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Annotanusi. C HCIIONB30BaHUEM KOMIIIEKCHOTO ITOJX0/a B JIECHBIX MouBax EBpeiickoil aBTOHOMHOIM
obnacTu BriepBbie 00HapY)eHbl Anagnostidinema pseudacutissimum (Cyanobacteria) u Pseudomuriella
engadinensis (Chlorophyta), aBnstomuecs HoBeIMU ans JanesHero Boctoka Poccum. Llmanobak-
Tepust A. pseudacutissimum BIIepBble yKa3bIBaeTCs 11t Tepputopuu Poccutickoit deneparun.
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Abstract. Two new species for the Russian Far East, Anagnostidinema pseudacutissimum (Cyanobacteria)
and Pseudomuriella engadinensis (Chlorophyta), were isolated from the forest soil of the Jewish Autonomous
Oblast using an integrative approach. It is the first finding of the Cyanobacteria A. pseudacutissimum for the
Russian Federation.

Keywords: Cyanobacteria, Chlorophyta, new findings, integrative approach, Jewish Autonomous Oblast,
soil.

BBenenue

[lnanobakTepuy 1 MUKPOCKOITMYECKHE BOJAOPOCIH CIIOCOOHBI )KUTh B KpaiftHe pa3Ho-
00pa3HBIX U MOPOH PKCTPEMANbHBIX MECTOOOWTAHUAX: B COJEHON W MPECHOH BOJE;
Ha KaMHSIX M CKaJax; Ha ByIKAHHYECKOM MeTlIe M MUPOKIACTHUECKUX OTIIOKEHHAX; Ha KOpe
JepEeBBEB; B MOUYBE W OMOJOTMYECKUX IMOYBCHHBIX KOpPKaX; Ieliepax; CHEeXKHBIX MOJAX;
TOpSYMX UCTOUYHHUKAX M B 0a3ucax MycTeIHb (Hanpumep, Mikhailyuk et al. 2019; Abdullin
et al. 2021a; Saber et al. 2021; Allaguvatova et al. 2022). DTH MUKPOOPTaHU3MBI SIBIISTFOTCS
OCHOBHBIMH HIEPBUYHBIMHU MTPOU3BOIUTEISIMU KHCIOPOJIA, OPTaHUYECKUX COCIMHEHHH,
OCHOBO¥ TIMIIIEBBIX IETICH, IEHHBIMUA HCTOYHUKAMU OHOJIOTMYECKH aKTUBHBIX BEIIECTB JIS
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OMOTEXHOJIOTHUECKHUX UCCIIEIOBaHNH U IPOU3BOACTB. PazHooOpasue, skoorus u Onoreo-
rpadus nuaHoOakTepuil U BOIOPOCIIEH, HaCENAIOMINX MOYBBl pOCCUiicKOoTO JlambpHero
Bocroxa (P/IB), n3yuens! HepaBHOMepHO U HenoctatodHo (HoBuukoBa-lBanosa 1969;
Amnnpeesa, Yaruteirnaa 1989; Koctukos 1993, 1994; Mnpanbaesa u ap. 2018; Kyxapenko
1989; Gontcharov 1996; Mensenesa, Huxynmuua 2014). JlanHbIE 0 BUIOBOM COCTaBE BOZO-
pocIeil pernoHa OCHOBAHBI, MPEUMYIIECTBEHHO, Ha KJIACCUYECKUX MOP(OIOTHIECKUX
noaxonax. OgHako UACHTU(DUKAITNS 3THX MUKPOOPTAaHU3MOB Ha OCHOBE MOpP(hOIOTHYe-
CKMX MPHU3HAKOB YaCTO BO3MOXKHA TOJBKO /IO POAA WIJIM KOMILIEKCA BHJIOB M3-3a HU3KOTO
MOP(}OIIOTHIECKOTO pa3HOOOPA3HsI M HATMYMS KPUIITHUECKUX TaKCOHOB. Mcmonp3oBanme
KOMIUIEKCHOTO (MHTETPAaTUBHOTO FUIA TIONMM()A3HOTO) TOIX0/1a, BKIFOUAOIIETO TPAIHUITH-
OHHBIE METOABI MUKPOCKOIIUHA ¥ MOJEKYISIPHO-(OUIOTEHETHIECKUN aHATH3, TIO3BOJISET
MOJIyYUTh MaKCHMaJIbHO MOAPOOHYI0 MH(popMalnio o0 HCcTHHHOM OMOpa3HooOpa3zuu
nmaHobakTepuit 1 Mukposopopocierd (Komarek et al. 2014; Darienko et al. 2019). Llens
HaIIel cTaTby — JIOTIOTHUTH JIaHHBIE 110 BUOBOMY Pa3sHOOOPa3HIO IIMAHOOAKTEPUH U BOMIO-
pocelt oYB JIECOB YMEPEHHOTO0 MyCCOHHOTO KinMara P/IB ¢ ucnonb3oBaHEM KOMILIIEKC-
HOTO ITOXO0JIA.

