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Momueayus u yenw. IlpencraBurenu cemeiictBa Amoebidae (Euamoebida, Tubulinea,
Amoebozoa) SBISIOTCS OJHUMH W3 CaMbIX WM3BECTHBIX JIS IUPOKOH ayJaUTOPUHU
ame0. Cpenn Hux, HarmpuMmep, Amoeba proteus, seisoriasics MomyIspPHEIM JTabopaTop-
HBIM 00BEKTOM IIUTOJIOTUIECKUX UCCIEIOBAHNN Ha TPOTSHKEHUN MHOTUX JECATUICTHI
[1-8]. HecMoTpst Ha 3TO, TpyIIa OCTaeTCs MapaoKCAIbHBIM 00pa30M HEIOUCCIIeI0BaH-
Hoit. OCHOBHOE pa3HOOOpasne BUIOB MPEACTaBICHO B mpeeaax poxos Chaos, Amoeba,
B TO BpeMs Kak TMpPEJCTaBUTEIM OCTAIbHBIX 4YeThipex pomaoB— Deuteramoeba,
Trichamoeba, Hydramoeba u Parachaos — n3BecTHBI 110 HEMHOTOUHCIIEHHEIM, 4 HHOT/Ia
Y ¢IMHUYHBIM onucaHusIM. O0beM JOCTYITHBIX MOJICKYJIIPHBIX JAHHBIX JUIS CEMEHCTBA
Amoebidae kpaitHe orpaHuucH. TpH M3 IIECTH POJIOB OCTAOTCS HEU3YYCHHBIMU Ha
MOJIEKYJISIPHOM YPOBHE, a JaHHBIE TT0 BCEM OCTALHBIM HCUEPITBIBAIOTCS BCETO TISITHIO
BUAAMHU: ABYMS BHaamu poga Amoeba, nsyms Bumamu poga Chaos u Deuteramoeba
mycophaga (u3 17 u3Bectubix). Pox Polychaos, 10 HemaBHETro BpeMeHH BKIIOYaEMBIi B
coctaB cemeiictBa Amoebidae Ha ocHOBe MOP(OIOTHYECKUX TMPHU3HAKOB, ObLI
neperecen B cemeiictBo Hartmannellidae (Euamoebida, Tubulinea) wa ocHose
MOJICKYJISIpHO-(QUIIOTeHEeTHUIeCKOoro aHanu3a [9, 10]. DTo mokaszaao HeCOCTOSITEIbHOCTh
cuHanoMOp(HBIX MPU3HAKOB s rpynmn ameb oTpsaa Euamoebida, ommchiBarommx
WCKITIOYUTEIHHO MOpQOIOTHYeCKre Xapakrepuctuku amed. Takum  oOpazowm,
HCCJICJIOBAHNE SBOJIIOIIMOHHBIX B3aMMOCBs3eH Mexay ameOamu otpsaa Euamoebida
SIBJISIETCS AKTYJILHOM 3a7adei.

