BIOCHEMISTRY, BIOTECHNOLOGY AND DIAGNOSTICS

Hay4nas crarbs

YK 619:576.893.1
https://doi.org/10.31016/1998-8435-2024-18-1-58-65

AHanns TaKCOHOMUNYECKON NPUHAANEKXHOCTUN
ASV (Amplicon Sequence Variant) npeacraButenen
Cryptosporidium scrofarum y cBuHen B ycnosusax
Bonoroackoi obnactun
CeBepo-3anagHoro ¢pepepanbHoro okpyra PO

AHppeir JleoHngosuny Kpsxes', Aptém Cepreesny HoBnkos?

2(rbOY BO Bonoroackas rocyaapcTBeHHasa MOIOYHOXO3ANCTBEHHAA akafiemua umenn H. B. BepelaruHa, Bonoraa, Poccna
"kamarnett@mail.ru, https://orcid.org/0000-0001-7015-8063
2vetnovikov@yandex.ru, https://orcid.org/0000-0002-6919-8524

AHHOTauus

Lienb nccnegoBanuii — BbigeneHve, uaeHtndukauma n aHanus tunos ASV (Amplicon Sequence Variant) kpuntocnopugui
CBUWHel B ycnoBusAx Bonorogckoii obnactu PO.

Martepuanbl n meroppl. iccnegosarna B Poccuinckonn Oepepaumm BbiNoHEHbI BNepBble. ViccnegoBaHna npoBoaunmv B
CBMHOBOAYECKUX X03ACTBaX Ha Tepputopun Bonorogckon obnactn CeBepo-3anagHoro degepanbHoro okpyra PO B ne-
puog ¢ AHBaps no okTA6pb 2023 r. Dekanum nonyyany oT NOPOCAT Pa3fINUHbIX BO3PACTOB, a TakXKe OT MNOACOCHbIX CBUHO-
MaTok. Mpobbl nccnenosany ¢ ncnosnb3oBaHem obopynoBaHusa LIKIM «[eHOMHble TexHOMOrMY, NPOTEOMMKA U KNeToYHas
6uonorusa» Or6HY BHUNCXM. UpeHtndukauuio Braos poga Cryptosporidium B npobax pexanumin NpoBOAUIN C MOMOLLbIO
BbICOKOMPOW3BOANTENBHOIO CEKBEHNPOBAHMSA aMIMIIMKOHHbIX 616nmnoTek ¢parmeHToB reHa 18S pPHK, nonyuyeHHbIX B pe-
3ynbTaTe NposefeHus nested (BnoxeHHow) MNLUP ¢ nocnegyowmm «geHo3nHrom», 06begUHeHEM NoCeJoBaTeNbHOCTEN,
BOCCTAHOBNEHMA UcxoaHbix dpunoTunos (ASV, (Amplicon Sequence Variant)).

