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Abstract

Global climate change on Earth has a significant impact on various populations of living
organisms. In recent years, bee populations have been declining in all countries of the world. The main
reasons for this phenomenon: the use of chemicals in crop production, urbanization and sowing of vast
territories with monocultures, the widespread use of GMO plants, climate change, pathogens and bee
diseases.

Determining the botanical composition of honey is an urgent task in the study of bee ecology. Data
in the form of taxonomic characteristics of the floral composition of honey can be used to develop
measures to protect bee populations, determine the medicinal value, improve the quality and production
of honey. The traditional approach to studying the plant composition of honey is palynological analysis of
pollen based on microscopic examination, which is labor-intensive, time-consuming and requires special
palynological knowledge. The development of next-generation sequencing methods has made it possible
to use the amplicon metabarcoding method to determine the floral composition of honey at the gene level.
The article describes methods for determining the botanical composition of honey using the classical
palynological method and using metabarcoding of environmental DNA of honey, and describes their
advantages and disadvantages.
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The rapid decline of bee populations and the associated impacts on plant biodiversity is a
global problem. According to the World Bee Fund, in the United States over the past decades the
number of bee colonies has decreased from 6 to 4.5 million (30-35% of bee colonies die out
every year), in Russia - from 4.3 to 3.09 million [1]. In Europe, 20% of bee families are lost
every year; the situation is similar in Latin America and China [2]. The number of honey bees is
also declining in Kazakhstan. According to statistics, one Kazakhstani eats only 10 grams of
honey per month. This is 20 times less than what residents of the European Union consume [3].

According to the UN, bees are disappearing 8 times faster than other animals, and if this
trend continues, then by 2035 there will be no bees left on the planet. The death of bees could
lead to the extinction of thousands of plant species, which could lead to starvation of people. The
range of plant products for people and livestock will decrease. The food will become
monotonous.

Beekeeping, being a branch of agriculture, provides humanity with one third of the food
consumed. The problem of the disappearance of bees is of great social importance, since the
decline in the bee population poses a threat to the food security of mankind. According to the
Food and Agriculture Organization of the United Nations, production of pollination-dependent
crops has increased by 300% over the past 50 years. About 85% of plants grown by humans and
90% of wild ones need pollination. Lack of pollination can lead to a decrease in plant diversity.
Maintaining bee populations is necessary to preserve plant biodiversity and feed for people and
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animals. In addition to honey, bees produce products used in various industries. Preservation of
bees is necessary for healthcare, cosmetics industry, food production, etc. Beekeeping is a source
of income for many people, especially in rural areas. Understanding which plants pollinators use
is important for planning conservation efforts by providing appropriate floral resources to
prevent bee loss.

The reasons for the decline in the bee population are: pesticides, climate change, landscape
of crops (seeding areas under monoculture, ornamental and GMO plants), pathogens and
parasites of bees [4]. Since 2000, the phenomenon of “bee colony destruction syndrome” has
been observed, when bees leave the hives en masse and do not return, that is, worker honeybees
leave the hives forever, leaving behind queens, food supplies and nurse bees [5]. The reasons for
this phenomenon have not yet been clarified still.

One of the factors in the decline in the number of wild and cultivated bees is the lack of
floral resources and poor nutrition. Sowing monocultures makes the diet of bees poorer and more
monotonous [6]. The landscape of arable crops that we need for food production causes
restrictions on the nutrition of bees [7]. Urbanization and development of suburban areas are
robbing bees of their foraging areas. The main part of ornamental plants in urban and suburban
areas cannot serve as a food source for bees [8].

Honeybees and bee products are bioindicators of pollutants, such as heavy metals and
pesticides, and allow us to track changes in agricultural intensification, productivity, and ecology
[9]. Quantitative and qualitative assessment of plant species that are eaten by bees gives an idea
of the state of their nutrition and patterns of use of the surrounding landscape to preserve their
population [10].

A generally accepted method for determining the plant composition of honey is
microscopic analysis of pollen or palynological analysis. Palynological analysis is a research
method that allows to determine the taxonomic affiliation of plants based on the morphological
characteristics of pollen grains. Melisopalynological analysis studies the composition of pollen
in honey and allows to reliably diagnose the botanical and geographical origin of honey and
other bee products [11-14]. The effectiveness of palynological analysis is due to the large
number of pollen grains with characteristic features in honey samples, which makes it possible to
determine the taxonomic affiliation of the plants from which the honey was obtained. The
undoubted advantage of the method is its low cost and the use of a minimum amount of
equipment (centrifuge, microscope). The disadvantage of the method is that some plant species
have similar pollen grain morphology, which makes accurate botanical identification difficult. In
addition, traditional approaches based on microscopic observation of pollen are labor-intensive,
time-consuming, and lack practitioners with specialized knowledge in palynology [15,16].