Feorpa(l)nqecxoe MOJIOKeHHE U MPUPOJAHBbIC YC/I0BUSA

EBpetickas aBroHoMHas o6nacts (EAQO) HaxXoauTCs B F0)KHOW 4aCTH POCCHICKOTO
Hanbuero Bocroka. Ha 3anazge rpannyut ¢ AMypckoii 0011acTbio, Ha BOCTOKE — ¢ Xa0apoBs-
CKHUM KpaeM, Ha 1ore — ¢ Kutaem. BXomut B MycCOHHYIO JIECHYIO KITUMAaTHYECKYIO 001acTb
YMEPEHHBIX IIUPOT, XapaKTEPU3YIOUIYIOCS BBICOKMM MOKa3aTeleM KOHTHHEHTaJIbHOCTH.
3uMa MaJIOCHEKHas U XOJIONHAs, JIETO TEMIOE U BiIakHOoe. B TedueHue roga Belmagaer
600—700 MM ocaakoB, mpuuEM 0KOJIO 75% 0CalkoB — B IIEPHOJ C Masi 110 CEHTAOPh. Brax-
HOCTh Bo3ayxa gocturaetr 80%. Cpengnerogosas remreparypa Bozayxa +1.9 °C (I'puro-
preBa 2003). PactutensHOCTh B pailoHe 0TOOpa Mpod — CMEIIaHHbIH Jiec (JIMCTBEHHMILIA,
ny0, Oepesa).

MaTepHaJ’lbl U METOAbI

B utone 2021 1. mpoOBI OYBEI OTOOPAHEI Ha TEPPUTOPUH [ 0CYIapCTBEHHOTO TIPUPOI-
Horo 3amnoBenHuka «bacTtaky, kinacrtep «3abenoBckuii»y, CmugoBuuckuii p-H, EAO
(48°25'59.5" N, 134°13'18.1" E). Ot60p m1pob mpoBOIUIICS C HCIIONH30BAaHUEM KJIacCHYe-
ckux metooB ([omnepbax, [lITrra 1969).

s nosrydeHuss HAKONUTENbHBIX KyNbTyp B yamiku Iletpu co cTrepuiibHON cpenou
Waris-H (McFadden, Melkonian 1986) nomemanu mouyBeHHy0 IpoOy Maccol He Ooiee
1 T 1 ocylIeCTBISUIN KyAbTUBHpOBaHHE. HakomuTenbHbIE KYIBTYPBI PETYISPHO POBEPSIIH
Ha POCT BOAOPOCIIEH ¢ CTIONh30BaHHEM HHBEpTUPOoBaHHOTO MUKpockorma CK30 (Olympus
corp., Tokuo, AAnonus).

Jlyist Goree MOTHOTO BBISIBJICHHUS! BUJIOBOTO Pa3HOOOPAa3uUsl MPUMEHSIIA METOJ «CTEKOIT
obpacranus» (lomnepbax, llItura 1969). B crepunbabie ganrku [leTpu momemnanm npoosl,
yBI&KHEHHBIE (QUIIBTpOBaHHON Bosioi 10 80% OT momHOM BiaroeMkocTH. Ha moBepxHOCTB
cyOcTpara ImoMenIaay CTEPIIbHBIE TOKPOBHEIE CTeKIa (2 IITYKH HA YaIlKYy ).

YucTele KyIbTyphl ObUIH BBIAEIECHBI MUKPOIIUIIETOYHBIM criocoboM (Andersen 2005)
Y KyJBTUBUPOBAIINCH B TUuTaresbHON cpene Waris-H. Kynmsryps! nnano6axrepuii 1 3eeHbIX
BOJIOPOCIIEN XpaHMIINCH ITpH ocBeleHHOCTH 117-120 mroke, Temneparype 2022 °C u ipu
YyepenoBaHUH CBETOBOW M TeMHOBOH (a3 16:8 u.

Mopdooruto 1muaHoOaKTEPHl U BOXOPOCIICH UCCIEIOBAIN C MTOMOIIBI0O CBETOBOTO
mukpockorna Olympus BX 53 (Olympus corp., Tokno, Anonus), 060pynoBaHHOTO ONITHKOM
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Nomarski DIC. Mukpodotorpadun Beimonssutu ¢porokamepoit Olympus DP27 (Olympus
corp., Tokwno, SAmonus). [yt BUIOBOM UACHTH(PUKAIIAN 10 MOP(OIOTHIESCKUM IMPHU3HAKAM
rcTonb30Bay cBoAaku u onpenenutenu (Llaperako 1990; Aumpeea 1998; Komarek,
Anagnostidis 2005). Cuctemarnka nnaHoOaKTEpUid M BOJOPOCIEH COCTaBlIeHa COTJIACHO
M. O. u I. M. Tropu (Guiry, Guiry 2022).

