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Momueayus u yenw: Tubulinosema loxostegi 2020 nmpuHAAIEKAT K MHKPOCIIOPHINAM,
rpyIimne OOJUraTHBIX BHYTPHUKICTOYHBIX 3YKAPUOTHYECKUX Mapa3uTOB, POJCTBEHHBIX
rpubam. ['eHOMHbIE JaHHBIE UTPAIOT BYKHYIO POJIb B OIICHKE SBOJIIOIIMH BUPYJICHTHOCTH
MHUKPOCIIOPUANN U TIOUCKE B3aUMOCBSI3U MEXIYy T€HETHICCKUMH Pa3InYUsiIMHU Pa3HbIX
BUJIOB M UX TOCTaIbHOH crnenupuuHocThio [1]. DunoreHeTHYeCKHil aHaM3,
ocHOBaHHBIM Ha TeHe 16S pPHK, yxe HemocratoueH s MACHTU(DUKAIIUU
ONMM3KOPOJACTBEHHBIX BHIOB MHKPOCHOPUAWN (CXOACTBO INAHHOIO JIOKyca y
npencrasuteneit pogaa Tubulinosema mpessimaet 99 %) u pasperieHus 6oiee riIyO00KuX
B3aMMOOTHOIIICHUH TAaKCOHA Ul OLEHKH €ro PeallbHOro BHJOBOTO pasHooOpasus. B
HacToslIee BpeMsl JOCTYIHA cOOpKa TeHOMOB MpuMepHO 50 BHIOB MUKPOCHOPUIHIA,
OJIHaKO 3Ta BBIOOPKA JOJKHA OBITH HAMHOTO OOJIblIe, YTOOBI CUNTATHCS HAAEKHOH U
MOJIE3HOM, YYUTHIBAs U3BECTHOE KOJMUYECTBO a/IEKBATHO OMUCAHHBIX BHUJIOB, POAOB U
TaKCOHOB OoJiee BbICOKOro panra [2]. Llenbro maHHOW paboThl ObLIO CEKBEHUPOBAHUE
renoma T.loxostegi 2020 s cpaBHEHHS €r0 OCHOBHBIX XapaKTEPHCTHK C CHH-
CTBEHHBIM TMPEICTABICHHBIM HA CETONHSIIHUM JeHb pPe(EepeHCHBIM TI'€HOMOM
poactBenHoro Bua T. ratisbonensis.

Memoovt u aneopummer. Muxkpocniopuaus Tubulinosema loxostegi 2020 6buia
BEIJIETIEHa U3 TYTOBOTO MOTBIIbKA, OTIIOBIIEHHOTO B HOBOCHOMpCKOit o6mactu B 2020 T.,
U pa3MHOXEHa B TyceHMIax cubupckoro menkonpsaa (Dendrolimus sibiricus),
cozepkaimxcsi B JjabopaTopHbIX ycioBusix. Jlns skcrpakiuu rerHomHou JIHK
KJIETOUHYIO CTEHKY CIIOp pa3pyliajd NpH HOMOLIM XHIKoro azora. Ha rutatdopme
NovaSeq 4000 Illumina mis Hamero reHoma ObUIO TMoONy4eHO mopsiika 40 MIH
MPOYTEHHUH, KOHTPOJIb KAaueCTBa KOTOPBIX OCYHIECTBIISICS MPH MOMOIIU MPOTPaMMBI
FastQC. BbIpoBHEHHBIE M OYMILICHHBIE OT aJaNTEepPOB IPOYTEHHS HE KOpodUe
55 HyKJI€OTH/I0B OBLIM HUCIIOJIB30BAHbI JIJIsi TCHOMHOW cOOpKHU Ha accembiepe SPAdes.
Pacuer 0CHOBHBIX METPHK COOPKHM M TIOMCK reHOB MpoBo iy npu nomoim QUAST u
Augustus.

Pesynemamei: Pazmep nomnyueHHoro renoma coctaBui 7 542 987 11.0., pacrpeaesIeHHbIX
no 1162 konturam ¢ obumm cogepkanuem GC 23,12 %, mokazatens N50 cocraBui
~15 Kb. Pasmep reroma (7.5 MDb), o6tree xommuectBo retos (3086), KOMM4ecTBO TEHOB,
komupyromux 0enxu (3015), pPHK (8) u TPHK (58) mpakTudecku coBnaiv ¢ TAKOBBIM
s T. ratisbonensis (tabi. 1), 9To BIIOJIHE 0KHAAEMO IS ABYX OJHU3KOPOICTBEHHBIX
BHUJIOB.

