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Momusayus uyens: MUKPOCTIOPUINH H3BECTHBI YPE3BEIYAITHON KOMITAKTHOCTHIO TeHOMA: Y OOTBIITTHCTBA BUAOB pa3sMep
reHoma coctapisier 3—20 muH.1.H. HeaBHO npe/uioxeHHbIi HOBBIH TakcoH Areosporida 3aHuMaeT (GUIOreHeTHIEeCKH
M30JIMPOBAHHOE MoJIOKeHne — oH TsiroteeT kK Glugeida, HO nipu ATOM 00pasyeT ryOOKO TUBEPrUPOBABINYIO JIMHHUIO.
Ero reHoMHBIE CBOMCTBA MOKa OCTAIOTCSI HEM3BECTHBIMHU; CYIIIECTBYET JIMIIb OAWH INPEACTABUTENb 3TOTO MOPSJIKA,
Areospora rohanae, odnafarouuii pparMeHTHPOBAHHBIM TCHOMOM.

B nanHO# paboTe omnucaHbl 1Ba HOBBIX MPEICTABUTENS ATOH IPYIIIbI, 00JIaIal0IUX KPYTHEHIITMMHU Ha CETOIHSIITHUNA
JICHb TeHOMaMU CPe/ii MUKpOCTiopuIuid. OOpa3iibl ObLIM BBIJIENICHBI U3 PAKOB-OTIICIBHUKOB poja Pagurus Ha 0CTpOBE
Caxanun u B bennom mope. O6a n3omnsita gemoHctpupytot 82—-84 % unenruunocts 18S pPHK ¢ Areospora rohanae n
00pa3yroT He3aBUCUMYIO (PHIIOTEHETHYECKYIO JTUHUIO.

Memoowt u aneopummor: TeHOMBI OBUTH CEKBEHUpPOBaHbI Ha utatdopme Illumina u cobpansl ¢ momorisio SPAdes.
[ToBTOpsitoIIMECsT MOCIEN0BATEIBLHOCTH OBUIM 3aMacKUpOBaHbl ¢ momolbio RepeatMasker. [lnsi aHHOTalMM Mbl
oOyunim Monenb s Augustus, wcmonb3ysi aaHuele Hamiltosporidium tvaerminnensis, Vairimorpha ceranae,
Encephalitozoon cuniculi. Optonoru 6sutH nony4eHsl ¢ momoinsio Orthofinder, GyHkIMOHATBHAST aHHOTAIKS ObLIa
BhINOJIHEHA ¢ noMonbio eggNOG-mapper v2, Ol[eHKa MOJHOTHl FeHOMa M (DMIOTEHOMHBINM aHalIU3 — C MOMOIIBIO
BUSCO (microsporidia_odb10).

Pezynomamer: T'enom caxamuackoro u3oistta (~100 M6, 40 % moBTOPOB) BXOAHUT B YUCIO KPYMHEHUIITNX U3BECTHBIX
reHoMoB MuKpocnopuauii. GC-coctaB reHoMa oueHb HU3KHiA, ~20 %. Bpicokoe cojiepkanue moBTOPOB 00YCIOBICHO
AKTUBHBIMH MOOWJIBHBIMH 3JI€MEHTaMM: CpeAM Haubosee Mpe/iCTaBICHHBIX aHHOTHPOBAaHHBIX OenkoB — [SXO2-
nooOHbIe TpaHCIo3a3bl, oOparHble TpaHckpunTasbl 1 RNase H. DTo cBumeTenbCcTByeT O TOM, YTO JaHHAs JIMHUS
MPECTABISIET PAHHIO CTAIHIO PEAYKIIMK T€HOMA, MPEALISCTBYIONIYIO JEaKTUBAIIMH TPAHCIO30HOB, HAOMIOaeMOi
B JPYTHX BETBAX MHUKpocnopuauil. @uHanpHble aHHOTanuu BimodaoT 3410 u 2304 Oenka ast 6eIOMOPCKOTO U
CaxaJIMHCKOI'O M30JISTOB, COOTBETCTBEHHO, a Takxke 82 u 24 TPHK. ITonxora mo BUSCO cocrasuna 48,0 % u 34,0 %.
Cpenu mpencka3aHHbIX TeHOB 1524 mapbl BRIpaBHUBAJINCH JAPYT Ha Apyra ¢ MEIHaHHON MAGHTHYHOCTBIO 95,5 %.
PexoncTpykuusi MeTabonu3ma rokasana Hajaudue (yHKIHOHAILHONH MUTOCOMBI (cOopka Fe-S kiactepoB no mytsim
ISC/CIA) npu mosHo# yTpare 1ukia Kpedca v nenu nepeHoca 3JeKTPOHOB; NIHKOJIN3 COXPAaHEH JIUIIb 4acTHUHO. [TyTH
YTHIU3AIMH TOTOBBIX HyKJIeoTH10B mpucyTcTByIoT (RNR, TYMS, TK), Toraa xak je-HOBO CHHTE3 aMHHOKHCIIOT U
HYKJICOTH/IOB [TOJIHOCTBIO OTCYTCTBYET. B Oe1oMOpckoM n3os1siTe 00Hapy KEHbBI 0CTaTOYHbBIC KOMITOHEHTBI CILIAHCOCOMBI
(3 cybwpenunmIIBT), uTO cormacyercs ¢ goneit ~90 % OnHO3K30HHBIX T€HOB — MPOMEKYTOYHOE COCTOSHHUE PEIyKIINU
anmnapara CIUIaliCUHIa.