Hnsa seigenenus JAHK knerounyio 6momaccy orbupand BO BpeMsl SKCIIOHCHITH-
agpHON (a3sl pocTa W KOHLIEHTPHUPOBAIH NeHTpudyrupoBanneM. OOmas reHoOMHas
JHK Brimensutacek mo meromy L. C. Oxta ¢ coaBropamu (Echt et al. 1992) ¢ HekoTOpsIMHU
momudukanusmu (Abdullin et al. 2021b). AMmmudHUKAITNIO TPOBOIAMIIA METOIOM TTOJIH-
MepasHoit nemHor peakuuu (I1LIP) B ammmudukarope T100 Thermal Cycler (Bio-Rad
Laboratories, Inc., I'epkynec, CILIA) c nHabopom Encyclo Plus (EBporen, Mocksa, Poccust).
leHOTHIIHpOBaHUE MUAHOOAKTEPUAIBHOTO MTAMMa OCYIIECTBISLIOCH HA OCHOBAHHH
¢parmenra rena 16S pPHK, npaiimepsr 27F (5’-AGAGTTTGATCMTGGCTCAG-3’)
u 1492R (5’-GGTTACCTTGTTACGACTT-3"), a 3emeHbIX BOIOPOCIEH — BHyTPEH-
HEeTO TpaHCcKpuOmpyemoro cmeiicepa saepHoit pubocomuoit JHK (ITS-permona
ap/IHK), mpaiimepsr Bd18SF1 (5°-TTTGTACACACCGCCCGTCGC-3’) n ITS4R
(5’-TCCTCCGCTTATTGATATGC-3’). IIpoayxts! [P cexBeHrpoBasnm B 060MX HampaB-
nenusx Ha 6aze OHII buopaznoobpasus IBO PAH ¢ ucmons3oBaHHEM TeHETHIECKOTO
anamm3atopa ABI 3500 (Applied Biosystems, Mapumnenn, CIIIA) u HabopoM ISt CeKBe-
nupoBanus BigDye Terminator v. 3.1 (Applied Biosystems, Mapunenn, CILA), a Taxxe
TeMH Xe mpaliMepamu, kotopble npuMensunch it [ILP. [TocnenoBareasHOCTH OBLTH
coOpaHnbl ¢ moMornkio makeTa Staden v.1.4 (Bonfield et al. 1995). Bce BHOBB monyueHHBIE
MOCJIEIOBATEILHOCTH CPABHUBAIKMCH C JIPYTUMH IITaAMMaMH, JOCTYIHBIMUA B Hamwo-
HaJhHOM IeHTpe Onorexnonorndeckor nadopmammn (NCBI, berecna, CIIIA) ¢ momornisio
moucka BLAST [https://blast.ncbi.nlm.nih.gov/Blast.cgi]. Ha ocHoBanuu pe3ynpraroB
BLAST, a Taxxe HabopoB nmanubeix T. Muxaitmok ¢ coaBropamu (Mikhailyuk et al. 2019),
MPOU3BOJUIICS OTOOP PENpPe3eHTATUBHBIX IOCIE0BaTeIbHOCTEH NIl TpeX HabopoOB
TAHHBIX U najbHelero grutoreHeTmaeckoro ananmsa. [lepserit Habop Brutrouan 92 mocie-
nosarensHOCTH 16S pPHK (1576 BRIpOBHEHHBIX MO3HMIINN) IIAaHOOAKTEPHI ceMercTRa
Coleofasciculaceae (Oscillatoriales); Bo BTopoit Habop Bomia 101 mocmenoBareIsHOCTH
ITS p/IHK (889 mo3wummii) 3emeHsIx Bogopociei mopsaka Sphaeropleales (Chlorophyceae).
B niepBrIit HaOop JaHHBIX J00aBIIeH OAWH TAKCOH, @ BO BTOPOH HabOp — MIECTh TAKCOHOB,
MPEACTABISTIONINX (PUIIOTCHETHUYECKU OTNANCHHbBIE JINHIH, B KAUECTBE BHEIITHEH TPYIIIIHL.
[MocnenoBaTeTbHOCTH (TAKCOHBI, HOMEPA JIOCTYTIA M HA3BaHHS IITAMMOB YKa3aHbI B COOT-
BercTBuM ¢ ManasiMu NCBI) BeipaBHUBaNMCH B mporpamme SeaView (Galtier et al. 1996)
C KOppEeKIUeH BEIpaBHUBAHUS BPYUYHYIO.

IMoctpoenue HUITOTEHETUIECKUX JIEPEBBEB OCYMIECTBISUIOCH METOIOM MaKCHMAIIb-
Horo npaBaonofo6us (ML) u baitecoBckum noaxoxom (BI). Aranuz meronom ML mpoBo-
TUJICS C UCTIONb30BaHmeM cepBepa RAXML web server v. 7.7.1 (http://embnet.vital-it.
ch/raxml-bb/; Kozlov et al. 2019); BI 651 BEIONTHEH B mporpamme MrBayes 3.1.2
(Huelsenbeck and Ronquist 2001). UtoOs1 onpeneanTs HanbOoIee MOIXOASIIIYI0 MOIETh
3aMeH JUTs HallliX HabOPOB TAaHHBIX, HCTIOIB30BANICS HH()OPMAIIMOHHBIN KpUTEepHid AKanke
(AIC; Akaike 1974) B mporpamme jModelTest 2.1.1 (Darriba et al. 2012). I1pu BI ananuze
CO3[JaBAJIM 5 MWUIMOHOB TeHepaluil nemneii MapkoBa, oToupas nmpoosr kaxasie 100
rerepanuii, T. . 50000 mpob. Ilepsrie 25% mpob (70 BbIXoAa 3HadueHu# -InL Ha maro)
HCKITIOYAJTUCh U3 aHam3a Kak «burn-in». Koaseprennus MapkoBckux 1eneit Monte-Kapiio
(MCMC) K cTanoHapHOMY pacIipeesieHHIO ObUIa OI[eHEeHa BU3yaIbHO C TOMOIIbI0 Tracer
1.7.1. (Rambaut et al. 2018) mo AEarpaMMe armoCTEPHOPHBIX BepoSTHOCTEH. Bee 3HaueHus
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ESS Obutn 6ompire 200. YeToOHYHUBOCTD Y3710B (DHIIOT€HETHUECKHUX JEPEBbEB, MOMyUYEeHHBIX
MetonmoM ML, paccunrana ¢ moMoribio cepBepa RAXML metogom Gyrerpena (Bootstrap
Percentage, BP; Stamatakis et al. 2008), u onpenenenrneM armocTepuOPHBIX BEPOITHOCTEH
(Posterior Probabilities, PP) B BI. 3nauenus BP menee 50% u PP menee 0.95 ne paccma-
TpuBajguch. OUIOTCHETUYECKHUE JAEPEBbS BU3YAIN3UPOBAIN C IIOMOIIBIO MPOTrPaMMBI
FigTree v. 1.4.4 (Rambaut 2018).

