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Momueayus u yeno: Echinostomatoidea — sto Gosbimas KOCMOIIOIUTHYECKAS TPyIIIa
JIUTeHEEeB, KOTOPhIE MMEIOT CIIOKHBIA JKU3HEHHBIA IIMKII C OJHUM WJIH HECKOJIbKUMH
MPOMEKYTOYHBIMA M OKOHYATEIBHBIMU XO3seBaMH. [IpOMEKXYyTOUHBIMU XO035€BaMH
CIOy)KaT pas3iddyHble BHABI MOJUIIOCKOB, PBIOBI M ambubuu [1-3]. Ilomasisroiiee
OOJBIIMHCTBO TPEMAaTOJ] JTOW TPYNIBI B KAadyeCTBE OKOHYATEIBHOTO XO3SHMHA
WCIIOJIB3YIOT IITHUI], & TAKXKE MIICKOIUTAIONIUX, penTuiui u peid [1, 2, 4]. Hexotopbie
BUABI OBUIM 3apETUCTPUPOBAHBI y YEIOBEKA, YTO TOBBIIIAET AMHUIACMUOJIOTHYECKYIO
3HaYUMOCTh JIaHHOW TPYMIIBI TpeMaTo] [5] 1 MHTepec K U3yUYEeHUIO Pa3HBIX aCMEeKTOB
BEDKMBA€MOCTH W QJallTall dTUX Mapa3utoB. ONHO W3 TaKUX HANPABICHHA — 3TO
W3yYCHHE TPAHCKPUOMPYEMBIX CIEHCEpHBIX PEruoHOB. OHHM SBISIOTCS BaKHBIM
KoMroHeHToM tnporeccuara pPHK u OnoreHesa akTUBHBIX pUOOCOMHBIX CyOBEINHUII,
B CBS3M C OTHM TONyYE€HHE W AaHaIU3 BTOPUYHBIX CTPYKTYp 3THUX YYACTKOB
BOCTpeOOBaHbl Il TMOHMMAaHUsA OWOJIOTUYECKOH POJM 3THX MOJIeKyn [6]. Ota
WHPOpMAILUS, B CBOIO OYepelb, MOKET OBITh IMOJIE3HA I TIOHUMAaHUS (OPMUPOBAHUS
ajlanTanyi pa3HbIX TPYII mapa3uToB. [103ToMy 1embio JaHHOH paboTh CTaN0 U3YYeHUE
BTOPUYHBIX CTpyKTyp yuactka ITS2 pPHK gans Tpemaron Hancemelictpa
Echinostomatoidea.

Memoowr u areopummsi. Jlns OnoHpopMaTHIecKoro aHanu3a OBLTH HCIIOIE30BaHBI
Bunel  Echinochasmus pseudobeleocephalus [7], Sphaeridiotrema ussuriensis,
S. aziaticus, S. pyriforme u Psilotrema limosum [8]. Beigenenne JIHK mpoBomuin
metosiom HOtSHOT [9]. Hanee Bce 0Opa3isl ObUM aMITTUGUITUPOBAHBI I CEKBEHUPO-
BaHKI 10 CaHTepy. BrIipaBHUBaHNE HYKIEOTHIHBIX ITOCIIE0BATEIPHOCTEH IPON3BEACHO
¢ momompio aByx MetozoB: ClustalW [10] u T-coffee [11]. ®umorenermueckue
KOHCTPYKITUU TIOCTPOCHBI C UCIIOJIb30BaHUEM OaiiecoBckoro BeiBoja (Bl) B mporpamme
MrBayes 3.1.2 [12] u anroput™Ma MakCUMallbHOTO TpaBaonooous (ML) B mporpamme
PhyML 3.1 [13]. Jlsst mOoCTpOEHHsI BTOPUYHBIX CTPYKTYp crieiiceproro yvactka ITS2
ucnonb3oBanbl Bed-ceprepsl: UNAfold, RNAfold 1 NUPACK. [lnst cpaBHUTENEHOTO
aHanmm3a OBUIM TakXKe W3YyYeHBl HYKICOTHIHBIC TIIOCIEN0BATEILHOCTH JPYTHUX
npecTaBuTeNnH HajceMelicTa u3 0a3bl qaHHbix NCBI (GenBank).

Pezynomamur. OUNOreHeTUYECKUI aHAIU3 HA OCHOBE IOCIIEIOBATENBHOCTEN y4acTKa
ITS2 p/IHK moka3zas, 4To HOJI0KESHHE BCEX CEMEHCTB Ha PEKOHCTPYKIIUSAX COBIAAAET C
JaHHBIMH, TIOJTy4YeHHbIMH TkaduoM u coaBTopamu 1o reny 28S pPHK [4]. Y3nb1 umerot
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OTHOCHUTEIILHO BBICOKHMC 3HAYCHHUS CTATHCTUYCCKHX TIOJICPKEK, a TEHETHYECKUE
JUCTAHIMY UMEIOT ITUPOKHH AUANa30H MEXPOIOBBIX oTinunii (47—61 %).