One of the alternative solutions to this issue is the use of DNA metabarcoding method. The
DNA used to study the floral composition of honey is classified as environmental DNA. eDNA
is genetic material isolated from environmental samples [17]. The use of eDNA to study the
genetic structure of populations allows one to reconstruct their history, assess their current state,
and predict future prospects, which is necessary for planning environmental measures [18].
Environmental DNA of honey contains traces of DNA from food plants, bee bacteria and hive
pathogens. Analysis of eDNA of honey makes it possible to determine the plant biodiversity of
honey and the influence of ecosystems on its composition [19 - 23].

The proliferation of NGS (next generation sequencing) has facilitated the use of
metabarcoding to study the taxonomic composition of samples based on unique DNA sequences
[15]. For example, to determine the taxonomic composition of the bacterial community, the 16S
ribosomal gene is used as a genetic marker [24]. To assess plant diversity, the plastid genes
ribulose bisphosphate carboxylase (rbcL) and maturase K (matK), the chloroplast marker trnL
and ITS are used. The universality of rbcL primers is 100%, and matK — 35% [25]. The rbcL
barcode is effective in identifying the botanical origin of honey with a probability of 99 to 100%
[26]. The use of a combination of ITS2 and rbcL. markers provides a reliable determination of the
geographical origin of honey [27].
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Identification of nectar-bearing plants also can be used to determine species falsification of
honey, which is difficult to detect. By the plant composition of honey, can determine the type,
authenticity, quality and origin of honey. An experimental study of 85 monofloral honey samples
showed that 72 were consistent with the label claims and 13 were not [28]. Tomonori Matsuzawa
et al., in an eDNA analysis of 14 types of honey sold in supermarkets, found discrepancies
between the plants listed on the labels and the species whose DNA was most prominent in the
sample [29]. When comparing 75 samples of honey from apiaries and store-bought honey using
bacterial 16S gene metabarcoding, differences in alpha and beta diversity of microbial
communities were found. In particular, contaminant bacteria dominated the microbiota of store-
bought honey samples, while lactic acid bacteria predominated in samples from apiaries [29].

The advantage of the metabarcoding method is the larger sample size and the detection of
pollen present in low quantities. Metabarcoding allows for more and more reliable identification
of plant taxa [20,30,31]. Thanks to metabarcoding, it is possible to find out the geographical
origin and bacterial composition of honey, and to conduct a comparative analysis of the food
supply of bees of different populations [26,32,33]. The disadvantage of this method is the high
cost, labor-intensive sample preparation, and the need for data processing using special
programs.

Thus, we can conclude that both palynological and molecular genetic methods make it
possible to determine the floral composition of honey, but metabarcoding of individual genes
provides more accurate and reliable information.

Conclusion

Studying the decline in bee populations in nature is a pressing environmental problem. One
of the methods for solving this issue is to determine the botanical composition of honey. It is
necessary for assessing the food preferences of bees, the efficiency of plant pollination, and
monitoring climate change. Thanks to knowledge of the foraging preferences of bees and
analysis of their decline, recommendations can be made for crop rotation in bee habitats.

The main methods for determining the biodiversity of honey are classical palynological
analysis, and well as more modern DNA metabarcoding analysis, based on the determination of
molecular genetic markers of the present plants in honey. Multilocus metabarcoding using a
combination of ITS2 and rbcL is a reliable method for determining the floral composition and
geographic origin of honey, as it can detect DNA from rare pollen grains and identify plants
down to the species level.
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Tyiiin