Pe3yabrarsl U 00cyxkaeHne

B pesynbrare uiccnenoBaHus MOYBEHHBIX P00, OTOOpaHHBIX HA TeppuTopru EBpeii-
ckori AO, HaXOJAIIEHCS MO BIUSHUEM YMEPEHHOTO MYCCOHHOTO KIIMMara, ObLTH BBISB-
JIeHBI 71Ba HOBBIX s P/IB Buaa nuanoOakTepuil U Bogopocieit (Tabm.).

Taon. Pe3ynasraTsl TeHOTUMMPOBAHUS M30JIMPOBAHHBIX IITAMMOB IMaHOOAKTEPU U BOZOpOCIEH
u3 nouB EAO npu nomontn BLAST-anroputma.

Table. Results of genotyping of the isolated cyanobacterial and algal strains from soils of the Jewish
Autonomous Oblast using the BLAST algorithm.

IIpoueHT HAEHTHYHOCTH ¢ pede-

TakcoHOMUYecKasi MPUHAI-
JIGKHOCTH IITAMMA
Taxonomic affiliation

Ne
n/n

MakcHMaJIbHBII NPo-
HeHT HAEHTHYHOCTH
Maximal percentage

of identity

PEHCHBIM INTAMMOM
(AMUTUN/U30THIT)
Percentage of identity with the
reference strain (epitype/isotype)

Cyanobacteria, Cyanophyceae, Oscillatoriales, Coleofasciculaceae

Anagnostidinema pseudacu-

tissimum (Geitler) Strunecky,

Bohunicka, J. R. Johansen et
J. Komarek

99.91% — Anagnos-

tidinema pseudacu-

tissimum ladakh27
KT315938

99.83% — Anagnostidinema
pseudacutissimum CCALA
151 KT315935 (Johansen et al.
2017)

Chlorophyta, Chlorophyceae, Sphaeropleales, Pseudomuriellaceae

100% — Pseudo-
muriella engadin-
ensis SAG 221-3

MW075329

100% — Pseudomuriella enga-
dinensis UTEX 57 HQ292729
(Fucikova et al. 2011)

Pseudomuriella engadinensis
2. | (Kol et F. Chodat) Fucikova,
Radaet L. A. Lewis

Cyanobacteria

Anagnostidinema pseudacutissimum (Geitler) Strunecky, Bohunicka, J. R. Johansen
et J. Komarek, 2017 (puc. 1A, 1B) = Oscillatoria pseudacutissima Geitler, 1956 =
Phormidium pseudacutissimum (Geitler) Anagnostidis et Komarek, 1988 = Geitlerinema
pseudacutissimum (Geitler) Anagnostidis, 1989.

Hurtuaras unano6axrepus. Tpuxomsl TOHKHE, OJIeIHO-TOIYy00BaTO-3€IeHbIE, 00BIYHO
psiMble, H30THYThIE, HHOTAAa oOpa3yromue cuupaiu. HeckoabKko KOHIEBBIX KIETOK MO0
npsiMble, 00 u3orHyThie. [llnpuHa kinerok 1.2—1.9 mxwm, niuHa 2.7-4.5 MKM. ATIMKaTbHAas
KJIETKa WINHAPUYECKas, MpsiMasi WK OTYETIIMBO M30THYTAs, CJIErKa 3a0CTPEHHAs MIIH
C TYNO 3aKpYIJIEHHOH BepIIMHOH, 0e3 yameuku. O60104ku oTCYTCTBYIOT. Kononun
01eHO-3eNeHbIe, PACKUINCTHIE.

[TocnenoBarenpHOCTh TeHa 16S pPHK nemonmpoBana B GenBank mom HOMepom
noctyna OP548639. BLAST-ananu3 3Toi oCne10BaTeIbHOCTH O3BOIMI YCTAHOBUTD
JOBOJIHO BBICOKHMH MPOLIEHT CXOACTBA C MOCIIEAOBATENbHOCTAMU A. pseudacutissimum,
nocrynasiMu B GenBank, Bapeupyromuii ot 98.56 10 99.91%, (tabn.). Ha ¢unoreneru-
yeckoM ML nepeBe Ham mramM BOIIEN B yMepeHHO nozaepkanuyro (70/0.97) BumoByto
kinany (puc. 2). B I'en0anke Bun mpenctaBieH OONBIINM YHCIOM IOCIEI0BATEIBHO-
CTeH, 4TO yKa3bIBaeT Ha €ro MHUpPOKoe pacrnpocTtpaHeHue. Ilpu 3Tom B BUAOBOH Kiaze
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Puc. 1. MukpodoTtorpadun BeISIBICHHBIX BHJIOB [[MaHOOAKTEpHUil 1 Bomopoceit: A, B —
Anagnostidinema pseudacutissimum; C, D — Pseudomuriella engadinensis. MacmraOHbIe
nuHeHkH — 10 MKM.

Fig. 1. Light micrographs of cyanobacteria and microalgae general morphology: A, B —
Anagnostidinema pseudacutissimum; C, D — Pseudomuriella engadinensis. Scale bars —
10 pm.