Pesynbtatbl 1 06cyxpaeHue. Mpeactasutenn poga Cryptosporidium 6binn BbiiBNEHbI B KaX4oW nuccnenyemoi Bo3pacT-
Hol rpynne. B pe3ynbraTe BbICOKONPOW3BOANTENBHOIO CEKBEHUPOBaHMA 61MbnnoTek no TexHonorum lllumina ana kaxgoro
obpasua 6bio nonyyeHo ot 20 go 100 TbiC. HYKNEOTMAHBIX NOCefoBaTeNbHOCTEN (NPoUTeHNI), nocne 06paboTKN KOTO-
pbIX CyMMapHO 6b1n10 BbiABNeHo 2372 ASV. AHann3 TakCOHOMMYECKON NpuHagnexxHocT ASV, NpoBeAEHHbIN C MOMOLLbIO
dunoreHeTnyeckoro aHanM3a, AOMOIHEHHOIO aHaNM30M C KCMonb3oBaHMeM anroputma blastn B 6ase gaHHbIx GenBank,
nokKasaJi, UTo CyMMapHO BO BCeX UCCeOBaHHbIX 06pa3Lax NpucyTCTBYIOT ToNibKo 10 ASV, nMetoLwmx BbICOKOe CXOACTBO
C nocnefoBaTeNbHOCTAMY, AenoHMpoBaHHbIMK B GenBank kak ¢parmeHTbl reHa 18S pPHK Cryptosporidium scrofarum.
8 TvnoB ASV ABNAIOTCA YHUKANIbHBIMU 1 HE NMOBTOPAOTCA OT XO3ANCTBA K X03AACTBY. BepoATHO, 3T nocnefoBaTesibHOCTU
NpVHaanexaT MecTHbIM nonynaumsam nogsugos C. scrofarum. IHTepecHbIM NpeAcTaBAseTcAa 06HapyKeHNe YHUKaNbHO
nocnegoBatenbHocT pofa Cryptosporidium Tna ASV8, cxoAcTBO KOTOPOro C 6nmKanwymM poACTBEHHUKOM pofa Co-
cTaBnaeT Bcero 91,47%, UTo MOXET CBULETENIbCTBOBATb O OBOJIbHO YAaNEHHOM TaKCOHOMUYECKOM POACTBE. JaHHbIN TvN
HYKN1IeOTMAHON NOCNeA0BaTeIbHOCTY B AafibHelLLeM MOXeT ObITb OnmMcaH Kak HOBbIN BUA. Bce BbIABNEHHbIe YHUKaNbHbIE
HyKfieoTuaHble nocnefoBaTenbHocTy ASV 6binn AenoHupoBaHbl B GenBank.

KnioueBble cnoBa: Kpuntocnopuanos, Cryptosporidium scrofarum, oouncrsl, MUP, AHK, cekBeHnpoBaHue, 185 pPHK, ASY,
Amplicon Sequence Variant, nopocsTa, Bonorogckas o6nactb, Poccuiickan Oefiepaums
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Abstract

The purpose of the research is isolation, identification, and analysis of ASV (Amplicon Sequence Variant) types of
Cryptosporidia spp. in pigs in the Vologda Region of the Russian Federation.

Materials and methods. The research has been conducted in the Russian Federation for the first time. The research was
conducted on pig farms in the Vologda Region of the Northwestern Federal District of the Russian Federation from January
to October 2023. Feces were taken from piglets of various age groups, as well as milking sows. The samples were studied
using the equipment of the resource center “Genomic Technologies, Proteomics and Cell Biology” of ARRIAM. Species of
the genus Cryptosporidia were identified in fecal samples using high-throughput sequencing of 18S rRNA gene fragment
amplicon libraries as obtained from nested PCR followed by “denoising’, sequence combining, and restoring the original
phylotypes (ASV, (Amplicon Sequence Variant)).

Results and discussion. Cryptosporidia spp. species were identified in each age group studied. As a result of high-through-
put sequencing of the libraries using the Illlumina technology, 20 to 100 thousand nucleotide sequences (reads) were
obtained for each sample after processing of which a total of 2,372 ASVs were identified. The analysis of the ASV taxonomic
affiliation performed with phylogenetic analysis supplemented by an analysis using the blastn algorithm in the GenBank
database showed that, in total, 10 ASVs were only present in all studied samples that had high similarity to sequences de-
posited in the GenBank as 18S rRNA gene fragments of Cryptosporidium scrofarum. Eight ASV types were unique and did
not repeat from farm to farm. Probably, these sequences belong to local populations of C. scrofarum subspecies. Of interest
is the discovery of a unique Cryptosporidium sequence of ASV8 type which is only 91.47% similar to the closest relative
of the genus, which may indicate a rather distant taxonomic relationship. This type of nucleotide sequence can be further
described as a new species. All identified unique ASV nucleotide sequences were deposited in GenBank.