XKep Oerinmeri >kahaHABIK KIUMATTRIH ©3Tepyi Tipl OPraHU3MIEPIIH OPTYPJI HOMYJISIIUIaphIHA
aditapipikrail ocep eteni. COHFBI JKbULIAPHI SJIEMHIH OapiblK eIepiHAe apa IMOMyJIIHICH a3aibIi
Kenemi. by KyOBUTBICTBIH HETi3Ti cebenTepi: eCiMIIK MIapyanIbUIbIFRIHIA XUMUSUIBIK 3aTTapAbl KOJJaHy,
MOHOMOJICHHMETTEpI  Oap  KeH-OadTak  aymakTapabl — ypOaHM3amusuiay  JKOHE €Ty,  T'eHIIK
monupukanusianrad arza (I’MA) eciMIikTepiH KeHIHEH malijanaHy, KIMMATTbIH e3repyi, aypy
KO3JBIPFRIIITAPEl MEH apa aypyhapbl. bamablH OOTaHUKAIBIK KYPaMbIH aHBIKTAy apa 3KOJOTHSICHIH
3epTTEYAIH ©3eKTi Macelieci OonbIn TaObUIaabl. banmblH (IopalblK KypaMbIHBIH TaKCOHOMHUSUIBIK
CUITaTTaMachl TYPIHIETT MONIMETTep/l apa TMONYJSIUICHIH KOpPFay, €MJIIK KYHJIBUIBIFBIH aHBIKTAY,
OanybIH canackl MEH OHIMIH JKaKcapTy LIapajiapblH 93ipiiey YIUiH naigananyra Oonaabl. baixneiH eciMaik
KYpaMblH 3€pPTTEYAiH JOCTYPJI TOCUNL - MHUKPOCKOINHUSIIBIK 3€PTTEyre HETI3ACNTeH TO3aHIbI
MAJIMHOJIOTUSJIBIK TaJIay, OJ1 KOIl €HOCKTI, KOl YaKbITThl KaKET €Te/ll )KOHE apHalbl MaIMHOJOTHSIIBIK
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oimimMai kaxer eremi. Kemeci ypmakThl CEKBEHHpICY OMICTEPiHIH AaMybl TEHIIK JIEHTeWIe OalibiH
(hopalblK KypaMbIH aHBIKTAy VIINIH aMIUIMKOHIBIK METaO0apKOATay SICiH KOJJaHyFa MYMKIHIIK Oepi.
Makamana OanaelH OOTAHMKAIBIK KYPaMbIH KITACCHKAIBIK ITATMHOJIOTHSUIBIK OIICTICH JKOHE OaimbIH
skonorusuiblK, JIHK merabapkonTaybIMEeH aHBIKTAy OMICTEPl CHUIATTAIBIN, OJApABIH apPTHIKIIBLUIBIKTAPHI
MEH KeMIIUTIKTeP1 CUMIATTaJIFaH.

KinTri ce3aep: 6ai, apanap, MeTabapKoaTay, MaTWHOIOTHSUIBIK TaIaay.

MPHTMU: 34.35.17

C.T. IAYTAJIUEBAY, A.T. JAYT'AJINMEBA?, S. PELETTOS, A.E. EIVBAEBA?,

K.T. DMIPOBA!, A. KATIAPY, A.U. OBITI
lHaquo-Hp0I/I3]30;[CTBeHHbH‘/'I [IEHTP MUKPOOMOJIOrHH U BUpYycosioruu, Anmarsl, Kazaxcran
?Kazaxckuii Hay4YHO-UCCJIEA0BATEIbCKU HHCTUTYT >KUBOTHOBOJICTBA U KOPMOIIPOU3BOJICTBA,
Anmarel, Kazaxcran
$3KcnepuMenTaNBHBINA 300npoduIaKTHYecKHil HHCTHTYT I1beMonTa, JIurypun u Bamte 1'Aocra,
u bosonbn, Typun, Utanus
“e-mail: saule.daugalieva@mail.ru

OIIPEJAEJIEHUE ®JIOPAJIBHOI'O COCTABA MEJIA METOJAMUAX
IHAJIMHOJIOTHYECKOI'O AHAJIM3A U METABAPKOJIUPOBAHUA
IKOJIOI'MYECKOMU JHK

doi:10.53729/MV-AS.2024.01.08

AHHOTAIUA

I'mobanpHOE W3MEHEHWE KJIMMaTa Ha 3eMJie OKa3bIBaeT CYIICCTBCHHOC BIIMSHHE Ha Pa3IUIHBIC
TIOITYJISIIMY JKUBBIX OPTaHU3MOB. B mocneaHue ropl BO BCEX CTpaHaX Mupa HaOI0AaeTcss YMEHBIICHUE
nomyysiiuy maenn. OCHOBHBIE TPHYUHBI 3TOTO SIBICHHS: HCIOJIb30BaHHE XHMUYCCKUX BEIISCTB B
pacTeHHUEBOACTBEe, ypOaHM3amMs ¥ 3ace€B MOHOKYJIBTYpaMH OTPOMHBIX TEPPUTOPUHN, IITHPOKOE
pacnpoctpanenre [ MO pacTeHuii, "3MEHEHHE KIIMMaTa, MATOTeHBI ¥ OOJIC3HU ULl