CornacHo paHee OITyOJIMKOBAaHHBIM JAaHHBIM, MPOCTPAHCTBEHHOE CTPOCHHE YyJacTKa
ITS2 pPHK it GoibIIMHCTBA TPEMAaTO[ HMMEET THUIIMYHYH YETHIPEXIOMEHHYIO
ctpyktypy [14]. Ho MBI 0OHapyXwiu, 9YTO B HEKOTOPBIX CIy4asX CTPYKTYpa MOXKET
ObITh BapuabenpHa. DTO 3aBUCHUT OT JUTHHBI ITOCIIEOBATEIHLHOCTH: Y€M OHA JITMHHEE,
TeM OOJIbIlle TIETETHHBIX TOMEHOB IIPUCYTCTBYET B CMOJCIHPOBAHHON CTpyKType. Ha
pa3paboTaHHOW HaMM OOIIEH MOJCIM BTOPUYHON CTPYKTYPBI JIsS HaJICeMEWCTBa
Echinostomatoidea Hanbosee KOHCEPBATHBHBIMHU SIBIISFOTCS MEPBBIA U BTOPOIi TOMEHBI.
Buisoowi: Hecmotps Ha To uro mapkep ITS2 p/IHK Bo MHOrHX rpymmax TpeMaTo[ He
MOIXOIUT JJIs MPOBEIeHUS (PUIOTCHETUYESCKOTO aHaju3a, HalpuMep, B HaJCEMEHCTBE
Opisthorchioidea [15], oH maeT Xopolie pe3yabTaThl MPH OICHKE (PHIOTCHETHUSCKHX
OTHOIIIEHMI BHYTpH HajceMelicTBa Echinostomatoidea, kak ObLIO MOKa3aHO paHee IS
cemeiicts Echinostomatidae [16] u Echinochasmidae [17]. B macrosmieit paborte
¢unoreHeTnUecKne peKOHCTpykimu 1o ydactky ITS2 p/IHK mo3Bonwim yTOYHUTH
TaKCOHOMUYECKHI cTaTyc HEKOTOPBIX npeacTaBuTeeH HaJIceMelCTBa
Echinostomatoidea, a mopdoornyeckre 0cOGEHHOCTH BTOPHYHON cTpyKTypsl pPHK
MOATBEP AN BO3MOXKHOCTh UCIIOJB30BaHUS MapKepa I NaTbHEHUIIIero U3yueHHs ITOH
TPYIIBI TPEMATO/.

Qunarncuposanue. ViccnenoBanus BHIIIONIHEHB B paMKaX TOCYJapCTBEHHOTO 3a/IaHUS
MuHncTepcTBa HayKH H BbICIIero oOpasoBanus Poccuiickoit ®Pemeparun (Tema
Ne 121031000154-4) u rocymapctBennoro 3amanus Ne 123022200035-0 «Ctpykrypa
MPUPOIHBIX OYAroB IMapa3uTapHBIX 3a0oneBannii Ha rore Jlanpaero Boctoka Poccumy.
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Motivation and Aim: The Echinostomatoidea are a large cosmopolitan group of
digeneans that have a complicated life cycle with one or more intermediate and definitive
hosts. Intermediate hosts serve as various species of mollusks, fish and amphibians [1-
3]. The vast majority of trematodes in this group use birds, as well as mammals, reptiles
and fish as the definitive host [1, 2, 4]. Some species have been recorded in humans,
which increase the epidemiological significance of this group of trematodes [5] and
interest in studying different aspects of the survival and adaptation of these parasites.
One of such areas is the study of transcribed spacer regions. They are very important for
rRNA processing and the biogenesis of active ribosomal subunits; therefore, obtaining
and analyzing the secondary structures of these regions is in demand for understanding
the biological role of the analyzed molecules [6]. Based on mentioned above, the aim of
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this work is to analyze the features of secondary structures of the ITS2 rRNA region for
trematodes of the superfamily Echinostomatoidea.

Methods and Algorithms: The species Echinochasmus pseudobeleocephalus [7],
Sphaeridiotrema ussuriensis, and S. aziaticus, S. pyriforme and Psilotrema limosum [8]
were used for bioinformatics analysis. The HotSHOT method [9] was used for DNA
extraction. Further, all the samples were amplified and sequenced. Alignment of the
nucleotide sequences was performed using ClustalW [10] and T-coffee [11].
Phylogenetic trees were constructed using Bayesian inference (BI) in MrBayes 3.1.2
[12] and maximum likelihood (ML) in PhyML 3.1 [13]. Secondary structures of the ITS2
spacer region were created using the following web servers: UNAfold, RNAfold, and
NUPACK. For comparative analysis, the nucleotide sequences of other representatives
of the superfamily from the GenBank were also studied.

Results: Phylogenetic analysis based on the nucleotide sequences of ITS2 rRNA region
showed that the position of all families in the obtained reconstructions is similar to data
obtained by Tkach and co-authors based on the 28S rRNA gene [4]. Nodes have
relatively high statistical support values, and genetic distances have a wide range of
intergeneric differences (47-61 %).

According to previously published data, the spatial structure of the ITS2 rRNA region
has a typical four-domain structure for most trematodes [14]. But we found that the
structure is variable in some cases. This variability depends on the length of the
sequence: the longer it is the more loop domains are present in the modeled structure.
Based on the general secondary structure model developed for the superfamily
Echinostomatoidea, the first and second domains are the most conservative.
Conclusion: Although the ITS2 rDNA marker is not suitable for phylogenetic analysis
in many trematode groups, for example, in the superfamily Opisthorchioidea [15], it
presented good results in assessing phylogenetic relationships within the superfamily
Echinostomatoidea, as previously shown for the families Echinostomatidae [16] and
Echinochasmidae [17]. In this study, the obtained phylogenetic reconstructions using
ITS2 rDNA made it possible to clarify the taxonomic status of some representatives of
the superfamily Echinostomatoidea, and the morphological features of the secondary
structure of rRNA confirmed the possibility of using the marker for further study of this
group of trematodes.

Funding: The research was carried out within the framework of the state assignment
from the Ministry of Science and Higher Education of the Russian Federation (topic
No. 121031000154-4) and government assignment no. 123022200035-0 “The structure
of natural foci of parasitic diseases in the south of the Russian Far East”.
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