BBIJICJISIETCS] HECKOJILKO TONKIIa]l, OOBbEAMHSIONINX JHBEPTEHTHBIC MTOCIIEI0BATEIILHOCTH.
BBHJly OTCYTCTBHS NOAJIEPKKH OTHOMICHUS MEXKIY 3TUMHU MOJKIIAIaMHU HE ONpe/IelICHBI.

Bupn 6511 omucan xak Oscillatoria pseudacutissima Geitler (Geitler 1956). B opurn-
HAJIbHOU ITyOJNMKAIMH YKa3aHO, YTO SKCHKAT 3TOTO BUJa XpaHuTcs B repbapun boranuye-
ckoro nHcTHTyTa Berckoro yansepcutera (WU). Onnako Moxarcernom ¢ coasr. (Johansen
et al. 2017) craBUTCS TOJ COMHEHHE BO3MOXHOCTH Pa0OTHI C 3THM MaTepHAIOM H3-3a
€ro HEOJHO3HAYHOTO cocTosiHMsL. [loaToMy mnst A. pseudacutissimum ObUIH ONIPEICICHBI
snutumbel — mraMmMbl CCALA150 u CCALA151. Tlocneqnuit oka3ajicsi o4eHb OJIM30K
K HameMmy o0pasiy (99.83% cxoncTBa, 2 HyKJICOTHAHbBIE 3aMEHBI; Tall. ).

Bun orMeuancst B MOYBEHHBIX M BOAHBIX MecTooOuTanusx CeBepHOU AMEpHUKH,
EBpormbl, A3uu, AHTapKTHKH, HO JJIsl TEPPUTOPUH Poccun PUBOANTCS BIIEPBBIE.

Chlorophyta

Pseudomuriella engadinensis (Kol et F. Chodat) Fucikova, Rada et L. A. Lewis,
2011 (puc. 1C, 1D) = Chlorellopsis engadinensis Kol et F. Chodat, 1934 = Bracteacoccus
engadinensis (Kol et F. Chodat) Starr, 1955 = Bracteacoccus terrestris (Kol et Chodat)
Starr, 1955.

Kuetku onuHouHBIe. MOJIOBIC KIICTKU UMEIOT ChepruecKyro popMy ¢ OTHUM MpPUCTE-
HOYHBIM HIMPOKHM TOSICKOBUIHBIM XJIOPOILIACTOM IHAMETPOM 3—7 MKM.

3penbie KIETKH chepruuecKre WiIn cierka cxarble, tuamerpom 10—15 mxm. Xiopo-
IUIACThI MPUCTECHHBIC, MHOTOYHCICHHBIC, TUCKOBUIHOW WM JTMH30BUAHOI (hopMbI Oe3
MUPEHOUIOB. Y MOJIOJBIX KJIETOK CTCHKA TOHKas U riajakas. [1o Mepe co3peBaHus KIETOK
CTEHKa MOXKET YTOJILIATHCS, @ KICTKUA — HAKAIJIMBATh BKIIIOYCHUS JKEJITO-OPAHKEBOTO
BETA.

[MocnenosarensHocts ITS sap IHK nenonnposana 8 GenBank nox Homepom pocrymna
OP547438. Hauboiiee OMU3KUMH 10 CTEINEHHU CXOACTBA CTAJIU IOCJIEIOBATEIHLHOCTH
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100/1.00

NR 176558 Funiculus tenuis HSN023
MT311249 Koni ingensis CATCB6
10%, NR_176595 Hillbrichtia pamiria TAU-MAC Cylx 15-1
L NR_172610 ila CATCBS
icola CATCCI0
—_— NR s (‘ra:sr/'hm sonorensis SON62
73097 MF348315 Ramsaria avicennae SM S12C clone cll
L wiwem Allocolepsis froniscona PCC 113

581658

VFSB166) Pyenacronema savannensis 49PC
MFSS1659 Pycracronema rubrum 43PC

NIFSEI687 Poenoesoneonsrborietion $17C
MF$8166 Pycnacronema conicum TPC Pyenacronema
NR_176557 Parifilun solicrustae SONST
NR_172608 daphica CATCAT
MFSS1661 Pycnocronem brasilersi 45PC

F65405:

NR_| IZSS’I Cu[m/a.vﬂmlm chthonoplastes SAG ’ZD‘) I G
KF312343 Kasiovskya adunca ATAG-11-RMO clone BC
KE312341 Kastorskya adiaca /ms SQLB‘)S clone AB I Kastovskya
NR_176554
NR_176556 Crastifilim hlxpuhculac SEvao
NR_172594 Wilmotia koreana FBCC-AS12
MW405050 Wilmottia sp. PMC 988-17 Wil "
KY288996 Wilmottia stricta 31PC iimottia
NR_176999 Wilmottia murrayi KG128
KT315945 Anagmxlul‘m-m carotinosum JR21
730. ‘OK586775 Jaaginema subtilissimum ULCA437
KT315947 Anagnostidinema carotinosum MKS0
o6 JQ712598 Ge:llerm('ma carotinosum PO13 0 hibit
I KC525097 wphibium HA4216-MV1
00'|- 0685852 Anagnostidinema sp. WUCI 745
OM732233 Anagnostidinema sp. BACA0329
KT315946 Anagrastidinema carotinasum MK72
p. BACA434

MKS61864 Anagnostidinema sp. V18
MKS61862 Anagrostidinenra sp. KL10
MG363375 Anagnostidinema sp. CCM-UFV064
MT488286 Geitlerinema sp. CHAB_TP201828_clone_06
ON803473 Geitlerinema sp. BEA1034B
ON258648 Anagnostidinema sp. LHM-M
KT315930 Geilerinema sp. LD9