Omnpenenenrne 00TAHUYECKOTO COCTaBa MeJia SIBJISICTCS aKTyaJIbHOU 3ajjaueii B U3yUCHUH 3KOJIOTHU
nuen. JlaHHble, B BHJIE TAKCOHOMHUYECKOW XapaKTEPUCTHKH (IIOpPaTbHOrO COCTaBa Meja, MOTYT OBITh
UCIIOJIB30BaHbI JJIsi pa3pabOTKH MEpOIPHUATHI 10 OXpaHe IMOMYISIUHA IT4ell, ONpeJesIeHus JIe4eOHOM
[IEHHOCTH, TIOBBIIEHUS KavyecTBa W TPOM3BOJACTBA MeAa. TpagulMOHHBIM TMOJIXOAOM HW3YyYCHUS
pacTUTEIBHOIO COCTAaBa MeAa SBIAETCS MAJUHOJOTMYECKUH  aHAJIM3 IbUIBLBI  HAa  OCHOBE
MHUKPOCKOITUYECKOTO HCCIIEOBAaHNSA, KOTOPBIM SBISIETCS TPYJOEMKHM, TpeOyeT MHOTO BpEMEHH U
CIEIMANFHBIX TMaTUHOJIOTHYECKUX 3HAHWH. Pa3BUTHE METOMOB CEKBEHHPOBAaHWS HOBOTO TIOKOJICHUS
MO3BOJIMJIO HCIIONIE30BaTh METOJl METa0apKOAMPOBAHUS AMILTUKOHOB ISl OMpeesieHus: (PIopaibHOTO
cocTaBa Mela Ha TEHHOM YypoBHe. B craThe NPUBOAUTCSA ONMMCAHHUE METOJIOB OIPEIACICHHUS
OOTaHMYECKOT'O0 COCTaBa Mela KIACCHYCCKUM NAJIMHOJOTHYSCKHUM METOIOM M C  ITOMOIIBIO
MeTabapkoaupoBanus 3konorudeckoit JJHK mena, ornmcanpl X mpenMyIecTBa U HETOCTATKH.

KuaroueBble ¢jioBa: Mel, TUETbI, METa0apPKOIUPOBAHHE, TATHHOIOTMUSCKHA aHATH3.

CTpeMHUTENbHOE COKpAIICHHE TMOMYSIUNA MYell U CBSI3aHHOE C JTUM BO3JICHCTBHE Ha
OuopazHooOpa3ue pacTeHUH sABIIETCS TI00anbHOM Tpobaemoii. CorilacHO JaHHBIM BecemupHOTO
donga zammtel muen B CIIA 3a mociaemaHue IECATUICTHS KOJHMYECTBO IMYCIUHBIX CceMei
yMeHbImuiIoch ¢ 6 04,5 MiaH (kaxaesii roa BeIMHpaeT 30-35% MYETHWHBIX KOJIOHHU),
B Poccun — ¢ 4,3 1o 3,09 mun [1]. B EBpone kaxnapiii roa tepsitor 20% MYSTUHBIX CEMEHCTB,
aHaimornyHas cutyarusa B Jlatunckoi Amepuke, Kutae [2]. UnCI€HHOCTh MEIOHOCHBIX IMYEN
cokpamaercs 1 B Kazaxcrane. [lo cratuctuke oauH KazaxcraHel chemaeT Bcero 10 rpamMmoB
ména B Mecsil. 910 B 20 pa3 MeHblIIIe, 4eM oTpeOIsttoT xutenn EBpocorosa [3].

ITo nanapiM OOH, muensl ucue3aroT B 8 pa3 ObICTpEe, YeM OCTAJIbHBIC KUBOTHBIC, U €CIIU
9Ta TEHJEHIUs coXpanutcs, To k 2035 roay ux Ha rutaHeTe He ocTtaHercs. [ mbenb muen MoKeT
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NPUBECTH K MCUE3HOBEHUIO THICSIYM BUJOB PACTEHUM, UYTO MOXKET IPUBECTH K HEXBATKE
MIPOJIOBOJIBCTBUSA. Y MEHBIINTCS ACCOPTUMEHT PACTUTENBHBIX MPOAYKTOB JUIS JIFOAEH M CKOTA.
[Mumma craneT 0 JHOOOpa3HOM.

