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MNMowyk noTeHUiNHUX canTiB 3B’AA3yBaHHSA reMy B iHTerpanbHoMmy Giniky membpaHu

eputpouuTiB nroanHm SLC4A1 Tta npoTteiHkiHaszax SYK i LYN
T.B. BapaHHik, M.€. lle6egeBa

Binok SLC4A1, abo 6inok cmyrn 3 (band 3) € ogHMM 3 HanbinbL NOWMPEeHUX MemMOBpaHHMX BinkiB epuTPOLIMTIB.
Mopsag i3 dyHKUito aHiOHHOro 0BbMiHHMKa BiH Gepe yyacTb Yy KOHTpomi hopmu i TPUBaNOCTI XWTTA KiTUH Yepes
YTBOPEHHSA PIBHOMaHITHUX KOMMMEKCIB i3 KOMMOHEHTaMu LMTOockeneTy Ta depmeHTamu. 3a yMOB OKCUOATUBHOIO
cTpecy BinbyBaloTbCsa okucnoBanbHi Mogudikadii 6inka, B TOMy YMcni BHACMi4oK 3B’A3yBaHHSA arperaTiB remornobiHy,
ane npsAMun eekT remy, sk OCHOBHOro NpPoAyKTy po3naay reMornobiHy, Ha akTUBHICTb Binky cMyrn 3 He onucaHui B
niTepatypi. Binomo, Wo remoniTnyHi cTaHn cynpoBoaxyroTbecsa hocdopunioBaHHam 6inky SLC4A1 HepeLenTopHUMM
TupoauHnpoteiHkiHazamy LYN (no 3anumwky Y359) i SYK (no sanunwkax Y8 i Y21), a iHribiTopu kiHasan SYK matoTb
cTabinisytounii BNNuB Ha eputpounTu. MokasaHui perynsaTopHU BMNUB remy Ha Src-kiHasu, OO SKMX HanexaTtb
kiHaan SYKi LIN, ane cantu ix B3aemogii 3 reMom He BCTaAHOBIEHI. Y 3B’s3Ky 3 BULLIECKa3aHUM, METOK Liei poboTu
CTaB MOLUYK MOTEHLiNHMX CalTiB 3B’A3yBaHHs remy B iHTerpanbHomy 6inky membpanu eputpoumnTtie SLC4A1, a Takox
y npoteiHkiHasax SYK i LYN Ta ix komnnekcax 3 SLC4A1, amogenboBaHux in silico. AHania nocnigosHocten binkis
iHcTpymeHTOM HeMoQuest BUABUB Aekinbka HOHANEeNTUAIB i3 NOTEHLIMHUMU remM-3B’si3yBanbHUMK caiTamu B Binky
SLC4A1, B TOoMy uncni uymtosdonbHuin His98 i sannwkn Tyr553 T1a Tyr555 B AinaHui Mk TpaHcmembpaHHUMMK
cermeHTamm TM5 i TM6. Lli 3anuwku pasom 3 amiHokucrotamu Tyr216, His303 ta His192 6ynu Takox nepenbadeHi
SIK canTu 3B’A3yBaHHA remy nporpamoto HemeBIND. HaiibGinblua KinbkicTb NOTEHUIHUX CaWTiB 3B’SI3yBaHHS remy
BusiBNeHa Anga npoteiHkiHasn SYK, cepepn HuX ABa umto3onbHi 3anuwkn Tyr216 i His303. MonekynsipHUn OOKiHT
6inky SLC4A1 BuABMB CalT 3B’A3yBaHHA reMy Yy MNOpPOXHWHI Mk His192 i pgingnkoto 173—-176 y cTpykTypi
untosonbHoro gomeHy (PDBID4KY9 i 1HYN), B Tomy uucni y cknagi 3MofenboBaHoro komnnekcy 3 kiHazamu SYK
abo LYN. Cnig 3asHauuTn, wo AinsHka 175-185 Bigoma sk calT 3B'A3yBaHHSA aHkipuHy. [okiHr remy [o
membpaHHoro gomeHy (PDBID4YZF) BuABMB MOTEHUiNHWI CanT 3B’A3yBaHHA remy 6ins Lys539 y TM5, wo, 3a
AaHVMKU niTepaTypu, HanexuTb OO0 OAHOTO 3 PeaKTUBHMX LIEHTPIB, YYTIMBMX OO iHriGITOPY aHiOHHOro TpaHcnopTy
DIDS. MonekynsipHui gokiHr oo npoteiHkiHaan SYK 3 AT® B aktusHomy cawnti (PDBID 4FL2) BusiBuB aBa BiporigHux
cantu 3B’A3yBaHHA remy — 6ins Tyr64 i 6ina His243, ane npu BukopuctaHHi pdb-cbanny 3 BuaaneHum AT rem
3aliMaB came [LinsiHKy 3B’si3yBaHHSA Hykneotuay y nopoxHuHi 6ina Lys402 i His531. MpoteinkiHaza LYN (PDBID
5XY1) mana cant 3B'sid3yBaHHA remy 6ing Tyr321, sKWwo CcTpykTypa MicTuna monekyny iHribitopy (noxigHe
ninepasuHy). 3a yMoB BuaaneHHs iHribitopy rem 3avimMaB 1oro ainsHky 6ina Glu290 i Ala371. Y GinblwocTi moagenen
komnnekcis 6inok cmyrun 3 6yB GinbLu BIpOrigHNM CanToM 3B’3yBaHHSA remMy, Hixk npoTteiHkiHasm LYN i SYK, ane BinbHi
KiHa3n i3 BIOKPUTUMW aKTUBHMMW CanTamm MOXYTb 3B’A3yBaTU rem 3amicTb cybeTpaTty, wo Oyde 3asaxatu
docdopunioBaHHo. MNopyLleHHst yHKUIOHYBaHHSI Ginky cmyr 3 3a yMOB HaKOMWYEHHS remy MOXe iHribyBaTu
TpaHCNOpPT aHioHiB abo ycknagHoBaTh yTBOpeHHs komnnekciB 6inky SLC4A1 3 Binkamu uutockeneTy, Lo, NopsA i3
BMIIMBOM Ha pOChOopUunioBaHHA, Moxe OYyTU OOHMM 3 MEXaHi3MiB 3HMKEHHS! CTabiNbHOCTI epUTPOLUTIB.

KnrwouoBi cnoBa: SLC4A1, 6inok cmyau 3, ¢ocpopunosaHHsi, SYK, LYN, 38’a3ysaHHsi 2emy, epumpouyumu,
2emMori3, MonekynspHul dokiHe, HeMoQuest, HemeBind.
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BeTyn
Binok SLC4A1, abo 6inok cmyrun 3 (band 3) dyHKLiIOHYE SK aHIOHHWUIA OBMIHHKK | canT B3aemogil i3
ernemeHTamu untockenety. B eputpouutax 3anmae 6nm3sbko 25 % noBepxHi, WO pobuTb NOro OCHOBHUM
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T.B. BapaHHik, M.€. JlebeneBa n
T.V. Barannik, M.E. Lebedieva

MeMbpaHHMM TnikonpoTeiHoM. Yepe3 B3aemogito i3 iHwuMn Ginkamm SLC4A1 TakoX BWMKOHYE MNEBHI
perynsatopHi yHKLUii, B TOMy 4ucCni BNAIMBAE Ha €HEpPreTuKy KNiTuH, 6epe yyacTb y KOHTponi dopmu i
TpuBanocTti xutta eputpouuTie (Chu, Low, 2006; Reithmeier et al., 2016). binok SLC4A1 nioguHu
MiCTUTb 911 aMiHOKMCNOTHMX 3anuLLKiB, OPraHi3oBaHMx Yy ABa AoMeHn. MembpaHHuIA [OOMEH
opraHizoBaHun y 14 TpaHcmembpaHHux cermeHTiB (TM), Aki bopmytoTb KOpoBUiA (core) | BOpoTHMIA (gate)
pomeru (Reithmeier et al., 2016). [Jo BopoTHOro AoMeHy BxoasaTb 5—7 Ta 12-14 TM cermeHTu, WO
3’egHaHi 3 kopoBuM gomeHom (TM4-TM5, TM7-TM8, TM11-TM12). Glu681 y TM8 € LUeHTpOM aHioH-
NPOTOHHOIO KOTPaHCNopTy. B3aemMHe NOMNOXeHHs KOPOBOrO Ta BOPOTHOMO JOMEHIB 3HAYHO 3MIHIOETLCS B
xogi aHioHHoro TpaHcnopTy (Reithmeier et al., 2016). N-kiHUeBWIA LMTO30MbHWUIA FigPOodINbHUIA AOMeEH (1—
360) € kn4YoBUM CarlTOM NPUKPINNEHHS KOMMOHEHTIB LUTOCKENeTy, Hacamnepen aHkipvHy B AinsHKax
63-73 Ta 175-185 (Grey et al., 2012), a TakoX MoOXe B3aEMOLIATA 3 MIKOMITUYHUMK dEPMEHTAMUN Yepes
nepuwi 23 3anuwkn SLC4A1 (Chu, Low, 2006). Cnig 3a3Hauntu, wo SLC4A1 y cknagi aHKipMHOBOro Ta
aKTMHOBOrO KOMMSEKCiB 3abesnedvye B3aeMogito MeMbpaHu i UMTockeneTty, HeobXiaHy Ansa nigTPUMaHHSA
dopmun i pyHKUiOHaNbHOT akTMBHOCTI epuTpouunTiB (Kodippili et al., 2012; Welbourn et al., 2017). B
yMOBax FiMOKCii LUMTO30MbHUIA OOMEH MOXE 3B’'A3aTh Ae30KcureMornobiH, Skui nicna npuegHaHHsA go
MeMbpaHu HabyBae GinbLuoi cnopigHeHocTi o kucHio (Walder et al., 1984; Weber et al., 2004).

3a ymoB okucnoBanbHoro crpecy 6inok SLC4A1 cTae MilleHHI0O HEpeLenTOpHUX TUPO3UHOBUX
npoteiHkiHa3. Tak, Gyna nokasaHa KoBaneHTHa mMoaudikauis LUMTO30MbHOr0 AOMeHy Oinky cmyrn 3 no
TPbOX 3anuLikax TUpo3uHy, BignosigHo Tyr359 — npoteiHkiHadow LYN, aTyr8 i Tyr21 — npoTeiHkiHa3ot
SYK (Brunati et al., 2000). TupoauHnpoTeiHkiHasa LYN Hanexutbe o poanHu Src, NposiBMsie BIAaCTUBOCTI
NPOTOOHKOTEHY i 3afisiHa y perynsauii audepeHuitoBaHHs epuTtpounTie (Slavova-Azmanova et al., 2014).
MpoTeiHkiHaza SYK Bepe yyacTb y curHamniHry B XOA4i eputponoesy i KOopaANHYE Ailo pOCTOBMX pakTopiB
(Chang et al., 2017). ®occopuntoBaHHa SLC4A1 BioOyBaeTbCs 3a YMOB OKWUCITHOBANbHUX MoAudikauin
Ginka, 3B’A3yBaHHA arperaTiB remMornobiHy i cepeq HacnigkiB Mae nocuneHHs remonisy. NokasaHo, Lo
remMoniTUYHI  3axBOPIOBaHHA Ta Manspid CynpoBOAXYyTbCcA rinepdoccopunioBaHHaM  SLC4A1
(Roumenina et al., 2016), a iHribiTopu kiHasn SYK MatoTb cTabinisytounii Bnnmne Ha eputpoumnTn (Pantaleo
et al.,, 2016; Brunati et al., 2000). 3Ha4yHun BnMB OCHOPUNOBaHHA Ha YHKLiIOHANbHUIA CTaH
epuTpounTie pobuTe KiHasu, WO MOAYMOTb akTUBHICTE Binky SLC4A1, nepcnekTMBHUMU MilLleHsaMu ans
Tepanii reMoniTUYHMX CTaHiB i 0OYMOBMIOE aKTyanbHICTb aHanidy BMMMBY remy Ha iX akTMBHICTb. [em €
OCHOBHMM MPOAYKTOM po3nagy remornobiHy i 3a yMOB BHYTPILUHbOCYAMHHOrO remonidy 3Ha4Ho
HaKOMUYyeTbCA B Nasmi KPOBi Ta iHLUMX TKAHWHAX, A€ MOXe MaTu MOLLKOMKYYY Ait0 K MPOOKCUAAHT 3
amdinatuduHmm Bnactusoctamu (Belcher et al., 2010). BcTaHOBNEHO TakoX perynsaTopHy Ailo reMy Ha
HM3Ky BiNnkiB, 3afistHUX y BiOMNOBIAI HA OKCMAATUBHUIA CTPeC, ane npsiMi ePekTn remy Ha akTUBHICTb Binky
cmyrn 3 Ta NOro perynsitopie B nitepaTtypi He onucaHi. Y 3B’A3Ky 3 BuLLEeCKa3aHM, MeTOK Li€i poboTu
CTaB MOLWYK MOTEHUIAHMX CaWTiB 3B’A3yBaHHSA remy y LUMUTOMnasMatuyHOMYy i MeMOpaHHOMY AOMeHax
iHTerpanbHoro Oinky membpanu eputpoumTieB SLC4A1, a Takoxk y npoteiHkiHaszax SYK i LYN T1a ix
komnnekcax 3 SLC4A1, amoaenboBaHux in silico.

0O6’ekTn Ta MeTOAM AOCHiOXEHHS

B pob6oTi aHanizysanu 6inkun niognHn SLC4A1 (Gene ID 6521; UniProt ID P02730), SYK (Gene ID:
6850; UniProt ID P43405) i LYN (Gene ID: 4067; UniProt ID P07948). O6’ektamun gocnigkeHHa 6ynum
KaHOHIYHi aMiHOKMCMNOTHI MnocnigoBHOCTI (3aBaHTakeHi 3 UniProt) i mogeni mpocTopoBoi CTpyKTypw,
BigibpaHi 3 BIQOMMX Ha LUEN Yac ekcnepuMMeHTanbHO AOChioKeHWUX CTPykTyp (3a paHuvmn PDB).
XapakTepuCTUKM CTPYKTYP, B3ATUX AN aHanidy, HaBedeHi y Tabn. 1. [Ana aHanisy MemOpaHHOro 4OMeHy
6inka cmyrm 3 Byna obpaHa mogenb 4YZF, wo MiCTUTb ABa AMMEPU 3 Maibke MOBHOK MOCMILOBHICTIO
(naHutorn A/B, C/D). Y dpanni 4yzf.pdb 3i cTpykTypn oniromepy 6ynu BigokpemneHi naHutorn A i B gns
NoAanbLIOrO AOKIHIY 3 reMoM Ta UMTO30MbHUMW AOMeHamu. [nd aHanisy uMTO30MNbHOro AOMEHY
BukopuctoByBanu mogeni THYN (379 3anuwikiB) Ta 4KY9 (306 3anuwwkiB), siki He MicTMnuM nirangis. Ans
aHanisy kiHa3n SYK 6yna obpaHa PDB mogenb 4FL2 (635 3anuwikiB), WO MIiCTUTb B AKOCTI niraHgis
noxigHe AM® Ta ioH marHito. [Ins kiHasu LYN BukopuctaHa mogenb 5XY1, Wo oxonsntoe KiHa3HUM JOMEH i
Mae iHribiTop Ha OCHOBI XiHA30MiHy B AKOCTI niraHay y cawTi 3B’A3yBaHHs AT®. Bci obpaHi mogeni He
MicTunn myTauin. CTpykTypHi dannm y dopmati *.pdb Oynu 3aBaHTaxeHi 3 Protein Data Bank (PDB)
(http://www.rcsb.org/pdb/home/home.do).
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Ta6bnuua 1. laHi npo cTpPyKTypy OinkiB noguHu, siki 0ynun BUMKOPUCTaHI AnA aHanisy (3a gaHumu
PDB i UniProt, B aHrcTpemax A BkasaHa posginbHa 3aaTHicTb pdb-cTpykTyp)

Table 1. Data on the structure of human proteins that were used for analysis (according to PDB and
UniProt, the angstroms A indicate the resolution of the pdb-structures)

Hassa 6inky Cumeon | oopp | A DinsHka KinekicTe nautoris,
reHy ocobnunBOCTi cknagy
56-349 4 (2 pumepu: naHurm
THYN 2,6 (UMTO30MBHUIN AOMEH) P+Q; R+S)
Band 3 anion 4KY9 2,23 ( VIT0305J'I1b_I-|?:/I517IG OMEH) nai (g?r,eﬁ\pi: P)
transport protein SLC4A1 H a H
381887 4 naHutorn Hanexartb
4YZF 3,50 (MeMBpaHHMiA AOMEH) SLC4A1 (2 gumepn:
P A A+B; C+D)
Tyrosine protein . 1 (naHutor A), nirangu:
kinase SYK SYK 4FL2 2,19 1-635 AT®, Mg?*
Tyrgsme protein LYN 5XY1 270 . 239T512 1 (nalHLuor A), niraHg —
kinase LYN (KiHa3HWI JOMEH) noxigHe ninepasuHy

Bisyanisauis cTpykTypu Ginkis npoBogunacs 3a gonomoroto nporpamm UCSF CHIMERA (Pettersen
et al., 2004). AHani3 KOHTaAKTHMX MOBEPXOHb CyBOAMHULb, BiACTAHEN MK aMiHOKUCNOTHUMW 3anuilKamm
Ta remom nposogunu y nporpami Swiss-PdbViewer 4.1.0 (Johansson et al., 2012).

MonekynspHUin JOKIHr GinkiB 3 MOAENOBaHHSAM KOMMIEKciB NpoBoaMBes 3a gonomorot: ZDOCK
(http://zdock.umassmed.edu/) (Pierce et al., 2014).

MonekynsapHuiA  gokiHr  GinkiB 3 remom npoBoaMBcst 3 BuKopucTaHHsMm  PatchDock
(http://bioinfo3d.cs.tau.ac.il/PatchDock/index.html) (Schneidman-Duhovny et al., 2005) Ta cepsicy
SwissDock (http://www.swissdock.ch/) (Grosdidier et al., 2011). ®ann remy y copmati *.pdb 6ys
3aBaHTaxeHun 3 PubeChem (https://www.ebi.ac.uk/pdbe-srv/pdbechem/). ®ain remy y dpopmarti *.mol2,
OyB 3aBaHTaxeHui 3 ZINC database (https://zinc.docking.org/).

Ona anHanisy nocnigoBHOCTEN Ha HasIBHICTb KOHCEpPBATUBHUX reM-3B’A3yBanbHUX AiNSIHOK
BMKOPUCTOBYBanNu cneuianisoani nporpammn HemeBind (http://mleg.cse.sc.edu/hemeBIND/) (Liu, Hu,
2011) i HeMoQuest (http://131.220.139.55/SeqDHBM/) 3 gBoma pi3HOBMAAMN PO3pPaxyHKIB 3anexHo Big
BpaxyBaHHs OOCTYNHOCTI PO34YMHHUMKA. BenuuumHa koHcTaHTU aucouiauii meHwe 1 yM cBiguvna npo
BUCOKY adpiHHiCTb, 1-5 UM — cepefgHio cuny 3B’A3yBaHHs remy i Ginbwe 5 yM — npo cnabki B3aemogii
(Paul George et al., 2020).

