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JHuceprartiiiftHa poOoTa MpUCBSYEHA NUTAHHSAM CHCTeMaTHKH, (iroreHii i
MOJIEKYJIIPHOT €BOJIIOLIT MMajJeapKTUYHOI YaCTUHU MIJIPOJIMHUA MUIIaYyuX Murinae, y
NepIry 4epry MNpeCTaBHUKIB poay Apodemus s 1. Ta miapoxy Mus. Iligpoauna
Murinae 3anumia€eTbCcsi 30HOK BIIHOCHOT TAKCOHOMIYHOT HEBU3HAYEHOCTI1, HABITh B
Mmexkax [laneapktuku. OcobOnuBa yBara npuauisietbess Mus ta Apodemus s. 1., ne
YHUCJIO BHUJIB B MeXaX IMX poiB 3a octanHi 40 pokiB 3pocio 3 12 go 26. Oxnax
3QJTAIIAIOTHCS] HEAOCTATHHO 3’ SICOBAHUMU MMUTAHHS PO PO3MEKYBaHHS PsTy BUIIB
1, BIAMOBIOHO, CKUIBKA BHAIB iCHye B3arami. [lpuuuHW TONATAlOTh B
HEOJHO3HAYHOCTI BUJOBOI JIUBEPTEHIIl, a TOMY PIIIEHHS MPOOJIEMHU IOB’sI3aHE 31
3aCTOCYBaHHSAM CHCTEMHOI KOHIIEMI[ii BUy, 3TJHO CYy4acHOi TPAKTOBKH SIKOi BUJ
MOJXKE€ SIBJISITH COOOI0 CHUCTEMY CYMIAPSTHUX KaTeropid (HamiBBua — anosug —
Buj). OcobiuBe Miciie 3aiimae rpoOiaemMa poAoBOro wieHyBaHHs. [lepcnekTuBHUM
perioHoM jaociipkeHb mumied € Ilepenns A3id, sKa BBaXKaeTbCsA OJHIEID 3
KITFOUOBUX 00JIaCTEl CTAHOBJIEHHS Ta PO3MOBCIOKEHHS MPEICTABHUKIB MiAPOIIB
poniB Mus ta Sylvaemus. Hakonuuenuit Mmarepian 3a cepieto JJHK-mapkepiB B wmiif
TaKCOHOMIYHIA Tpymi  J03BOJISIE  MPOBOAWTH  TMOPIBHSUIbHI  JTOCIIKEHHS,
3KOHIICHTPYBABIIUCh Ha BAXKJIUBUX acHeKTaXx MOJEKyJsipHOi eBomromii. [le
CTOCYETBCA 1 TAKOro SBHILNA, SK TPAH3UTUBHUI 3CyB Ta MOro €BOJIOLIMHOI
KOMIIEHCallli, a/P)ke HEOIHO3HAYHUN XapaKTep HYKJICOTHAHUX 3aMillleHb Ha PI3HUX
eTanax JUBEPreHIlli € CBIJIOLUTBOM HE3BIJHOCTI €BOJIONII Ha PI3HHUX eTamax
ICTOpUYHOTO PO3BUTKY 1 CTaBUTh MHTAHHSI TPO KOPEKTHICTh 3aCTOCYBaHHS
MOJICKYJISIPHUX JTaHUX B (pisoreHeTHIll. 3a3HayeHl acleKTH CIYTYIOTh IiJICTaBOIO

JUIsL TIPOBEACHHS [JOCHIJKEHHS, METa SKOro IOJsra€ B BHU3HAYEHI pPIBHIB



€BOJIIOI[IHHO-TEHETUYHOI JTUBEPIeHIIIT 1 3aKOHOMIPHOCTEN MOJIEKYJISIPHOI €BOJIIOIIT
NaJeapKTUYHUX TMPEJCTABHUKIB MApoAMHM Murinae 3 akIEHTOM Ha pPOJU
Apodemus s. lato Ta Mus.