[T4enoBOACTBO, SBISASACH OTPACIbIO CENBCKOrO XO3sCTBA, 00ECHEYHMBAET YeIOBEUYECTBO
OHOW TpeThio morpedmseMoil numu. IIpobrmema HMCUE3HOBEHHS MUEN HMMEET OTPOMHOE
COLIMAJIbHOE 3HAY€HHUE, TaK KaK COKpalleHHE MOMYJSIUU IT4es MpeAcTaBiseT coboil yrposy
IIPO/IOBOJILCTBEHHOM Oe3omacHocTH yenoBeuyecTBa. CornacHo faHHbIM [IpogoBONIBCTBEHHON U
cenbcKkoxo3sicTBeHHOM opranm3anun OOH, 3a mocnemnue 50 mer o0BEM MPOM3BOJICTBA
CEeIbCKOXO035UCTBEHHBIX KYJIBTYP, 3aBUCSIINX OT onbUieHus, yBenuuuics Ha 300%. B onbuieHun
HYXOAI0TCs O0KOJIO 85% pacTeHui, BhIpaliuBacMbIX uenoBekoMm, U 90% pukux. HemocraTtok
OIIBUICHUs MOXKET IIPUBECTU K CHUXKCHHUIO acCOpPTUMEHTa pacTeHuil. llonnep:xkanue nomymnsnui
m4yesl HeoOXOAUMO JUIsl COXpaHEHHUs Ouopa3Ho00pa3us pacTeHHM, TUTaHUS JIIOAEH U )KUBOTHBIX.
[ToMmumo wmepa, muensl MPOU3BOASAT MPOAYKTHI, HCIOIB3YEMBbIE B PA3JIMYHBIX OTPACTX.
CoxpaHeHue myesn HEOOXOOUMO MAJis 3APaBOOXPAHEHMs, KOCMETHYECKON MPOMBIIUIEHHOCTH,
MUIIEBbIX MPOU3BOACTB U Ap. [[4enoBOACTBO SBISETCS MCTOYHUKOM JI0XOJa MHOTHX JIIOJEH,
0COOEHHO B CeNbCKOM MecTHOCTH. [loHMMaHKe TOro, Kakue pacTeHUs UCHOJIb3YIOT OMbUTUTEINH,
BAXHO [JJIs IUTAHUPOBAHMSI TPUPOJOOXPAHHBIX MEPONPUATHUM MyTEM MPEIOCTaBICHUS
COOTBETCTBYIOIIMX IBETOYHBIX PECYPCOB AJIs MPEOTBPALLECHUS IOTEPHU MTYEIL.

[IpuunHaMu CHUXEHUS TOMYJSLUUA MYEN SBIAIOTCSA: MECTULHU/bI, U3MEHEHUE KIMMAaTa,
naHamadTa TOCEBHBIX KYIbTYp (3aCeB IUIONIAACH MOl MOHOKYJIBTYPHBIC, JeKopaTuBHbIE 1 [ MO
pacteHus), matoreHsl u mapasutel muen [4]. C 2000 roma otmedaercss (pEeHOMEH «CHHIpOMA
pa3pylIeHUs MUYEINHBIX CeMel», KOraa M4esibl MAacCOBO MOKUIAIOT YJIbU U HE BO3BPALIAKOTCSA, TO
€CTh paboure 0cOOM MEIOHOCHBIX IMUEN HABCEr1a MOKUAIOT YIbH, OCTABJISAS TaM MAaTOK, 3armachl
enpl 1 muen-kopmuiuil [S]. [[puunrHbI 3TOTO SIBIEHUS HE BBIICHEHBI 10 CUX TOP.