JlomomHUTENEHY O TIpOOIeMy TMPH W3YYEHHH 3TUX aMe0 TMPEeACTaBISIOT CIOKHOCTH
MOJIyYEHHUS CTAOMIIBHBIX JJAOOPATOPHBIX KYJIBTYP, @ TAKXKE MOCTOSHHOE MPUCYTCTBUE B
MX IIUTOIIa3MEe MHOTOUMCIICHHBIX IMHUIIEBBIX BaKyOJIeH (COMEpIKaIMX IMUPOKUN CIICKTP
MpO- U DYKAPUOTHYECKHX OPTaHW3MOB) M HAIMYHE MPOKAPHOTUYECKUX 3HIOCHUM-
OmoHTOB. Bce »93TO 3arpydHsieT mMONy4YeHWE HEKOHTAMHHHUPOBAaHHBIX 00pa3IoB
totansHOM JIHK ame0 u aMIuindukaiiio OTACIbHBIX TeHOB MeTojoM mpsimoro ITLIP.
CoBpeMeHHbIE METOJIbl OJHOKJIETOYHON T€HOMUKH IMO3BOJISIOT TOMYYUTh MOJICKYIISIP-
HBIE JJaHHBIE, UCTIONB3Ys HEOOBIIOE KOJMYECTBO KIETOK UIIH OTACIbHBIE sipa [9].
Memoowt u ancopummwr: Jnst wzonsuumun JIHK kietku ame6 otOupamu B 40 MM
I1acTUKOBbIC Yaniku [leTpu co crepuibHON QuabTpoBaHHOH (pasmep mop 0.22 um)
MuHepanbHOo cpepoit PJ [11]. B TeueHue Tpex AHEN KIETKM TOJOJATH, CMEHA
MUHEPAIbHON Cpeibl Ha CBEXKYIO ITPOU3BOIMIIACH KAXK bl JeHb, OTCYTCTBUE BUIUMBIX
MUIIEBBIX BaKyoJieH MpoBepsuid, HaOmonas aMe0 B yalllkax MPU IMOMOIIY WHBEPTUPO-
BaHHOTrO MuKpockomna Leica DMI 3000, ocHameHHOro (a30BO-KOHTPACTHON ONTHUKOM.
[Jlanee wHIWBHUIyadbHBIE KJIETKH amMe® TpH pa3a OTMBIBAJM B CBEXEH MOpIUU
crepuibHON uibTpoBaHHOH cpenbl M nomemanu B 200-ul ITLP-npoOupku. Kierku
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ame0 ¢ Hambosiee KPYHHBIMH SApaMd ObUTM TOMEIIEHBI B OTHAENbHBIC YalllKH CO
CTEpUIILHOW (QUIBTPOBAHHOM CpeNod, TMOocie 4Yero pas3pylleHbl MNP MOMOIIX
WHTEHCHBHOTO MHUIIETUPOBaHus. MHINBHUAyanpHBIE S/Ipa OBLIH TIEpEHECEHEBI B CBEXKYIO
MOPITUIO CpPEeAbl MPH TMOMOIIM TOHKOTO Kammjuisipa. 3aTéM OTMBIBAUCH IOCIEN0-
BaTEJIbHO B TPEX CMEHAX CBEKEW CTEPUIIBHOM Cpelibl U, HAKOHEL, noMelanuch B [1L[P-
npobupku 00semMoM 200 pl ¢ HeGombIM 00HEMOM CpEeIbI.

Oxctpaknuio JJHK u3 oTaensHBIX KIIETOK U siiep OCyIIeCcTBISUH! Ipy oMot PicoPure
DNA Extraction Kit (Thermo Fischer Scientific, Yontem, Maccauycerc, CIIA). Jlanee
ObL1a Ipou3Be/icHa OHOreHoMHas amiudukanus siaepuoit JIHK ¢ nucnons3oBannem
Habopa s ammmunduranmm JJHK otnensabix kirerok REPLI-g (Qiagen, ['epmanmust) B
COOTBETCTBHH C MMPOTOKOJIOM Ipou3BoAuTes. [lomydeHHbIe TPOAYKTHl CEKBEHHUPOBAIN
¢ momomeio cucteMsl [llumina HiSeq 2500. dns kaxmoro oOpasua ObUIO MONTYy4eHO
25 MiiH mapHbIx npodreHud miuuHOH 150 m. H. IIpoBepka KOHTPOJS KadecTBa
HeoOpaOOTaHHBIX NTAHHBIX MOCIENIOBATENFHOCTEH MPOBOAMIACH C WCIIOIb30BAHUEM
FastQC: http://www.bioinformatics.babraham.ac.uk/projects/fastqc/. JIns cOopku MUTO-
XOHIPHATBHOTO TeHoMa e NOVO ucronb3oBanu accemoiaep SPAdes [12]. TTomydentsie
JUTSL KaXKTOTO 00pasiia KOHTUTH, COIeprKallie HaeHTHIHbIe pparMenTsl reHa 18S pPHK,
ObuTM HaeHTUGUIMPOBaHEI ¢ ToMomipio BLAST [13].