Pe3ynbTaTtn i 06roBopeHHs

AHaniz nocnidoeHocmel 6inkie SLC4A1, SYK i LYN. 3rigHo i3 cy4acHUMW YSIBIIEHHSMMU,
iCHYIOTb JeKinbka BapiaHTiB rem-perynatopHux motumeie (heme-regulatory motif, HRM), B skux ueHTpom
3B’sI3yBaHHA reMmy MoXxe OyTu LUMCTeiH, po3TalloBaHui nopyy i3 nponiHom y Cys-Pro i Pro-Cys naTepHax
(Zhang, Guarente, 1995), abo 3anuWwKK FICTUONHY Y1 TUPO3UHY Yy CKIagi NaTepHiB i3 3apsgKeHUMU
amiHokncnotamm (Wibrock et al., 2019). [Ina BkaszaHux BapiaHTiB po3pobrieHi BignoBigHi anroputmm
nepenbayvyeHHsa rem-3B’si3yBanbHUX 3anuLIKiB 3a aMiHOKMCMNOTHOK nocnigosHicTio. Cnig 3a3HaunTy, WO
6inok cmyrm 3 (911 amiHokucnoT, AK) mae B cBOEMY Ckrnagi BCbOro 5 3anuLUKiB LUCTEIHY, XOOHUN 3 SKNX
He 3HaxoOWTbCs MOpyd i3 nponiHom i He Bepe yyacTb y aucynbdigHMx mictkax. binok SYK (635 AK)
MicTuTb gBa CP-moTtmBmM 3 Cys592 i Cys596 i ognH PC-moTtue (Cys259). KiHasa LYN (512 AK) mictutb
oanH CP-moTuB 3 Cys467 i ognH PC-moTmB 3 Cys203.

AHanis nocnigosHocTi SLC4A1 3 BukopuctaHHam anroputMy HemeBIND nepenbauns 6nmsbko 40
aMiHOKMCMNOTHUX 3anuLKiB B LMTO30MNbHOMY i 60 3anuwkiB B MeMBpaHHOMY OOMEHax, SiK NMOTEHLUiNHNX
caunTiB 3B’A3yBaHHs remy. Cepep, BCiX aMiHOKMCIIOT nepeBaxanu rigpodobHi (79), B Ton Yac sik 3apsimXKeHi
6ynu npeacrtaeneHi Lys174, Arg180, Glu196 i Arg344 (umTto3onbHuii gomeH) Ta Glu755, Lys757 i Arg760,
Lo nokanisoBaHi B LUMTO30MbHin netni mixx TM10 i TM11. Okpim Toro, 6yna nepegbadeHa MOXMBICTb
B3aemogii 3 remom uyepe3 His98, His192, Cys201 i Tyr347 uMTO30S5IbHOrO OOMEHY Ta aMiHOKMCNOTW,
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NOKani3oBaHi y 30BHiLLUHIX NeTNax MembpaHHoro gomeHy — Tyr553 i Tyr555 (mixk TM5 i TM6) i His651 (mixx
TM7 i TM8).

Ons npoteiHkiHasan SYK nepepbadeHi cantn 3B’asyBaHHsa remy y His170 i His280, a Ttakox y
BOCbMW 3anuwikax Tupo3uHy (203, 216, 244, 296, 323, 348, 352, 389). Y nporteiHkiHasn LYN 6yB
nepenbavYeHn nuwe oaMH canT B3aemogii Ha OCHOBI TMPO3uHy (Tyr306), )XO4HUX LIEHTPIB 3 FNCTUANHOM
abo uucrteiHom pospaxyHkn HemeBind He BusiBunu. Cnig 3asHaunTu, WO B OCHOBY anroputMmy
HemeBIND noknageHo nopiBHAHHSA NOCIiAOBHOCTI-3aNNUTY i3 KOHCEPBATUBHUMM MOTMBaMU reMOMNpPOTEIHIB
©e3 BpaxyBaHHS MPOCTOPOBOI CTPYKTYPW.

Mporpama HeMoQuest (Paul George et al., 2020) BusiBnsie B GinkoBUX NOCNiAOBHOCTAX crieumdidHi
HOHanenTuaun, WO MarTb B SKOCTi NOTEHUIMHUX LIEHTPIB 3B’A3yBaHHA reMy 3anuiky ricTuanHy, TMPo3nHy
abo uuncteiny. AHani3 nocnigoBHocTi SLC4A1 noka3aB HasiBHICTb AekKiflbka aMiHOKUCIIOTHUX MOTUBIB K Y
LUTO30MbHOMY, Tak i MeMBpaHHOMY AOMeEHi MK TpaHCMeMOpaHHUMM cermMeHTamu, y cknagi gkux €
aMiHOKMCNOTY i3 NiABULLIEHOI adpiHHICTIO Ao remy (Tabn. 2).

Tabnuusa 2. MNoTeHUiMHi canTn 3B’A3yBaHHA reMy (3 KOHCTaHTow Aucouiauii Kd < 1 uM) y 6inky
cmyrn 3 Tta npoteiHkiHaszax SYK i LYN — 3a pe3ynbTtatamu aHanisy nocnigoBHOCTeN B nporpami
HeMoQuest

Table 2. Putative heme binding sites (with a dissociation constant Kd <1 pM) in the protein band 3
and protein kinases SYK and LYN — according to the results of sequence analysis in HeMoQuest
program

CanT 3B’s13yBaHHS Honanentung 3apsa Kd HinaHka Ginky
His47 ATDYHTTSH +1 0,56
Tyr58 THKVYVELQ +1 0,1 LinTo3onbHUin AoMeH
SLC4A1 His161 LLLKHSHAG +3 0,06
Tyr818 KPPKYHPDV +2 0,26 MemGpaHHUIn AOMEH,
. LMTO30MbHA NeTNs MiX
His819 PPKYHPDVP +1 0,28 T™M12 i TM13
His62 GRKAHHYTI +4 0,42 SH2 nomeH 1
His170 MPWFHGKIS +2 0,98 SH2 pomeH 2
Tyr216 KVLHYRIDK +3 0,19
Cys259 LTVPCQKIG +1 0,71 IHTepaoMeH B
SYK His303 PKPGHRKSS +4 0,44
Tyr364 PKEVYLDRK +1 0,79
Tyr459 PLNKYLQQN +1 0,53 MpoTeiHKiHasHMii qomeH
His465 QQNRHVKDK +3 0,49
Cys593 ERMGCPAGC 0 0,96
His299 KTLQHDKLV +2 0,88
LYN Tyr306 LVRLYAVVT ll 0,17 MpoTeiHkiHa3HMA AOMEH
Cys419 INFGCFTIK +1 0,47
Tyr444 GKIPYPGRT +2 0,25

Okpim TOro, 6ynu BUSIBNEHi Aekinbka HOHaNenTUAIB i3 cepeHbO NOTEHLINHOW adiHHICTIO OO remy
(1 uM < Kd < 5 pM) i3 ueHTpamun y His98 (WGRPHLSHL, Kd = 3,64) i Tyr392 (RRYPYYLSD, Kd = 1,25)
LUMTO30MbHOTO OOMEHY, @ TakoX CalnTM MeMOpaHHOro JOMeHy — Y 30BHILHIN netni Mk TM5 i TM6 —
His547 (IFQDHPLQK, Kd = 1,86), Tyr553 (LQKTYNYNV, Kd = 1,34) i Tyr555 (KTYNYNVLM, Kd = 2,94),
y UMTO30MbHIN neTtni Mk TM6 i TM7 — Tyr596 (KNSSYFPGK, Kd=1,48) i cant y TM13 - His834
(TWRMHLFTG, +2, Kd=1,68). Cnig 3asHauuTn, wo 3anuwku His98, Tyr553 i Tyr555 Takox OGynu
nepenbaveHi Sk canTu 3B’a3yBaHHs remy i 3a gaHumm HemeBind.
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Haibinbla KinbKicTb MOTEHUiIMHMX reM-3B’A3yBaribHUX MOTMBIB Oyna nepepnbadeHa and KiHasum
SYK. Cnig 3asHauuTi, wo npoTeiHkiHasan SYK i LYN Hanexatb OO0 poauHu Src-kiHa3, onst siknx
eKcrnepumMeHTanbHO BCTaHOBNEHO perynaTopHui Bnnus remy (Yao et al., 2010), ane y4acTb UnCTeiHOBUX
abo iHWKX cneumdivyHNX MOTUBIB Y 3B’A3yBaHHI reMy KiHazamu Src He BUSIBIEHA.

AHarni3 oslicomepHux komnnekcie 3 6inkom SLC4A1. Ockinbkn OOCTYMHICTb aMiHOKUCITOTHMX
3anuLIKiB Yy MPOCTOPOBIA CTPYKTYpi Mae NepLlopsgHe 3HaAYeHHs Ans B3aemogii 3 niraHgamu, OyB
NpoBeAEHWI aHari3 CTPYKTyp GinkiB, B TOMy YMCIi MOAEMOBAHHA ONiIrOMepHUX KoMmnnekciB 6inky cmyrmn 3
3 kiHazamu. lMpu anHanisi gumepy 6inky SLC4A1 (mogenb 4YZF) 3a ponomoroto nporpamu SwissPDB
Viewer BUSIBMEHI 3aMnM1LLIKM aMiHOKUCIIOT Ha KOHTaKTHiil MOBEPXHi BOX MeMBpaHHUX AOMeHiB (BiacTaHi 5A
Bi, Opyroro nadutora), cepen skux sanuwkm 548-551, 568-576, 595-602, 624-627 ta 810-818.
BinbLwicTe Uux 3anuLkiB BXxoanTb o AinsHkm 559-630, ska, 3a gaHumm UniProt, 3agisHa y TpaHcnopTi
aHioHiB. OTXe dyHKLiIOHYBaHHSA Binka sk aHIOHHOro NepeHOCHWKa, BOYEBWAb, MOXMMBO NULLE 38 YMOB
dopmyBaHHA aumepy. Cnig 3asHaumTu, Wwo 3a gaHumu UniProt membpaHHWIA OOMEH TakoX MICTUTb
KOPOTKi OINAHKW, AKi KOHTAKTYIOTb 3 LMTO30MEM i NO3akNiTUHHMM MPOCTOPOM, LLO BpaxoByBarocb Aani
ONS BU3HAYEHHS B3aEMHOIo po3TallyBaHHS MEMOPaHHOIO Ta LIUTO30SIbHOrO JOMEHIB.

Insa ananidy ginaHok B3aemogii SLC4A1 Ta kiHa3 6yB npoBeaeHUA MONEKYNAPHUIA OOKIHT BinkiB y
nporpami ZDOCK. [dani 6ynu BigibpaHi mogeni, B sikmx npoTeiHkiHaza Oyna poaTawoBaHa CBOIM
KaTaniTuiHum canTom Hanbnwkye [o AinsHoK docdopuntoBaHHsa 6inky cmyrm 3. Tak, y BapiaHTi
KOMMMeKCy LMTO30MbHOro goMeHy 6inky cmyrn 3 ta kiHasn SYK koHTakTHUMUK ginsHkamu 3 6oky SLCA41
Oynu amiHokucnoTHi 3anuwkn 3 N-kiHua (4KY9, naHutor A), a 3 6oky SYK (4FL2) koHTakTHa NoBepxHS
MiCTUNa 3anuLKy B panoHi akTMBHOro ueHTpa depmeHTy — Asp494 (npoToHHMM akuenTop). OinsaHku
KOHTaKTy, nepeabadeHi ans komnnekcy 6inka cmyrn 3 i kiHasm LYN, 3 6oky naHutora A (6inok cmyru 3)
MicTunu 3anuwkm Ha C-kiHui (345—-350), a 3 60oky LYN — nopy4y 3 akTUBHUM LEHTPOM doepmMeHTa Asp238
(NPOTOHHWIA akuenTop).

MonekynsiprHuli dokiHz 3 2emom SLC4A1, SYK i LYN. MoneKkynsipHUin OOKIHI nNpoBoAMBCS 3a
ponomorot aBox cepsicie, PatchDock i SwissDock, siki BUKOPUCTOBYHOTbL pi3Hi anroputmu. Mpu aHanisi
pes3ynbTaTiB BigaaBanv nepesary MOLENSAM, B SIKUX rem OyB NpUeaHaHUN 4O aMiHOKUCIOTHUX 3aruvLUKiB 3
HanBINbLUIOK CNOPIAHEHICTIO A0 reMy i AKi MOXYTb BXOAUTU A0 reM-perynsaTopHUX MOTUBIB.

PospaxyHkn y PatchDock BusiBunu B umtosonbHomy pomeHi SLC4A1 AingHKM MOTEHUIAHOro
3B’A3yBaHHS reMy B 000x naHutorax 6ins rictuguHy 192, sikmin nokanisoBaHuid 6nm3bko A0 NOBEPXHI
Ginka. Mpu BUKopucTaHHi cTpykTypy 4KY9 His192 BusiBUBCA Ha HankopoTwil BigcTaHi (3,37 A) Big atomy
3ani3a remy (Tatn. 3).

Y mogeni 1HYN 3anukamu nopyd i3 remom Busasunucs Pro190, GIn191, His192, Ser193, Ser194,
lle276, Asp277, Tyr278, Thr279, GIn280 ta Arg345. Hanbnuwkunm o Fe?* (Ha siactani 2,14 A) y mopgeni
1HYN aHnanoriyHo BusiBMBcs His192. 3asHaumMmo, wo rictuanH 192 Takox OyB nepepbadeHun gns
3B’A3yBaHHs remy nporpamoto HemeBind, ane uen sanuwok He BXOAWUTbL 0 XXOAHOMO MOTEHUINHOro rem-
3B’A3yBanbHOr0 MOTMBY 3 9-TW aMiHOKMCIOT (HoHanenTuay) 3a gaHumm HeMoQuest (Tabn. 2). Y mogeni
4YZF rem noTpanuB y LieHTpanbHy YacTuHy naHuiory A membpaHHoro gomeHy 6inka cmyru 3, oe nopyu 3
HUM BUABUNMCA 3anuwku 3apagkeHux (Lys251, Lys324, Glu377) i rigpocdobHunx amiHokmcnoT (Leu253,
Met322, Ala323), ane nuwe TMpo3unH (Tyr321) mir 6 3abe3neunTn JOCTATHBO CTabINbHUA 3B’A30K 3
remomM. CnopigHeHIcTb ricTaMHY, TUPO3MHY, LUCTEIHY OO MONEKynu remy Oyrno BCTAHOBMIEHO HA OCHOBI
pocnimpkeHb 6araTbox NPUPOAHMX reM-3B’a3yBanbHuX Ginkie Ta remonpoteinis (WilRbrock et al., 2019).

Omxe, monekynapHuin OokiHr 6inky SLC4A1 3 reMOM BUSIBUB CalT 3B’SI3yBaHHS Y MOPOXHUHI MiXK
His192 (Takox nepenbadeHun HemeBind) i ginsHkoto 173-176 y CTpykTypi UMTO30MbHOrO AoMeHy (4KY9
i THYN), B ToMy uncni y cknagi amogensoBaHoro komnnekcy 3 kiHazamm SYK abo LYN. Cnig 3asHauntu,
wo pinsaHka 175-185 Bigoma sK caWT 3B’A3yBaHHsS aHKipuHy. [OKIHT remy 0O MeMOpaHHOro OOMEHy
(4YZF) BvsiBUB NOTEHUiNHWIA canT 3B’A3yBaHHs Oina Lys539 y TM5, wo, 3a pgaHumn nitepatypw,
HanexuTb 40 OOHOro 3 peakTUBHUX LEHTPIB, YyTnnBUX Ao iHribiTopy aHioHHoro TpaHcnopty DIDS.

Mpwn npoBeaeHHi gokiHry Ginka SYK 3 remom 3a gonomoroto nporpamu PatchDock npu ananisi 20
HanbinbLW BiporigHMX Modenen 3B’A3yBaHHA Oyno BuSIBNEHO 3 BapiaHTVM npuegHaHHa remy go 4FL2
(tabn. 3). Cnig Big3HauMTK ABa NOTEHUINHI CalTn 3B’A3yBaHHS B AingHkax 62—64 ta 243-246, ski MicTATb
aMiHOKMCNOTKN 3 BUCOKOK adiiHHicTio go remy (His62, His63, Tyr64, His243 i Tyr246) i npocTtopoBo
po3TawoBaHi 6ina iHTepaoMeHy A Ha MEBHIN BiOCTaHi Bif, aKkTMBHOrO LIEHTPY depMeHTy. 3a gaHumm
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UniProt (https://www.uniprot.org/uniprot/P43405#function) iHTepaomeHn kiHasn SYK QyHKUiOHYOTb SK
ayTOIHribITOpN 4Yepe3 3B’A3yBaHHA i3 [AiNsgHKaMM KaTaniTM4HOro AOMEHy And NigTPUMaHHsa  1oro
HeakTUBHOI KoHdopmalii. AKTvBaLis BiabyBaeTbCcs 3a yMOB (pochHOpUoBaHHSA, B TOMY YUCHI iHLIMMUK
KiHazamun poauHu Src, Takmmm sk LYN. Tpu npoBeaeHHi OOKiHIY 3 BUKOpUCTaHHAM channy, ge 6yna
BuaaneHa monekyna AT®, rem 3arimaB came LifsiHKy 3B’si3yBaHHSA HyKNeoTuay Yy NOpoXHWHI 6ing Lys402
i His531, npnyomy nokasHukm eHeprii 3B'si3yBaHHsA 36inblwyBanuce (Tabn. 3, puc. 1).

Tabnuusa 3. XapaKTepucTMKM NOTEHUiMHUX calTiB 3B’A3yBaHHA remy O6inky cmyrm 3 Ta
npoteiHkiHa3 SYK i LYN 3a aanumu PatchDock (po3paxyHok anst 10 mogenen 3 HanBuLMM 6anamu)
Table 3. Characteristics of putative heme binding sites in band 3 protein and protein kinases SYK
and LYN according to PatchDock (calculations for 10 models with the highest scores)

MokasHuk MokasHuk
Binok PDB ID eHepril MNoLLi lMoTeHUiNHi caiTn 3B’sA3yBaHHA remy
3B’A3yBaHHSI | KOHTaKTy
Glu63, Leub4, Val65, Val173, Lys174,
SLC4A1 AKYS (anmep) | 6770-6260 | 928-807 Pro175, His192, Ser193, Ser194
(umMTO30MBHMIA 1HYN Pro190, GIn191, His192, Ser193,
[OMEH) (reTpamep) 67886156 828-766 Ser194, 11e276, Asp277, Tyr278,
pamep Thr279, GIn280, Arg345
SLC4A1 OinsaHka B TM1 (Thr422, Phe423,

. Leu426), Ser465 i ginsaHka B TM3
(MeMo6'\5I)::)HVM 4YZF 6316-5968 870-726 (Gly466, Prod67, Leud69), ainsHa s
A TM5 (lle531, Glu535, Lys539)

AFL2 His62, His63, Tyr64, Thre5, lle76,
(3 AT®) 6126-5892 863-765 Gly98, Leu99, Val100, His243,
Cys597, Arg625
SYK Leu377, Ser379, Asn381, Val385,
4FL2 . B Lys402 (cant 3B’a3yBaHHs ATOD),
(Gea AT®) | 094279996 | 821-772 | b 455 Asna57, Lysd58, Leu501,
His531
5XY1 3 g Lys251, Leu253, Tyr321, Met322,
LYN (3 iHribiTopom) 5604-5366 746-683 Ala323, Lys324, Gly325, Glu377
(NPOTEiHKiHA3- Leu253, Gly254, Val261, Lys275 (cant
_ 5XY1 (6es 5 . 3B’a3yBaHHa AT®), Asp372, Val373,
HAA AOMEH) | iiropa) | 0006-5622 | T78-T63 | 7 374 Gly325, Ser326, Asp329,
Ala384, Asp385

Mpu npoBeneHHi gokiHry 3 remom Ginka LYN 3 BMKOpUCTaHHAM BuXigHOI cTpykTypu 5XY1, wo
MicTuna monekyny iHribiTopy (noxigHe ninepasuHy), y 20 HanbinbLw BiporigHnx mogensax 6yno BusBnNeHo
2 BapiaHTW MpuedHaHHS remy. |3 ycix MOXIMBMX BapiaHTIB 3B’A3yBaHHS MOPydY 3 rEMOM BUSIBUIIUCS
3anuwekn: Lys251, Leu253, Tyr321, Met322, Ala323, Lys324, Gly325, Glu377. AHanoriyHO OOKiHry 3
iHLIOW NpOTeiHKIHa30t, 3a YMOB BuAaneHHs iHribitopy 3 canny pdb rem 3armaB noro AingHky (ans
LYN — 6ina Glu290 i Ala371), wo 3Ha4yHO 36inbluyBano €Heprilo 3B'A3yBaHHA Ta MJOWY KOHTaKTY
(Tabn. 3, puc. 2).