MarepianoM Uil JOCHKEHHS — Hochoykuiu 2721  HykJIeoTHAHA
nocnigoBHicTh 1mectu JIHK-mapkepiB: cytochrome b (2315 mochigoBHOCTEI),
D-loop (60), COI (206), 12S RNA (41), ISBP (58), Fvl (41), mo Oynu oTpumasi 3
GenBank, a takox 74 3pa3ku muieit poaiB Mus ta Apodemus 3 Teputopii [3painro,
OTpUMaHl Ta BHJIUICHI CaMOI0 JIUCEPTAHTKOIO 3a TeHoMm cytb Ta D-loop.
CexkBeHyBaHHsI 3M1MCHEHO 3a CTaHAAPTHUMM IMPOTOKOJaMu Ha 0a3i jabopatopii
Microsynth Seqlab Economy Run Plus (I'ertinren, Himeuunna). bioindopmarriiina
0o0poOka  Bkimrouana:  ompamroBaHHs — 0asu  GenBank;  BupiBHIOBaHHS
nociigoBHOCTEN 3a gonomoroto mporpam BioEdit (v7.2.5), MAFFT ta MEGA X 1
anroputMoM ClustalW; omnparmtoBanns Ta penaryBanHs mnociigoBHoctei JTHK y
nporpamax SeqTrace tTa Chromas; po3paxyHKH T€HETUUHUX AUCTAHIIH 1 MOOy10Ba
dbeHorpam Ta (imorpam, 1mo 3pobieHi 3 BukopuctaHHsMm mporpam MAFFT Ta
MEGA X. TpaH3uTuBHMI 3CyB OyB OIIIHEHHIH 3a OpPUTIHAJIHLHOI MPOTIPaMOIO.
I'lC-MonentoBaHHsI €KOJOTIYHOI HIllll peaidizoBaHe 3a JOMOMOTOI0 METOdY
MaITMHHOTO HaBYaHHsI, 10 0a3yeThCsl Ha 0AECOBHX QJAUTHBHUX JEpeBax perpecii
(BART), Ta 3mificHeHe y mporpaMHoMy cepenoBuili R (maker 'embarcadero').
[IpenuxTopu (Bcboro 35 mapamerpiB) B3sTl 3 6a3u CliMond, ctaTuctuunuil ananis
3a CTaHJIAPTHUMU MTAKETaMH.

TakcoHOMisi Ta  €BOJIOWIMHUN  CIleHapii HAa  OCHOBI  T'€HETUYHOI
nudepeHItiaiii BCTAaHOBJICHI HacaMIlepe]] IUISIXOM aHalli3y reHa cytb, pe3ynbTratu
bOro maTBeppkeHo anamizom 1me m'stu JIHK-mapkepiB. 3 1iero mMeToro 3
GenBank Oyno y3sto 124 cikBeHcu mpencTaBHUKIB Apodemus s. lato, Mus,
Micromys, Rattus. JloBeneHO ajeKBaTHICTb KaTeropiii HamiBBUI, aJlOBUJ, BUI,
reHeTryHa audepeHmialis SKUX BIAMOBIAAE Jiana3oHaM TEHETUYHUX JTUCTaHIIN
0,03-0,06, 0,06-0,1 ta 0,1-0,15. V Mexax miapoay Sylvaemus ciij BU3HATH Taki
BUJIU Ta HaABUIH, K A. (S.) alpicola, A. (S.) witherbei, A. (S.) flavicollis, A. (S.)
hyrcanicus, A. (S.) ponticus, A. (S.) (superspecies) sylvaticus Ta A. (S.)