Keywords: cryptosporidiosis, Cryptosporidium scrofarum, oocysts, PCR, DNA, sequencing, 185 rRNA, ASV, Amplicon
Sequence Variant, piglets, Vologda Region, Russian Federation

Acknowledgments. The study was supported by the Russian Science Foundation Grant No. 22-26-00002, https://rscf.ru/
project/22-26-00002/

Financial transparency: none of the authors has financial interest in the submitted materials or methods.

There is no conflict of interests.

Russian Journal of Parasitology / Poccuincknii napasvutonormyeckunin >xypHan 2024;18(1):58-66



m BIOCHEMISTRY, BIOTECHNOLOGY AND DIAGNOSTICS

For citation: Kryazhev A. L., Novikov A. S. ASV (Amplicon Sequence Variant) taxonomic affiliation analysis of
Cryptosporidium scrofarum species in pigs in the Vologda Region, the Northwestern Federal District of the Russian
Federation. Rossiyskiy parazitologicheskiy zhurnal = Russian Journal of Parasitology. 2024;18(1):58-66. (In Russ.).

https://doi.org/10.31016/1998-8435-2024-18-1-58-66

© Kryazhev A. L., Novikov A. S., 2024

BBepeHme

Kpunrocopuauyu - pacnpocTpaHeHHbIE BO
BCEM MIpe MPOTHUCTHI, BhI3bIBAOIMe 3a001eBa-
HII€e JII0flelt U KUBOTHBIX [9, 15, 16].

BriepBble cOOOLIEHNS O CTy4asx KPUITOCIIO-
pUANO3a y CBUHEN ObUIM 3apervCTPUPOBAHBI B
1977 1. [8], B Poccum sxe — B 1984 1. [1].

B Hacros1ee BpeMs Npy IOMOIIY HOBEMIINX
MOJIEKY/LIPHO-TeHE TYeCKIX METOJIOB MAeHTI (U -
uMpoBaHo 44 Byja u 120 reHOTUIIOB IIpeJCTaB-
tesneit poa Cryptosporidium [14]. Y cBuneit 66110
BBI/Ie/ICHO TPUHA/ILIATH Pa3/INYHbIX BUIOB/T€HOTH-
noB Cryptosporidium, a umenno Cryptosporidium
scrofarum (panee Cryptosporidium, TeHOTUII CBU-
ubu II), C. suis (panee Cryptosporidium, reHOTUII
ceunbiu 1), C. muris, C. parvum, C. tyzzeri (paHee
rerotu [ Mpim Cryptosporidium), C. hominis, C.
meleagridis, C. felis, C. andersoni, C. struthioni, re-
Hotun Cryptosporidium xpoicel, Cryptosporidium
sp. Ienorun Eire w65.5 1 HeM3BECTHBIN T€HOTUII
Cryptosporidium 13 HaBO3HOI XXVDKU CBUHEN [6,
10,17, 18].

bornee 90% cny4yaes KpUNTOCIOpUAKO3a 'y CBU-
Heit Bi3biBaeTcs Bupamu C. suis u C. scrofarum
[7]; Takke coobmjaeTcs O MOTEHIMAIbHON OIac-
HOCTY 3apaKeHus VMM denoBeka [10, 11].

B ycnoBusix CeBepo-3anagHoro defgepaabHO-
ro okpyra P® panee Hamu OblIi BliepBble 0OHa-
PY>KeHBbI KPUNITOCIIOPUANN Y TOPOCAT [3, 4], a B
[a/bHeNIIeM [IpY IIOMOIY MOJIEKY/IsIpHO-TeHe-
TUYECKUX METOAVK BiepBble B PO ycraHoBieH
Bup C. scrofarum [5].

enpio mccnemoBaHusi OBIIO  BbIfIe/NIEHNE,
upeHTUGUKAIUA U aHanmu3 TMnoB ASV xpumro-
criopuamit CBUHelt B ycnoBusAx Bomoropckoit 06-
nactu C300 PO.