MopiBHSAHHS pe3ynbTaTiB AOKIHIY 403BONSAE 3pOO6UTM BUCHOBOK, LLO 3a PiBHEM eHeprii 3B’a3yBaHHSA
Ta NMOLWE KOHTaKTHMX MOBEPXOHb, B YMOBAX HAaKOMUYEHHS reMy Kpalle i ckopile 3B’A3yBaTtu rem byae
Oinok cMyru 3, ane akTMBHI LEHTPU KiHA3 MOXYTb KOHKYpyBaTu 3a rem, ocobnmeo 3a ymoB gediunty ATO.
HalimeHlwa cuna B3aemogii nependavaetbca ona kiHasu LYN 3a yMOB 3aHATOrO iHriGiTOPOM akTMBHOrO
LEeHTPY.
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Puc. 1. Canr 3B’sA3yBaHHsA remy y mogeni kiHasu SYK (4FL2) 6insa His531 i canty 3B’sisyBaHHA AT®P
Lys402: A — nokasaHa noBepxHs Oinky SYK, B — mogenb 3 enemeHTamu BTOPUHHOI CTPYKTypwu (i3
3bepexeHHAM npoekL;ii)

Fig. 1. The heme binding site in SYK kinase model (4FL2), located near His531 and ATP-binding
site Lys402: A — SYK protein is shown with the surface, B — with elements of the secondary structure (in
the same projection)

Puc. 2. Cant 3B’A3yBaHHA remy y mogeni kiHaau LYN (5XY1) y ainaHui 38’A3yBaHHs iHribiTopy 6ins
Glu290, Ala371, Leu253: A — nokasaHa noBepxHsa Ginky LYN, B — mogenb 3 enemeHTamm BTOPUHHOI
CTPYKTYpM (3i 36epexxeHHAM NpoeKLii)

Fig. 2. Heme binding site in the LYN kinase model (5XY1) in the site of inhibitor binding — near
Glu290, Ala371, Leu253: A — LYN protein is shown with the surface, B — with elements of the secondary
structure (in the same projection)

[na gopaTkoBOro aHamisy MOXMIMBWUX CavTiB 3B’A3yBaHHA B SKOCTI APYroro iHCTPYMEHTY OOKiHry
OyB BukopuctaHuii cepBep SwissDock. Llen cepBic Mae obmexeHHS Ha 3aBaHTaXeHHsl OinkiB 3a
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KiNbKICTIO aToOMiB B MOrnekyni peuenTtopa, Tomy ans SwissDock He BukopuctoByBanu mogeni 1HYN Ta
4YZF, ski € TeTpamepamu Ta MatkoTb 3HauyHi po3mipu. Ona 6Ginka SLC4A1 (4KY9) anroputmamm
SwissDock 6yno nepenbayeHo 3HayHo BinbLue, Hix 3a podpaxyHkamu PatchDock, noTeHuiiHux BapiaHTiB
3B’A3yBaHHs reMiHy, ane cepepn HuUx Hanbinbwe Oynu npeacTasBneHi came ginsgHku 6ina His192.

Mpu npoBeaeHHi gokiHry SYK 3 remiHOM okpim rictuguHiB 62 i 63 6yno nepegbadeHo [oaaTkoBy
[insHKy 3B’A3yBaHHA 6ina Tyr546 i Tyr547, saki, 3a gaHumn SwissDock, po3sTawoBaHi Ha BigcTaHsax
BianosigHo 6,02 A Ta 4,04 A Big atomy 3anisa rema, WO JOCTATHLO ANA YTBOPEHHS CTabinbHOro 38’A3KY.
Mpu npoBeneHHi gokiHry 6inka LYN 3 remiHom 3a gonomoroto SwissDock 6yno nepeabayeHo B3aemogito
OinkiB y Tin e AinsHUi, Wwo po3paxoBaHa PatchDock, — B oTouyeHHi Phe258, Glu320, Tyr321, Met322,
Xo4a TUMPO3VH BUSIBUBCA Ha BiAcTaHi Ginblwe 6 A, Lo He moxe 3abesneunTtn cTabinbHy B3aemogito. Cnia
3a3HauuTK, WO ANa AOKIHTY cepBepu BUKOPUCTOBYBAanNU pisHi dhannum nirangis — remy y dpopmarti pdb ans
PatchDock i reminy y doopmati mol2 ana SwissDock.

Aumep 4KY9 i
N o e C
N AT . oy 3=
. 1 . I f

Puc. 3. Hanb6inbw BiporigHi cantn 3B’siI3yBaHHs remMy y KOMNieKkci uuto3onbHoro gomeHy SLC4A1
3 npoTteiHkiHa3ot SYK. Jlisopyy — mogenb 4KY9 i3 BkasaHum His192 B cybogunmui ASLC4A1, sk canT
3B’A3yBaHHsA remy. MpaBopyy — mogenb 4FL2 i3 BkasaHuM His243 y caiTi 3B’A3yBaHHs remy Ta His531
6ina akTMBHOro LeHTpy depmeHTy SYK

Fig. 3. The most probable sites of heme binding in the complex of the cytosolic domain SLC4A1
with the protein kinase SYK. On the left — model 4KY9 with heme near His192 in A subunit of SLC4A1.
On the right — the 4FL2 model with heme near His243 and His531 in proximity to the active site of the
SYK enzyme

Hokinz 2ema 3 komnnekcamu 6inka SLC4A1 3 SYK abo LYN. Axuwo komnnekc Ginkis Bxe
YTBOPMBCS HA MOMEHT No4vaTKy reMmonidy, Cantu 3B’a3yBaHHsS reMy MOXYTb Bigpi3HATUCH Big, AiNSHOK s
MOHOMEpPHUX OBifnkiB abo OKpeMMX KOMMOHEHTIB KOMMIEKCIB, OKPiM TOr0 MOXe CrnocTepiratucb npsima
KOHKYPEHLisi CaiTiB 3a 3B’sidyBaHHSA remy (puc. 3). ToMy npeacTaBnsano iHTepec MOAENOBaHHA B3aeMog,i
remy 3 komnrekcamu b6inkiB, siki Oynu 3mogenboBaHi Ha nepLliomy eTani gocrnigkeHHs. Ons OoKiHry
BigOvMpanucb mogeni, ki MalTb MiHIManbHI  BiACTAHI MK aKTMBHMM CaWTOM KiHa3 i canToMm
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docdopunioBaHHs y naHutory Ginky cmyrn 3, TakoXX BpaxoByBanuy B3aEMHY Opi€HTALi0 LIMTO30SIbHOrO i
mMembpaHHoro gomeHy. bynu npoaHanizoBaHi komnnekcu 6inky SLC4A1 Ha ocHosi PDB ID 4ky9, kiHa3a
SYK 6yna npeacrtasneHa cTpyktypoto 4fl2, a kiHaza LYN — PDB ID 5xy1.

Jinwe gns kiHasm LYN nokasaHa B3aemogis reMy nopy4 3 MiCLeM KOHTakTy 3 Ginkom cmyrmn 3. B
HLWUMX MOOenax rem MpUEOHYETbCA nuwe A0 OfHOro naHutora — abo 6inky cmyrm 3, abo pgo
npoTeiHkiHasn. CanTu 3B’Aa3yBaHHA YacTiwe nepepbadvatoTeca Ha SLC4A1 nopyd 3 His192. Y GinbLiocTi
Mogernen Komnnekcis 6inok cmyrn 3 6yB GinbLl BipoOrigHMM CakTOM 3B’SAI3yBaHHS FreMy, Hi>K MPOTEIHKIHA3M
LYN i SYK. Ane BinbHi KiHa3u i3 BiOKPUTUMW aKTUBHMMM LIEHTPaMM MOXYTb 3B’A3yBaTu reM 3aMicTb
cybcTpaty, wWo Oyge 3aBaxaTM YTBOPEHHKO KOMMMeKkcy i doccopunioBaHHo. AKLWO y3aranbHUTH
pe3ynbTaTt OOKiHry remy 3 GinkoBMMKW KOMMNIeKcamu, TO LUTO30MbHUIN AOMEH Binky cmyrm 3 BUSIBUBCSA
OinbL NpMBabMBOIO MILLEHHIO AS1S reMy, HiXX NPOTEiHKiHa3u. AKLWO KiHa3n He 3B’S3yH0Tb reM B akTUBHOMY
LEeHTPI, TO 3anMLIAETbLCA MOXIMBICTbL HOPMarbHOi B3aemogii 3 6inkom cmyru 3 i hioro oocdopuntoBaHHs.

3rigHo 3 pesynbTaTamu NPOBEAEHOr0 aHani3dy, CauTh 3B’ss3yBaHHA remMmy MOXyTb OyTu po3TalloBaHi
NEepeBaXHO Yy LUMTO30SIbHOMY Ta MemOpaHHoMy gomeHax b6inky cmyrm 3, wo ©Oyage iHribyBatm noro
aKTMBHICTb Ta nopylyBaTu MemMbpaHo-UMTOCKeneTHi B3aemogii. [em moxe 3B’si3aTucb 6e3nocepeHbo 3
aKTMBHMM CaNTOM aHIOHHOrO TpaHCnopTy Y MembpaHHOMY AOMeHi. 3B’A3yBaHHSA remy 3 npoTeiHkiHa3amu
Oinbw BiporigHo 3a ymoB gediunty AT® i HasiBHOCTI BIiNTbHOrO aKTUMBHOIO LEHTpy abo BHacnigok
yCKNagHEeHHst pOpMyBaHHS KOMMIIEKCIB KiHa3 i3 SLC4A1.

Omxe, dyHKUiOHYBaHHS Ginky cmyrn 3 B ymOBax remonizy Moxe OyTu nig npsiMum BNAVBOM
MOMNEeKynn remy, ki 3 OOKy UMTOMnMa3Mum MOXEe MOopylyBaTu PerynsatopHi (OyHKUiT LMTO305bHOMo
OOMEHYy, B TOMY YUCIi YCKNafHIOBaTU YTBOPEHHS KOMMMEKCIB 3 Oinkamy UMTOCKeneTy. AKWo rem
HagxoOuTb OO0 KNiTWHM i3 BOKy nnasmu KpoBi, BiH MOXe noTpannatM Ao MembpaHHOro AomMeHy 6inky
cmyrn 3 Ta iHribyBaTu TpaHCNOpPT aHioHiB. [Jo4aTKOBMM MeXaHi3MOM 3HWKEHHS CTabinbHOCTI epUTPOLMTIB
32 YMOB HaKOMUYEHHSI reMy MOXe SBUTUCb MOoAynsuist akTMBHOCTI npoTeiHkiHaa SYK i LYN, wo 3agisHi y
perynsauii aHioHHoro obmiHHMKa SLC4A1.

BucHoBku

1.3a yMOB BHYTPILWHBOCYAMHHOIO remonidy i HaaxXoOXKEHHS BINbHOro remy 3 KpOB'SSHOrO pycra
TpaHcnopTHa QyHKUia Binky cMyrn 3 Moxe nopyLlyBaTHCh Mig BNIIMBOM MPSIMOro 3B’si3yBaHHS remy i3
MeMOpaHHUM JOMEHOM.

2. Mpwn HagxomxeHHi 3 oKy UMTOMNMNasMM 3a YMOB gerpagauii remornobiHy rem Moxe B3aemogisTv i3
LMTO30/IbHUM JOMEHOM i 3aBaxaTh YTBOpPeHHo komnnekcieB SLC4A1 i3 uutockeneTHuMn Ginkamu,
Hacamnepen aHKipUHOM.

3. Y cknagi komnnekcy i3 npoteiHkiHazamn SYK i LYN, akwo BoHM mMatoTb AT® B akTMBHOMY LIEHTPI,
Binok cmyrm 3 € O6inbw BiporigHO MileHHO Ans remy. BigcytHicte AT® 3HayHO 36inbLuye
MMOBIpPHICTb 3B’A3yBaHHS remy npoTeiHkiHazaMu Ta iHribyBaHHs IXHbOI KaTaniTU4HOT aKkTUBHOCTI.

Cnucok nitepatypum / References
Belcher J.D., Beckman J.D., Balla G. et al. (2010). Heme degradation and vascular injury. Antioxid.
Redox Signal, 12(2), 233—-248. https://doi.org/10.1089/ars.2009.2822
Brunati A.M., Bordin L., Clari G. et al. (2000). Sequential phosphorylation of protein band 3 by SYK and
LYN tyrosine kinases in intact human erythrocytes: identification of primary and secondary
phosphorylation sites. Blood, 96(4), 1550—1557. https://doi.org/10.1182/blood.V96.4.1550
Chang H.C., Huang D.Y., Wu M.S. et al. (2017). Spleen tyrosine kinase mediates the actions of EPO and
GM-CSF and coordinates with TGF-f in erythropoiesis. Biochim. Biophys. Acta — Mol. Cell Res., 1864(4),
687-696. https://doi.org/10.1016/j.bbamcr.2017.01.014
Chu H., Low P.S. (2006). Mapping of glycolytic enzyme-binding sites on human erythrocyte band 3.
Biochem J., 400(1), 143—151. https://doi.org/10.1042/BJ20060792
Grey J.L., Kodippili G.C., Simon K., Low P.S. (2012). Identification of contact sites between ankyrin and
band 3 in the human erythrocyte membrane. Biochemistry, 51(34), 6838—-6846. https://doi.org/
10.1021/bi300693k

BicHuk XapkiBcbKoro HauioHanbHoro yHiBepcuteTy imeHi B. H. KapasiHa
The Journal of V. N. Karazin Kharkiv National University



T.B. BapaHHik, M.€. JlebeneBa m
T.V. Barannik, M.E. Lebedieva

Grosdidier A., Zoete V., Michielin O. (2011). SwissDock, a protein-small molecule docking web service
based on EADock DSS. Nucleic Acids Res., 39 (Web Server issue), W270-277. https://doi.org/
10.1093/nar/gkr366

Johansson M.U., Zoete V., Michielin O., Guex N. (2012). Defining and searching for structural motifs
using DeepView/Swiss-PdbViewer. BMC Bioinformatics, 13:173. https://doi.org/10.1186/1471-2105-13-
173

Kodippili G.C., Spector J., Hale J. et al. (2012). Analysis of the mobilities of band 3 populations
associated with ankyrin protein and junctional complexes in intact murine erythrocytes. J. Biol. Chem.,
287(6), 4129-4138. https://doi.org/10.1074/jbc.M111.294439

Liu R., Hu J. (2011). HemeBIND: a novel method for heme binding residue prediction by combining
structural and sequence information. BMC Bioinformatics, 12(207), 1-6. https://doi.org/10.1186/1471-
2105-12-207

Pantaleo A., Ferru E., Pau M.C. et al. (2016). Band 3 erythrocyte membrane protein acts as redox stress
sensor leading to its phosphorylation by p (72) Syk. Oxid. Med. Cell Longev., 2016, 6051093.
https://doi.org/10.1155/2016/6051093

Paul George A.A., Lacerda M., Syllwasschy B.F. et al. (2020). HeMoQuest: A webserver for qualitative
prediction of transient heme binding to protein motifs. BMC Bioinformatics, 21, 124.
https://doi.org/10.1186/s12859-020-3420-2

Pettersen E.F., Goddard T.D., Huang C.C. et al. (2004). UCSF Chimera — a visualization system for
exploratory research and analysis. J. Comput. Chem., 25(13), 1605-1612. https://doi.org/10.1002/
jcc.20084

Pierce B.G., Wiehe K., Hwang H. et al. (2014). ZDOCK server: interactive docking prediction of protein-
protein complexes and symmetric multimers. Bioinformatics, 30(12), 1771-1773. https://doi.org/
10.1093/bioinformatics/btu097

Reithmeier R.A., Casey J.R., Kalli A.C. et al. (2016). Band 3, the human red cell chloride/bicarbonate
anion exchanger (AE1, SLC4A1), in a structural context. Biochim. Biophys. Acta, 1858(7 Pt A), 1507—
1532. https://doi.org/10.1016/j.bbamem.2016.03.030

Roumenina L.T., Rayes J., Lacroix-Desmazes S., Dimitrov J.D. (2016). Heme: modulator of plasma
systems in hemolytic diseases. Trends Mol. Med., 22(3), 200-213. https://doi.org/
10.1016/j.molmed.2016.01.004

Schneidman-Duhovny D., Inbar Y., Nussinov R., Wolfson H.J. (2005). PatchDock and SymmDock:
servers for rigid and symmetric docking. Nucleic Acids Res., 33 (Web Server issue), W363-367.
https://doi.org/10.1093/nar/gki481

Slavova-Azmanova N.S., Kucera N., Louw A. et al. (2014). LYN kinase plays important roles in erythroid
expansion, maturation and erythropoietin receptor signalling by regulating inhibitory signalling pathways
that control survival. Biochem J., 459(3), 455—-466. https://doi.org/10.1042/BJ20130903

Walder J.A., Chatteriee R., Steck T.L. et al. (1984). The interaction of hemoglobin with the cytoplasmic
domain of band 3 of the human erythrocyte membrane. J. Biol. Chem., 259(16), 10238-10346.