OKS76188 Geitlerinema sp. ULC100
ONG685824 Geitlerinema sp. WUCIS81

MNSS3755 Anagnostidinema pseudacutissimum USMPM N
KT315931 Anagnostidinema pseudacutissimum 1.D27
KT315938 Anagrnostidinema pseudacutissimum ladakh7
KT] 15937 Armgnoxlulmmm  pseudacutissimum ladakh26

inema sp. WUC1329
x‘ms‘nz Geitlerinema sp. LD24
ONG85836 Geitlerinema sp. WUCS61
KT315943 Anagnostidinema pseudacutissimium JR18
JQ712614 Geitlerinema pseudacutissimum P03

AY423710 Geitlerinema carotinosum AICB 37
JQ712608 Geitlerinema pseudacutissimum PO0S

Q712617 Geitlerinema pseudacutissimum POO4

MF423477 Anagnostidinema carotinasum AICB 37
KY550440 Geitlerinema carotinosum AWQC-GEIT001
—— NR_176602 Olisthonema eestii TAU-MAC 3318

KYS50461 Pseudanabaena amphigranulata 1013-0029
OK$86783 Anagnastidinema ionicum ULCS04
OKS86781 Geitlerinema nematodes ULCS00
KYS50457 Limnothrix meffertiae 1013-0020 Anagnostidinema pseudacutissimum
OK 386782 Anagnastidinema ionicum ULCS03
AF317510 Geitlerinema sp. PCC_9222
ON6SSS69 Geitlerinema sp. WUC1512
KT315942 Anagnostidinema pseudacutissimum GSE-PSE-04-DSG
(MTA88284 Geilerinema sp. CHAB_TP201528_clone 01
{ MT488241 Geitlerinema sp. CHAB_TP201810,_clone_03

MT488239 Geitlerinema sp. CHAB_TP201810_clone_01
MT488240 Geirlerinema sp. CHAB_TP201810_clone_02
KT753323 Leptolyngbya sp. ANTO7_JR23
KT315939 Anagnostidinema pseudacutissimum JR23
VCA

_{ KI315938 dngmasidiems pescculs s 110
T315944 Anagnostidinema carotinasum 29rlc
USRS Getrinem $p. Sai004

MZ005304 Anagnastidinema sp. LHM-B

= MZ005297 Anagnostidinema sp. LHM-J
MZ005299 Anagnostidinema sp. LAM-Q
©X12005300 Anagnostidinema sp. LHM-C
MZ005302 Anagnostidinema sp. LHM-S
GU935345 Geitlerinema sp. Sai001
EUI196629 Anagnostidinema pseudacutissimium CCALA 142
KT315938 Anagnostidinema pseudacutissimum CCALA 151
MZ005298 Anagnostidinema sp. LAM-F
GU35346 Geitlerinema sp. Sai002
GU93S347 Geitlerinema sp. Sai003
ONG8S870 Geitlerinema sp. WUC1503
ONG85823 Geitlerinema sp. WUCIST8

0.05

_074282 Gloeobacter violaceus PCC 742I| Outgroup

Puc. 2. ML nepeBo, wiutocTpupyloliee (pUIoreHeTHIeCKoe MOoNoKEeHHe mTaMMma Anagnostidinema
pseudacutissimum (xupHbiil ipuT, 3arenenne) B cemeiictBe Coleofasciculaceae (Oscillatoriales)
Ha OcHOBaHUU cpaBHeHHUs nocnenoparensHocTel 16S pPHK (GTR+I+G monens). [lognepixku
[ML/BL, (BP) > 50% and (PP) > 0,95] yka3aHsI BblilIe/HUKE COOTBETCTBYIOIIMX BeTBel. HekoTophie
BETBHU OBUIHM YMEHBIIIEHH (IToKa3aHbl TONbKO 10%). MacmrabHas nuHelka — KOJIN4eCTBO HyKJIeo-
THUAHBIX 3aMC€H Ha ITIO3UIIUIO.

Fig. 2. ML tree showing phylogenetic position of the A. pseudacutissimum strain within the family
Coleofasciculaceae (Oscillatoriales) based on 16S rRNA gene sequence data (GTR+I+G model).
Strain in bold with shading represent newly sequenced strain. Support [ML/BI, (BP) > 50% and
(PP)>0.95] are given above/below the branches. Some branches were reduced in length (only 10%
shown). Scale bar — substitutions per nucleotide position.