MaTtepuanbl n meToabl

Haunbie nccnemoBanus B Poccuiickont ®ene-
pauuy IpoBefieHbl BIIepBhIE.

MccnenoBannsa npoBOguIN B YCIOBUAX NPO-
MBIIIIEHHBIX CBMHOKOMIUIEKCOB M YaCTHBIX dep-
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MEPCKMX XO3AJCTB II0 BbIPALVMBAHUIO CBUHE,
paconoXeHHbIX Ha TeppuTopum Bomoropckoit
obmactu  CeBepo-3amagHoro  ¢enepaabHOTO
oxpyra P®, B mepnox ¢ suBaps mo okTsa6ps 2023
I. dexanuyu NOPOCAT PA3NMYHBIX BO3PACTOB JC-
CTIefOBA/IM IIyTeM MMKPOCKOIMM (peKaTbHBIX
Ma3Ko0B, OKpameHHbIX 10 [Iunb-Hunbceny. Ilo-
CJIe 4ero 3aMOpOXKeHHbIe IIPoOBI peKamit TpaHc-
nopruposau B I. [Tymkus u . Cankt-Iletep6Oypr
JUIs Ja/IbHEIIINX MccnefoBanmit. PaboTy mposo-
JWIM C VCTonb3oBaHueM obopypmosanusa ILIKII
«leHOMHBIE TeXHONIOINY, IPOTEOMMKA U KIETOY-
Hast 6uonorusi» ®I'BHY BHUVCXM».

Vpentnduxarmio BUOB pona
Cryptosporidium B mpo6ax dexammit XUBOT-
HBIX TIPOBOAM/IN TI0 paHee pa3pabOTaHHON HaMM
MeTonMKe [2] ¢ MOMOIIbIO IBYX PayHIOB BBICO-
KOIIPOM3BOJUTENBHOTO CEKBEHUPOBAHUS aM-
IUIMKOHHBIX OMO/MMoOTeK parMeHToB reHa 18S
pPHK, nonmy4yeHHBIX B pesy/ibraTe IpOBefleHN
nested (Bmoxxennoitr) ITIP ¢ ucnonb3oBaHmeM
CIeLManM31poBaHHbIX MeTOROB [13, 19] c mocre-
AYIOLUINM IeMY/IbTUIUIEKCUPOBaHUEeM 00pasloB,
«JIEHOU3VHIa», 0ObeNMHEH TI0CIE[OBATEIbHO-
cTell (epeKpbITiie MMHUMYM B 12 HYK/I€OTU/IOB),
BOCCTAHOBJ/IEHMsI MCXORHBIX (unoTumos (ASV,
(Amplicon sequence variant)) 1 ypmaJeHus Xu-
MepHBIX TpouTeHuii [5]. TakcoHOMMYecKyIo pu-
HA/IKHOCTh ITOC/IEOBATEIbHOCTEN OIpefesi-
nau ¢ nomouybio blastn B 6ase ganubix GenBank.

B pesynbrare nepBUYHbBIX MCCIELOBAHNIA, CO-
PTUPOBKM ¥ OTOOpa MCCIEOBAHNIO HOJBEPIIN
53 po6sI dexamit.

PesynbraTtbl nccnepoBaHumi

/3 53 npo6 dexanmit cCBUHeI, BbIpAIIBaeMbIX
B YIa/IEHHBIX IPYT OT IpyTa X03AICTBAX, ObITa BbI-
menena toranbHasg JIHK, xoropas 6bI1a UCITIO/Nb-
30BaHa JUIA IPUTOTOBJIEHN 6UOMNOTeK pparMeH-
toB rena 18S pPHK mertozom nested (B1osxeHHOIT)
[TIIP co cnenuduyecknmm mpaiMepamn.