OnauM u3 (PaKTOPOB CHMKEHHSI YHCIEHHOCTH IUKUX M KYJIBTYPHBIX ITYENl SBISETCS
HEXBaTKa IBETOYHBIX PECYpCOB M HEMOJHOLEHHOE mnuTaHue. [loceB MOHOKyIbTYyp Aenaer
paumoH muen OemaHee, ogHooOpasHee [6]. JlanmmadT MaxoTHBIX KyJIbTYp, HEOOXOAMMBIH HaM
JUIS. TIPOM3BOJICTBA NPOAYKTOB MHUTAHUS, BBI3BIBAET OrPAHWYEHHs B NUTaHUU muen [7].
YpbaHnuzamust u 3acTpoiika MPHUTOPOJHBIX 30H OTHUMAET Yy MYeNl TEPPUTOPUU JUIS TOOBIYU
KOpMOB. OCHOBHasi 4acThb JACKOPATHBHBIX PACTEHHM B TOPOJICKOM M NIPUTOPOIHBIX 30HAX HeE
MOXET CIIY>)KUTh KOPMOBO# 0a30ii 1 muen [8].

MenoHocHble mMuedbl W HPOAYKTHl IMYETOBOJCTBA  SIBJISIOTCS  OHOMHIMKATOpaAMU
3arps3HSAIONIMX BEIIECTB, TAKMX KaK TSXKEIbIe METAJUIbl U MECTULUIbI, TMO3BOJISIIOT OTCIEAUTD,
KaK MEHSETCS MHTCHCHU(HUKAIMS 3eMIICIICTHs, YPOKAHHOCTh, sKonorus [9]. KonndectBenHas u
KaueCTBEHHAs OIICHKA BUOB PAcTEHHI, KOTOpPHIE MOEAAIOTCS MUelaMu, JaeT MPEICTaBICHHUE O
COCTOSTHUU UX MUTAHUS, MOJIENSIX HCIIOJIb30BAHUS OKPY>KAIOLIETo JaHamadTa s COXpaHEeHHUs
ux nomyssiuu [10].

OOmenpuHATO METOAMKON OINpEACICHHs] PAaCTUTEIBLHOTO COCTaBa Mena SBISETCA
MHUKPOCKOIMYECKUM aHAJIU3 MbUIBLBI WM MNAJIUHOJIOTMYECKUN aHanu3. [lammHosornyeckuit
aHaJIM3 — METOJ MCCIENOBAaHMs, KOTOPBIM IO3BOJIAET OMNPENEIUTh TaKCOHOMUYECKYIO
MPUHAJJISKHOCTh PACTEHUI M0 XapaKTEPHBIM MOP(OIOTHIECKUM MPU3HAKAM MBUIBIIEBBIX 3EPEH.
MenuconarnHOIOTMYECKUNA aHAIN3 W3y4aeT COCTaB MbUIbLBI B MEAE U MO3BOJSET TOCTOBEPHO
JTUArHOCTHPOBATh OOTAaHMYECKOE U Teorpaduueckoe MPOUCXOXKISHNE MENA U IPYTUX MPOTYKTOB
myenoBoAcTBa [11-14]. DdheKTHBHOCTh MAIMHOIOTUYECKOTO aHajau3a 0OYCIIOBIIEHA OOJBITNM
KOJIMYECTBOM TMBUIBLEBBIX 3€PEH C XapaKTEepPHBIMH OCOOEHHOCTSMH B oOpa3iiax Meja, 4To
MO3BOJIIET OMNpPEAETUTh TAKCOHOMHYECKYI0 NPHHA/JICKHOCTh PACTEHHMH, U3 KOTOPBIX ObLI
noiyyeH Mejl. HeCOMHEHHBIM JOCTOMHCTBOM METOJla SBJISIETCSl HU3Kasg CTOMMOCTh U
WCIIOJIb30BaHUE MHHUMAJIBHOTO KOJWYECTBA 00OpymoBaHus (LeHTpudyra, MHUKPOCKOI).
Henocratkom wmerona sBAsieTCSs TO, YTO HEKOTOPBIE BHABI PACTEHUI HMMEIOT CXOJHYIO
MOP(}OJIOTHIO MBUIBLIEBBIX 3EPEH, YTO 3aTPyIHSET TOYHYIO OOTAaHHYECKYI0 HICHTH(PHUKAIUIO.
Kpome TOrO, TpaaulMOHHBIE TOIXOJbI, OCHOBAaHHBIE HA MHKPOCKOMUYECKOM HAOIOJACHUN
IBUIBLBI, SBJISIOTCS TPYJOEMKHUMH, 3aHUMAlOT MHOTO BPEMEHH, a TakKe HaOmroaaercs neuuuT
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CIEIUAIMCTOB-TIPAKTUKOB CO CIIEIMATBHBIMU 3HAHUSMU B 00nacTu nanuHonoru [15,16].