CpaBHUTENBHBINA aHAIW3 BUJOB OBbLI MPOBEICH HA OCHOBAaHMH 6 OEIOK-KOIMPYIOIIUX
T'CHOB, MEPCIEKTUBHBIX C TOYKH 3PEHUS MOJEKYJSIPHBIX MapkepoB Uit nuddepen-
nuanuyi OJU3KOPOJICTBEHHBIX BHIIOB, & MMEHHO TeKCOKHMHA3bI, akTuHa, HSP70, JIHK-
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XEIINKa3bl, 0- ¥ B-TyOynnHa. CXOJICTBO HYKICOTUIHBIX 1 aMUHOKHUCIIOTHBIX ITOCJIC0BA-
TenpHOCTel OONBIIMHCTBA M3 HUX Konebaimock B mpenenax 98-99 um 98-100 %
cooTBeTcTBeHHO. /1151 rekcoknHassl U JJHK-Xenmnkassl 3Tv Toka3aTean ObLIH HECKOJIBKO
HIKE, 94TO YKa3bIBaeT Ha 0oJjiee BBICOKMI MOTUMO(PU3M JaHHBIX JIOKYCOB B TIpeesiax
poxa Tubulinosema (ta6x. 2).

Taoauua 1. Cpasaenue coopok T. loxostegi 2020 (SPAdes) u T. ratisbonensis (IDBA-UD)

XapakTeprCTHKA T. loxostegi 2020 T. ratishonensis
Howmep nocrymna B ['enbanke — GCA_004000155.1
Uwnciao KOHTUTOB 1162 1011
CaMpblIil IUIMHHBIA KOHTHT Mb 1.0 -
Pa3mep reroma Mb 7.5 7.6
KommgectBo reHoB 3086 3082
KommgectBo GenkoB 3015 3013
Kommgectso pPHK 8 8
Komgectso TPHK 58 55
N50, kb 14.981 11.9
N70, kb 6.887 —
GC, % 23.12 23
[ToxpeITHE TeHOMA 180.0x 200.0x
KomuuecTBO  HEOMpeAeIeHHbIX 11
nap ocuoBanwuii (N's)
Hons  HeompeneneHHbIX — map 0.67 _
ocuoBanuii B 100 Kb c6opku '
Cchuika Jlanuas pabora Polonais et al., 2019 [3]

Tabauua 2. CpaBHEHHE HEKOTOPBIX TEHOB «IOMAIIHEro X03siucTBay T. loxostegi 2020 u
T. ratisbonensis

CX0JCTBO HYKJICOTHIHOH / aMHUHOKHCIIOTHOM
Jlokyc o
MOCJIEIOBATENILHOCTHU reHa, %

I'ekcokunasa (1190 m.0.) 96.64 / 98.48
Axrtun (1128 11.0.) 98.85/98.94
Hsp70 (2002 1.0.) 98.50/99.70
a-tyoynun (1341 1m.0.) 98.36/99.11
B-ty0ynun (1320 m1.0.) 98.48/100

JTHK-xemmkaza (1748 11.0.) 95.88/93.48

Bui6o0vi: BriepBbie IpoBeAEHBI TOJIHOTEHOMHOE CEKBEHUPOBAHHUE U IPEABAPUTENbHAs
cOopka reHoMa Jisi SHTOMOIATOT€HHON MHKPOCIIOPUIMN U3 JTYrOBOIO MOTBUIbKA. O
MOJIHOTE COOPaHHOI'O T'€HOMA CBHUIETENBCTBYET COIIOCTABUMOCTh OCHOBHBIX XapakTe-
puctuku coopku T. loxostegi 2020 u GuuskopojacTBeHHOTro BHma T. ratisbonensis.
CpaBHUTENBHBIA aHANN3 HIECTH T'CHOB «JIOMAIIHETO XO03SHCTBA» MO3BOJIMI BBHISIBUTH
HECKOJIBKO  TEpPCIEKTUBHBIX  MOJEKYISPHBIX ~ MapKepoB  JJisl  JalbHEeWIIen
muddepernmanym 6JIM3KOPOACTBEHHBIX BUIOB poza Tubulinosema, B vacTHOCTH reHBI
rekcoknHassl u JIHK-xemmkaspl, mokazaBmme Ooyiee BBICOKHE pa3iudus B
HYKJIEOTUJIHBIX TI0CJI€/IOBATENILHOCTX, yeM reH McpPHK.