(superspecies) uralensis; B mexax miapony Karstomys sunu A. (K.) epimelas, S.
(K.) mystacinus 1, imoBipHO, A. ( K.) griseus; B Mexax mapony Apodemus Buau A.
(A4.) agrarius 1 A. (A.) chevrieri; B Mexax Alsomys Bumu Ta HagBuau A. (Al.)
argenteus, A. (Al.) (superspecies) draco, A. (Al.) gurkha, A. (Al.) ilex, A. (Al.)
latronum, A. (Al.) (superspecies) peninsulae, A. (Al.) nigrus, A. (Al.) semotus 1 A.
(Al.) speciosus. I'pynu anoBuiB mpeAcTaBisitoTh: A. (S.) alpicola — A. (S.)
flavicollis — A. (S.) ponticus; A (A.). agrarius — A. (A.). chevrieri; A. (AL).
(superspecies) draco — A. (Al.). gurkha — A. (AL). ilex — A. (Al.). latronum. PonoBa
CHUCTEeMAaTHKa 3aJIMIIA€ThCS HEOAHO3HAYHOIO, 110 BUKIMWKAHO HE TUIBKU PI3HUMHU
MacmTabamu nudepeHmiamii 3axiiHO- Ta CXiJHOMATCAPKTUYHUX (iTyMiB, a WU
BIJICYTHICTIO BIJOMOCTEW 3a KIIOUYOBUMHU POAOCTICHM(PIYHUMU O3HAKAMU: YHCIIOM
KOPEHIB Ha BEPXHIX MOJISIpaX 1 YUCJIOM MOJIOYHHX 3a103 JyUIsl OUIbIIOT YaCTUHU
CX1/IHOA31aTChKUX BHJIB. B pe3ynbTaTi MOXKIMBI TP TAKCOHOMIYHI CIIEHApIi: OJIUH
pin Apodemus s. 1. 3 dotupma miapogamu (Alsomys, Apodemus, Karstomys,
Sylvaemus); Tpu poau Alsomys, Apodemus s. str., Sylvaemus 3 1BOMa migpoaaMu B
MeXaxX OCTaHHBOTO; CiM poiiB (Alsomys, Apodemus, "Argenteus", "Speciosus",
"Gurkha", "Draco", Sylvaemus), 4dotupu 3 sikux MoHoTHNoBUMHU. CucTtema
NaJeapKTUYHUX TPEJCTABHUKIB MiApoay Mus TaKoX € CKIaJAHOK 1 BKIIOYAE TPU
TaKCOHOMIYHUX PIBHS: HaIBUAOBUHN M. (superspecies) musculus 1, He BUKJIIOYEHO,
M. (superspecies) macedonicus, anoBunoBut M. spicilegus — M. spretus — M.
macedonicus — M. cypriacus Ta BUAOBHI MK Tpynoro anoBuaiB M. spicilegus s. 1.
Ta M. (superspecies musculus).

MonenroBaHHHS €KOJIOTIYHOT Hirmi JTicoBoi Muti S. (superspecies sylvaticus)
METOJIOM MAIIMHHOTO HaBYAHHS MOKA3ajio, 1110 HAWOIbII COPUSITIUBUMHU JJI BUILY
€ abiotuuHi ymMoBU 3axiHOi €Bpomnu, 1€ 30CEpeKEeH1 TOJIOBHI siipa apeainy.
bioknimarnyHi o6ctaBunu CXiHOT €BpOIU € NMecCUMaIbHUMU: 30Ha nepeOyBaHHS
BUYy TYT 3HA4YHO (parMeHTOBaHa, fAjpa BiACyTHI. [OJOBHUM JIMITYHOUUM
(dakTOpOM TMOMIUPEHHSI BULY y CXITHOMY HaIpsiMi € KOHTUHCHTAJIbHICTh KIIIMATY,

1o Mae OHOCCpCI[KOBaHI/Iﬁ BIIUIMB YCPC3 THUIIH pOCJ'II/IHHOCTi Ha pPO3TalllyBaHHA



cxigHoi Mexi apeany S. (superspecies sy/vaticus) 1 000X HaIiBBU/IB, HE3BAKAIOUH
Ha OCOOJIMBOCTI iX BITHOCHO HE3aJIEKHOTO TTOXOKEHHS.

