doi 10.18699/bgrs2024-5.2-06
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Momusayus u yenv: AnnepreHsl, coaepsKaluecs B IEPEHOCUMOH 10 BO3LyXY IbUIBLE,
BBI3BIBAIOT AaCTMy M aUIEPTUYEeCKMi pPHUHUT, OT KOTOPBIX CTpajaroT OKOJIO
300 MIUJUTMOHOB YenoBeK Mo BceMy mupy. OmHMM U3 Hambosee pactpOCTPaHEHHBIX
aJUIepreHOB SABJISETCS TMBUIbIA 3IakoBBIX (Poaceae). DTo ceMelicTBO BKIIOYAeT Ooiee
11 000 BuzmoB [1], OONBIIMHCTBO M3 KOTOPBIX OMBUIAIOTCS BeTpoM. [IbUIblia 371aKOB
MPUCYTCTBYET B BO3JyXe B TEUEHHUE OUYEHb JUIUTEIHHOIO MEPHUO/IA, TO3TOMY MAIlUEHTHI
C aiepruedl Ha NbUIBLY 3JIAKOBBIX MOTYT CTpazaTb OT CHUMIITOMOB CE30HHOTO
aJNIepTU4ecKOro puHUTa Aonroe Bpems. IIbliblla BceX BHUIOB 371aKOB OTHOCUTCS K
€IMHOMY MaJHHOMOP(OJIOTHYECKOMY THUIY W MPU MPOBEACHUH adpOOHUOJIOrHYECKOTO
MOHUTOPHUHIA CTAaHAAPTHBIMH METONAMH WACHTUPULUPYETCS TOJIBKO [0 YPOBHS
cemeiicTBa. B To e Bpemsi aJuiepreHHOCTb MbUIbIBI PA3HBIX BUAOB 3J1aKOB Pa3InvaeTcCs,
MOATOMY BO3HHMKAET HEOOXOAUMOCTH JISTaTH3aly KPUBBIX MbUICHUS. M neHTndukanms
O6ropa3zHo0Opa3us C MOMOIIBI0 MeTabapPKOIUPOBAHUS MPEACTABISAET COOOH emme OauH
BapHUaHT UACHTU(HKALIUKI COCTaBa CIIOKHBIX CMECEH, B TOM YuCIIe U UACHTU()UKALIIH
U KOJUYECTBEHHOTO OIpeNeleHNs MbUIbIBI U 00pa3lioB M3 OKpYXKarolled Ccpeibl.
Haunbonee momynsipHBIMH T€HHBIMH MapKEpaMH, HCIOJIb3yeMBIMHU NSl (UIOTCHETH-
YecKoi Kiaccu(rKanuy, SBISIOTCS BHYTPEHHUE TpaHCKpuOupyemsle crieiicepsr (ITS1
u ITS2), a Takxe yuactku macromHoi JJHK — gacte mocnenoBarensHocTei reHoB rbcl
n matK. TexHONMOTUS CEKBEHUPOBAHUS JIUHHBIX YYaCTKOB ITO3BOJIAET PACUIMPUTH
CHEKTP MapKEepHBIX MOCIEIOBATEILHOCTEH, IEPCIIEKTUBHBIX AJISI ONPEAETICHUS CUCTE-
MaTHYECKOH MPHUHAIIEKHOCTH PACTEHUH B CIIOXHBIX pacTUTENbHBIX cMecsx. Llesnb
Haieil paboTel — BBISIBUTH yuacTku TuactomMuoit JTHK, npuronnsie s onpenenenus
BUJOBOW NPUHAUICKHOCTH MBUIBLBI 371aKOB B a9p0O0HOIOTHYECKUX 00pa3Lax.