B pesynbraTe BBICOKOIPOU3BOANUTENBHOTO
CeKBEHUPOBaHMS OMOIMOTEK II0 TEXHOJIOTUU
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[lumina s kaxgoro o6pasua ObIIO MOTYYEHO
ot 20 mo 100 ThIC. HYKJIIEOTUIHBIX IIOC/IENOBA-
TeNbHOCTel (IpOYTeHmit), mocne 06paboTkm Ko-
TOPBIX CYMMapHO BbIAB/IEeHO 2372 ASV.

AHanu3 TaKCOHOMIYECKOI TIPUHAIJIKHOCTHI
ASV, npoBe€HHBIN ¢ TOMOIIbIO (l)l/moreHeT]/me—
CKOTO aHanu3a, JOTOTHEHHOTO aHAIM30M C JC-
Mob30BaHMeM anroputMma blastn B 6a3e maHHBIX
GenBank, mokasas, 4To cyMMapHO BO BCeX MC-
CTIE[IOBAaHHBIX 00pasIax NPUCYTCTBYIOT TONBKO
10 ASV, nMeronnx BbICOKO€E CXOJCTBO C ITOC/IENO-
BaTeNbHOCTAMM, TermoHnpoBanubiMu B GenBank
kak ¢parmentsl reHa 18S pPHK C. scrofarum.
9t 10 ASV, ognHaxko, coctaBnsaioT 40,6% oT Bcex
(944917) npouTeHmit, IIOTy4eHHBIX B pe3y/IbTare
aHanmm3a 53 mpoo.

B rabmuue 1 mpuBeneHbl MAeHTUPUKATOPHI
Bcex obOHapy>keHHbIX ASV, a Takke IIPOLEHT
UX CXO[CTBA C IIOC/TEJOBATENbHOCTAMM TeHa
18SpPHK, panee nenonnposanubpiMu B GenBank.
Tonpko ASV1 um ASV2 mOMHOCTBIO WMOEHTUY-
HBl II0C/IE[IOBATe/IbHOCTAM, HPUCYTCTBYIOUIM
B GenBank, ocranbHble pasnnyanTcs B pasHOI
CTeIeHN, YTO, YYUTHIBAsA BHICOKYIO KOHCEPBATVB-
HocTb reHa 18S pPHK, roBoput o Takconommnye-
CKUX Pas3MuNAX MeX/y MPefCTaBUTEeAMI POa
Cryiptosporidium, BbIsIBIeHHBIX B mpobax de-
kammit. OcobeHHo 910 Kacaercss ASVS8, cxomcTso
KOTOPOro ¢ O/MVDKANIINM POACTBEHHMKOM poOfia
Cryptosporidium cocrasnser Bcero 91,47%, n
MOXKET CBUJIETE/TbCTBOBATb O JJOBOJIbHO yHA/I€H-
HOM TaKCOHOMMYECKOM POJICTBE, BITIOTH JI0 HO-
BOTO BI/JA.

Tabnuua 1 [Table 1]

HyKHEOTI/IﬂHbIe nocnepoBatenbHocTn ASV 1 nx NnpoueHTHOe CXOACTBO C pe(I)epeHCHbIMVI nocnenoBaTesibHOCTAMUA

B GenBank

[ASV nucleotide sequences and their percentage similarity to reference sequences in GenBank]

Haspanusa nociegoBaTenbHO- IIpepnonaraembplii BU 11 IpN- ITpoueHTHOE CXOACTBO C pedepeHc-
Ne creit B CBOHOI Tabmuie ASV CBOEHHBIIT HoMep ASV HBIMH IIOC/IENOBATETbHOCTAMM
[Sequence names in ASV [Intended species and [Percentage similarity to
summary table] assigned ASV number] reference sequences]

