,0384 0,0093 | 0,0094 | 00094 | 00102 | 00161 | 0,0161 { 0,01%4 | 0,0323 | 0,0336
Rt | 00384 | 00337 00080 [ 00106 | 00102 | 00158 | 0,0174 § 00201 | 00323 | 0,0332
O.c. [ 00387 | 00328 | 00300 00076 | 00066 | 00155 | 0,016% | 00206 | 00527 1 0,0334
Mm. | 0,0357 | 00318 | 09413 | 00217 00048 | 00155 [ 00774 1 00188 | 0,8325 ] 0,0344
Exn | 00413 | 00384 | 00334 | 00162 | 0,0053 00158 | 00174 | 00201 | 00327 1 0,0336
G.g. | 0,1002 | 00940 | 00911 | 00830 | 00880 | 00911 0,0196 10,0203 | 0,0334 { 0,034
Zd. | 01188 | 0,0940 | 0,1094 | 0,1033 | 0,1094 | 0,1094 | 0,1380 0,0215 | 0,0338 § 0,0358
Ip. | 01411 | 90,1347 (01444 | 0,1510 | 01411 | 01444 | 0,1477 | 0,1642 00321 { 0,0330
BI |0.3516 | 03516 | 03516 | 03602 | 0,3559 | 0,360 | 03775 | 0,3819 | 03475 0,0364
Ci 03775 (03775 | 03687 | 03775 | 03731 | 03V/5 | 03951 | 04223 ; 03645 | 04363

[Tpumeuanwue. JKupHbIM MIPU(TOM BBIICICHBI YBOJIOIMOHHBIC TUCTAHIIHH.

Jliist momydeHust cpeTHuX 3HaueHni Kaa 11 ka)kqoro u3 OpraHu3MOB YYUTHIBATTUCH
TOJIBKO 3BOJTIONMOHHBIC PACCTOSHUS, TIOJIYICHHBIC ITPU CPAaBHCHUH aMUHOKHUCIIOTHOM
MOCJICIOBATEILHOCTH KPETUHKHUHA3HI 3TOT'0 OPTaHU3Ma C TIOCIISI0OBATSIIBHOCTIMU
KpEaTUHKHHA3 TAKCOHOMHUYECKH BBIIECTOSAIINX OPTaHu3MOB. Tak, pu pacyere cpeaHeit
Kaa nist 000109HMKA MBI YYUTBIBAIHM SBOTIONMOHHBIC PACCTOSHUS, TTOJTYICHHBIE TIPH
CpPaBHCHUH aMUHOKHCIIOTHOHN TIOCIIEIOBATEIBHOCTH €TI0 KPeaTHHKUHA3HI C
MOCJICIOBATEIPHOCTSME KPEAaTHHKHWHA3 JIAHIIETHUKA, TITHII, TPHI3YHOB, 3alI1€00pa3HBIX,
XHIIHBIX U TpuMaToB. CpeHue BOJIONMOHHBIC TUCTAHINA I B- 1 M-u30depMeHTOB
KpeaTUHKHHA3 TIPEICTAaBIICHBI B Ta0I. 3.

Tabnuma 3

Cpemnue 3BOJIONMOHHBIC TUCTAHIIMKA M UX CTaHAapTHAs OMIMOKA /1T aMHUHOKHCIIOTHBIX
nocliefoBaTenbHOCTe B- 1 M-u30(hepMEeHTOB KpeaTHHKUHA3 XOPAOBBIX JKUBOTHBIX

K10

B-Hz0d)epMeHT M-1zopepmeHt
Canis familaris 0,0245+0,0081 0,0384+0,0102
Bos tauros MOCIEAORATENIHOCTL HE BhYIeNeHa | 0,0371+0,0019
Oryctolagns cuniculus 0,028740,0059 0,0328+0,0020
Mus musculus 0,038510,0053 0,0329+0,0048
Rattus norvegicus 0,044140.0053 0,0336+0,0067
Gallus gallus 0,112640,0040 0,0921+0,0020
Zaocys_dhunmades MOCTIEAOBATERHOCTE He BLigencHa | 0,1118+£0,0056
Ictalurus punctatus MOCTISAOBATELHOCTE He BEIIeneHa | 0,146140,0033
Branchiostoma fluoridae 0,405010,0067 0,3598+0,0043
Ciona infestinalis 0,3934+0,0087 0,3870+0,0080

OpnHako ropa3fgo HHTEPECHEE COMOCTABUTh CPEJHUE 3HAUEHUS YBOJIIOLUOHHBIX
PacCTOSIHUH C MPenojaraéMbIMU BpEMEHAMH JTUBEPTCHIIMU Pa3IMYHBIX OpraHu3MoB (puc.