Memoowr u anrzopummei: Ha ocHOBaHUM TOCIEIOBATEIBHOCTEH MOJMHBIX IIACTOMOB
52 BUJ0OB, OTHOCSIIMXCS K ceM. Poaceae, ObLT IpoBeJIeH TOMCK Hanboliee BapuaTHBHBIX
YYacCTKOB C JIaJIbHEHIIEN TEeOpETUYECKON OLIEHKONW BO3MOYKHOCTH HUX HCIIOJb30BAHUS
i Meta0apkoauHTra. MHOMKECTBEHHOE BBIPABHHMBAaHHE I10CIIEIOBATENBHOCTEH
TJIACTOMOB MPOBOAMIN ¢ moMmombeio nporpaMmMbl MAFFT v7.511. Ilouck Hambomnee
MOMMMOP(MHBIX YYaCTKOB BBITIONHSIN CIEAYIOMUM 00pa3oM: ¢ momoinsio Jupyter
notebook CTpOWJIM THUCTOrpaMMy IUIOTHOCTH IOJUMOP(U3MOB 10 CHEIaHHOMY
BBIPAaBHMBAaHUIO ¢ HcHonb3oBaHueM python 3.9.12 u 6ubimorex AlignlO u Seaborn.
AJTOPUTMOM pa3METKH PETHOHOB IO TUIOTHOCTH T3IOB B BHIPABHMBAHWUHU C IIArOM
B 5000 u 1000 mms smyumero macmrabupoBanus. C HCIOIB30BAHUEM BBISIBICHHBIX
Y4YacTKOB ITPOBOJIMIIN KJlacTepu3aiio BuaoB B mporpaMmme MEGA v 11.0.13 (maximum
likelihood (ML), bootstrap = 1000). AHHOTaIUIO BBIOPAHHBIX YYACTKOB BBIMOJHSIIN C
ucnonb3oBannem MPI-MP CHLOROBOX — GeSeq (GeSeq — annotation of Organellar
Genomes). [Ton6op npaiiMepoB Ha BBHISBICHHBIC YYACTKH IJIACTOMOB OCYILECTBIISUIN B
nporpamme Primer-Blast. Ilomydenne npoaykToB amIniMUKANUU TPOBOIWIA C
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UCTIONb30BaHueM B kauecTBe matpulisl JJHK, momydeHHO# M3 HCKyCCTBEHHBIX cMecel
MBUIBLBI Pa3HBIX BUAOB 371aKoB, poTokod [1L[P onucan B padote [2].

Pesynemamul. B pe3ynbrare NPOBEIEHHOIO aHaNIM3a HaMH OBUIM OTOOpaHBI CeMb
HambOoyiee BapHaTUBHBIX (parMeHToOB ydacTkoB TuractomHoir JIHK pasmepom 800-—
1000 1. H. I3 HUX TOJIBKO YeThIpE TTO3BOJIUIIN MTPOBECTH KIIACTEPU3ALIUIO OTHOUMEHHBIX
pozmoB B oOmme rpynmsl. PUIOTeHEeTHYECKHE OTHOIICHUS BHIIOB OTPAXKAIOT JIEPEBbS,
MOJyYEeHHBIE C HCHONb30BaHHeM ydacTkoB r2 cpDNA 3 (dparmenT rena rpslé) u
r2_cpDNA_4 (dpparmenT riacroma, CoeprKaliii y4acTok reHoB rpslé u trnQ-UUG).
VYdacTKy 1iacToma, cojiepKaiiie red rpsl6, a Tak:ke MeXreHHbIe CIiecephl C COCeIHU-
MH TeHaMH, TOKa3aJi CYIIeCTBEHHYIO 3HAYMMOCTD B (DMIIOTEHETHYECKHX HCCIIET0Ba-
HUSIX Pa3HBIX MOJICEMEUCTB 3JIaKOBBIX (Hampumep, [3, 4]. MeHee 10CTOBEpHBIN pe3yilb-
TaT OBUT OJIY4YEH C HCIONb30BaHUeM y4acTKoB r7_cpDNA 1-2 (rensr trnG-UCC, trnT-
GGU u trnE-UUC). Bapuabenbhubie yuactku 122 cpDNA 1 (ndhF) u 122 _cpDNA 2
(rpl32) okazanuce HEMPHUTOTHBIMY JUIsl KJIACTEPH3AIMH OJTHOMMEHHBIX POJIOB B OOIIHE
rpynnsl. BeposTHO, yuacToK MIacTOMHOTO reHoMa, coaepskamuii rensl Ndh, oTpakaer
HKOJIOTHUYECKYIO aJaNTalHI0, TO3BOJISIONLYIO TOKPHITOCEMEHHBIM BEDKUBATH BO MHOTHX
CTPECCOBBIX YCIOBUSX, MOANEPKUBas a3 ekTuBHbIA poTocuuTe3 (Sabater, 2021). Jlns
BBIOpaHHBIX YETHIPEX BapHAHTOB IOCIENOBATEILHOCTEH YAAIOCh MONYYUTh MPOIYKT
aMITUUKAIUK yKa3aHHOTO pasMmepa ¢ ucnonb3oBanueM JIHK w3 mckyccTBEeHHBIX
MBUIBLEBBIX CMECEH.