Pseudomuriella engadinensis, 99.52—100% (tabn.). Ha ML nepeBe, BKIFOYarOIIeM IIpe/I-
craButesieit orpsina Sphaeropleales, Hall mWTaMM KJIaCTEPU30BAJICS B YMEPEHHO MOLACP-
xanHo# (83/0.99) ponoroii knane Pseudomuriella Hapsiny ¢ mOCiaen0BaTEIbHOCTIMH
P. aurantiaca (W. Vischer) N. Hanagata, P. schumacherensis Fucikova, Rada et L. A. Lewis
(puc. 3), a Taxxke P. cubensis K. Fucikova, J. C. Rada, A. Lukesova et L. A. Lewis.
CBelleHHA O IMOJIOKEHHUH TMOCIEAHETO BUJA MOJYyYEHB! TOJIBKO M3 MPEABAPHUTEIbHBIX
aHanu3oB. M3-3a xoporkoro yuactka ITS p/IHK nocienoBarensHOCTs ObUIa HCKITIOUEHA
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KC145468 Follicularia botryoides UTEX LB951 cer 2
JQ281841 B. ruber CCAP 221-7 cer 2
873 B. xerophilus BCP-ZNP1-VF32 cer 2
JQ281862 B. glacialis Broady 686 cer 2
— JQ281865 B. polaris Broady 668 cer 2
80/0.97, F717400 B. grandis UTEX 1246
= MH703740 B. aggregatus Ru-s-4-5
MT991530 B. minor NN-4-1-H
JF717399 B. medionucleatus UTEX 1244
HQ246422 B. cohaerens CAUP H3802 Bracteacoccus
JQ281839 B. aerius UTEX 1250
JQ281838 B. aerius KF26 cer 2
HQ246427 B. giganteus UTEX 1252
JQ281857 B. deserticola BCP-EM3-VF7 cer 2
JQ281858 B. deserticola BCP-CNP2-VF1
JQ281870 B. pseudominor BCP-MX223-VF8 cer 2
MWO075321 B. bullatus SAG_2032
GQ375105 R. polycoccus SAG 217-1¢ cer 2 3
MG712827 Radiococcus sp. FACHB-2250 | Radiococcus
— KM020059 P. engadinensis SAG 221-4 cer 2
MW075329 P. engadinensis SAG 221-3
- HQ292734 P. aurantiaca KF43
P. engadinensis VCA-212 OP547438
MH703741 P. aurantiaca Ru-6-13
& 560, HQ292729 P. engadinensis UTEX 57
—1 FR865690 Bracteacoccus terrestris CCAP 221-4
HQ292731 P. engadinensis ATA4-KH47C
MWO075330 P. engadinensis SAG 221-4
HQ292730 P. engadinensis UTEX 58
MZ546609 P. aurantiaca SAG 2631
R0 MT901369 P. aurantiaca Pseudomuriella
MWO075329 P. engadinensis SAG 221-3
83099 | ' MH703741 P. aurantiaca Ru-6-13
et MZ546609 P. aurantiaca SAG 2631
MT901369 P. aurantiaca
HQ292732 P. engadinensis KF17
MWO075328 P. engadinensis SAG 249-1
HQ292733 P. aurantiaca CCAP 249-1
—‘ MWO075327 P. schumacherensis SAG 2137

2

MWO075326 P. schumacherensis SAG 221-5
MWO075325 P. schumacherensis CCALA 714
KM020082 Dictyococcus varians SAG 221-5 cer 2

MH703743 Chlorolobion sp. Ru-6-10
MH201172 Monoraphidium minutum 44 | Chlorolobion
KP726254 Monoraphidium griffithii KLL-G017 clone ¢ cer 2
MH208970 M. subclavatum U 5-14
96099-— MH203022 M. contortum HG 265 Monoraphidium
— MK975479 Scenedesmus producto-capitatus SAG 21.81
MK975480 Tetradesmus acuminatus SAG 38.81
— MH703772 Tetradesmus arenicola Hg-6-1
Y | MZS4660S Tetradesmus bajacalifornicus BIOTA 136
MK975477 Tetradesmus wisconsinensis SAG 3.99
MZ546612 Tetradesmus arenicola SAG 2633
95099 MH703775 Tetradesmus arenicola SAG 2564
g N 3 KT778095 Scenedesmus sp. SM8 1 cer 2
MK975491 Halochlorella rubescens SAG 5.95
KT778111 Tetradesmus bajacalifornicus SM13 3 cer 2 «Tertradesmus»
L s2096_ -4‘ KT778106 Tetradesmus obliquus SM17 4 cer 2

93/0.99, KT778109 Tetradesmus obliquus 12 3 cer 2
KM514830 Chlorella sorokiniana SM21 2 cer 2
KM514831 Chlorella sorokiniana SM21 4 cer 2

— FR865722 Scenedesmus incrassatulus CCAP 276-43
IﬁK975482 Tetradesmus obliquus SAG 276-1

/7

MZ546606 Tetradesmus obliquus SAG 2608
FR865726 Scenedesmus obliquus CCAP 276-49
KM514851 Chlorella sorokiniana SM9 4 cer 2
S0/ JQ082326 Acutodesmus reginae CCAP 276-66 cer 2
——E— JQO82321 Pectinodesmus pectinatus CCAP 276-51 cer 2
MK408711 Hariotina reticulata FACHB-2356
FR865730 Scenedesmus pectinatus CCAP 276-51

L
61/-—

£ KF209348 Scenedesmus regularis
96/0.98- FR865732 Scenedesmus regularis CCAP 276-53
FR865723 Scenedesmus pectinatus CCAP 276-44

sy | MK975485 Enallax acutiformis SAG 276-12

MK975476 Scenedesmus falcatus SAG 2 81
100/0.99+ MK214820 Asterarcys sp. NEIST BT-13
KM893430 Asterarcys sp. MS3 cer 2
MK975489 Enallax costatus SAG 46.88
MK504638 Coelastrella oaqwn_’ﬁmnis IRK-A2
FR865674 Chlorella emersonii CCAP 211-55
MH703752 Coelastrella acrolerrc'slrlca Ru-1-8
- — psis costata SAG 32.88
3 JQ043184 Aslcrarcys quadricellulare KNUA020 cer 2
MK975478 D. costato-granulatus SAG 18.81
830.96— ONS557718 D. subspicatus BEA0750B
564 L MZ546603 D. multivariabilis SAG 2628
OP103755 D. abundans FBCC-A1277
MK975484 D. armatus SAG 276-4d Desmodesmus
MZ546611 D. armatus SAG 2635
MK975483 D. communis SAG 276-4b
971.00% KX525234 Scenedesmus quadricauda MZCH 10104 cer 2
FR865657 Chlorella emersonii CCAP 211-11M
FR865687 Graesiella emersonii CCAP 211-8P
MK975490 Scenedesmus vacuolatus SAG 211-8e 0.09
KY741858 Tetradesmus obliquus 73
MWO075314 Ch hloris zofingiensis SAG 221-2
100/1.00