[TopiBHsUTBHUN aHAJI3 TEMITB MOJEKYJISIPHOI €BOJIOIII, TPaH3UTHUBHOIO
3CYBY Ta MOro €BOJIIOIIMHOI KOMIEHCAllli 3A1ICHEHNI 3a [IICThMa MapKepaMu, 1110
MOXXYTb OyTH poO3JiJieHI Ha Tpu kiacu: 1) rimepsapiabenbhi (D-loop), 2) mBugko
esomtoionyroui  (cytb, COI), 3) xkoncepBatuBHi (12S RNA, IRBP, Fvl).
BiamoBimHO 40 piBHIB MIHJIMBOCTI TPOSBISIETBCS XapakTep HYKICOTUIHUX
3aMilieHb. Y cutyariii 3 D-loop mae Miciie MaKCUMaJIbHUM TPAaH3UTUBHUN 3CYB, 10
YaCTKOBO KOMIIEHCYETHCS B)K€ HA PaHHIX CTaJlIsIX BUJIOYTBOPEHHS, a MOBHICTIO —
Ha eTamax JuBepreHuii BuAiB. Bupaxenuii 3cyB B Mexkax reHiB cytb ta COI
KOMITEHCYETBCS JIMIIE YACTKOBO, MPUYOMY TUIBKK HAa poJoBOMYy piBHI. ['enu 12S
RNA, IRBP Ta Fvl 3 He3HauHUM 3CyBOM HE BUSBISIOTH €BOJIOLIIHOT KOMIIEHCALI1
SIK TaKoi, a 3MEHIIEHHS tS/tv-1HAEKCY B €BOIIOLIMHOMY PSIAY B IIBOMY BUIIAJIKY Ma€
dbopmanbHUN XapakTep 1 € HaCIIAKOM BIJHOCHOTO 3MEHIIEHHS PI3HUIIl YacTOT
TPaH3UIIIN 1 TPAHCBEPCid Ha TJIi aOCOIFOTHOTO 3POCTAHHS YaCTOT 3aMIiICHb.

[TopiBHsIIBHUN aHaI3 0COOTUBOCTEN TPAH3UTUBHO-TPAHCBEPCUBHOTO 3CYBY
HYKJICOTUJHOT TOCHIAOBHOCTI TeHy cytb riagkonocux (Vespertilionidae,
Chiroptera) 1 mumaunx (Muridae, Rodentia) moka3ye sik 3arajabHi 3aKOHOMIPHOCTI,
TakK 1 TIEBHI OCOOJIMBOCTI HA PIBHI POJUHM. 3araJIbHUMU JJIA ABOX POJUH € (PakT
pI3KOro TMepeBakaHHd TpPaH3ULIA HAJ TPAHCBEPCIAIMM HA paHHIX eTamnax
EBOJIIOIIIHHOTO TIPOIlECY 3 HACTYMHUM BHUPIBHIOBAHHSM tS/tv-3MIlICHHS Ha
BUJIOBOMY Ta pOJOBOMY pIBHAX JUBEPreHIll, a TakoX Ta OOCTaBHHA, IO
3pOCTaHHS YaCTOTH TPAH3UIIINA Y (HUTIETUYHUX PsITaX HOCUTh MOCTYIIOBHUI XapakKTep,
a 3pOCTaHHS YacTOTH TpaH3ulii — cTpubkomoaioHuii. [lpu mbpomy piBHI
CIIOHTAaHHOTO MYTYBaHHS Ta €BOJIOIINHOTO 3CyBy, a TaKOX IIBHJKICTh
KOMIIeHcallii ts/tv-3mimeHHs € crenuiuauMu st pi3HUX poauH. i o6cTaBuHM
HE Jal0Th MOXJIMBOCTI OTPUMATH CIIBCTaBHI OI[IHKM JIMBEPreHIIi B PIZHHUX
poIMHAX 1 HemepeOOpHI TPYIHONI MJisi CTBOPEHHS YyHIBEpCaIbHOI (GopMyH

MOJICKYJIAPHOT'O TOANHHHKA.