Bowisoowr: [l onpeneneHus cUCTEMaTHYeCKOH MPUHAUICKHOCTH BO3MOXKHO HCIIONb-
30BaTh (hparMEHTHI IUIACTOMa, cojaepkamue (parmeHT reHoB rpsle u trnQ-UUG.
JIOTIOJTHUTEIFHO MOXKHO HCIIONB30BaTh IOCIEAOBATEIIFHOCTH TE€HOB M MEKICHHBIX
creiicepos trnG-UCC, trnT-GGU u trnE-UUC.

Qunancuposanue. VccaenoBaHue BBIIONHEHO B paMKax roc3agaHusi MOCKOBCKOTO
rocyIapcTBeHHOro yHuBepcuteTa uM. M.B. Jlomonocosa Ne 121032500082-2.
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Motivation and Aim: Allergens in airborne pollen cause asthma and allergic rhinitis,
which affect about 300 million people worldwide. One of the most common allergens is
pollen from cereals (Poaceae). This family includes more than 11,000 species [1], most
of which are wind pollinated. Grass pollen is present in the air for a very long period, so
patients allergic to grass pollen may suffer from symptoms of seasonal allergic rhinitis
for a long period of time. The pollen of all Poaceae belongs to a single
palynomorphologic type and is identified only to the family level during aerobiologic
monitoring by standard methods. At the same time, allergenicity of pollen of different
species differs, therefore, there is a need to detail pollen curves. Biodiversity identifica-
tion using metabarcoding is another option for identifying the composition of complex
mixes, including for the identification and quantification of pollen and environmental
samples. The most popular gene markers used for molecular phylogeny are internally
transcribed spacers (ITS 1 and ITS2), as well as regions of chloroplast DNA — part of
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the rbcL and matK gene. The technology of sequencing long DNA regions allows us to
expand the range of marker sequences promising for determining the identity of plants
in complex mixtures. The aim of our work was to identify regions of chloroplast DNA
useful for the determination the species identity of cereal pollen in aerobic samples.
Methods and Algorithms: Based on the sequences of complete cpDNA of 52 species of
Poaceae, the most variable sites were searched and further theoretically evaluated for
their use for metabarcoding. Multiple sequence alignment of plastome sequences was
performed using the MAFFT v7.511. The search for the most polymorphic regions was
performed as follows: using Jupyter notebook we constructed a histogram of
polymorphism density based on the made alignment using python 3.9.12 and AlignlO
and Seaborn libraries. Algorithm partitioned regions by density gaps in the alignment
with steps of 5000 and 1000 for better scaling. Using the identified regions, species
clustering was performed using MEGA v 11.0.13 (maximum likelihood (ML),
bootstrap = 1000). Annotation of selected regions was performed using MPI-MP
CHLOROBOX — GeSeq (GeSeq — annotation of Organellar Genomes). Primers for the
identified plastome sites was performed using Primer-Blast. Amplification products
were obtained using DNA obtained from artificial mixes of pollen of different cereal
species as a matrix; the PCR protocol is described in [2].

Results: As a result of our analysis, we selected 7 most variable fragments of 800—
1000 bp cpDNA regions. Only 4 of them allowed clustering of the same-named genera
into common groups. Phylogenetic relationships of species are reflected by phylogenetic
trees obtained using the r2_cpDNA_3 (part of rps16 gene) and r2_cpDNA_4 (cpDNA
regions containing the part of rps16 and trnQ-UUG genes). cpDNA regions containing
the rpsl6 gene as well as intergenic spacers with neighboring genes have shown
significant significance in phylogenetic studies of different subfamilies (e.g. [3, 4]). Less
reliable results were obtained using the r7_cpDNA_1-2 (trnG-UCC, trnT-GGU and
trnE-UUC genes). Variable sites of r22_cpDNA_1 (ndhF) and r22_cpDNA_2 (rpl32)
were not suitable for clustering the same-named genera into common groups. It is likely
that the region of the cpDNA containing the ndh genes reflects an ecological adaptation
that allows covered seeds to survive under many stress conditions by maintaining
efficient photosynthesis (Sabater, 2021). For the selected 4 sequence variants, we were
able to obtain an amplification product of the indicated size using DNA from artificial
pollen mixtures.

Conclusion: Use fragments of cpDNA containing a part of the rpsl6 and trnQ-UUG
genes is probably a good fit for identification of the pollen species. It is also possible to
additionally use sequences of the genes and intergenic spacers trnG-UCC, trnT-GGU,
and trnE-UUC.

Funding: The study is supported to the scientific programs of M.V. Lomonosov Moscow
State University No. 121032500082-2.
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