Weber R.E., Voelter W., Fago A. et al. (2004). Modulation of red cell glycolysis: interactions between
vertebrate hemoglobins and cytoplasmic domains of band 3 red cell membrane proteins. Am. J. Physiol.
Regul. Integr. Comp. Physiol., 287(2), R454—464. https://doi.org/10.1152/ajpregu.00060.2004

Welbourn E.M., Wilson M.T., Yusof A. et al. (2017). The mechanism of formation, structure and
physiological relevance of covalent hemoglobin attachment to the erythrocyte membrane. Free Radic.
Biol. Med., 103, 95—-106. https://doi.org/10.1016/j.freeradbiomed.2016.12.024

WiRbrock A., Paul George A.A., Brewitz H.H. et al. (2019).The molecular basis of transient heme-protein
interactions: analysis, concept and implementation. Biosci. Rep., 39(1), BSR20181940. https://doi.org/
10.1042/BSR20181940

Yao X., Balamurugan P., Arvey A. et al. (2010). Heme controls the regulation of protein tyrosine kinases
Jak2 and Src. Biochem. Biophys. Res. Commun., 403(1), 30-35. https://doi.org/
10.1016/j.bbrc.2010.10.101

Zhang L., Guarente L. (1995). Heme binds to a short sequence that serves a regulatory function in
diverse proteins. EMBO J., 14, 313-320. https://doi.org/10.1002/j.1460-2075.1995.tb07005.x

Cepisn «Bionorisi», Bun. 36, 2021p.
Series “Biology”, issue 36, 2021



m MolwyK NOTeHUiMHUX canTiB 3B’A3yBaHHA reMy B iHTerpanbHOMy Ginky MemGpaHu epUTPOLUTIB ...
Search for putative heme binding sites in the integrated membrane protein of human erythrocytes ...

Search for putative heme binding sites in the integrated membrane protein of

human erythrocytes SLC4A1 and protein kinases SYK and LYN
T.V. Barannik, M.E. Lebedieva

SLC4A1 protein or band 3 protein (band 3) is one of the most common erythrocyte membrane proteins. Along with
the function of the anion exchanger, it contributes to the control of cell shape and lifespan through the formation of
various complexes with cytoskeletal components and enzymes. Under oxidative stress, the protein oxidative
modifications occur, in particular, due to the binding of hemoglobin aggregates, but the direct effect of heme as the
major product of hemoglobin degradation on the band 3 protein activity has not been described in the literature. It is
known that hemolytic conditions are accompanied by phosphorylation of the SLC4A1 protein, non-receptor tyrosine
protein kinases LYN (by residue Y359), and SYK (by residues Y8 and Y21), while SYK kinase inhibitors have a
stabilizing effect on erythrocytes. The regulatory effect of heme on Src kinases, which include SYK and LIN kinases,
has been clarified, but the sites of their interaction with heme have not been investigated. Therefore, the aim of this
study was to predict putative heme binding sites in the integral protein of the erythrocyte membrane SLC4A1, as well
as in the protein kinases SYK and LYN and their complexes with SLC4A1, modeled in silico. Sequence analysis of
proteins with HeMoQuest revealed several nonapeptides with potential heme binding sites in the SLC4A1 protein,
including the cytosolic His98 and Tyr553 and Tyr555 residues in the region between the TM5 and TM6
transmembrane segments. These residues, as well as the amino acids Tyr216, His303, and His192, were also
predicted as heme-binding sites by HemeBind tool. The largest number of putative heme binding sites was found for
SYK protein kinase, including the two cytosolic residues Tyr216 and His303. Molecular docking of the SLC4A1
protein revealed a heme binding site in the cavity between His192 and region 173-176 in the cytosolic domain
structure (PDB ID 4KY9 and 1HYN), also as part of a simulated complex with SYK or LYN kinases. It should be noted
that site 175-185 is known as the ankyrin binding site. Docking heme to the membrane domain (PDB ID 4YZF)
revealed a putative heme binding site near Lys539 in TM5, which, according to the literature, belongs to one of the
reactive centers sensitive to the anionic transport inhibitor DIDS. Molecular docking to SYK protein kinase with ATP
in the active site (PDB ID 4FL2) revealed two putative heme binding sites — near Tyr64 and near His243, but when
ATP was removed from pdb-file, the heme occupied a nucleotide binding site in the cavity near Lys402 and His531.
LYN protein kinase (PDB ID 5XY1) had a heme binding site near Tyr321 in the structure with inhibitor molecule
(piperazine derivative). After removing the inhibitor, the heme occupied its area near Glu290 and Ala371. In most
model complexes, the band 3 protein was revealed to be a more likely heme binding site than LYN and SYK protein
kinases, but kinases with free active sites can apparently bind a heme instead of substrate, which will interfere
phosphorylation. Disruption of band 3 protein under heme accumulation can inhibit an anion transport or complicate
the formation of SLC4A1 complexes with cytoskeletal proteins that together with the effects on phosphorylation could
be a mechanism for reducing erythrocyte stability.

Key words: SLC4A1, band 3 protein, phosphorylation, SYK, LYN, heme binding, erythrocytes, hemolysis, molecular
docking, HeMoQuest, HemeBind.
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NMouck noTeHUManbHbIX CAaUTOB CBA3bIBAHUA rema B UHTerpasibHOM Oenke

MemMbpaHbl aputpounToB Yenoseka SLC4A1 n npotemHknHasax SYK u LYN
T.B. BapaHHuk, M.E. JlebepeBa

Benok SLC4A1, nnn 6enok nomnockl 3 (band 3) asnaeTtca ogHum M3 Haubonee pacnpocTpaHEeHHbIX MeMOpaHHbIX
6enkoB apuTpoumToB. Hapsgy € dyHKuMel aHWOHHOrO OOMEeHHMKa OH Yy4yacTByeT B KOHTpone dopmbl K
NPOAOIHKMTENBHOCTY XU3HW KNETOK, 00pa3sys pasnunyHble KOMMIEKChbl C KOMMOHEHTaMM LuTockeneTa n doepmeHTamu.
B ycnoBusax okcuaaTUBHOrO CTpecca NMpoOUCXOAST OKUCIUTENbHble Moandukaumm Genka, B TOM yucne BCreacTBue
cBA3blBaHMS arperatoB remornobuHa. OpHako npsmon adddpekT rema Kak OCHOBHOMO npoAdykTa pacnaga
remorrnobuHa Ha akTMBHOCTb Genka nonockl 3 B NUTepaType He onucaH. VI3BecTHO, YTO reMoNUTUYECKNe COCTOSIHUSA
conposoxgatTtca docdopunuposaHmem SLC4A1 HepeLenTOpHbIMU TUPO3UHNpPOoTenHkMHazammn LYN (no octatky
Y359) n SYK (no octatkam Y8 u Y21), a nHrubutopsl kmHasbl SYK okasbiBaloT cTabunusupyrolwiee BnvsHWE Ha
apuTpouuThl. MNokasaHo perynatopHoe BNMSHNE rema Ha Src-kMHasbl, K KoTopbiM oTHocsTCs kuHasbl SYK u LIN, Ho
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CaWiTbl UX B3aUMOZENCTBUS C FEMOM He YCTaHOBIeHbl. B CBA3W C BblleckasaHHbIM, Lenblo AaHHOW paboTbl cTan
MOWNCK NOTEeHUManbHbIX CaiTOB CBA3bIBAHWSA rema B MHTerpansHom 6enke membpaHbl aputpoumntoB SLC4A1, a Takke
B npotemHknHazax SYK wun LYN wun wnx komnnekcax ¢ SLC4A1, cmogenupoBaHHbix in silico. AHanus
nocnegosartenbHocTen 6enkoB MHCTpymeHToM HeMoQuest BbIsIBUN HECKONBKO HOHANEenTMAoB C NOTEeHUManbHbIMU
rem-cBsisylolummmn canmtammu B benke SLC4A1, B ToM uucne umTo3onbHbin His98 n octatkm Tyr553 n Tyr555 B
obnacTtu mexagy TpaHcmembpaHHbIMKu cermeHTamu TM5 n TM6. [laHHble ocTaTkv HapsiAy ¢ ammuHokucnotamu Tyr216,
His303 i His192, 6binun Takke npeackasaHbl Kak reM-cBsidbiBatoLmMe cavitbl nporpammori HemeBind. Hanbonbliee
KONMYeCTBO MOTeHUMarnbHbIX CalTOB CBA3bIBAHUS rema OOHapyxeHo Yy npoTeuHkuHasbl SYK, cpean Hux Aga
uMTO30MbHbLIX ocTaTka Tyr216 n His303. MonekynspHbin gokuHr 6enka SLC4A1 BbISBAN CalT CBA3bIBaHWSA rema B
nonoctn mexay His192 n yyactkom 173—176 B cTpykType umTo3onbHoro gomeHa (PDB ID 4KY9 n 1HYN), B Tom
ynucne B COCTaBe CMOAENupoBaHHOro komnnekca ¢ knHaszamu SYK unu LYN. CnegyeTt oTMeTUThb, YTO yyactok 175—
185 n3BecTeH kak calT CBA3bIBAHWUSA C aHKMPUHOM. [JOKMHI rema Kk MeMbpaHHoMy aomeHy (PDB ID 4YZF) BbisiBun
noTeHuuanbHbI CaiT CBA3bIBaHUS rema Bosne Lys539 B TM5, koTopbl, N0 NUTEpaTypHbIM OaHHBbIM, OTHOCUTCS K
OOHOMY W3 PeaKTUBHbIX LIEHTPOB, YYBCTBUTEMbHbIX K MHIMOUTOPY aHWMOHHOro TpaHcnopTa DIDS. MonekynsipHbin
OOKUWHT K npoTeuHkmHase SYK ¢ AT® B aktueHoM cawte (PDB ID 4FL2) BbisiBUN ABa BO3MOXHbIX caviTa CBA3bIBaHUS
rema — ¢ Tyr64 wn c His243, Ho npu wucnonb3oBaHun pdb-cbanna nocne ypaneHns ATP rem 3aHuman
HEenocpeaCcTBEHHO Y4acTOK CBA3bIBAHWS Hykneotuaa B nornoctu Boane Lys402 n His531. Y npotenHkmHasbl LYN
(PDB ID 5XY1) nokasaH caWT cBsi3biBaHWst rema y Tyr321 B cnydae, ecnv CTpyKTypa cofepxana MOornekyny
uHrMbuTopa (Npov3BogHOe nunepasvHa). B ycrnoBusix yganeHus uHrmbutopa rem 3aHuMman ero y4acTok Bo3ne
Glu290 n Ala371. B 6onblumHcTBE Moaenen KomnnekcoB ©Gernok nonocbl 3 Obin 6ornee BepoOATHbIM CaNTOM
CBA3blBaHMS rema, Yem npoTtemHkuHasbl LYN 1 SYK, Ho cBoboAHble KMHa3bl C OTKPbITbIMW @KTUBHBIMW CaiTamm
OYeBMOHO MOryT CBfI3bIBaTb rem BMmecTo cybcTpaTta, yto OydeT MewaTe docdopunupoaHuio. HapylieHve
yHKUMOHNPpOBaHNA 6ernka nonockl 3 B yCNOBUSIX HaKoMMNEHUs rema MOXeT MHIMbMpoBaTb TPaHCMOPT aHWOHOB MK
3aTpyaHAaTbL obpasoBaHMe komnnekcoB Oenka SLC4A1 ¢ Oenkamm LMTOCKeneTa, YTO Hapsgy C BIUSHMEM Ha
docdopunnpoBaHne MoXeT BbiTb OGHUM U3 MEXaHU3MOB CHUXEHUS CTabUNbHOCTU SpPUTPOLIUTOB.

KnioueBble cnoBa: SLC4A1, 6enok nonocekl 3, ¢gpocgpopunuposaHue, SYK, LYN, zem, spumpouumsi, 2emMonus,
mornekynspHbili dokuHe, HeMoQuest, HemeBind.

06 aemopax:

T.B. BapaHHMK — XapbKOBCKUI HauuoHanbHbIN yHMBepcuTeT umernn B.H. Kapaswna, nn. CBobogpl, 4, Xapbkos,
YkpauHa, 61022, tbarannik@karazin.ua, http://orcid.org/0000-0002-8123-3871

M.E. IlebeneBa — XapbKOBCKMIA HaLuMoHanbHbIN yHuBepcuteT umeHu B.H. KapasuHa, nn. CBobogbl, 4, Xapbkos,
YkpawnHa, 61022, lebedievamarharyta@gmail.com, https://orcid.org/0000-0002-7314-0165

lNodaHo do pedakuii | Received: 15.04.2021
lpopeueH3osaHo | Revised: 07.06.2021
lputinamo 0o dpyky | Accepted: 14.06.2021

Cepisn «Bionorisi», Bun. 36, 2021p.
Series “Biology”, issue 36, 2021


mailto:tbarannik@karazin.ua
http://orcid.org/0000-0002-8123-3871

m Mopaynounn BNAMB ninocoManbHoi miR-101 Ha npouecu aminoigoreHesy, HIOXY, CHY ...
Modulating effect of liposomal miR-101 on the processes of amyloidogenesis, smell, sleep ...

Cite this article: Sokolik V.V., Levicheva N.O., Geiko V.V., Berchenko O.G., Shulga S.M. Modulating effect of
liposomal miR-101 on the processes of amyloidogenesis, smell, sleep and neuroinflammation in experimental
Alzheimer's disease. The Journal of V. N. Karazin Kharkiv National University, Series “Biology”, 2021, 36, 16-27.

YOK: 577.2:616

Mopayniorounn Bnnme ninocomansbHoi miR-101 Ha npouecu aminoigoreHesy,

HIOXY, CHY | Hepo3anasneHHs Npu eKcnepMMeHTanbHin XBopobi Anburenmepa
B.B. Cokonik, H.O. JleBiueBa, B.B. lNeiko, O.I'. BepyeHko, C.M. LLynbra

IcHytoua Tepanis xBopobu AnbureriMepa He [a€ LUAHCIB NauieHTaM Ha OAyXKaHHsA. TOMY akTyanbHUM € BUBYEHHS
HOBITHIX bakTopiB BrNMBY, 30kpema MikpoPHK, Ha nartoreHeTuyHi mexaHiamu aminoigosy. Metot pobotn 6Gyno
BM3Ha4eHHA edpekty miR-101 Ha paHHi NpeauKTopy aminoifo3y npu ekcnepuMmeHTanbHin xBopobi Anburenvepa y
TBapuH. [ocnimkeHHa 6yno BukoHaHO Ha 25 wypax-camusx Bikom 14 mic. Mopenb xsBopobu Anburenmepa
CTBOPIOBAmNM LUMSAXOM iHTparinokamnanbHOro BBEAEHHsI TBapuHam arperatiB APso. Yepe3s 10 pid6 noumHanm 10-
[oboBuUi Kypc HasanbHOro BBeAeHHS wwypam miR-101 B nminocomax. Y cynepHaTaHTax HEPBOBUX TKAHWH LLiNMbOBMX
CTPYKTYP TOMOBHOIO MO3KY (rinokamn, HIOXOBi LMOYynuHW, HioxoBi Oyrpu) BuM3Hayanu piBeHb eHAoreHHoro Afaz i
uuTokiHiB (TNFa, IL-6 i IL-10). Ons ouiHkM dyHKUIOHaNbHOro CTaHy HIOXOBOI cuctemun BGyna 3agisiHa HepoeTonoriyHa
MeToAvkKa npea'saBfeHHs 3anaxis isoBanepiaHoBOi KMCNOTK i apaxicoBoi nacTu. B xodi nonirpadivHoi peecTpadii umkny
HEeCnaHHS-COH BM3Hayanu nNpeAcTaBneHiCTb HecnaHHA | okpemmx a3 CHy, a TaKoX YacTky He3aBepLUeHuX i
3aBepLUeHNX UMKNiB CHy Yy TBapwH. [loka3aHo, WO BBeAeHHA arperatiB APso B rinokamn MOAENIoe Yy LypiB
aMiNoIgOreHHNA CTaH Yy rinokamni i HIXOBMX Oyrpax, ane He B HIOXOBUX LUMOynvHax. Takox OyB BCTaHOBMEHWN
npo3ananbHUIA CTaH Y rinokamni roffloBHOrO MO3Ky TBapUWH (30iMbLUEHHST KOHLEHTpaLii npo3ananbHnx uuTokiHiB TNFa i
IL-6), Togi AK y HIOXOBMX LMOynuHax i HIOXOBUX Byrpax ix piBeHb He 3MiHoBaBcs. [pu gocnigkeHHi yHKUioHanbHOro
CTaHy HIOXOBOro aHanisatopy y LUypiB 3 xBopoboto Anburerimepa 6ynv BUsSiBNEHi HeraTuBHi 3MiHM HIOXOBOI NMOBELiHKM
Ha 3anaxu i3oBanepiaHoBOi KucnoTu i apaxicoBoro macna. Llogo comHorpam, TokcuuHicTb AP0 obymoBntoBana
CKOPOYEeHHs1 cTagii rmMboKoro MOBINBbHOrO CHY y MNOEAHaHHi 3 gediunMTom has3v napagoKcarnbHOro CHy, a TaKoX
nepeBaxaHHA HesaBepLueHVX LukniB cHy. HasanbHa Tepania miR-101 B nminocomax HopmanisyBana piBeHb ABaz y
rinokamni i HIXoBMX Byrpax Ta 3HM3una y rinokamni piBeHb Npo3ananbHux UnTokiHiB. MiR-101 3anobirana nopyLeHHo
HIOXOBOI (PpYHKLIii OLiHIOBaAHHSI 3anaxiB i3oBarepiaHoOBOI KMCMNOTM i apaxicoBoro macna Ta crnpusna 36inbLIeHHIo
npeAcTaBneHocTi da3 rmMmnboKoro MOBINbHOrO CHY | NapafoKCanbHOrO CHY Yy CTPYKTYPI LMKIY, @ TakoX BiAHOBIIEHHIO
YaCTKU 3aBepLleHUX UMKMIB CHYy Yy TBapuH. TakMM 4mHOM, ninocoManbHa miR-101 mMae aHTMaminoigoreHHun i
npoTm3ananbHuii edekT y LypiB 3 MoAennmio XBopobu Anburerimepa, a TaKoX CNpUSiE BIOHOBIEHHIO Y HUX
PYHKLIIOHaNbHOro CTaHy HIOXOBOMO aHani3aTopy Ta ONTUMI3aLii CTPYKTYPHOI opraHisdadii UMKy HecrnaHHS-COH.