[Tony4eHHBIE MOCTIENOBATENILHOCTH OBUTH CMOHTHPOBaHBI B BHIPABHUBAHUH, CO/IEPIKa-
IeM Bce IMONlydeHHBIE TOCIEeNIOBaTeIbHOCTH BHAOB ame0 cemeiictBa Amoebidae,
penpesentatuBHOro Habopa Hartmannellidae, apyrux Tubulinea u psma mocmeno-
BaTenpHOCTeH Discosea, HCIOIB3yeMbIX B KauecTBE BHELIHEW TpyNIbl. BripaBHuBanne
MOCIIE0BATENEHOCTEN MMPOM3BOIIIOCH ABTOMATHIECKH C MCTIOIH30BAHUEM aJTrOpUTMa
Muscle, peanmzoannoro B SeaView 4.0 [14]. [lepBoHauanbHBIH BEIOOP HYKICOTHIHBIX
CaiiTOB ans BBIBOJA JepeBa OCYHIeCTBISLIM ¢ wcnoib3oBaHueM GBlocks [15].
dunoreHeTHYeCKUi aHaIM3 MPOBOJUIIM C HCIONB30BAaHHEM METOJ]a MaKCUMAalbHOTO
MpaBIoONOa00us, peann3oBaHHoro B porpamme RAXML [16], ¢ momensro GTR + 7.
BaiiecoBckuii aHanu3 TOro ke HaOOpa NaHHBIX OBUI BBIIIOJHEH C HMCIOJIb30BaHUEM
MrBayes 3.2.6, mogenu GTR ¢ raMmma-koppekIiueit MexxcaiTOBBIX BapUallii CKOPOCTH
(8 xareropuit) u koBapuonHoii wmoxenu [17]. TIporpammbr RaxML u MrBayes
3amyckaiuchk Ha BeO-caiite Cipres V.3.3 [18].

Peszynomamur: T'maBHBIM pe3ynbTaToM cTaja HauOoliee IMONMHAs MO CPAaBHEHUIO C
MPeNbIIyIUMH  paboTaMi PEKOHCTPYKIUS MOJEKYJISIpHOH (UIOTeHNN ceMeiicTBa
Amoebidae. Hamm pgaHHble mOKa3piBaroT, 4ro pox Deuteramoeba sBisercs
HE3aBUCHMBIM pOJIOM ceMelicTBa Amoebidae, 4To TOATBepKAaeT MOPHOIOTHUCCKHE
nanaele. OH HajgexxHo rpynmupyercss ¢ poxamu Chaos u Amoeba. TlomHOCTBIO
MOJICPYKaHHBIM sIBIsIeTCsT ceMeiicTBo Amoebidae B memom. AmeGsl poma Polychaos
HaJe)KHO TPYNIHUPYIOTCS ¢ amebamu cemericTBa Hartmannellidae, a He Amoebidae.
Buisoowi: Takum 00pa3zom, cemeiictBo Amoebidae, 0JJHO M3 KJIACCHUYECKUX CEMEHCTB
TOJIBIX JTOOO3HBIX ameO, ABISIETCS Mapa(UIeTHIECKUM TaKCOHOM H TpeOyeT peBH3HUH.
TakcoHOMUYECKHE KPUTEpPHH JUIsI 3TOrO ceMmeiictBa amed TpeOyrT Cepbe3HOTO
nepecMoTpa. B Hacrosimee Bpemsl TJaBHOW 3ajadell ocTaeTcs IOHWCK HOBBIX
TAKCOHOMHYECKHX TIPU3HAKOB, KOTOpble MOXKHO HCIOJNB30BaTh B  KadyecTBe
cHHANOMOP(MHBIX IS KIacCU(UKAINN 3TUX OPTaHU3MOB.

Qunancuposanue. PadboTa BeINoHEHA IpU (UHAHCOBO# noyiepkke rpanta PHD Ne 23-
24-00264 c wucnons3oBanueM obopynoBanus PL[ «Pa3Butue MONEKYJSIPHBIX U
KJIETOUHBIX TeXHoJorui», «brnobGank» M «KynbTHBHpOBaHHME MHUKPOOPTraHU3MOBY
Hayunoro napka CIIOI'Y.
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Motivation and Aim: Amoebae of the family Amoebidae (Euamoebida, Tubulinea,
Amoebozoa) are among the most popular and recognizable protists. Amoeba proteus, for
example, has been one of the most popular objects in the multiple cytological
investigations for many years [1-8]. However, the species diversity of this group remains
poorly studied. The main diversity of this group is represented within the genera Chaos
and Amoeba. While representatives of the other four genera Deuteramoeba,
Trichamoeba, Hydramoeba and Parachaos are known from a few descriptions.
Molecular data are available for a limited number of species: two species of the genus
Amoeba, two species of the genus Chaos and Deuteramoeba mycophaga (out of
17 known). Recent study of molecular phylogeny of the genus Polychaos [9, 10] resulted
to its transfer from family Amoebidae to family Hartmannellidae (Euamoebida,
Tubulinea). This emphasized the inconsistency of synapomorphic characters, which are
described exclusively by the morphological features of amoebae, for groups of amoebae
within order Euamoebida. Thus, the study of the evolutionary relationships between
amoebae of the order Euamoebida is an extremely urgent task.