JlocnipkeHHsT TaKCOHOMIYHOI JudepeHiianii Ta TpaH3UTUBHOTO 3CYBY IeHY
cytb, akieHTOBaHe Ha paHHI €Tanyd BUJOYTBOPEHHS, peanizoBaHo B 15
NIIpOAUHAX/POJMHAX I'SITH PAAIB MaJeapKTUYHUX ccaBIliB. [liaTBepKeHO, IO
reHeTU4Ha AudepeHLianis TakCOHIB APIOHMX Ta BEIUKHX 32 PO3MIPOM CCAaBIIB
3pylIeHa Ha OJIMH TaKCOHOMIYHUW pIBEHb, MPUUOMY TMEpioj] MPUXOBAHOTO
BUJIOYTBOPEHHSI MIKpoMamaiiil (piBeHb HaIliB-/aJIOBUIB) BIJIOBIIA€ AUBEPreHIIIT
CTaHJAPTHUX BHUAIB Makpomamamiil. ¥ BCIX pOJAMHAX Ma€ MiCIle TPaH3UTHBHUUN
3CYB Ta MOro eBorolliiHa KomrieHcauis. [Ipy mpoMy uactoTa TpaHCBepCid y
KOPOTKOLMKIIYHMX BUIIB psanaiB  Insectivora 1 Rodentia Buma, HIK Yy
noBronukiniuyHux psnaiB Artiodactyla, Carnivora, Chiroptera 3a BiTHOCHOT piBHOCTI
YacTOTH TpaH3uIlid. Ll HEeBIAMOBIIHICTh, OYEBUIHO, TOB'SI3aHA 3 OCOOJIMBOCTSIMHU
MeTa0o0II3My Makpo- Ta MiKpoMaMalliii Ta 3yMOBJIIOE€ OCOOJIMBOCTI MOJIEKYJSIPHOI
€BOJTIOLIT CCaBIIIB 13 KOPOTKUM Ta JOBIUM KUTTEBHUMHU ITUKIAMHU.

HoBuszna poGotu. Ile 00’€KTUBHICTb WIECTH CTYMNEHIB €BOJIOLIIHOL
JTUBEPTEHIII1, IO BKJIFOYAE: TOMYJISAIIMHINA, HATIiBBUIOBHM, aJIOBUIOBUN, BUIOBH,
HiIpoaOBHH, poaoBuii piBHI. JloBeaeHa e(EeKTUBHICTh 3acCTOCYBaHHS /IO
NaJCapKTUYHUX MUIICH CHCTEMHOI KOHIICTINi BHAY, 3 ypaxyBaHHSIM HasBHOCTI
JIBOX KaTeropii KpUTUYHUX (OpPM HAMIBBUAIB Ta ajloBUAIB. MojaentoBaHHS
€KOJIOT1UHOI Himn S. (superspecies sy/vaticus) mokazajno 3arajibHy TEHICHIIIIO 10
€KOJIOTIYHMX YIMOA00aHb TAaKCOHIB HAMIBBUAOBOrO piBHS auBeprenuii. Hamani
MIATBEP/KEHHST TOro, IO TeHeTWYHa audepeHIliaiis TaKCOHIB BHJIOBOTO Ta
POZIOBOTO pIBHIB MakpoMaMaliil 3CyHyTa y NOpIBHSHHI 3 MiKpoMaMmalisiMd Ha
OIMH TaKCOHOMIYHWW PiBEHb, BHACHIJIOK YOTO Jiama3oH KPUITHYHOTO
BUJIOYTBOPEHHS MIKpoMaMaJiiid BiATOBIa€ CTaHAAPTHUM  BHJaM MaKpoMaMaJii.
Tpan3utuBHUit 3cyB BiiOyBaeThcs 3a Bcima JIHK-Mapkepamu, ogHak eBoJOIiHA
KOMIICHCAIlisl HAacTa€ JUIIE Y BHCOKOMIHJIMBUX TEHIB 1 Mae BUTIIAA (Ha30BOTO
nepexoAy BiJ NEPIIONOYATKOBOIO MEPEeBaKAHHS TPAH3ULIA 110, Y KIHLEBOMY
paxyHKy, IOMiHyBaHHs TpaHcBepcid. CTymiHb TpPaH3UTHUBHO-TPAHCBEPCUBHOTO
3CYBY 1, BIAMOBIIHO, TEMITM HOTO €BOJIOLINHOI KOMIEHCallli HeOJHO3HAYHI IS

JIOBrO- 1 KOPOTKOIMKIIYHUX BHUMAIB, WLI0 CBIAYUTh NP0 PIZHUA XapakTep



MyTallfHUX MPOLIECIB B TpymHax CCaBliB, SIKI BIIPI3HAIOTHCA 33 1HTEHCHUBHICTIO
MeTaboIi3MYy.