KnrouoBi cnoBa: miR-101, B-aminoidHul nenmud, yuumokiHu, xeopoba AnbueeliMepa, HIOX, COH, JiMOCOMU.
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Bctyn

Mpouecn peryntoBaHHA Ha OCHOBI Monekyn MiKpoPHK BusHayatoTb HOBMIM Nigxid OO KOHTPOSO
BMMMBY TPaAHCKPUNTOMY Ha po3BUTOK okpemux natonorin. MikpoPHK (miRNA) — Le HeBenuki Hekoayoui
PHK, saki cknagaoTtb 40 % BCbOro TpaHCKpMNTOMYy Ta 3abesnevyloTb MexaHi3M MOCTTPaHCKpUMUiMHOro
perynioBaHHs ekcnpecii TpeTuHu Beix reHiB (He, Hannon, 2004; Hatfield, Ruohola-Baker, 2008). Y
ccasuiB noHag 90 % miRNA kogyloTbCs HYKNEOTUOHWMW MOCHIAOBHOCTSAMM, K MICTATLCA B iHTPOHaX
reHiB (Hammond, 2015). Micna BupisaHHs iHTpoHY (400 nap HyknNeoTuais) 3 NEPBMHHOIO TPAHCKPUMTY BiH
yTBOptoe nepBuHHY MikpoPHK (pri-miRNA). Ha HactynHomy eTani pri-miRNA y xoai Drosha-npouecuHry
NnepeTBOPIOETECS Ha «LWNWUMbKy» — nocnigoBHicTb pre-miRNA gosxuHoto B 70 Hykneotugis. 3a
gonomorot ekcrnopTuHy-5 pre-miRNA notpannse go uutonnasmu, Ae nig 4ac Dicer-npouecuHry
PO3LLENMETLCA HA MEeHLI chparMeHTw, ki TpaHcopmytoTbes B 3pini miRNA (Kutter, Svoboda, 2008).
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V.V. Sokolik, N.O. Levicheva, V.V. Geiko, O.G. Berchenko, S.M. Shulga

lMocTTpaHcKpunuinHe  iHribyBaHHA eKkcrpecii reHiB MmovnMHaeTbcs 3i 3B'A3yBaHHA MIRNA 3
npoteiHoBuM komnnekcom RISC (RNA-induced silencing complex). MpoigHni naHutor gynnekcy miRNA
BOYQOBYETLCA B Lie KOMMIEKC NPOTEIHIB, Aki cnpustoTb 3B’a3ky MiRNA 3 3'-kiHuem MPHK-miweHi. MiRNA
npu3BoaATL OO0 PYWHYBaHHA TapretHoi MPHK abo npurHiveHHst ii TpaHcrnsauii. Cnocid npunnHeHHs
TpaHcnAuii 3anexuTb Big CTyneHs komnnemeHtapHocTi obnacten miRNA i MPHK, aki B3aemogitoTb.
Buokpemnioiote miRNA 3 nponicepatmeHoto, ¢ibpobnacTuyHo, NPOaHrioOreHHOK | aHTUaHrioreHHO
aKTUBHICTIO, 3 npos3ananbHMM i NpoanonToTMYHMM noTeHuianom, Ta miRNA, saki mogynoTb npouecu
CTapiHHS, AndepeHuitoBaHHs, MDKKNITUHHOT koonepauii (Huang et al., 2011). Ta sakwo pornb
BHYTPILLIHBOKNITUHHUX MiKpoPHK GinbLu-MeHLWw 3po3ymina, To disionoriyHe 3Ha4YeHHsT LMpKyntoYmnx hopmM
LUMX Monekyn Hapasi 3anvuwaetbcs manosmdeHum. lMepexig MiRNA y kpoBoobir BinbyBaeTbcsi 3aBAsKM
[BOM MexaHi3MaM: «ropu3oHTanbHOMY TpaHCnopTy» — BUBiNbHeHHA MiRNA 3 kniTuH 3a gonomoroto PHK-
ninonpoTeTHOBOro KOMMNIeKcy abo B Ckrafi MiKpOBE3MKYIT Ta «MAaCUBHOIO TPaHCMOPTY» — Y CKMNafi ek30TOM
(Manna et al., 2020). OcHoBHa GionoriyHa ponb uMpKynotdmx MiRNA nonsrae B MiKKNITUHHIN koonepalii.

MpubnusHo 70 % sigommnx MiRNA ekcnpecyloTbca B MO3Ky, i Bce binbLie AokasiB AeMOHCTPYOThb
MoxnmBy ydacTb MiRNA y xBopobi Anburenvepa (XA) (Wu et al., 2016; Iranifar et al., 2019; Brito et al.,
2020). XapaktepHumn cumntomamm XA € nporpecyroda BTpata nam'siti Ta KOTHITUBHMX (DYHKLiA Yepe3
BigknageHHa genosuTiB B-aminoigHoro nentuay (AB) y BUMMSAAI CEHINbHUX BALWOK, BHYTPILUHBLOKITITUHHY
arperavuito rinepcoccopnnboBaHOro  t-NpoTeiHy, BTpaTy  CWHancis, Henpo3ananeHHs Ta
HenpoaereHepadito (Silva et al., 2019). MNokasaHo, wo gesdki cneyndivyHi MiRNA, Hanpuknaa, miR-9, miR-
29, miR-101, miR-107, miR-124, miR-298 ta miR-328, cnpusoTe 3mMeHLWweHHIO BUpoOHUUTBa AP y pasi
aKTMBOBAHOI eKCrpecii BiANOBIAHMX TeHiB y nauieHTiB abo y TBapuH 3 XA, peryniowym y Takmi cnocio
ekcnpecito BACE1 Ta/abo npoteiHy nonepegHuka B-aminoigHoro nentugy (ABPP) (Hebert et al., 2009;
Long, Lahiri, 2011). [OaHi kniHiYHMX JocnigXeHb MNPOAEMOHCTpyBanu, wo piseHb miR-29/101 vy
nepudepuyHin KpoBi XBOpMX Ha aminoigo3 nomMmitHo 3HwxkeHun (Patel et al., 2008; Ma et al.,, 2016).
3aranom BigbyBaeTbCs y3aranbHEHHS | cuctemaTusadisa pisHocnpsimoBaHux BrinmeiB MiIRNA Ha naToreHes
XA (Silvestro et al., 2019; Kou et al., 2020) Ta goCnifXeHHs1 iX BNAMBIB Ha paHHi NpeaukTopu Uiei
naronorii.

OkpeMMM nUTaHHSAM MOCTae AocTaBka ek3oreHHoi MiIRNA [0oO HEWpOHIB rormioBHOrO MO3KY SK
perynatopHoi Tepanii XA. HaHoHOCii Ha OCHOBI ninigiB € HaWbiNbll LMPOKO BUKOPUCTOBYBAHMMM
mMeTodamu HeBipycHoi goctasku (Zhang et al., 2013). KaTioHHi ninign 3 rigpodinsHUMK ronoskamu Ta
rinpoobHUMN xBoCTaMu POPMYIOTb KOMMMEKC 3 aHIOHHOI HYKMEIHOBOK KMUCMOTOW, B pesynbTaTi Yoro
yTBOptoeTbes ninonnekc (Pedroso de Lima et al.,, 2001). Li kaTioHHi ninonnekcM MawTb BUCOKY
CMOpPIgHEHICTb i3 KNITUHHO MeMOpaHO, BOHM He iIMYHOreHHi Ta npocTi y BupoOHuuTBi (Dasgupta,
Chatterjee, 2021). binbwictb meToaiB Tepanii in vivo Ha ocHoBi MIRNA 3anexartb Big CUCTEMHUX iH’ E€KLN,
SKi € OOpPOrMMW, MaloTb HU3bKY €(EKTUBHICTb Ta MOXYTb MNPU3BECTU OO HECNPUATIMBMX MNOGIMHUX
edgekTiB. TOMy y HaloOMy AOCnigXeHHi O0yno 3agisHe iHTpaHa3anbHe BBeAEHHS NinocomarbHOi dhopmu
miRNA, 3okpema miR-101, Ang nonepedXeHHs 1 pyrWHauil Hykneaszamy Ta YCMiWHOMo nNOAONAaHHSA
remaTtoeHuedaniyHoro 6ap’epy.

MeTa pgocnigpkeHHs nonsrana y BU3Ha4yeHHi egoekTy ninocomansHoi miR-101 Ha paHHi npegukTopu
XBOpOOM Anburerimepa y €eKCnepuMMEHTanbHUX TBapWH, a Ccame aminoiforeHes, LMTOKIHOBY FaHKy
Henpo3ananeHHs, QYHKLiIOHANbHUA CTaH HIOXOBOI CEHCOPHOI CUCTEMM Ta CTPYKTYPHO-YHKLiIOHANbHY
opraHisauito CHy.

Martepianu i meToam

AuszanH pgocnigxeHHsa. JocnigkeHHss Oyno BUKOHAHO Ha 25 HeniHiMHMX Binux wypax-camusax 14-
MicsiuHoro Biky, Macoto Big 450 go 520 r 3 BiBapito 1Y «lHcTUTYT HeBponorii, ncuxiatpil i Hapkonorii HAMH
YkpaiHn». TBapuHu nepebyBanu npu KOHTPOMbOBAHOMY 12-roOMHHOMY UMKNi  CBITNO—TEMpSBA,
CTaHOapTHOMY KOpMi Ansi TpM3yHiB i BogonposigHin Bogi. LWypis 6yno posnogineHo 4O YOTUPbLOX rpynm:
KOHTpOfbHa rpyna — iHTaKTHi TBapuHu (n = 6); rpyna AP4o (Mogenb XA) — wypu yvepes 20 gi6 nicns
BBELEHHSA cycrneHsii arperatiB AB4o B rinokamn (n = 6); rpyna ABso+L(miR-101) — wypw, skmm dYepes 10 gi6
nicnsa BBegeHHs AP4o B rinokamn HactynHi 10 gi6 iHTpaHasansHo BBognnm miR-101 y ninocomax (n = 7);
rpyna ABao+L(0) — wypw, sikum yepes 10 gi6 nicnst BBeaeHHs1 APso B rinokamn BBOAUM iHTpaHa3anbHO
nycti ninocomu npotdarom 10 gi6 (n = 6). EkcnepumeHTanbHi npotokonu Ans wypis 6ynu nposegeHi
BiANOBIOHO 00 «3aranbHuX eTUYHUX NPUHUMMIB ekcriepuMeHTiB 3 TBapuHamny (Kuis, 2011) Ta «[lMopsaaky
NpoBeAEHHs HayKOBMMW yCTaHOBaMM JOCNIAIB Ta ekcnepMMeHTiB Ha TBapuHax» (Ne 249 sig 01.03.2012).
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Mogenb xBopobu AnbureiMepa Yy TBapvH CTBOPKOBanNM LUMSAXOM  iHTparinokamnanbHOro
MIKpOIH’eKLinHOro BBeaeHHs1 15 Hmonb arperatiB Human beta Amyloid 1-40 protein (China Peptides Co.,
Ltd, China) y 10 mkn BOAHOI cycrneHsii, sk geTanbHO HaBedeHo Yy nonepegHin nyonikauii (Sokolik et al.,
2017). CrepeoTakcu4Hi onepauji y TBapuMH NPOBOAMIM TMi4 3aranbHUM HApPKO30OM, BUKOPUCTOBYHOYM
TioneHTan HaTpilo BHYTPILWHbOYEPEBHO Yy A03i 50 Mr/kr Mmacu Tina. Hapasi B nigrpyHTi ekcnepMMeHTansHoro
MogentoBaHHA XxBopobwu AnbureriMepa nexatb Tpu MiAXOAM: TPaHCreHHi TBapuHM 3 [J0AaTKOBOH
ekcnpecieto reHy ABPP nwoguHn (Drummond, Wisniewski, 2017); goctaBka €K30M€HHMX TOKCUYHUX
oniromepiea AB [0 UINbOBMX BigAiniB rofloOBHOrO MO3KY: LUITYHOYKM MO3Ky, GasanbHi sgpa MelHepTa,
rinokamn, HoOXxoBi UMOYyNuMHKW, nepedHi Biadinu Heokoptekcy (CtenaHuueB wn ap., 2016; Kono6os,
CrtopoxeBa, 2014; Lobzin et al., 2017); a TakoX pyWHyBaHHA OiNsSHOK HeoKopTekcy abo rinokamny
di3nYHMMK  (enekTpokoarynsuis) abo XxiMiYHUMKM (BNAMB arntoMiHilo, OpraHiYHMX Cronyk pTyTi Ta iH.)
cnocobamun. Bigomo, wo y nauieHTiB 3 XA came HeWpoHu rinokamny Oinblw 3a Bce notepnawTb Big
TOKCWUYHOCTI oniromepiB AR, siKi 3ro4OM YTBOPHOIOTb CEHiNbHI OMALWKN, XapaKTepHi And aminoigoreHHoi
nartonorii (Mukhin, 2013). Tomy iHTparinokamnaneHe BBeAeHHs arperatiB AR y TBapuvH € afeKBaTHOHO i
BepuikoBaHoo mogennto XA.

Yepes 10 gi6 nicnsa ctBopeHHst mogeni XA nounHanu HasanbHe BBegeHHst miR-101-3p (OO0 «HIMo
«CuHton», P®) y ninocomax tBapuHam 3 rpynn ABso+L(miR-101) Ta nyctux ninocom Lypam 3 rpynu
AB40+L(0). HykneotngHa nocnigosHicte miR-101 6yna HactynHowo: 5UACAGUACUGUGAUAACUGAASZ'.
KoHueHTpauis miR-101 y cycnensii ninocom crtaHoBuna 12,5 x 10'® monekyn Ha nitp. Jlinocomu
cTBOptoBanu Metogom ninigHmux nnieok (Shulga, 2014) i3 neumTtnHy conswHuky “BIOLER” (OHinpo,
YkpaiHa). HiameTtp ninocom (100 Hm) kanibpyBanu B ekcTpygepi "LiposoFast-Basic LF-1" (Avestin,
KaHnapa) 3 nonikapboHaTHumMn membpaHamu, po3mip oTBopiB y sikux cknagas 0,1 mkm. 3a 10 ceaHciB
Tepanii koxHa TBapuHa 3 rpynu ABso+L(miR-101) oTpumana 2,5 x 10" monekyn miR-101, 06’em pa3oBoi
nopuii ninocomaneHoi cycnensii cknagas 20 mkn. JocnimkeHHs BnmBy came miR-101 6yno obpaHo Tomy,
O BOHA € KIOYOBUM onepatopom dyHkuii maTtpmyHoi PHK (MPHK) ana npoteiHy nonepegHuka -
aminoigHux nentuais (ABPP) BHacninok doopmyBaHHsa komrnekcy [miR-101-MPHKABPP] 3 noganbLuoto ioro
[eakTuBaui€tlo | ToMy 3gaTHa npurHivyBatn cuHte3 ABPP Ta noro aminoigoreHHUn NpoLecuHr.

Yepes 10 gi6 HasanbHOI Tepanii ninocomansHoo MiR-101 abo nyctumn ninocomamn (20-a goba
eKCNepumMeHTy) TBapuH AeKaniTyBanu i B CynepHataHTax HEPBOBUX TKAHWH OKPEMUX CTPYKTYP FOMOBHOMO
MO3Ky (rinokamn, HIOXOBi UMOYNMHKU, HIOXOBI Oyrpu) BM3HA4Yanu piBeHb €HOOreHHOro TOKCWYHOro [3-
aminoigHoro nentuaa 42 (AB42) Ta umtokiHis (TNFa, IL-6 i IL-10).

TecTyBaHHSA HIOXOBOI CEHCOPHOI cUcTeMM. [1NS OLiHKM PYHKLIOHANBHOro CTaHy HIOXOBOI CUCTEMU
Oyna 3apisHa  HeWpoeTonoriyHa MeToaMKa MNpen'siBNeHHA MNO3UTMBHMX HIOXOBMX OOOPAHTIB: 3anax
i3oBanepiaHoOBOI KMCINOTK Ta 3anax apaxicoBoi nactn (MenbHuk 1 gp., 2012; Witt et al., 2009; Brai, Alberi,
2015). MonsipHi KOHLEHTpaUii po34MHIB i30BanepiaHOBOI KUCMOTWU ANs BU3HAYEHHS] HIOXOBOI YyTNMBOCTI
wypis nepebysanu B iHTepBani Big 102 monb/n go 107 monb/n 3 kpokom 10" monb/n. TecToBaHi
KOHLEHTpaL,ii apaxicoBoi NacTu B COHsILUHMKOBIN onii cknaganu 50 % i 20 %. MNMpoBeaeHH0 JOCTiMKEHHS
nepenyeBaB nepiog agantauii TBapyH [0 eKCnepuMMEeHTarnbHOI Kamepu npoTtaroMm 5 xB. Po3unH
i3oBanepiaHoBOi KuCnoTu abo cycneHsilo apaxicoBoro macna B ob’'emi 0,1 Mn HaHOCMNM Ha KanTuK
iNbTpyBanbHOro nanepy, Skui pos3TalloByBanu Ha BiacTaHi 45 cM Big MiCUS 3HaXOMKEHHA TBapPUHW.
OuiHKy OMCTaHTHOI XeMopeLenTUBHOI YYTNMBOCTI A0 OAOPaHTIB nNpoBoavnu npotsarom 5 xB. BusHauvanu
naTeHTHUI Nepiof BUSIBNEHHS 3anaxy, Yac AOCMiAHMLBbKOT peakuii 3anaxy, KinbKicTb NigxXo4iB 4O 00paHTy.

BuBYeHHA cTpYKTYpHO-(hpyHKUiOHaNbHOI opraHisauii cHy. EnekTpoeHuedanorpadii cHy Lypis
nepegyBana iMnnaHTauii LOBrOCTPOKOBUX HIXPOMOBMX €MneKTPOAiB Yy CKMsHIA i3onduii 3 AgiameTpom
Hei3onboBaHOro KiHYMka 0,1 MM Yy CTPYKTypyM TOJMIOBHOTO MO3Ky LWypiB (HOXOBi UUOYNUHW,
Me3eHuedaniyHa peTukynsipHa dopmadis cepegHboro Mo3ky, rinokamn (none CA1)) BignosigHo go ix
koopauHat (Bypew n gp., 1962). KipkoBi HiXpOMOBI eneKkTpoaM po3TalloByBanu enigyparnbHO B NOGHO-
CKPOHEBIN 30Hi MO3KY, iHOMMEPEHTHUA eneKkTpoa — Yy KicTui HocoBoi nasdyxu. Ctanesi MiorpadiuHi
enekTpoan BBOOUITM B 30HY BEPXHbOro KOCOro M'a3a wwui. CtepeoTakcuuHi onepauii 3aivicHioBann B
CTEPUSTbHUX YMOBaX Mif TiONeHTanoB1UM HapKO30M.

MonirpadpivyHy peecTpadito CHy NpoOBOAWMM Y Nepiod NOMIPHOT eMOLiNHOI akTMBHOCTI wypis (3 10.00
0o 15.00) 3a ymoB npupoaHoro oceiTrneHHs (bepyeHko, 1982, 1990). EnekrpoeHuedanorpamu (EEIN) Ta
Miorpacn y 6GinonsdpHMX BiABEAEHHAX 3anucyBanM 3 BUMKOPUCTAHHSAM AiarHOCTUYHOIO KOMIMIIEKCY
«HenpoH-Cnektp». 3a enektpoeHuedanorpadiyHumm, enekTpomMiorpadiyHumMm Ta MNOBEAIHKOBMMU
XapakTepucTukamun igeHTudikyBanu HecnaHHa Ta okpemi asum CcHy: napagokcansHui coH ([1C),
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nosepxHeBun NoBinbHUIN coH (MMC) i rmmnbokui nosinbHUM coH (IMIC) Ta BU3Ha4anu ix BigCOTKOBUIA BMICT
(Kaccunb, 1993). Ha ocHOBi umknorpam CHy BCTaHOBIOBanM OO0 He3aBepLlueHuX (pedyKoBaHMX,
no3baBneHnx asn napagokcanbHOro CHy) Ta 3aBepLUEHMX LMKMIB Bif 3ararnbHOI KiflbKOCTi LMKITIB CHY Y
BigCOTKaXx.