OnHMM U3 albTEPHATUBHBIX PEUICHUM 3TOTO BOMpoOca sBJgeTcs npumeHenne Meroaa JJHK
metabapkoaupoBanus. JHK, wucnome3yemass ans wusydeHus (ropanbHOro cocraBa Mena
otHocutcs K dkonorudeckoi JIHK mmu environmental DNA. eEDNA — reretndeckuii MaTepuat,
BbIIeTsieMbld U3 mpoO BHemHed cpeapl [17]. Hcnomb3oBanme eDNA nmns  u3ydeHus
TeHETUYECKON CTPYKTYphl MOMYJSIUN MO3BOJIAET PEKOHCTPYUPOBATh MX HCTOPHUIO, OIICHUTH
TEKyIIee COCTOSIHHE, WPOTHO3UPOBATh OYAyIIUE TMEPCIEeKTUBBI, YTO HEOOXOIuMO Jis
MJIAHUPOBAHUS MPUPOI0OXpaHHbIX MepornpusTuil [18]. Dkonormyeckas [IHK menma comepxkurt
cieasl JIHK xopmoBBIX pacTeHmii, 6aktepuii myen M maroreHoB ynbeB. Anamu3 3/JHK mena
MO3BOJIIET OMpPENEIUTh pacTUTENbHOE OHOpazHOOOpazue Mela W BIMSHHE SKOCHUCTEM Ha €ro
coctas [19 - 23].

Pacnipoctpanennie NGS  (cekBeHMpOBaHHSI HOBOTO ITOKOJICHHSI) CIIOCOOCTBOBAJIO
HCIIOJIb30BAHUI0 META0APKOAUPOBAHUS I U3YyYEHHUS] TAKCOHOMHUYECKOE COCTaBa 0OpasioB 1O
yHUKaIbHBIMU — mociienoBarenbHocTsIM  JIHK  [15]. Tak, nHanpumep s omnpenesieHus
TaKCOHOMHYECKOTO COCTaBa 0aKTEPUAIBLHOTO COOOIIECTBA B KAYECTBE T€HETHUUYECKOTO MapKepa
ucrnonb3yercs 16S pudocomanbhbiii TeH [24]. Jlns oneHkn pa3HOOOpa3ust paCTEHUH UCIIONIB3YIOT
IUIACTUAHBIE TeHbl puoOyno3oduchocharkapdbokcunassl (rbcl) m  wmarypassr K (matK),
xyoporutactHbeiil Mapkep trnL u ITS. YuuBepcanbHocTh mpaiimepos rbecl cocrasnser 100%, a
matKk - 35% [25]. Wrpux-kox rbcL sddextrBeH s uaeHTUGUKAIUUA OOTAaHUYECKOTO
MIPOUCXOKICHHS Mefla C BeposITHOCTBIO OT 99 mo 100% [26]. Mcnionb3oBanne komOunanmu 1TS2
u rbcL MapkepoB oOecrieunMBacT HaJEKHOE OINMPEACICHUE TeorpaUuecKoro MPOUCXOKICHHUS
mena [27].

WNnentudukanus HEKTapOHOCHBIX PACTCHHH MOXET OBIThb HCIOJIb30BaHA W IS
ompeneneHuss BUIOBOM  (Qanbcudukanmu Mena, KOTOpyK TpyaHO oOHapyxkuth. [lo
paCTUTENILHOMY COCTaBy MeJa MOXHO OMPEIENUTh BUJ, TOJIMHHOCTh, KAadyeCTBO W
MIPOUCXOKICHUE Mela. JKCIIEPUMEHTAIbHOE HCceoBaHue 85 MOHOGMIOPHBIX 00pasloB Mena,
MOKa3ajJo, 4TO 72 COOTBETCTBOBAIM 3asBICHUIO HAa JTHKEeTKe, a 13 - Her [28]. Tomonori
Matsuzawa u ap. npu nposeaeHun ananuza 3/IHK 14 BumoB Menma, mpomaBaeMoro B
CylepMapKeTax, yCTaHOBWJIM CIydad HECOOTBETCTBUS MEXAY PACTCHHUSMH, YKa3aHHBIMU Ha
STUKETKax, u Buaamu, 4bsi JIHK Obuta Hanbomnee 3ametHor B obpasme [29]. [Ipu cpaBHeHnu 75
00pa3loB MeAa M3 MaceKk M MarasMHHOro oOpasla MeTojoM MerabapkoaupoBaHusi 16S rena
OakTepuil ObUTM OOHApYXEHBI pasznuuuss B anb(da- U Oera-pasHOOOpa3Ud MHUKPOOHBIX
cooOmiecTB. B yacTHOCTH, KOHTAMMHAHTHBIE OAKTEPUN TOMUHUPOBAIN B MUKpOOHOTE 00pa3IoB
MarasuHHOro Mena, B TO BpeMs Kak B oOpaslax M3 Macek mnpeobiasaiyl MOJIOUHOKUCIIbIE
Oaxrepuu [29].