[IpakTuHa 3Hauymictb poOoTH. Pesynbratu IOCHIIKEHHS MAaroTh
Oe3nocepeiHe BIHOLIECHHS 10 (POpMyBaHHS KJIFOYOBUX O10JIOTIYHUX KOHLIETIIIIN:
CUCTEMHO1 oprasizarii BU]TY, CTpHUOKOTOIOHOTO BHUJIOYTBOPEHHS,
HEPIBHOMIPHOCTI  TEMITIB  MOJIEKYJIIPHOI ~ €BOJIIOLi, TEOopli CIIOHTAHHOTO
myTareHe3y. [lOJIHYKJIEOTHIHI TIOCHIIOBHOCTI TeHy cytb Ta KOHTPOJBHOTO
periony D-loop mumeit [3painto 3aBasku BHUCOKIM SIKOCTI CIKBEHCIB MarOTh BCi
XapakTepucTHku, o0 nonoBHUTH GenBank. Pesynmbratu poboTH MOXYTH OyTH
BUKOPHUCTAHI ]l 4Yac BUKIAJAHHS 3arajJbHuX KypciB «TakcoHoMis Ta ¢inoreHis
TBApUHHOI'O CBITY», «3arajbHa Ta MOJIEKYJSIPHA T€HETHUKa», a TaKOX BIJIOBIJHI
po3aumm B Kypcax «EBomtoniiiHa reHeTukay, «bioiHpopmarukay, «MyTarenes».

KirouoBi cnoBa: wmwumadi, Apodemus, Mus, TakcoHOMis, (GUIOTEHIs,
[TaneapkTrka, MOJIEKYyIsIpHA €BOMIOLIS, Cytb, TpaH3UTUBHO-TPAHCBEPCUBHHM 3CYB,

MOJIEJIFOBAHHS €KOJIOTIYHOT HIIII.



ANNOTATION

Tereshchenko V. O. Taxonomic hierarchy, genetic differentiation and
distinctions of molecular evolution in the subfamily Murinae of the Palearctic. —
Qualifying scientific work printed as a manuscript.

The dissertation for obtaining a scientific degree of Doctor of Philosophy on a
specialty 091 - "Biology". I. I. Schmalhausen Institute of Zoology, National
Academy of Sciences of Ukraine, Kyiv, 2023.

The dissertation is focused on issues of systematics, phylogeny and molecular
evolution of the Palearctic part of the murine subfamily Murinae, primarily
representatives of the genus Apodemus s 1. and subgenus Mus. The subfamily
Murinae remains an area of relative taxonomic uncertainty, even within the
Palearctic. Special attention is paid to Mus and Apodemus s. 1., where the number
of species within these genera has increased from 12 to 26 over the past 40 years.
However, questions about the delimitation of a number of species and, accordingly,
how many species exist in general, remain insufficiently clarified. The reasons lie
in the ambiguity of species divergence, and therefore the solution to the problem is
connected with the application of the system concept of the species, according to
the modern interpretation of which the species can be a system of subordinate
categories (semispecies — allospecies — species). A special place is occupied by
the problem of genus division. A promising region for mouse research is Southeast
Asia, which is considered one of the key areas of formation and distribution of
representatives of the Mus and Syl/vaemus subgenera. Accumulated material for a
series of DNA markers in this taxonomic group allows for comparative studies
focusing on important aspects of molecular evolution. This concerns such a
phenomenon as transition bias and its evolutionary compensation, because the
ambiguous nature of nucleotide substitutions at different stages of divergence is an
evidence of the irreducibility of evolution at different stages of historical
development and raises questions about the correctness of using molecular data in
phylogenetics. These aspects serve as the basis for conducting research, which

purpose is to determine the levels of evolutionary and genetic divergence and



patterns of molecular evolution of Palearctic representatives of the Murinae
subfamily, with an emphasis on the genus Apodemus s. lato and Mus.