Bvi6o0wbi: VI3ydeHHBIE MHUKPOCIIOPUAMH TIPEICTABIAIOT YHHUKAJIBHBIN HSBOIIOIMOHHBIN Cpe3: KPYMHBIH, Oorarsit
TPAHCIIO30HAMH T'€HOM B COYETAHUH C ITyOOKOH METabONMNYECKON pelyKIel U COXpaHEHHEM OCHOBHBIX KJIETOYHBIX
cucteM. [lomyueHHbIE pe3yabTaThl OCBEIIAIOT PAHHUE CTA UM KOMIAKTU3ALNH TeHOMA MUKPOCTIOPUINH 1 YKPETIISIOT
000CHOBaHKME HOBOTO TakcoHa Areosporida.

Qunancuposanue: VccnenoBanue nopaepkano rpautom Poccuiickoro Hayunoro gona (npoekt Ne 23-74-00071).

The largest microsporidian genomes and active transposons mark
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Motivation and Aim: Microsporidia are renowned for extreme genome compaction, with most species carrying genomes
of 3-20 Mb. The recently suggested taxon Areosporida occupies a phylogenetically isolated position — gravitating
toward Glugeida yet forming a deeply divergent lineage. Its diversity and genomic properties still remain unknown;
there is only one representative, Areospora rohanae, with a fragmented genome.

Here we describe two new members of this group with the largest microsporidian genomes so far. Samples were
isolated from the hermit crabs Pagurus spp. at Sakhalin Island and at the White Sea. Both isolates show 82—84 % SSU
rRNA identity to Areospora rohanae and form an independent phylogenetic lineage.

Methods and Algorithms: Genomes were sequenced on Illumina instrument, and assembled with SPAdes. Repeats
were masked with RepeatMasker. For annotation, we trained a model for Augustus, using hints from donors:
Hamiltosporidium tvaerminnensis, Vairimorpha ceranae, Encephalitozoon cuniculi, and the transcriptome sequencing
of the White Sea isolate. Orthologs were obtained using Orthofinder, functional annotation was performed with
eggNOG-mapper v2, genome completeness assessment and phylogenomic analysis using BUSCO (microsporidia
0db10).

Results: The Sakhalin isolate genome (~100 Mb, 40 % repeats) is among the largest known in Microsporidia,
contrasting sharply with the typical 3—20 Mb range. The high repeat content is driven by active transposable elements:
top annotated proteins include ISXO2-like transposase, reverse transcriptase, and RNase H. This indicates that
the lineage represents an early stage of genome reduction, prior to the transposon silencing seen in more derived
microsporidia. Final annotations comprise 3,410 proteins and 2,304 proteins for White Sea and Sakhalin isolates, with
82 and 24 tRNAs, respectively. BUSCO completeness: 48.0 % and 34.0 % correspondingly. Cross-genome comparison
identified 1,524 BBH pairs (median identity 95.5 %). Metabolic reconstruction revealed a functional mitosome (ISC/
CIA Fe-S cluster assembly) with complete loss of the TCA cycle and electron transport chain; glycolysis is only
partially retained (lower half). Nucleotide salvage is present (RNR, TYMS, TK) while de novo synthesis of amino
acids and nucleotides is absent. Vestigial spliceosome components were detected in White Sea isolate (3 subunits),
consistent with ~90 % single-exon genes — an intermediate state of splicing machinery reduction.

Conclusion: The studied microsporidia represent a unique evolutionary snapshot: a large, transposon-rich genome
alongside deep metabolic reduction and intact core cellular machinery. These findings illuminate early stages of
microsporidian genome compaction and strengthen the position of novel taxon Areosporida.

Funding: The study is supported by the Russian Science Foundation (project No. 23-74-00071).
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