3, 4).
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Puc. 3. 3aBHCHUMOCTh MEKy 3HAYCHUSIMH IBOJTFOIMOHHBIX JUCTAHIIMN U BpEeMEHEM
AUBepreHiu M-u30pepMeHTa KpeaTHHKUHA3 XOPI0OBbIX JKHBOTHBIX

Tak, Touka moa HoMepoM 1 COOTBETCTBYET cpeHeMy 3HaueHHIO Kaa 1y 00osiouHnKa
u npeanonaraeMomy Bpemenn auBeprenimu (500-600 mun. net). Touka moa HoMmepom 2 —
ato cpennsis Kaa s nannernuka (Bpems nuBepreHimu - 550 mutH. net [2]), Touka moj
HoMmepoMm 3 — cpennsis Kaa mist peiosr (405 miH. nieT), Touka 4 - cpeausisa Kaa mis
npecmbikaronmxcs (330 mutH. net), Touka 5 — cpennsis Kaa ais nrun (310 mutH. net), Touka
6 — cpennsst Kaa it rpeizyHoB (110 mutH. siet), Touka 7 — cpeanss Kaa mis 3aitiieo0pa3HbIx
(110 muH. 5tet), Touka 8 — cpennsas Kaa mis napHokonbITHEIX (90 MITH. JIeT) U, HAKOHETI,
touka 9 — cpenussa Kaa mis xumaeix (74 miH. ner) [5].
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Puc. 4. 3aBUCHUMOCTb MEXy 3HAYCHHUSIMH 3BOJIOIMOHHBIX TUCTAHIIUN U BPEMEHEM
nuBeprennmnu B-m3odepmenTa KpeaTHHKMHA3 XOPIOBBIX JKUBOTHBIX
N3 puc. 3 BuHO, 9TO TOUKH 3-9 XOPOIIIO J0KATCS HA IPSMYIO, HAKJIOH KOTOPOH paBeH
0,0036, uto naer kaa= Kaa/2T = 0,0036/2?7100 mnu. et = 0,18710-9 3amen Ha
aMuUHOKHCIOTHBIN caidT B rof (0,18 I1o). Ha puc. 4 Touku 5-7 u 9 Taxike XOpOIIIO JIOKATCS
Ha MpsMyto, HaKJIoH koTopoi paBeH 0,0034, uto maer kaa = 0,17 I1o. Dto cBUAETENBCTBYET
5



O MPUOIU3UTENIBHO MOCTOSHHON CKOPOCTH 3BOJIIOLNHA aMUHOKHCIIOTHBIX
noclyenoBaTenbHocTe M- 1 B-uzohepMeHTOB KpeaTHHKMHA3 MO3BOHOYHBIX. OTHAKO MpHU
DKCTPAIOISALMH TAHHBIX MPSAMBIX A0 3HAYEHUN CPEHUX DBOJOUUOHHBIX JUCTAHLINAN JJIS
JAHUETHUKA U LMOHBI YCTAHOBJICHO, YTO AUBEPIEHIIMS 3TUX OPraHU3MOB MIPOU30IILIa OoJiee
1 mapn. ner Ha3aj, a 3TO, B CBOKO OYEpE/Ib, HE COrIacyeTcsl ¢ JaHHBIMU OOIIEIPUHATHIMU B
MTaJIEOHTOJIOTUU U MOJIEKYJISIPHOM 3BOJIFOLINH.

Hamu paccunTanbl CKOPOCTH IBOJIOLUU AMUHOKUCIOTHBIX MTOCIEA0BATENBHOCTEN
KpPEaTUHKUHA3 JIJISl KQXKIOTO U3 OPTaHU3MOB 110 OTAeabHOCTH (Tabu. 3). M3 mpuBeIeHHBIX
JAHHBIX BUHO, YTO CKOPOCTH 3BOJIIOLIMM KPEATUHKMHA3 JIAHLIETHUKA U 000JIOYHHKA
MPUMEPHO B 2 pasa BbIILIE TAKOBOM JJIS O3BOHOYHBIX )KMBOTHBIX. ITOT (PAKT MOXKHO
paccMaTpuBaTh € ABYX IMO3ULMKA. BO-IIepBBIX, U3BECTHO, YTO CKOPOCTH IBOJIIOLIUU PEZKO
YBEJIMYMBAETCS MOCJIE AYIUIMKALMU reHa. Toraa MOKHO MPEANOJIONKUTD, YTO TaKas
OYTIUMKALMS TPOU30IILIa IO TUBEPreHIIMN 000JI0YHUKA U JTAHIIETHUKA, Y KOTOPBIX
CYLIECTBYIOT ITOKa elle He 0OHapyKeHHbIe N30 epMeHThl. BO-BTOPBIX, MOKHO BBIIBUHYTh
TUIOTE3Y O TOM, YTO AYIUIMKALIMS T€HA, KOJUPYIOIIETo 3TOT (PEPMEHT, MPOU3OIILIA OCIIE
JVBEPreHINH [IMOHBI U JAaHUETHHUKA. U mocie qymnKalnuu CKOpOCTh 3BOJIIOIUN HE
YBEJIMYMUIIACh, TAK KaK YK€ Ha YPOBHE HU3IIMX XOPAOBBIX KpeaTUHKHWHA3a Oblia
CTPYKTYPHO-()YHKIIMOHAJIbHO C()OPMHUPOBAHA U UTpajia BAXKHYIO POJIb B JHEPreTUUECKOM
oOMeHe.