The material for the study consists of 2721 nucleotide sequences of six DNA
markers: cytochrome b (2315 sequences), D-loop (60), COI (206), 12S RNA (41),
ISBP (58), Fvl (41), which were obtained from GenBank, as well as 74 samples for
cytb and D-loop of mice of the genera Mus and Apodemus from the territory of
Israel, which were extracted and amplified by the doctoral student herself.
Sequencing was performed according to standard protocols on the basis of the
Microsynth Seqlab Economy Run Plus laboratory (Gottingen, Germany).
Bioinformatics processing included: processing of GenBank databases; sequence
alignment using the BioEdit, MAFFT and MEGA X programs and the Clustal W
algorithm; processing and editing of DNA sequences in SeqTrace and Chromas
programs; calculations of genetic distances and construction of phenograms made
using MAFFT and MEGA X programs. Transition bias was estimated using an
original program. GIS-modeling of the ecological niche was implemented using
the method of machine learning based on Bayesian Additive Regression Trees
(BART) and implemented in the R software environment (‘embarcadero' package).
Predictors (a total of 35 parameters) were taken from the CliMond database,
statistical analysis performed using standard packages.

The taxonomy and evolutionary scenario based on genetic differentiation was
established primarily by the analysis of cytochrome b gene, the results were
confirmed by the analysis of five more DNA markers. For this purpose, 124
sequences of representatives of Apodemus s. lato, Mus, Micromys and Rattus, were
taken from GenBank. The adequacy of the categories of semispecies, allospecies
and species, the genetic differentiation of which corresponds to genetic distance
ranges of 0.03-0.06, 0.06-0.1, and 0.1-0.15, has been proven. Within the subgenus
Sylvaemus, the following species and superspecies should be recognized: 4. (S.)
alpicola, A. (S.) witherbei, A. (S.) flavicollis, A. (S.) hyrcanicus, A. (S.) ponticus, A.
(S.) (superspecies) sylvaticus, A. (S.) (superspecies) uralensis; within the subgenus

Karstomys species A. (K.) epimelas, S. (K.) mystacinus and probably 4. (K.)



griseus; within the subgenus Apodemus species A. (A.) agrarius, A. (A.) chevrieri);
within Alsomys species and superspecies 4. (Al.) argenteus, A. (Al.) (superspecies)
draco, A. (Al. ) gurkha, A. (Al.) ilex, A. (Al.) latronum, A. (Al.) (superspecies)
peninsulae, A. (Al.) nigrus, A. (Al.) semotus, A. ( Al.) speciosus. Allospecies groups
are: A. (S.) alpicola — A. (S.) flavicollis — A. (S.) ponticus; A. (A.). agrarius — A.
(A.). chevrieri; A. (Al.). (superspecies) draco — A. (Al.). gurkha - A. (AL). ilex — A.
(Al). latronum. The taxonomy of the genus remains ambiguous, which is caused
not only by different scales of differentiation of the Western and Eastern Palearctic
phyla, but also by the lack of information on key genus-specific features: the
number of roots on the upper molars and the number of mammary glands for most
of the East Asian species. As a result, three taxonomic scenarios are possible: one
genus Apodemus s. 1. with four subgenera (Alsomys, Apodemus, Karstomys,
Sylvaemus); three genera Alsomys, Apodemus s. str., Sylvaemus with two
subgenera within the latter; seven genera (Alsomys, Apodemus, "Argenteus",
"Speciosus", "Gurkha", "Draco", Sylvaemus), four of which are monotypic. The
system of Palearctic representatives of the Mus subgenus is also complex and
includes three taxonomic levels: superspecies M. (superspecies) musculus and,
possibly, M. (superspecies macedonicus), allospecies M. spicilegus — M. spretus —
M. macedonicus — M. cypriacus and interspecific between M. spicilegus s.1. and M.
(superspecies musculus).

Modeling of the ecological niche of the forest mouse S. (superspecies
sylvaticus) using the machine learning method showed that the abiotic conditions
of Western Europe, where the main cores of the range are concentrated, are the
most favorable for the species. The bioclimatic conditions of Eastern Europe are
pessimistic: the range of the species here is significantly fragmented, there are no
cores. The main limiting factor for the spread of the species in the eastern direction
1s the continentality of the climate, which has an indirect effect through the types
of vegetation on the location of the eastern limit of the range of S. (superspecies)
sylvaticus and both subspecies, despite the peculiarities of their relatively

independent origin.