1 Seql ¢ SZS{;‘; um 100

2 Seqd c SZ’;’{;‘; um 100

3 Seq92 ¢ SZS”{;‘; wm 99,74

4 Seq224 ¢ szrgf:fi"m 99,48

5 Seqd67 ¢ 52’;’{;15’ um 99,48

6 Seq812 c Sgg{fgum 99,74

7 Seqsss ¢ SXS”J\;“; um 99,74

8 Seq1230 ¢ Sgg{fg wm 91,47

9 Seq2159 ¢ SXS{Z um 98,17

10 $eq2269 ¢ ng%um 98,17

Bce npentuduunposannsie ASV, a Takxe He-
CKOJIBKO TTocrefoBarenbHOCTell TeHa 18S pPHK
C. scrofarum, B3sitbie u3 GenBank (Sequence ID:
MT071828, ON14980, KF597533. MN243610,
MN243595), 6bUIM BBIpaBHEHBI B IIpOrpaMMe
MEGA ¢ ucnonp3oBanuem anroputma Muscle.
BolsiBIeHHDBIE B pe3y/ibTaTe BbIPABHMBAHNUA HY-
KJI€OTUIHBbIE 3aMeHbl I Kaxporo ASV mpu-

Russian Journal of Parasitology / Poccrincknii napasnTonornyeckunii )XypHan

BefleHbl Tabmmie 2 M Ha pucyHke 1. Xopomro
3aMeTHO, 4To ASV8 mmeer 60JbIIOE YNCIO HY-
KJI€OTUIHBIX 3aM€H B IOC/IENOBATEIbHOCTI aM-
wmUIMpPOBaHHOrO yyacTka reHa 18S pPHK mo
cpaBHeHuIo ¢ ipyrumn ASV, a Takxke pedepenc-
HBIMY [IOC/IE0BATE/TbHOCTAMMA.

O6Hapy>keHHbIe HAMU HYK/ICOTU/HbIE TTOCTIe-
JIOBAaTENbHOCTY ABJIAKTCA YHUKaAbHbIMM. Kax-

2024;18(1):58-66



BIOCHEMISTRY, BIOTECHNOLOGY AND DIAGNOSTICS

62

S6SEVININ

0T9EYININ

€E€6L65AA

0867 INO

8CTEILOLN

0TASY

6ASV

8ASV

LASV

9ASV

SASV

VASV

EASV

CASV

IASV

9LE
89¢
£€9¢
19¢

123
n
oo

»
-
@

1843
8¢€¢
(£33

123
154
N~

0I¢

123
=3
N

10¢€
69T
L9t

[N
(<)
~

N
wn
w

8€T

[£%4
b4
607
v61

—
=3
—

061
681

—
o0
=]

L8I

81

—
-
“w

9LT

—
3
“w

—
=2
~

691

-
N
o

L91
991

—
N
~

LST

1218
8€T
871

-
~
N

—
N
N

81T

—
—
~

601

~
o

~
w

144

I

WeU (PdONHIOL UIHTULOJINMAHOHIO XUIMIOIOWH ‘WINIBJ0I09S ) YHJA SQT BHOI ULOOHIIOLBEOTIIO0 HOHTULOJINAH € HUNHEO BdOWOH

A ‘bas
U

ASV

[Guawubije ay3 03 Buipiodde uaAib s1 buquinu uonisod) wWnipjo.ds - jo yusawbely 3uab YNYI S8L Y3 Jo saduanbas ay3 ul suolINIISqNs apRIO3PNU PaynRuap|]

(oimHeanHgediqg ou eHel unnueou BuedawAH) wnipjo.ds *) YHdd S8L eHaJ erHaW.Ied D XBLOOHALDLREOTSLOOU 8 IIHIWRE SIGHITNLOBLMAH SI9HHALEEIag

[ 3lqeL] ¢ efvuge

NCKUN NapasnTonornyeckmni XxypHar

Russian Journal of Parasitology / Poccu

2024;18(1):58-66



(98]
O

BUOXNMUA, BUOTEXHONOTNA N AUNATHOCTUKA

8ASY

[wnipliodsoidAid snuab ay3 Jo sa1e|0SI ASY PR12313P J0 9241 DlIduabojAyd °| *614]

wniplodsord£Ai) efod ASY g0LBLOEN XIGHHIKAdRHQO 0gad3al’ S03MI9hNLBHAIOUNE °| Mg

mr>m<.||J|g
SZo00

Lo
5550°0 f
SASY
T000'0
FASY
ooop'o
HREN ———
9z00'0
98z0'0
e ——
Sz00'0
CASY ZS00'0
10000
IASY
oogp'o
T000'0
NSV A
9z00'0
Z0oo'n