It is really hard to obtain stable laboratory cultures of these amoebae. Many of them are
large polyphagous organisms, feeding on a wide spectrum of prokaryotic and eukaryotic
food. The problem is further complicated because these amoebae contain numerous
endocytobionts in the cytoplasm. As a result, preparations of the total DNA obtained
from these organisms usually are heavily contaminated and cannot be used for the
amplification of amoebae genes by conventional PCR methods. However the modern
techniques of single-cell genomics make it possible to obtain molecular data using a
small number of cells or individual nuclei [9].

Methods and Algorithms: The DNA isolation was performed with individual amoeba
cells or nuclei were transferred into 40 mm plastic Petri dishes filled with Millipore-
filtered (0.22 pm) PJ medium [11], and left to starve for three days. Every day the
medium was replaced with the fresh one. The cells were examined using an inverted
Leica DMI 3000 microscope equipped with phase-contrast optics to check for the
absence of visible food vacuoles. After that, one cell was collected, washed in three
subsequent changes of PJ medium, and placed with 1-2 pl of the medium in 200-pl PCR
tubes. Another cell was transferred to the fresh dish filled with the sterile medium and
destroyed by intensive pipetting. The nucleus of the amoeba was picked out using
tapered-tip glass Pasteur pipette, washed in three subsequent changes of the same
medium and placed with 1-2 ul of the medium in a 200 pl PCR tube. DNA from the
single cell and from the isolated nucleus was extracted using Arcturus PicoPure DNA
Extraction Kit (Thermo Fischer Scientific, Waltham, MA, USA). The extraction mixture
was prepared according to the manufacturer’s instructions. Then, 10 ul of the mixture
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was added to the tube containing the single cell/nucleus. Further, we performed the
whole genome amplification of the nuclear DNA using REPLI-g Single Cell DNA
Amplification Kit (Qiagen, Hilden, Germany), according to the manufacturer's protocol.
The resulting MDA products were sequenced using lllumina HiSeq 2500. For each
sample there were obtained ca. 25 min paired reads with length 150 bp. Quality control
check of raw sequence data was performed using FastQC (http://www.bioinformatics.
babraham.ac.uk/projects/fastqc/). SPAdes assembler was used for de novo
mitochondrial genome assembly [12]. Contigs containing individual 18S rRNA gene
fragments obtained for each sample were identified using BLAST [13]. The obtained
sequences weree mounted in the alignment containing all sequences of amoebae species
of the family Amoebidae, a representative set of Hartmannellidae, other Tubulinea, and
a number of discosean sequences used as an outgroup. Sequences were automatically
aligned using the Muscle algorithm as implemented in SeaView 4.0 [14]. Initial selection
of nucleotide sites for tree inference was done using GBlocks [15]. The phylogenetic
analysis was performed using maximum likelihood method as implemented in RAXML
program [ 16] with GTR + y model. Bayesian analysis of the same dataset was performed
using MrBayes 3.2.6, GTR model with gamma correction for intersite rate variation
(8 categories), and the covarion model [17]. RaxML and MrBayes programs were run at
Cipres V.3.3 website [18].

Results: The main result of our work is the most complete reconstruction of the
molecular phylogeny of the family Amoebidae compared to the previous works. Our
data indicate that the genus Deuteramoeba is an independent genus of the family
Amoebidae, which is supported by morphological data. It is reliably grouped with the
genera Chaos and Amoeba. The family Amoebidae as a whole is fully supported.
Amoebas of the genus Polychaos are reliably grouped with amoebas of the family
Hartmannellidae, not Amoebidae.

Conclusion: Thus, the family Amoebidae — one of the classic families of naked lobose
amoebae, is a paraphyletic taxon and requires revision.

The taxonomic criteria for this family require serious revision. Currently, we need the
new view aimed to define novel taxonomic characters that can be used as synapomorphic
to define higher-level groups of Euamoebida and related taxa.

Funding: The study was supported by the Russian Science Foundation project 23-24-
00264. This study utilized equipment of the Core Facility Centers “Biobank”,
“Development of Molecular and Cell Technologies” and “Culture Collection of
Microorganisms” of the Research Park of Saint Petersburg State University.
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