IMyHObepMeHTHUI aHani3 6ioximiyHMX noka3HuKiB. PiBeHb AB42 i umTokiHiB (TNFa, IL-6 i IL-10)
BUMIptOBanu 3a gonomoroto Habopis peareHTiB Rat Amyloid beta peptide 1-42 ELISA Kit (Bioassay
Technology Laboratory, China) i Rat ELISA Kits (Invitrogen BCM Diagnostics, USA) ans uuTokiHiB Ta
BMpaxanu y HaHorpamax Ha minirpam npoteiHy (Hr/mr ans ABs2) i y nikorpamax Ha Minirpam npoTeiHy
(nr/mMr gns uMTOKIHIB). AGCopOUito 3paskiB 3unTyBanu MikponnaHweTHUM aHanisatopom GBG Stat FAX
2100 (USA) npu A = 450 HM 3 Kopekuieto JoBXuHWM xBuni npu A = 630 HM. BMicT 3aranbHoro npoTeiHy
BM3Ha4vanu metogom Lowry (Lowry et al., 1951).

CratucTtMyHuM aHanis. [lpoBedeHO CTaTUCTUYHWUIA aHarni3 OTpUMaHWX pesyrnbTaTiB, 064YMcneHo
cepedHi 3HayeHHsl | cTaHOapTHi BigxuneHHs. CTaTUCTMYHWA aHani3 BiAMIHHOCTEM MpoBoAUNM 3
BUKOPUCTaHHAM {-TecTy CTblogeHTa 3a YMOB 3’'sicyBaHHS HOPMaIbHOCTI po3noginy gaHux y Bubipui. 3a
YMOB MHOXWMHHOTO MOPIBHAHHSA CepefHix 3HayeHb rpyn P Oyno ckopuroBaHe 3a OOMOMOrOK MOMpaBKu
BoHdeppoHi. [Npn obMexeHHI nuwe n'sTbMa NOpPIBHAHHAMMU: M rpynamu KoHTponb i AB4o, KOHTpOnb i
AB4otL(miR-101), KoHTponb i AR4o+L(0), APBso i APso+L(miR-101) Ta APao+tL(MiR-101) i AB4o+L(0)
CTaTUCTUYHWIA piBEHb 3HaYyLWOCTi cTaHoBuB P < 0,01.

Pe3ynbtat i 06roBopeHHs

AHTHnaminoigoreHHa pia ninocomanbHoi MiR-101. Noka3aHo, Wo BBeAeHHSA arperaTiB Af4o B
rinokamn MOZENE Y LWypiB aminoigoreHHui ctad Yepes 20 aib y rinokamni i HloxoBux Oyrpax (BiporigHe
36inbLieHHs koHueHTpauii AB42 Ha 26 % y rinokamni Ta Ha 61 % y HoxoBMX Byrpax), TOAi AK Yy HIOXOBUX
unbynuHax piseHb AB42BiporigHo He 3miHoBaBcs (puc. 1).

B-AminoigHun nentng 42

Hioxosi
Oyrpu
OABR40+L(0)
Htoxosi B AB40+L(miR-101)
LnbynnHu OAB40
OKoHTponb
lnokamn

HI/MI NPOTEiHY
* P < 0,01 nopisHsiHO Ao KoHTponio;
# P < 0,01npwu sictaBneHHi rpyn ABao i AB4o+L(miR-101);
& P < 0,01 npwu sictaBneHHi rpyn ABao+L(miR-101) i AB4o+L(0)

Puc. 1. AHTMaminoigoreHHM BNNUB Ha3anbHoi Tepanii miR-101 B ninocomanbHin cdopmi y wypis
3 eKcrnepuMeHTanbHOK Mogensiio xBopoou Anburermmepa. KoHTponb — iHTaKTHI TBapuHu (n = 6);
ABao— mogenb xBopobu Anburenmepa (n=06); APaw+L(miR-101) — wypn 3 mogenno xBopobu
AnbureriMepa Ta noganbuoto Tepanieto miR-101 y ninocomax (n=7); rpyna ARso+L(0) — wypn 3
MOAennio xeopobu AnbureriMepa Ta nodanbLUol Teparnieto nycTuMmuy finocomamm (n = 6)

Fig. 1. Antiamyloidogenic effect of nasal therapy with miR-101 in liposomal form in rats with an
experimental model of Alzheimer's disease. Control — intact animals (n = 6); APsw — model of
Alzheimer's disease (n = 6); ABa + L (miR-101) — rats with a model of Alzheimer's disease and
subsequent miR-101 therapy in liposomes (n = 7); group ABso + L(0) — rats with a model of Alzheimer's
disease and subsequent therapy with empty liposomes (n = 6)
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HecatngeHHnin kypc HasanbHoi Tepanii miR-101 B ninocomaneHii opMmi, SKUN nodYnHann depes
10 gi6 nicnsi CTBOpPEHHsT eKkcnepuMmeHTanbHoi mogeni XA, cneumdivyHo, TO6TO BipOrigHO MOPIBHAHO 3
nycTumn ninocomammu, HopmanisyBaB piBeHb AP4z Yy LUMX CTPYKTypax. Y HIOXO0BUX UnbynuHax BMiCT AR42
He 3MiHtoBaBcs (puc. 1). Bpaxosytoum Te, wo ABPP i AB € OCHOBHMMM y4YaCcHWKaMu naTtoreHe3dy XBopoou
AnbLurenimepa, 3HWKEHHS HaanuwkoBoi ekcnpecii ABPP NOBUMHHO NMOM'SKWIUTM NATOMOriYHI npouecu, Wwo
nexatb B OCHOBi aminoigosy. Omxe, miR-101 Moxe cTaTu HOBOK MIIEHHIO ANS TepaneBTUYHOI
moaynsauii pisHiB ABPP. MoxHa npunyctuTu, Wwo abo npsama goctaBka ek3oreHHoi miR-101 y LIHC, abo
perynsuis il eHAoreHHOoi ekcrnpecii NoBUHHI 3aMmeHWwnTK piHi ABPP y Mo3ky xBopux. B po6orTi (Long, Lahiri,
2011) 6yno nokasaHo, wo miR-101 ekcnpecyeTbecs 3 ABOX HE3ANEXHUX FEHOMHUX JTOKYCIB, SIKi MiICTATbCS
B MiKXreHHMx obnactsix Ha xpomocoMi 1 i xpomocomi 9. [MpOMOTOPHI enemeHTW, SKi perynoTb
TpaHckpunuito MiR-101, getanbHO He pocnigxeHo. ToMmy HaszanbHa Tepania eksoreHHow miR-101 B
ninocomarnbHin dopmi Moxxe 6yTv nepcnekTMBHO Yy Tepanii XA nauieHTis.

Otxe, BusiBNeHa aHTMaminoigoreHHa aid miR-101 moxe MaTu BTOPWHHI BNNMMBM Ha MNpoLecu
HaBYaHHS, HIOXY | HenposananeHHs (paHHi NpeaukTopu pPO3BUTKY aminoigosy) y LWwypiB 3
eKcnepumeHTanbHOK MOAENo XxBopobu AnbLrerimepa.

Hopmanisyrounn Bnnme ninocomanbHoi miR-101 Ha 4yyTnuBicTb WypiB 3 MoAenso XBOpoobu
Anbureimepa Oo NO3UTUBHUX opopaHTiB. HIoX Bigirpae krnoyoBy pornb y 3anycky i popMyBaHHi Pi3HUX
dopm NoBeAdiHKWU TBAPWH: CTaTEBOI, Xap4yoBOi, arpecuBHOI, AocnigHUUbKOi. B npoueci xemokoMyHikauii
BaXkNMBe 3HAYEHHS MarTb 3anaxu, SKi CUrHani3ylTb NPO rOPMOHAarnbHUA CTATyC TBapUHW, Ti iepapxiyHe
MOMOXEHHS Ta iHLe, L0 € BaXNMBUM AN BUAIB, SKi YTBOPIOWOTL CKNagHi couianbHi cninbHOTU. [0 Takux
000paHTIB HanexuTb 3anax isoBanepiaHosoi kucnotn (MenbHuk, 2007). 3anax apaxicoBoro macna ans
TBapWH TakoX € eMOLNHO-MO3NTUBHUM 0gOpaHTOM, 60 BUCTYNae CTMMYNOM Xap4oBOi NoBefiHkM. HioxoBa
YYTNUBICTb | CMAPURHATTA 3anaxiB MpPOTArOM XWUTTA ccaBUiB 3MiHIOIOTbCA. [lpuknagomMm cnyrye BikoBe
3HWKEHHS HIOXOBOT YYTNNBOCTI, LLIO CYMPOBOAXKYETLCA AereHepaTMBHUMKN 3MiHAMUW B HIOXOBOMY eniTenil.

yac, ¢ NateHTHMi nepion yac, ¢ t-Ia.c OpieHTOBHO-
400 - BUSIBJIEHHA 3anaxy 80 - AOoCNigHULbKOIT peakuii
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Kucnorta KucnoTta
OKoHTponb Ap40 OKoHTponb BABR40
mAB40+L(miR-101) OAB40+L(0) mAB40+L(miR-101) OAR40+L(0)

* P < 0,01 nopiBHsiHO 0o KoHTponto;
# P < 0,01 npwu sictaBneHHi rpyn ABao i ABso+L(miR-101);
& P < 0,01 npw sictaBneHHi rpyn ABso+L(miR-101) i AB4o+L(0)

Puc. 2. Hopmanisytounn BnnuB ninocomanbHoi miR-101 Ha KinbKiCHO-4acoBi XapaKTepuUCTUKKU
CMNPUUHATTA 3anaxiB (NnaTeHTHUM nepioa BUSIBNIEHHA 3amnaxy i 4Yac OpPi€EHTOBHO-AOCHIAHULLKOT
peakuii) i3oBanepiaHoBOI KMCNOTU i apaxicoBoro Macna Yy LWypiB 3 MoAaennio XBopoowu
Anburenmepa. XapakrtepucTuka rpyn gus. puc. 1

Fig. 2. Normalizing effect of liposomal miR-101 on the quantitative and temporal characteristics of
odor perception (latency period of odor detection and time of approximate research reaction) of
isovaleric acid and peanut oil in rats with a model of Alzheimer's disease. Characteristics of groups
see Fig. 1
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Mpu gocniopkeHHi PyHKLioOHaNbLHOro CTaHy HIOXOBOro aHanisaTopy Y LypiB 3 eKcnepuMeHTanbHo
xBopobo Anburerimepa Oyno BUSIBNEHO 3MiHM HIOXOBOI MOBEAIHKM Ha npen’siBNEeHHs 3anaxy
i30BanepiaHoBOi KMCNOTKU, a came 30inbluyBaBCs 4Yac OPIEHTOBHO-AOCNiAHMLbLKOI peakuii (OOP) y 3,7
pasiB. [ns apaxicoBoro macria BCTaHOBWUNK BiporigHe 36inblUEHHS NaTEHTHOro nepiofy BUSIBIIEHHS
3anaxy B 1,4 pa3u Ta ameHweHHs yacy O[P B 19 pasiB y TBapuH 3 rpynun AR4o (puc. 2).
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KoHTportb AB40 AB4O+L(MIR-101)  AB40+L(0)

* P < 0,01 nopiBHsiHO 0o KoHTponto;
# P < 0,01 npwm sictaBneHHi rpyn ABao i ABso+L(miR-101);
& P < 0,01 npwu sictaBneHHi rpyn ABao+L(miR-101) i AB4o+L(0)

Puc. 3. BnnuB ninocomanbHoi miR-101 Ha cTpyKTypHY opraHi3auito LMKy HeCnaHHA-COH Y LypiB
3a YMOB MofentoBaHHA xBopobu Anburermmepa. H — HecnaHHg, [C — napagokcansHuii coH, MNINC —
NoBepXHEBU NOBINbHUIA COH, ITIC — rMMBOKMI NOBINbHUI COH. XapakTepucTuka rpyn aue. puc. 1

Fig. 3. The effect of liposomal miR-101 on the structural organization of the wake-sleep cycle in
rats under the conditions of modeling Alzheimer's disease. H — wakefulness, PS — paradoxical sleep,
SSWS - superficial slow-wave sleep, DSWS — deep slow-wave sleep. Characteristics of groups see Fig. 1

MopiBHANBHUI aHani3 KiflbKiCHO-4acoBUX MOKa3HWUKIB AOCHIOKEHHS HIOXOBOrO aHasnisatopa nicns
KypCOBOro BBeAEHHs1 ninocomanbHoi mMiR-101 abo nyctux ninocom nokasas, Wo BBegeHHA miR-101
3anobirae NopyLIeHHKO HIOXOBOI (PYHKLUIT OLiHIOBaHHSA 3anaxiB i3oBanepiaHOBOI KMCMOTM Ta apaxiCoBOro
Macna, Wo nposiBAsnoca Yy ckopoyeHHi vacy O[P ana isoBanepiaHoBOI KMCIOTU Ta BipOrigHOro
3MEHLLEHHS TaTEeHTHOro nepiody BUABMEHHA 3anaxy y 2,6 pasis i 36inbweHHs y 32,6 pasis yacy O[P ans
apaxicoBoro macna 3a 3icTaBrneHHs 3 rpynoto APso. OTpumaHi gadi csigumnu npo Te, wo miR-101
crnpuvsna BiAHOBIEHHIO OLiHKM 3anaxiB i3oBanepiaHOBOI KMCMOTM i apaxicoBoro Macna Ta OpiEHTOBHO-
OOCNIOHULBKUX peakuin y wypiB 3 ekcnepumeHTansHoo XA (puc. 2). 10-4o6oBui Kypc nycTMx Ninocom
wypam 3 iHTparinokamnanbHMM BBeAEHHAM AR4o OOYMOBMB 3HWKEHHSI IAaTEHTHOro nepiogy Ta
30inblweHHs yacy OP y Bunagky obox ogopaHTiB. lNoBediHkoBa peakuiss Ha HOBM3HY MogpasHuka y
TBapuH rpynu AR4o+L(0) mana Hesracumum xapakrtep 3a BigcyTHoCTi rabityauii. Lli gaHi mm noscHioemo
po3ranbMOBYBaHHAM GaraTOKOMMOHEHTHOI OPIEHTOBHO-OOCTIAHULBKOT peakuii B yMOBax aminoigoreHesy,
SIKE He CMPOMOXHiI CKOMMEHCyBaTW MyCTi MiNOCOMM, Ha BIAMiHY Big4 HOpManisyk4doi Ail ninocomanbHol
mMiR-101 Ha yHKUiOHaNbHY aKTUBHICTb HEMPOHIB rinokamny.

OpaHum 3 paHHix nposieiB XA € nocrnabneHHs igeHTudikaLii 3anaxis, WO NPOSIBNSETLCA Marno He 3a
10 pokie oo nosBu cumnTtomis yTpatu nam'aTi (Kovacs, 2013). NopyLueHHs HIoXx0BOI (byHKUiT 3a ymoB XA
BMHUWKaE BHACNIQOK 3MiH LieHTpanbHUX, a He nepudepinHMx MexaHiaMiB ouiHkvM 3anaxy (Larson et al.,
1999; Manckoundia et al., 2016). Ha gaHun yac 3'scoBaHoO, WO NOPYLIEHHS igeHTUdiIKaLii aKoCTi 3anaxy
3YMOBIIEHO 3HMXKEHHAM  KifbKOCTi HEWPOHIB — MiTpanbHUX KMITUH Y HIOXOBIN  LMOYNuWHI  Ta
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PYHKUIOHANBHUMKW  3MiHAMU Y MEPUAOPMHIA  KOpi, WO € BaXMMBOK [iarHOCTUYHOK O3HaKow AN
BUSIBITIEHHS paHHIX cTagin gaHoro 3axeoptoBaHHs (Hoogland et al.,, 2003). IcHye B3aeMO3B'A30K MiX
o6'emMoM niBOro rinokammny Ta 34aTHICTIO OO HIOXOBOI igeHTudikauii. ToMy BULLEHaBeOeHi pesynbTaTtu
[0BOAATb NO3UTMBHMIA BNiivB MiR-101 Ha UeHTparnbHi MexaHiaMyM 06po6KKN HIOXOBOI iHbopMaLii y LypiB 3
Mogennio xsopobu Anburerimepa.

OnTtumisauis umkny HecnaHHA-COH 3a YMOB KypcoBoi Aii ninocomanbHoi miR-101 npwm
eKcnepuMmeHTanbHin xBopob6i Anburenmepa. EkcnepvmeHTanbHa XA y TBapuH xapakTtepuayBanacs
CKOpoYeHHsIM cTagii rmmbokoro nosinbHoro cHy (IMIC) Ha 44 % y noegHaHHi 3 74 % pediuntom dhasu
napagokcansHoro cHy (MC), Wwo npn3BoaMno A0 3HWXKEHHS He nuLle SKOCTI, ane i TpUBanocTi CHY Y LnKNi
HEeCNaHHs-COH MOPIBHSHO 3 iIHTAKTHUMMK TBapMHaMM KOHTPONbHOI rpynu (puc. 3).
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* P < 0,01 nopiBHsiHO 0o KoHTponto;
# P < 0,01 npwu sictaBneHHi rpyn ABao i ABso+L(miR-101);
& P < 0,01 npw sictaBneHHi rpyn ABso+L(miR-101) i AB4o+L(0)

Puc. 4. PutmiyHa opraHisaudifa CHy y LWypiB 3 eKCrnepuMMeHTanbHOK XBOpoO6oww Anburenmepa i
KypCOBUM BBeAEHHAM rinocomanbHol miR-101. XapakrepucTtuka rpyn amse. puc. 1

Fig. 4. Rhythmic organization of sleep in rats with experimental Alzheimer's disease and course
administration of liposomal miR-101. Characteristics of groups see Fig. 1

IHTpaHa3anbHe BBeAeHHS ninocomanbHoi miR-101 cnpuYnMHUNO 36iNbLUEeHHS NpeacTaBneHOCTi LnX
KNIOYOBUX CTafin y CTPYKTYpi Uukny: nepenycim dasm napagokcansHoro cHy (Ha 133 %), nopiBHSHO 3
nokasHmkamu rpynu ABso, ane He NpuM3BENO [0 OCTaTOYHOI HopManisauii 3a MOPIBHAHHA 3 rpyrot
KoHTponto. Y wypis 3 rpynun ABso+L(0) cnoctepiranuca pisHocnpsimoBaHi 3miHu YacTtku ITIC i MC B ymkni
HECMNaHHS-COH: nofarnblue 3MEHLUEHHS YacTKM MMOOKOro MOBINIBHOIO CHY Ta Aesike 3pOCTaHHSA YacTKu
napagokcanbHoro cHy, ski cknanu nuwe 58 % i 50 %, BignoBigHO, Bid4 KOHTPOSIbHWMX 3HA4Y€Hb, Ta
BiAPI3HANMCL BiA BIANOBIAHWMX NOKasHUKIB rpynn ABso+L(miR-101) (puc. 3). bepyyun Ao yBaru cy4vacHi
YSIBMEHHS CTOCOBHO efiMiHaTopHOI (yHKUii rmmnbokoro nosinbHoro cHy (Nag et al., 2001), oTpumaHi
pesynbTaTh 3acBigvyoTb TepaneBTuYHy edpekTuBHICTL miR-101.