6ASY |
o000

EE ]

7 2024;18(1):58-66

NCKUN NapasnTonornyeckmni XypHar

Russian Journal of Parasitology / Poccu



mas U3 Hux Obuta menoHuposaHa B GenBank c
npucsoenneM npeHTndukaropos (Sequence ID:
OR649139, OR654022, OR654023, OR661243,
OR661244, OR654051, OR654052, OR654083,
OR654084, OR654106).

O6cyxpeHune

B pesynbTaTe npoBeNeHHBIX UCCIELOBAHUII
B ycnopuax C3®O P® na npumepe Bonorog-
CKOJl 0071acTM, YCTaHOBJIEHO, YTO IOPOCATA
BCeX BO3PACTHBIX Ipynn uHBasuposaHbl C.
scrofarum. Tunet ASV1 u ASV2, BbIABIseMbIe
B Pas/JIMYHBIX reorpauyecKux permoHax Mupa
ot ITopryranuu u Bennko6puranun go Kuras,
Vupun n ABcTpanuu, ufeHTUGUUMPOBaHbI BO
BCeX 00CIIelyeMbIX X035IICTBaX, XOTA I B CyIIe-
CTBEHHO Pas3/IMYHbIX Ko/mnuecTBax. OcrajnbHbIe
ASV npucyTCTBYIOT B 3HaUMTETbHO MEHbIIEM
KO/IM4YeCTBe U He IIOBTOPAITCA OT XO03:iiCTBa
K XO3:AICTBY. BeposiTHO, 3TU IOC/IE0BATe/lb-
HOCTM IIpMHAJIeXAaT MECTHBIM IIONYJIALUAM
nopsupos C. scrofarum.

VIHTepecHBIM NpeAcTaBIAeTCA OOHapysKe-
HIle YHMKaIbHONM IIOCTIEIOBATeNbHOCTH pofa
Cryptosporidium tnma ASV8, xoropsiii B mo-
CJIEICTBUM MOXKET OBITb OIMCAH KaK HOBBII BUJ,.

3akKnoueHue

Bnepsrie B Poccuiickoit Pefepanym B ycio-
Busix C3PO Ha nmpumepe Bomnorogpckoit obnactu
C NCIONIb30BaHNEM HOBEHIINX MOJIEKY/IAPHO-
TeHeTMYeCKMX METOMK YCTAaHOBJIEHO Iapasu-
TupoBanue y cuHeit C. scrofarum y mopocst
BCeX BO3PacTHbIX rpyni. OmnpefeneHbl MeCTHbIE
bl ASV, a Taxke MOABVWINCDH IIPENIOCHIIKI
I/1A TIOCTIeYIOLIero OIMCAaHMs HOBOTO BUA Pofja
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Bknad coasmopos:

KpsxxeB AHppeli JleoHnaoBuy — 0630p UTepaTypHbIX ICTOYHMKOB MO Npobsieme, oT60p NPo6, X MOAFOTOBKa 1 UCC/IEA0-
BaHVe, KPUTUYECKMI aHanm3 MmaTtepurasna n GopmrpoBaHe BbIBOLOB.

HoeukoB ApTém CepreeBuy — oT6OP NPo6, NX MOArOTOBKA U UCCefoBaHMe, 0630p NUTEPATYPHbIX UCTOUHMUKOB MO Npo-
6neme, KOPPEKTUPOBKA CTaTbU.

Asmopsl npoyumanu u 0006puIUu OKOHYamesbHell 8apudHm pykonucu.
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