A comparative analysis of the rates of molecular evolution, transition bias and
its evolutionary compensation was carried out according to six markers, which can
be divided into three classes: 1) hypervariable (D-loop), 2) rapidly evolving
(cytochrome b, COI), 3) conservative (12S RNA, IRBP, Fvl). According to the
levels of variability, the nature of nucleotide substitutions is manifested. In the
situation with D-loop, there is a maximum transition bias, which is partially
compensated already at the early stages of speciation, and completely - at the
stages of species divergence. The pronounced bias within the cytochrome b and
COI genes is only partially compensated, and only at the generic level. The 12S
RNA, IRBP, and Fvl genes with a slight bias do not show evolutionary
compensation as such, and the decrease in the ts/tv index in the evolutionary series
in this case has a formal character and is a consequence of a relative decrease in
the difference in the frequencies of transitions and transversions against the
background of an absolute increase in the frequencies of substitutions.

A comparative analysis of the features of the transition/transversion bias of
the nucleotide sequences of the cytochrome b gene in microbats (Vespertilionidae,
Chiroptera) and mice (Muridae, Rodentia) shows both general regularities and
certain features at the family level. Common for the two families is the fact of a
sharp predominance of transitions over transversions at the early stages of the
evolutionary process, followed by the equalization of the ts/tv bias at the species
and genus levels of divergences, as well as the fact that the increase in the
frequency of transitions in phyletic series is gradual, and the increase in the
frequency of transitions is saltatory. At the same time, the levels of spontaneous
mutation and evolutionary bias, as well as the rate of the compensation of ts/tv-bias
are specific for different families. These circumstances make it impossible to
obtain comparable estimates of divergence in different families and
insurmountable difficulties to create a universal molecular clock formula.

The study of taxonomic differentiation and transition bias of the cytochrome b
gene, focused on the early stages of speciation, was implemented in 15

subfamilies/families of five orders of Palearctic mammals. It has been confirmed



that the genetic differentiation of small and large mammalian taxa has shifted to
one taxonomic level, and the period of hidden speciation of micromammals
(semi-/allospecies level) corresponds to the divergence of standard
macromammalian species. All families have a transition bias and its evolutionary
compensation. At the same time, the frequency of transversions in short-cycle
species of the Insectivora and Rodentia orders is higher than in the long-cycle
orders of Artiodactyla, Carnivora, and Chiroptera, given the relative equality of the
frequency of transitions. This discrepancy is obviously related to the peculiarities
of metabolism of macro- and micromammals and determines the distinctions of the
molecular evolution of mammals with short and long life cycles.

The scientific novelty of the study. This is the objectivity of six degrees of
evolutionary divergence, which includes: population, subspecies, allospecies,
species, subgeneric, generic levels. The effectiveness of the application of the
systematic species concept to Palearctic mice, taking into account the presence of
two categories of critical forms of semi-species and allospecies, has been proven.
Modeling of the ecological niche of S. (superspecies sylvaticus) showed a general
trend towards ecological preferences of taxa at the semispecies level of divergence.
Evidence is provided that the genetic differentiation of taxa of the species and
genus levels of macromammals is shifted in comparison with micromammals by
one taxonomic level, as a result the range of cryptic speciation of micromammals
corresponds to standard types of macromammals. A transition bias occurs for all
DNA markers, but evolutionary compensation occurs only in highly variable genes
and takes the form of a phase transition from the initial predominance of transitions
to, ultimately, the dominance of transversions. The degree of
transition/transversion bias and, accordingly, the rates of its evolutionary
compensation are ambiguous for long- and short-cycle species, which indicates the
different nature of mutational processes in groups of mammals that differ in
intensity of metabolism.

The practical significance of the study. The results of the research are directly

related to the formation of key biological concepts: the systematic organization of



the species, saltatory speciation, uneven rates of molecular evolution, the theory of
spontaneous mutagenesis. The polynucleotide sequences of the cytochrome b gene
and the D-loop of control region of mice from Israel, due to the high quality of the
sequences, have all characteristics to replenish GenBank. The results of the work
can be used during the teachings of general courses "Taxonomy and Phylogeny of
the Animal World" and "General and Molecular Genetics", as well as relevant
sections in the courses "Evolutionary Genetics", "Bioinformatics", "Mutagenesis".
Key words: mice, Apodemus, Mus, taxonomy, phylogeny, Palearctic,
molecular evolution, cytochrome b, transition-transversion bias, ecological niche

modeling.
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