Tabnuua 4

CKOpOCTh 3BOJIIOIMY AMUHOKHUCIIOTHBIX MTOCIEN0BATEIBHOCTEN KPEATUHKUHAS
XOPAOBBIX

Kaas 110
B-1z0{epment M-Hz0(epMeHT
Canis familaris 0,17 0,27
Bos taurus TIOCTET0RATEIBHOCTE He BEYIETeH 0,21
Oryctolagus cuniculus 0,13 0,15
Mus rouscalus 0,18 0,15
Rattus norvegicus 0,20 0,15
Gallus gallus 0,18 D15
Zaocys dhumnades TIOCIEA0BATENLHOCTE He Bh)IeTeHa 0,17
Ictalurus punciatus TIOCTIE/IORATENRHOCTR He BE)fETeHa 0,18
Branchiostoma fhioridae 0,37 0,33
Ciona intestinalis 0,34 0,34
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Puc. 5. Jlenaporpamma KpeaTHHKMHA3 XOPJI0BbIX, osrtydeHHast metogom UPGMA ¢
Equal Input Model

Ha puc. 5 nmoka3ano ¢uioreHeTHueckoe AepeBo (IeHaporpaMma) KpeaTHHKUHA3
XOpA0BbIX, onyueHHas merogom UPGMA ¢ Equal Input Model B maciirate 0,05.
[IpuBeneHHas AeHAPOrpaMMa MOKA3bIBAET TOMOJIOTHIO0 KPEATUHKUHA3 XOPAOBbIX )KUBOTHBIX.
Ha Heit yeTko KOHTYpHpYROTCs ABe Kiaabl (B- u M- u3odepmenToB), a Takke
KpEaTMHKHHA3bI LIMOHBI U JIAHLIETHUKA, SIBJSIOLUIUECS IBOIIOIIUOHHBIMU
MpeAleCTBeHHUKaMU N30()epMEHTOB KpEaTUHKUHA3 TO3BOHOYHBIX )KUBOTHBIX. [Ipu
YCTaHOBJICHUH B KaUE€CTBE KaJTUOPOBOYHBIX TOUEK BPEMEHH NMPOUCXOKACHUS JIAHIIETHUKA U
o6onounuka (550 u 575 MITH. JIeT, COOTBETCTBEHHO) MOIYYEHO, YTO BpeMsi 00pa3oBaHUsI
n3odepMeHTOB KpeaTuHkrHa3 paBHO 3959,3 u 351,3 MuIH. JieT, cOOTBETCTBEHHO. [Ipu
YCTaHOBJICHUH B KQUECTBE KaJUOPOBOUYHBIX TOUEK NMPUHSATOIO B MOJIEKYJIAPHOHN IBOJIOIUU
BpeMenu nuBeprerimu ntuil (310 muH. siet) it M- u B-u30(hepMeHTOB MOTy4eHO, 4TO UX
oOpazoBanue npousonuio /79,3 u 639,3 MiIH. JIeT COOTBETCTBEHHO. J[J1s momydeHus
KOPPEKTHOTO BPEMEHHU 00pa30BaHus U30(DEPMEHTOB BHIYMCIIEHO CPEIHEE 110 YETHIPEM
nojiydeHHbIM BenuunHaM (532,3+122,5 mutH. ntet). Takoi pacyeT HeOOX0 UM IS
HenpeaycmoTpeHHo metogom UPGMA koMnieHcanuu pa3induii CKOPOCTEH 3BOJTIOIUH.

BriBoanl

1. DBonroNMA aMMHOKHMCIIOTHBIX TIociieoBaTenbHocTeld B- 1 M-uzohepmenToB
KpEaTUHKHHA3 TO3BOHOYHBIX MPOUCXOAUIA C MPUOIU3UTENBHO MOCTOSIHHONW CKOPOCTBIO,
pasnoii 0,17-0,18 Ilo.

2. CKOpOCTh 3BOJIIOLIMM AMUHOKHUCIIOTHBIX MOCJIEI0BATEIbHOCTEN KpeaTHHKUHA3
JAHUETHUKA U LUOHBI IPUMEPHO B [IBA pa3a BbILIE TAKOBOU /Il MO3BOHOYHBIX )KUBOTHBIX.



3. SBOJIIOHI/IOHHBIMI/I NpeAMCCTBECHHUKAMHN KPCATUHKHNHA3 IMTO3BOHOYHBIX ABJIAIOTCA
KpCaTUHKMWHA3bl HUOHBI U JIAHIICTHHUKA.

4. O6pazoBanue n30(hepMEHTOB KpeaTUHKIUHA3 MPOU30IILI0 TpuMepHo 532,3+122,5
MIJIH. JICT HAa3a1.
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