[IpeumyiecTBOM MeTO/Ia METa0APKOAUPOBAHMS SIBISICTCS OONBINHMI pa3Mep BBIOOPKU H
oOHapyXeHHe NbUIbIBI, NPUCYTCTBYIONIEH B MAalbIX KOJIHYECTBaX. MerabapKoIupoBaHUe
MO3BOJISICT OOJIBIIE W JOCTOBEPHEE HMIACHTH(UIMPOBATh pacTurenbHbie Takconsl [20,30,31].
brnarogapss MerabapKOOUPOBAaHWUIO MOXKHO y3HaTh Teorpaduyeckoe MPOUCXOKACHHE U
OaxkTepuaIbHBIA COCTaB MeJa, MPOBECTU CPABHUTEIBHBIM aHAIN3 KOPMOBOM 0a3bl mMuen pa3HbIX
nomyisiuui [26,32,33]. HemocTaTkoMm JIaHHOTO METOJA OCTAETCs JOPOTrOBU3HA, TPYAOEMKOCTh
poOONOATOTOBKH, HEOOXOIMMOCTh 00pa0OTKH JaHHBIX C TOMOIIBIO CTICITHATBHBIX ITPOTPAMM.

TakuM 00pazoMm, MOXHO 3aKIIOYUTh, 4YTO 00a METOJa: U MATUHOJOTHYECKUH U
MOJIEKYJISIPHO-TEHETUUECKHI  TO3BOJSIOT  ONPENeNuTh  (UIOpajbHBIA  CcOCTaB MeAa, HO
MeTabapKOAUPOBAHKE OTACTBHBIX TEHOB JIaeT 00JIee TOUHYIO U IOCTOBEPHYIO0 HH(OpMAIIHIO.

3akaoueHue

N3yuenune cokpamieHus OmyJIsSIIuY MYl B IPUPOJIE SBISIETCS aKTyaTbHOM 3KOJIOTHIECKOM
npobnemoii. OAHUM U3 METONOB pELICHHS 3TOr0 BONpOCa SBISIETCA — ONpECTICHHE
OotaHndeckoro cocraBa Mena. OHO HEOOXOIUMO TSI OIICHKHM KOPMOBBIX NPEANOYTEHUN IMUe,
3 PEKTUBHOCTH OMBUICHUS PACTCHUN, MOHUTOPUHTA U3MEHEHUs KiuMara. biarogaps 3HaHusIM
0 KOPMOBBIX MPEANOUYTECHUSX IMUeI W aHaju3a COKPAIIEHUS WX YHUCIEHHOCTH, MOXXHO [aTh
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PEKOMEHAALNHU TI0 CeBOOOOPOTY pacTEHUI B MECTax OOMTAaHUS MMYell.

OCHOBHBIMU METOAAMHU oOlpezesieHus OnopasHooOpasus Mena SIBISIIOTCS KJIACCUYECKUI
NaJIMHOJIOTHYECKUI aHau3, a Takke Ooyiee COBpeMEHHBIH aHanu3 metabapkoauposanus JJHK,
OCHOBAHHBIM Ha OIpPEACICHUH MOJIEKYISIPHO-TEHETUYECKUX MAapKEepOB IPHUCYTCTBYIOIINX
pactenmii. MynbTHIOKYCHOE MeTabapKOAMPOBAHHE C HMCMOJb30BaHWEM KoMmOuHaimu ITS2 u
rbcL siBisieTCs HaAEKHBIM METOJIOM OTmpeeacHus (PIopallbHOTO cocTaBa U reorpaduuecKkoro
IPOMCXOXKACHUS MeJia, TOCKOJIbKY OH MOKeT oOHapyxuBath JJHK u3 penkux mpuibLieBbIX 3epeH
U UICHTU(ULIUPOBATh PACTEHHUS BILJIOTH IO YPOBHS BUA.
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