KX147363 Chlorococcum pulchrum UTEX_1781
AB983642 Chlorococcum nivale UTEX 2225

MH703751 Chlorococcum oleofaciens Ru-1-1

MN251865 Chloromonas hindakii WP129-CCCryo 531-19

ON554254 Pseudopediastrum boryanum BEA0190B

Beomm~cO

Puc. 3. ML mepeBo, mmmrocTpupyromee GrUIoreHeTHIecKoe mojokeHne mramma Pseudomuriella
engadinensis (KUpHBIN mpu@T, 3aTeHeHNe) B oTpsaae Sphaeropleales Ha ocCHOBaHUM CpaBHEHUS
nocnenoBarensHoCcTeH TS pIHK (GTR+I+G momens). [Tonnepxku [ML/BI, (BP) > 50% and
(PP) > 0,95] ykazaHbI BBIIIIE/HIKE COOTBETCTBYIONIHNX BeTBe. MacmTaOHast THHEHKa — KOTMIECTBO
HYKJICOTHIHBIX 3aMEH Ha NO3ULHIO.

Fig. 3. ML tree showing phylogenetic position of the Pseudomuriella engadinensis strain within
the order Sphaeropleales based on ITS rDNA (GTR+I+G). Strain in bold with shading represent
newly sequenced strain. Support [ML/BI, (BP) > 50% and (PP) > 0.95] are given above/below the
branches. Scale bar — substitutions per nucleotide position.
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13 OKOHYATeNILHOTO Habopa AanHbIX. [locinenoBaTenbHOCT n3oTua P. engadinensis, npen-
nokeraHoro K. @yqaukoBoii ¢ coaBropamu (UTEX 57; Fucikova et al. 2011), pacmionaranachk
TaKXKe B POJOBOW KJIaJie U HE MPOSBISIIA JUBEPTEHIIMA OTHOCUTEIHLHO Hallero oopasmna
(100% cxoncTBa; Tabm.).

HemHoTOUNCIIEHHBIE HAXOIKU ATOTO BHJI2 OTMEUEHBI HCKITFOUUTEIHHO ISl TOYBEHHBIX
MectoobuTanmii Ha EBponeiickom koHTHHEHTe, BKIodast Poccuto (Fucikova et al. 2011;
Maltsev et al. 2019; Uymak, Caduymmaa 2020; JlaBsimos, Penpkuna 2020), u KOxHOM
AMepuKH.

3akiaoueHue

Takum oOpa3oM, cmMCOK HMaHOOaKTepuil M Bojgopocieil poccuiickoro [lanb-
Hero BocToka momonHeH AByMsi HOBBIMU JUIsl Tepputopuu Bugamu (Cyanobacteria — 1,
Chlorophyta — 1), H30IMpOBaHHBIMU W3 MTOYBEHHBIX MPOO, OTOOPAHHBIX B JIECax IOX
BIUSHUEM YMEPEHHOTO MYCCOHHOTO KnuMaTta. Kpome Toro, onvH M3 BHIOB SIBISETCA
HOBBIM 7151 Poccun. Bo Bcex mpeaplayIiuX UCCIIEA0BAHUAX PA3INYHBIX MECTOOOUTaHUH
nannoro peruona (HoBuukopa-MBanosa 1969; Kyxapenxo 1989; Annpeesa, Yamisirnaa
1989; KocrukoB 1993, 1994; Gontcharov 1996; Mensenesa, Huxynuna 2014; Wnpan-
OaeBa u np. 2018; Annarysarosa u np. 2021; Huxynun u np. 2021; Allaguvatova et al.
2022), cpean KOTOPBIX JIMILIb HEKOTOPbIe 0a3UpOBaIMCh Ha pe3ynbTaTax WACHTH(PHUKALIIH
KOMIUIEKCHBIM TOAXOJ0M, 3TH BHIBI OTCYTCTBOBaJH. Hamm Haxoqku sSBISIFOTCS HOBBIMH
JaHHBIMH, KOTOPBIE BHOCAT ONIPEACICHHBIN BKJIAJ B OMoreorpadHio HCCIIeI0BaHHbBIX BU/IOB
[IMaHOOAKTEPUH U BOAOPOCICH.

Buaarogapuocru
Pabota BeImonHeHa npu GpuHaHCOBOW mojuepxke Poccuiickoro HayyHoro ¢oHaa B paMKax
Hay4HoTro mpoekTta Ne 21-14-00196, https://rscf.ru/project/21-14-00196/, «IlouBeHHbIE IIaHO-
OakTepuH W BOAOPOCIHU 30HBI YMEPEHHOTO MyCCOHHOTO KiamMara [laxpHero Boctoka Poccun:
oT Oropa3zHooOpa3ust K GMOTEXHOJIOTHUECKOMY TIOTEHIMATY» M TOCYIapCTBEHHOTO 3aaHnsi MUHU-
CTepcTBa HayKH U BbIcuiero oopasoBanus Poccuiickoit deneparmu (tema Ne 121031000117-9).
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