BpaxoBytoun niTepaTypHi BiJOMOCTI LWOO0 CYyTTEBOI poni a3 napagokcanbHOro CHy Y
3abesneyeHHi pusmky po3sBuTKy aemeHuin (Madaeva, Berdina, 2017; Pase et al., 2017), a Takox moro
CUCTEMOYTBOPIOKOYOT (hyHKLIT B opraHisaLii LMKy HecnaHHA-COH, AOLUiNbHUM Oyrno SOCHiIKEHHST pUTMIYHOI
opraHisauii CHy y BUrNsAAi HAagBHOCTI 3aBepLUeHUX | He3aBepLueHux uuknie. NokasaHo, wo arperatu -
aminoigHoro nentugy 40 y wypiB obymoBntoBanu 36inblUeHHSA He3aBepLleHUX (pedyKoBaHUX) LMKNIB
(puc. 4). MiR-101 B ninocomax Cnpu4MHMNA CKOPOYEHHS KINMbKOCTi PeAYKOBAHMX LMKIIB CHY Yy LUypiB 3
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Mogennto xBopobun AnbureriMepa mMamke 40 HopManisalii MoKasHUKIB Liei 6a3anbHOT XapaKTepPUCTUKA CHY,
WO BigNOBiAano nokasHWkam iHTakTHUX TBapwH. [ycTi ninocomn y AocnigHWX TBapuvH He Marnn Takoro
edekTy.

Omxe, pe3ynbTaTv MOPIBHANBHOIO aHarnidy CTPYKTYPHO-(DYHKLIOHANbHOI i PUTMIYHOI OpraHisauii
LUKy HecnaHHs-COH 3a yMoBW MogerntoBaHHA XA Ta gii ninocomansHoi miR-101 ymoxnusniooTb
BMCHOBOK LLIOAO ONTMMIi3Y04Oro cneundiyHoro xapakrepy snnmsy uiel MikpoPHK.

MpoTusananbHMi BnnuB ninocomanbHoi MiR-101 npu aminoigosi. Ha mogeni xsopobwu
Anburerimepa 6yno BCTaHOBMEHO, Wo arperatv AB4o 0OyMOBIOITE Npo3anarnbHe CTAHOBULLE Y Tinokamni
rofloBHOrO MO3Ky TBapWH (BiporigHe 30inblUeHHs KOHLEeHTpaLii npo3anansHux untokiHie TNFa i IL-6), Toai
SIK Y HIOXOBUX LMBYNMHaXxX i HIOXOBUX Byrpax piBeHb LMX LIMTOKIHIB He 3a3HaB iCTOTHUX 3MiH (Tabn. 1).

HasanbHe BBegeHHA miR-101 B ninocomaneHin copmi npotarom 10 gi6 3HM3uno y rinokamni
piBeHb IL-6 Ta TNFa, wo BMSBUIIOCH BipOrigHMM MOPIBHAHO 3 MoAento xBopobu Anburenmepa Ta
nokasHukamu Tepanii nyctumm ninocomamu (tabn. 1). Y HoxoBMX LMOynMHax 3'sicyBanocb HecrnogiBaHo
BiporigHe, ane HecneuudiyHe, 3MeHLWeHHs koHueHTpauil TNFa y wypie 3 mogennto XA nicns HasanbHoi
Tepanii Sk nycTumm finocomamu, Tak i ninocomamm 3 miR-101. Y HOX0BMX Byrpax BUSIBIIEHO 3MEHLLUEHHS
BmicTty IL-10 nig Bnnueom miR-101, gke Bigpi3HANO LMX TBapwH Big iHWKX rpyn (Tabn. 1).

Tabnuusa 1. MpoTn3ananbHU BNNUMB Ha3anbHOI Tepanii miR-101 B ninocomanbHin ¢opmi (moagensb
xBopob6u Anburenmepa y LypiB)
Table 1. Anti-inflammatory effects of nasal therapy miR-101 in liposomal form (model of

Alzheimer's disease in rats)
nr/mMr NpoTeiny

Mpyna KoHTpornb ABao ABao+L(miR-101) AB4o+L(0)
LintokiH (n=6) (n=6) (n=7) (n=6)
lnokamn
TNFa 64,78+2,01 68,64+1,82* 61,32+2,00 #& 65,95+2,27
IL-6 53,40+5,10 60,6+1,65* 48,75+4,20% 61,35+2,70*
IL-10 183,30+7,23 188,25+11,97 166,50+9,88 176,20+9,10
HioxoBi UnbynmHu
TNFa 65,76+4,42 63,77+3,94 57,32+3,69* 55,59+3,41*
IL-6 60,00+5,40 62,85+8,70 51,6046,15 52,65+4,50
IL-10 156,55+5,42 160,94+11,45 143,90+6,38 141,80+8,30
HtoxoBi 6yrpu
TNFa 61,14+1,45 66,51+3,99 62,37+2,80 61,66+2,66
IL-6 53,25+4,05 58,05+5,55 50,85+4,05 52,95+3,45
IL-10 170,75+6,13 178,90+9,60 157,0546,68 *# 173,10+6,02

* P < 0,01 nopiBHsiHO 0o KoHTponto;
# P < 0,01 npwm sictaBneHHi rpyn ABao i ABso+L(miR-101);
& P < 0,01 npwu sictaBneHHi rpyn ABao+L(miR-101) i AB4o+L(0)

MopiBHIOKOYM OTpUMaHi AaHi 3 pesynbTataMu JOCNIMKEHHS aHTU3ananbHOro BNNMBY KYPKYMiHY B

ninocomanbHin opMmi 3a aHanoriyHoi ekcnepuMmeHTansHoi noctaHoBku (Sokolik et al., 2015), HeobxigHo
3ayBaXuTtui, WO nonidoeHon maB OBinblwnMiA  @aHTULWUTOKIHOBUI MNOTeHuian, nopiBHAHO 3 miR-101.
AHTULMTOKIHOBMIA MOTEHUjian KypkyMiHy MOXHa MOSICHUTM oro 6e3nocepeHbOoo MPUrHidyoYoK Aieto Ha
PiBHI iHAYKUIT reHiB AoCnigKeHNX LMTOKIHIB Ta nuwie onocepenkoBaHUM edekToM Ha piBeHb AR y LIHC
TBapuvH. beanocepeaHboto milleHHo ansa miR-101 cnyrye came MPHKABPP | 3 qkoi TpaHcnioetbea ABPP.

Hopmanisauis koHueHTpalii okpeMux LMTOKiHIB nmig gieto miR-101 y wypiB 3 mogenno xsopobu
AnbureriMepa, Ha Hawy AOYMKY, Mae BTOPUMHHUW XapakTep, OCKiNbKM MoB’sa3aHe 3i 3MeHLUEHHAM pPiBHSA
€HOOreHHOro TokcnyHoro ARz y rinokamni Ta HioxoBux Byrpax (puc. 1). NpoTe psg aBTopiB NpMnycKaTb
MOXIMBICTb $IK MPSIMOro aHTu3ananbHoro BrAMBY MiR-101 WNAXOM 3HWXKEHHSI iHOYKOBaHMX pPiBHIB
nposananbHux uuTokiHiB (Wang et al.,, 2016), Tak i 36inbweHHs npoaykuii IL-6 y BignoBigb Ha
TpaHcdekuito knitTuH miR-101 (Saika et al., 2017) abo y pasi ii HagMipHoi ekcnpecii y LPS-akTnBoBaHnx
Makpodparax (Gao et al., 2014).
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BucHoBoOK

HasanbHa Tepania miR-101 y ninocomanbHin dopmi obymoBuna BiporigHMn aHTUaminoigoreHHun
Ta npoTusananbHU edekT y LWypiB 3 MOAEN0 XBOpobu Anburenmepa, a Takox cneundivyHo cnpusana
BiJHOBMNEHHIO Y HMX (PYHKLIOHANbHOro CTaHy HIOXOBOMO aHamni3aTopy Ta ONTUMi3aLii LMKy HeCNaHHSA-COH.
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Modulating effect of liposomal miR-101 on the processes of amyloidogenesis,

smell, sleep and neuroinflammation in experimental Alzheimer's disease
V.V. Sokolik, N.O. Levicheva, V.V. Geiko, O.G. Berchenko, S.M. Shulga

The current therapy for Alzheimer's disease does not give patients a chance of recovery. Therefore, it is relevant to
study the novel factors of influence, in particular microRNA, on the pathogenic mechanisms of amyloidosis. The aim of
this work was to determine the effect of miR-101 on early predictors of amyloidosis in experimental Alzheimer's
disease in animals. The study was carried out on 25 male rats of 14 months of age. A model of Alzheimer's disease
was created by intrahippocampal administration of ABso aggregates to animals. Ten days later, a 10-day course of
nasal administration of miR-101 in liposomes was launched. The level of endogenous AB42 and cytokines (TNFa, IL-6
and IL-10) was determined in the supernatants of the nerve tissues of the target brain structures (hippocampus,
olfactory bulbs, and olfactory tubercles). A neuroethological method of presenting smells of isovaleric acid and peanut
butter was used to assess the olfactory system functional state in the experimental rats. In the course of polygraphic
registration of the sleep-wakefulness cycle, the representation of wakefulness and individual sleep phases, as well as
proportion of incomplete and complete sleep cycles were determined. It was shown that injection of A4 aggregates
into the hippocampus simulates an amyloidogenic state in the rat’s hippocampus and olfactory tubercles, but not in the
olfactory bulbs. Moreover, a pro-inflammatory state was registered in the hippocampus of the animal brain (an increase
in the concentration of pro-inflammatory cytokines TNFa and IL-6), while the cytokine level in the olfactory bulbs and
tubercles did not change. When studying the functional state of olfactory analyzers in the rats with Alzheimer's disease,
we revealed negative changes in behavioral response to the smell of isovaleric acid and peanut butter. In terms of
somnograms, the AB4o toxicity caused reduction in the deep slow-wave sleep stage combined with deficiency of the
paradoxical sleep phase, and predominance of incomplete sleep cycles. Nasal therapy with miR-101 in liposomes
normalized the level of ABa4z2 in the hippocampus and olfactory tubercles and decreased the level of proinflammatory
cytokines in the hippocampus. MiR-101 prevented olfactory disfunctions in assessing smells of isovaleric acid and
peanut butter, increased the ratio of deep slow-wave sleep and paradoxical sleep in the cycle structure and restored
proportion of complete sleep cycles in animals. Thus, liposomal miR-101 has an anti-amyloidogenic and anti-
inflammatory effect in rats with a model of Alzheimer's disease. It helps to restore the functional state of olfactory
analyzer and optimize structural organization of the sleep-wakefulness cycle in sick animals.

Key words: miR-101, -amyloid peptide, cytokines, Alzheimer's disease, sense of smell, sleep, liposomes.
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Mopgynupyrouwee BnmaHue nunocomanbHon miR-101 Ha npouecchbl
amunoupaoreHesa, 00OOHAHUA, CHa U HeMpPOBOCNaNeHUsA Npu 3KCNepuMeHTaNnbLHOMN

6onesHn Anburenmepa
B.B. Cokonuk, H.A. JleBuueBa, B.B. lNenko, O.I'. BepuyeHko, C.M. lUynbra

CyulectByloliasa Tepanua 6ones3Hn AnbureriMepa He [[aeT LIaHCOB MauueHTaM Ha Bbi3gopoeneHue. [lostomy
aKkTyanbHbIM SBMASETCA U3yYyeHue HOBEMLWMX hakTopoB BAMSHMA, B YacTHocTu MukpoPHK, Ha natoreHeTuueckue
MexaHu3mbl amunongosa. Llenbto pabotbl 6bino onpegenenve addekta miR-101 Ha paHHWE npeaukKTopbl
amunonaosa npv aKcnepumeHTaneHou 6onesHun Anburerimepa y XMBOTHbIX. MiccneaoBaHue Gbino BbIMONHEHO Ha 25
Kpblcax-camuax 14-mec. Bo3pacTta. Mogenb 6onesHun AnblreimMepa co3gaBanu NyTeEM WMHTparMnnokKamnanbHOro
BBEeAEHUS XMBOTHbIM arperatoB ABso. Yepes 10 cyTok HaumHanu 10-gHEBHbIA KypC Ha3anbHOro BBEAEHUS Kpbicam
miR-101 B nunocomax. B cynepHaTaHTax HepBHbIX TKaHeW UeneBblX CTPYKTYp rOMOBHOrO Mo3ra (runnokamn,
06OHsATENbHbIE NYKOBULILI, 06OHATENBHBLIE BYrpbl) ONpeaensnu ypoBeHb dHAoreHHoro ARz u umntokmHos (TNFa, IL-6
m IL-10). [Ons oueHkn YHKLMOHANBHOIO COCTOSIHUS OOOHSITENbHOW cucTembl Obina  3agencTBOBaHa
HenpoaTonorMyeckas MeToauka npeabsaBNeHns 3anaxoB M30BaneprMaHoBOW KUCNOTLI M apaxucoBow nactel. B xoge
nonurpacmyeckor peructpaumm uukna 6oapcTBOBAHME-COH OMpeaensnu npeacTaBreHHOCTb 60ApCTBOBaHUS U
oTAenbHbIX (a3 cHa, a Tawkke AOM0 He3aBepLUEHHbIX U 3aBEPLUEHHbIX LIMKIOB CHa Y XWUBOTHbIX. [lokasaHo, 4To
BBedeHne arperatoB Af4o0 B TMNNOKaMn MOAENUPYET Yy KpbIC aMUITOMOOrEeHHOe COCTOsiHME B runnokamne wu
06OHATENbHbIX Byrpax, HO He B 0OOHATENBHBIX NykoBMLUAX. Takke Obiflo 0TMEYEHO MPOBOCMANUTENBHOE COCTOSIHME
B rMNMNOKaMme rofiloBHOr0 MO3ra XMBOTHbIX (YBENUYEHME KOHLEHTpaLumM NpoBocnanuTenbHbIX untokmHoB TNFa u IL-
6), Toraa kak B OGOHATEMbHbIX NYKOBULAX M OBOHATENbHbLIX Byrpax UX ypoBeHb He MeHsincs. Mpu uccnegoBaHum
(YHKLMOHANbLHOIO COCTOSIHUS OBOHATENLHOIO aHanu3atopa Yy Kpbic ¢ 6onesHbto AnbLlreriMepa Obinv BbiSIBMEHbI
HeraTMBHbIE M3MEHEHNSA 0BOHATENLHOMO NOBEAEHNS HA 3anaxu N3oBanepuaHoBOW KUCNOTLI U apaxmcoBoro macna. B
OTHOLLEHMN COMHOTpamM, TOKCUYHOCTb Af40 Yy XXMBOTHbIX OOycrnoBnvMBana cokpalwieHune crtaguu rnybokoro
MeANIEHHOro CHa B codeTaHun ¢ aecuumntom dasbl napagokcanbHOro cHa, a Takke npeobnagaHne He3aBepLUEHHbIX
UMKIOB cHa. HasanbHas Tepanus miR-101 B nunocomax HopmanusoBana ypoBeHb Afs42 B runnokamne w
oboHATENbHBLIX Oyrpax M CHM3UNa B [UMNMOKaMMNe YpPOBEHb MPOBOCMANUTENbHbLIX UUTOKMHOB. MiR-101
npegoTBpallana HapyleHne OOOHSATENBHON (PYHKLIMU OLIEHKN 3anaxoB M30BariepuaHoBOW KUCINOTbl U apaxmMcoBOro
Macna u Bbi3Bana yBenuyeHue npeacTaBneHHocTM ¢a3 rnybokoro MeafieHHOro CHa W napajokcarnibHOro cHa B
CTPYKTYpEe LMKMa, a Takke BOCCTAHOBIEHWE [ONM 3aBEPLUEHHbIX LMKIOB CHA Y XXMBOTHbIX. Takum ob6Gpasom,
nunocomMarnbHas miR-101 nmeeT aHTMaMMNOMAOrEHHbIN U NPOTUBOBOCMANUTENbHbIA 3(PAEKT Y KPbIC C MOAESbIO
bonesHn AnbureiMepa, a Takke CNOCOOCTBYET BOCCTAHOBIEHMIO Y HUX (PYHKLMOHANbLHOMO COCTOSHUSA
06OHATENBHOro aHanuaaTopa 1 oNTUMMU3aunn CTPYKTYPHOW OpraHnsaumnm uukna 604pcTBoBaHNE-COH.

KntoueBble cnoBa: miR-101, B-amunoudHsbili nenmud, uUmoKuHbl, 6onesHb Anbuzelivepa, 060HSIHUE, COH, JTUMOCOMBI.
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eee BOTAHIKA TA EKOJIOIA POCJIUH eee
eee BOTANY AND PLANT ECOLOGY eee

Y[K: 582.32 (477)

DocnigxeHHsa chnopu enirenHnx moxonoAioHUX aeHaponapkKy «OnekcaHapis»
J1.41. NMneckay, B.M. Bip4yeHko

Ynpogosx 2017-2019 pokiB npoBeAeHi AOCNIAXEHHSI BUOOBOrO CKnagy enireHux MoxonoAibHux AeHaponoriYyHoro
napky «OnekcaHapisi», po3TalloBaHOro y niBHIYHO-CXigHIN YacTuHi MMpaBobepexHoro nicocteny. 3a pesynbratamu
pocnigxeHb, enireiHa Gpiodhnopa icTopuyHOi YacTuHM geHgponapky HapaxoBye 40 BuaiB. BoHa npeactaBneHa
25 pogamn, 14 poamHamu, 7 nopsigkamu, 2 knacamu n 1 Bigginom. TakCOHOMIYHMI aHani3 enireHux MoxiB
AeHgponapky nokasas, Wo y dropi enireie Hankpawe npeacrtaeneHi nopsgkm Hypnales (14 Bupgis), Pottiales
(9 Bugie) Ta Bryales (9 BugiB). NpoBigHMMu poauHamu € Pottiaceae (9 BuaiB), Brachytheciaceae (7 BugiB), Bryaceae
(5 BuaiB), Amblystegiaceae Ta Mniaceae (koxHa no 4 suawn). MposigHnMKn pogamu Busisunucsa Bryum (5 swugis),
Brachythecium (4 Bugw), Tortula (4 Bugn) Ta Plagiomnium (3 Buawn). Cepen BUSIBNEHMX TaKCOHIB ABa Buau (Barbula
convoluta Ta Bryum rubens) € perioHanbHO pigKICHUMW B NiCOCTENOBIMA 30HiI YKpaiHu. Hanbinbw nowmpeHumun
enirenHMMM BMAamu, LWO 3pocTanu B ICTOPUYHIM YacTuHI deHaponapky, susiBunucs Ceratodon purpureus,
Oxyrrhynchium hians, Hypnum cupressiforme, Atrichum undulatum ta Bryum moravicum. pu ubOMy BigMi4eHO, WO
B 3axigHil YacTuHi napky Hanbinbw nowwmpenumun € Atrichum undulatum, Bryum moravicum, Oxyrrhynchium hians,
Hypnum cupressiforme, Brachytheciastrum velutinum, Hygroamblystegium varium, y ueHTpanbHin — Bryum
moravicum, Hypnum cupressiforme, Ceratodon purpureus, y cxigHin yactuHi — Oxyrrhynchium hians, Fissidens
taxifolius, Fissidens viridulus Ta Brachythecium rutabulum. Cepep BusiBrneHux TakcoHiB 50 % (20 Bugis) Gynu
dakynbTatuBHMMKM Ta 50 % — obniraTHumu enireamun. Y 2018 p. y fibposi gengponapky (nokaniteT 14) Hamm
BUSIBNEHWUI HOBUM ANS napky Bua Ephemerum minutissimum. BiH 3poctas pasom 3 Dicranella heteromalla, Bryum
rubens, Barbula convoluta, Ceratodon purpureus, Tortula acaulon i Weissia brachycarpa. Lle gpyra 3Haxigka
E. minutissimum B YkpaiHi. Hanbinbwe BugoBe 6araTcTBO enireMHMX MOXOMNOAibHMX npuTamaHHe nokanitetTam
LeHTpanbHOi YacTuHu Aengponapky «OnekcaHgpis» (29 TakcoHiB). EnireriHa 6piodrnopa icTOpUYHOI YacTuHU
AeHgponapky Ha TenepiwHini Yac cknagae 44 % yciei 6piodnopn aeHgponapky, ska Hanivye 90 Buais.