Qunancuposanue: Viccnenosanue nopuepxano rpantom PH® (Ne 23-16-00262).
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Motivation and Aim: Tubulinosema loxostegi 2020 belongs to the Microsporidia, a group
of obligate intracellular eukaryotic parasites related to fungi. Genomic data play an
important role in assessing the evolution of microsporidia virulence and searching for
the relationship between genetic differences among different species and their host
specificity [1]. Phylogenetic analysis based on the 16S rRNA gene is no longer sufficient
to identify closely related microsporidia species (the similarity of this locus in
representatives of the genus Tubulinosema exceeds 99 %) and to resolve deeper
relationships of the taxon to assess its real species diversity. Genome assemblies of
approximately 50 microsporidia species are currently available, but this sample would
need to be much larger to be considered reliable and useful given the known number of
species, genera, and higher-ranking taxa adequately described to date. [2]. The purpose
of this work was to assemble of the T. loxostegi 2020 genome to compare its main
characteristics with the only reference genome of the related species T. ratisbonensis
presented to date.

Methods and Algorithms: The microsporidium Tubulinosema loxostegi 2020 was
isolated from the beet webworm larvae (Loxostegi sticticalis) captured in the
Novosibirsk region in 2020. Spores were propagated in the Siberian silkworm
(Dendrolimus sibiricus) larvae under laboratory conditions. To extract genomic DNA,
the cell wall of the spores was destroyed using liquid nitrogen. Approximately 40 million
reads were obtained for our genome on the NovaSeq 4000 Illumina platform, and their
quality was assessed using the FastQC program. Reads that were aligned and free of
adapters, with a minimum length of 55 nucleotides, were utilized for genome assembly
using the SPAdes assembler. The main assembly metrics and gene research were
calculated using QUAST and Augustus.

Results: The resulting genome size was 7,542,987 bp, distributed over 1,162 contigs with
a total GC content of 23.12 %. The N50 indicator was approximately 15 Kb. The genome
size (7.5 Mb), total number of genes (3086), number of genes encoding proteins (3015),
rRNA (8), and tRNA (58) closely matched those of T. ratisbonensis (Table 1), as
expected for two closely related species.

A comparative analysis of species was conducted based on six protein-coding genes,
which show promise as molecular markers for differentiating closely related species.
These genes include hexokinase, actin, Hsp70, DNA helicase, a-tubulin, and -tubulin.
The similarity of the nucleotide and amino acid sequences for most of these genes ranged
from 98 to 99 % and 98 to 100 %, respectively. However, for hexokinase and DNA
helicase, these indicators were slightly lower, suggesting a higher level of polymorphism
within the genus Tubulinosema at these locus (Table 2).
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Table 1. Comparison of T. loxostegi 2020 (SPAdes) and T. ratisbonensis (IDBA-UD)
assemblies

Metrics T. loxostegi 2020 T. ratishonensis
GenBank accession number — GCA_004000155.1
Number of contigs 1162 1011
Largest contig, Mb 1.0 —
Total assembly length, Mb 7.5 7.6
Number of genes 3086 3082
Number of proteins 3015 3013
Number of rRNA 8 8
Number of tRNA 58 55
N50, kb 14.981 119
N70, kb 6.887 —
GC, % 23.12 23
Genome coverage 180.0x 200.0x
N's 11 -
N's per 100 Kbp 0.67 —
Link — Polonais et al., 2019 [3]

Table 2. Comparison of some housekeeping genes of T. loxostegi 2020 and T. ratisbonensis

Gene nucleotide/amino acid sequence
Locus R
similarity, %

Hexokinase (1190 bp) 96.64 / 98.48
Actin (1128 bp) 98.85/98.94
Hsp70 (2002 bp) 98.50/99.70
a- tubulin (1341 bp) 98.36/99.11
B- tubulin (1320 bp) 98.48 /100

DNA helicase (1748 bp) 95.88/93.48

Conclusion: For the first time, whole-genome sequencing and preliminary genome
assembly were carried out for the entomopathogenic microsporidium from the beet
webworm larvae. The completeness of the assembled genome is evidenced by the
comparability of the main characteristics of the assembly with those of the closely related
species T. ratisbonensis. A comparative analysis of six housekeeping genes made it
possible to identify several promising molecular markers for further differentiation of
closely related species within the genus Tubulinosema, particularly the hexokinase and
DNA helicase genes, which exhibited higher differences in nucleotide sequences than
the 16s rRNA gene.

Funding: The study is supported by RSF (# 23-16-00262).
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