KnrouoBi cnoBa: eniceliHa 6pioghriopa, peecioHanbHO pidkicHi sudu, deHOponapk « OnekcaHOpisi».
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Bctyn

Henpponapk «OnekcaHgpis» 6yB CTBOpeHWUn HanpukiHUi 18 cTtoniTTsa Ha 6asi npupogHoi aibposu
Ta Ha CbOrodHi € OAHMM i3 HambinbliMX OeHaponapkiB YKpaiHu (3aranbHa nnowa noHag 400 ra).
PocnuHHicTb napky gyxe pisHoMaHiTHa i Hanidye noHag 3100 gepeBHux BuaiB Ta noHag 1500 Buais
TpaB’aAHUCTUX pocnuH. Buaose GaratcTBO MOXOMOAIGHWMX, siKi € HEBIQ'EMHON CKMagoOBOK YaCTUHOK
CTPYKTYpU dpiToLeHOsiB AeHaponapky «Onekcanapis», Hapasi BUBYeHe HedoCTaTHbLO.

B 6pionoriyHomy repbapii IHCTUTYTY 6oTaHikm imeHi M.I". XonogHoro (KW-B) 36epiratotbest 36opu
mMoxonogibHmnx 1925-1926 pokie [.K. 3epoBa Ta iHWMX KONeKkTopiB 3 genaponapky «OnekcaHapisay». Ons
iCTOPUYHOI YacTUHM NapkKy ToAi Oyno BCTaHOBNEHO 3poCTaHHA Bcboro 6 BuaiB: Marchantia polymorpha,
Conocephalum conicum s.l., Radula complanata, Porella platyphylla, Frullania dilatata i Hedwigia ciliata
(3epos, 1939, 1964).

Ha novatky 80-x pokiB MWHyMNoro cTtoniTtss Oyno npoBedeHo OpiodriopncTuyHe OBCTEXEHHS
nicoctenoBoi 4acTuHu [puaHinpoBcbkoi BucounHu (BupueHnko, 1986). Ha Tteputopii aeHaponapky
ocobnuBa yBara npuginsnacb MOXOMoAibHMM rpaHiTHMX BIACNOHEHb Y PI3HUX YMOBaX OCBITNIEHHSI Ta
3BOJIOXXEHHS. YCcboro 6yno BusiBneHo 34 Buau, 3 sikux 30 BUSBMAMCH HOBMMMW OJ1S1 ICTOPUYHOI YaCTMHU
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napky. 3aranom, 3a ABa nepiogn GpionoriyHnx gocnimpkeHe Ans iCTOPUYHOI YacTUHM AeHaponapky 6yno
BCTaAHOBIIEHO 3pOCTaHHA 36 BuaiB.

Cy4yacHi KOMMMEKCHi  OOCMiMKEHHA BWOOBOIrO Pi3HOMAHITT  MOXOMOAIOHMX  OeHOponapky
npoBoastbcs 3 2017 p. [JocnimKeHHAMM OXOMSIEeHi MOXW, WO 3pOCTalTb Ha Pi3HMX cyOcTpartax:
ctoBbypax gepeB (enidiTHi), NeHbkax, NoBaneHux gepesax (€niKCurbHi), yHOAMEHTaX apXiTEKTYPHUX
crnopya, Ha BanyHax, Manux apxiTektypHux cdopmax (Basax, hoHTaHax), NianipHUX Kam’siHUX CTiHKax
(eniniTHi) Ta Ha NOBepPXHIi I'PYHTY (enirenHi Moxu).

0O6’ckTn Ta MeToaAM QOCNIOXEHHSA

Ynpogoex 2017-2019 pokiB aBTOpamu 6ynu NnpoBeaeHi AOCNIMKEHHSI BUOOBOrO Cknagy enireiHmx
MOXOMNOAIOHMX AeHaponoriYyHoro napky «OnekcaHapisay, siKMiA po3TalloBaHWA B MiBHIYHO-CXIQHIA YaCTUHI
MpaBobepexHoro nicocteny 3 reorpadivyHMy koopanHatamm: 49°48'43” niBHivHOI WmpoTn Ta 30°04°01”
cxigHoi goBrotn. OGCTeXeHHs 34iNCHIOBANK B nokaniteTax iCTOPMYHOI YacTuUHW aeHaponapky (puc. 1). B
pobOTi BMKOPUCTOBYBANW 3aranbHOMPUIAHATI MeToan NOPUCTUYHMX MONbOBUX AOCrigkeHb. Hassu
MOXOMoAibHnx HaBegeHO 3a Yeknictom moxonofidoHux YkpainHm (bonko, 2008a, 2014). Kopotkui
TaKkCOHOMIYHUI aHani3 npoBeaeHo 3a bownko (bowko, 20086).

iy

Puc. 1. Cxema TepuTopii icTopuyHOI YacTuHM aeHaponapky «OnekcaHapis» (nokanitetn 1-32)
Fig. 1. Scheme of the territory of the historical part of the arboretum "Olexandria” (localities 1-32)

Pe3ynbTtaTtn Ta 06roBopeHHs

PesynbTatv npoBedeHux JocnifkeHb MNokasanu, WO eniremHa 6piodrnopa AeHgponapky
«OnekcaHgpia» Ha TenepiwHin Yac Hanivyye 40 BuaiB. BoHa npegctasneHa 25 pogamu, 14 pognHamu,
7 nopsigkamu, 2 knacamu i 1 Bigginom (tabn.).
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Tabnuusa. TakcCOHOMIYHMW cKnap enireMHUX MOXONoAiOHUX iICTOPUYHOI YacTUHM AeHAponapky
«OnekcaHpgpia»

Table. Taxonomic composition of epigean mosses of the historical part of the arboretum
"Alexandria"

Poanna | Pig | Bupg
Bipgain Bryophyta
Knac Polytrichopsida
Mopsigok Polytrichales
Polytrichaceae | Atrichum | A. undulatum (Hedw.) P. Beauv.
Knac Bryopsida
Mopsgok Funariales

Funariaceae Funaria F. hygrometrica Hedw.
Physcomitrium P. pyriforme (Hedw.) Bruch et Schimp.
Mopsgok Dicranales
Fissidentaceae Fissidens i ﬁ:ggﬁ’: (gsvc.j;lv\}vahlenb.
Ditrichaceae Ceratodon C. purpureus (Hedw.) Brid.
Dicranaceae Dicranella D. heteromalla (Hedw.) Schimp.
Mopsgok Pottiales
Barbula B. convqluta Hedw.
B. unguiculata Hedw.
Ephemerum E. minutissimum Lindb.
T. acaulon (With.) R. H. Zander
Pottiaceae Tortula T. muralis Hedw.
T. subulata Hedw.
T. truncata (Hedw.) Mitt.
Weissia W. brachycarpa (Nees et Hornsch.) Jur.
W. longifolia Mitt. (Astomum crispum (Hedw.) Hampe)

Mopsagok Splachnales
Meesiaceae | Leptobryum | L. pyriforme (Hedw.) Wilson
Mopsgok Bryales

B. argenteum Hedw.
B. caespiticium Hedw.
Bryaceae Bryum B. capillare Hedw.
B. moravicum Podp.
B. rubens Mitt.
P. cuspidatum (Hedw.) T. J. Kop.
, Plagiomnium P. rostratum (Schrad.) T. Kop.
Mniaceae P. undulatum (Hedw.) T. J. Kop.
Pohlia P. nutans (Hedw.) lindb.
Mopsagok Hypnales
Amblystegium A. serpens (Hedw.) Schimp.
Amblystegiaceae Cratoneuron C. filicium (Hedw.) Spruce
Hygroamblystegium | H. varium (Hedw.) Monk.
Leptodictyum L. riparium (Hedw.) Warnst.
Leskeaceae Leskea L. polycarpa Hedw.
Brachytheciastrum | B. velutinum (Hedw.) Ignatov et Huttunen
B. campestre (H. Mill.) Schimp.
Brachythecium B. rivulare Schimp. .
Brachytheciaceae B. rutabulum (Hedw.) Schimp.
B. salebrosum (Hoffm. ex F. Weber et D. Mohr) Schimp.
Cirriphyllum C. piliferum (Hedw.) Grout
Oxyrrhynchium O. hians (Hedw.) Loeske
Hypnaceae Hypnum H. cupressiforme Hedw.
Thuidiaceae Thuidium T. assimile (Mitt.) A. Jaeger

BicHuk XapkiBcbKoro HauioHanbHoro yHiBepcuteTy imeHi B. H. KapasiHa
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MepeBaxatoTb NpeacTaBHMKKM Knacy Bryopsida Bigainy Bryophyta, ix HapaxoByeTbcs 39 Buais, WO
cknagae 97,5 % yciei enirerHoi Opiodnopu. ®nopa enirevHMXx MOXIB AeHOponapKy HawbinbL
npeacraeneHa sugamum 3 nopsakie Hypnales (14 Bugis), Pottiales (9 BugiB) Ta Bryales (9 sugis).

MpoeigHMmn poamHamu € Pottiaceae (9 BuaiB), Brachytheciaceae (7 BuaiB), Bryaceae (5 Buai),
Amblystegiaceae Ta Mniaceae (koxHa no 4 Buam). [daHi poguHu HanivytoTb 29 Bugis i ctaHoBNATb 70,7 %
Bif 3aranbHOI KinbkocTi enireis. MposigHuMmn pogamu Buasunucs: Bryum (5 sugis), Brachythecium (4),
Tortula (4) Ta Plagiomnium (3). Cnig 3as3Haunty, Wo B 3B’A3KY 3i 3MIHOK KIiMaTM4yHUX YMOB BUAM poOay
Tortula ©yoyTe mMatTu Oinbl CNPUATNAMBI YMOBU ANsl 3POCTaHHS Ha rpyHTax napKy, OCKINIbKW BOHWU
NOLUMPEHi B 00NacTAX i3 3aCyLUnMBUM KITiMaToOM.

Ha TenepiwHin yac 6piocdnopa geHaponapky «OnekcaHapisay Hanivye 98 Buais, 3 HuX 40 TakCoHiB
npeacTaBneHni enireiHMMM MoxonoAibHMMK, wo ctaHoBuTb 40,8 %.

JocnigpkeHHAMN BUSIBIIEHO HasiBHICTb OBOX perioHanbHO pigkicHMX BMAiB B Mexax JlicoctenoBoi
30HU YKpainu: Barbula convoluta ta Bryum rubens (Bowko, 2010). Ui Bugn 6ynn Hamu 3HangeHi B
LUeHTpanbHi YacTuHi napky B nokaniteti 14, ge BoHM 3poctanu pasom 3 Tortula acaulon, Ceratodon
purpureus, Dicranella heteromalla, Ephemerum minutissimum ta Weissia brachycarpa.

Puc. 2. OpgHi i3 Hambinbw nowwupeHux o6GniraTHUX enireMHUX MoXiB: npaBopyy — Atrichum
undulatum, niBopy4 — Plagiomnium undulatum

Fig. 2. Atrichum undulatum (in the right) and Atrichum undulatum (in the left) — representatives of
the most common obligate epigeal mosses

Cnig 3asHaunTn, wo B 2018 poui B Aibposi AgeHaponapky «OnekcaHapisa» (B nokaniteti 14) Hamu
3HangeHun Ephemerum minutissimum, e BiH 3poctaB pa3oM 3 Dicranella heteromalla, Bryum rubens,
Barbula convoluta, Ceratodon purpureus, Tortula acaulon i Weissia brachycarpa (Ellis et al., 2019). B
YKpaiHi uen Bug OyB BMSIBNEHMW nuvwe Ha okonuui bpaunaea y BiHHuupbkin obnacti B 1939 poui
(BankoBcbkuii, CaBocTbsiHOB, 1939).

[ocnigxeHHAMM BCTaHOBMEHO, WO cepeq BuUABNeHMx TakcoHiB 50 % (20 BwuaiB) Oynm
dakyneTatuBHnumu Ta 20 Bugis (50 %) obniraTHUMK eniresmu.

PesynbTatv gocnimpkeHb eniremHmMx MoxonogioHux nokasanu, Lo 3arasioMm HanodinbL NOWNPEHNMHA
BMAaMM, WO 3pOCTany Ha rpyHTax iCTOPUYHOI YacTuHM AeHaponapky, Busisunuca Ceratodon purpureus,
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Oxyrrhynchium hians, Hypnum cupressiforme, Atrichum undulatum Ta Bryum moravicum. Jewo pigwe
3yctpivanuca  Brachytheciastrum  velutinum, Brachythecium rutabulum, Fissidens taxifolius,
Hygroamblystegium varium, Plagiomnium cuspidatum Ta Plagiomnium undulatum. B Ton Xe 4ac cnig
3ayBaXWTW, WO B 3axigHiM 4YacTWHi napky HaWbinbw nOWMpPEeHUMU Buaamun BusiBunuca Atrichum
undulatum, Bryum moravicum, Oxyrrhynchium hians, Hypnum cupressiforme, Brachytheciastrum
velutinum, Hygroamblystegium varium, B ueHTpaneHii — Bryum moravicum, Hypnum cupressiforme,
Ceratodon purpureus, B cxigHin YactuHi — Oxyrrhynchium hians, Fissidens taxifolius, Fissidens viridulus
Ta Brachythecium rutabulum (puc. 2). OguHn4HO (ski 6ynu BusiBneHi B 1-5 onmucax) Tpannanucsa Taki
BUAN MoxiB, Ak Bryum capillare, Bryum caespiticium, Cirriphyllum piliferum, Dicranella heteromalla,
Ephemerum minutissimum, Funaria hygrometrica, Thuidium assimile Ta aeski iHLi.

PesynbTatv gocnigxeHb nokasanu, WWo Hanbinblwe BuaoBe HaraTCTBO enireiHux MOXOMOAiGHMX
BMSIBMIEHO B JlOKamniTeTax LeHTpanbHOi YacTuHu gdeHpponapky «OnekcaHgpis» (29 TakcodiB). [Oelio
MeHLUe yucro BuaiB Oyno B nokanitetax 3axigHoi (24 suawn) Ta cxigHoi (20 BuaiB) yactuH napky. dewo
Oinbwe BuaoBe OaraTCTBO enireMHMx MoxonodibHMx B JlokamniTeTax LeHTpanbHOi 4acTMHUM NapKy
MOSICHIOETBCS TWM, LO BOHW 3pOCTaloTb B KpalMX YMOBax OCBITIIEHHS, 3BOJIOXEHHS, MEHLUOI
3a0yp’AHEHOCTi I'PYHTIB, OCKINIbKM TYT MPOBOAUTLCH PErynspHe BUKOLUYBaHHS TPaB’SHUCTOIO MOKPUBY
TOLLO.

Cnig 3a3HaunTw, Wo Taki Buau, sik Bryum capillare, Funaria hygrometrica, Physcomitrium pyriforme
Ta Tortula fruncata, 6ynn Hamun BuSBNeEHi TiNbkn B 3axigHin yacTtuHi, Bryum rubens, Brachythecium
campestre, Ephemerum minutissimum, Fissidens viridulus, Leptobryum pyriforme, Plagiomnium
rostratum, Thuidium assimile, Tortula acaulon — B ueHTpaneHin Ta Brachythecium rivulare — B CXigHin
YacTuHI napky.

BucHoBku

3a pesynbTatamMm nNpoBeAEeHMX [OOCHiMKEeHb BCTAHOBJIEHO, LLIO Ha TenepilHin 4ac enirerHa
Opiocdrnopa icTopnyHOi YacTuHM aeHagponapky «Onekcangpis» HapaxoBye 40 BuAiB, LLIO CTAHOBUTb
40,8 % Big 3aranbHOro 4vcna BusBneHux 6piodiTie. BoHa npeacTtaeBneHa 25 pogamu, 14 poavHamu,
7 nopsigkamu, 2 knacamu i 1 Bigainom. MNposigHumn poanHamu €: Pottiaceae (9 BuaiB), Brachytheciaceae
(7 BngiB), Bryaceae (5 BuaiB), Amblystegiaceae Ta Mniaceae (koxHa no 4 sugwn). lNposigHMMKN pogamm
BusBunucs: Bryum (5 Buais), Brachythecium (4 sugwn), Tortula (4 Buamn) Ta Plagiomnium (3 sugn). Cepeg
BUSIBNIEHUX TaKCOHiB 2 Buau: Barbula convoluta Ta Bryum rubens € perioHanbHO PigKiCHUMKW B Mexax
nicocTenoBoi 30HM YKpaiHW. Hambinblw nowmpeHumm Bugamu, WO 3pOoCcTanu Ha rpyHTax iCTOpUYHOI
YacTUHU JdeHaponapky, BusBunuca HacTynHi: Ceratodon purpureus, Oxyrrhynchium hians, Hypnum
cupressiforme, Atrichum undulatum Ta Bryum moravicum. Hanbinbwe BugoBe 6GaraTcTBO enirevHux
MOXOMOAIOHMX BMSIBMEHO B JlOKaniTeTax UeHTpanbHOi YacTuHM AeHgponapky «OnekcaHapis»
(29 TakcoHiB).
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Investigation of the flora of epigean bryobionta of the Olexandria

Dendrological Park
L.Ya. Pleskach, V.M. Virchenko

Species composition of epigeic bryophytes of the Olexandria Dendrological Park, located in the northeast of the
Right-Bank forest-steppe of Ukraine, was studied. The research was conducted in 2017-2019. As a result,
40 species of 25 genera, 14 families, 7 orders, 2 classes, and 1 division were registered. A taxonomic analysis
showed that the orders Hypnales (14 species), Pottiales (9 species) and Bryales (9 species) are represented best.
The main families were as follows: Pottiaceae (9 species), Brachytheciaceae (7 species), Bryaceae (5 species),
Amblystegiaceae and Mniaceae (4 species each). The most speciose were the genera Bryum (5 species),
Brachythecium (4 species), Tortula (4 species) and Plagiomnium (3 species). Among the identified taxa, two species,
(Barbula convoluta and Bryum rubens) are regionally rare in the Forest-Steppe zone of Ukraine. In the historical part
of Olexandria, five species Ceratodon purpureus, Oxyrrhynchium hians, Hypnum cupressiforme, Atrichum
undulatum, and Bryum moravicum were the most common epigean bryophytes. In the western part of the
Dendropark, the prevalent species were Atrichum undulatum, Bryum moravicum, Oxyrrhynchium hians, Hypnum
cupressiforme, Brachytheciastrum velutinum, and Hygroamblystegium varium, in the central part — Bryum
moravicum, Hypnum cupressiforme, Ceratodon purpureus, and in the eastern part — Fissidens taxifolius, Fissidens
viridulus, and Brachythecium rutabulum. Twenty species (50 % of the identified taxa) were obligate epigees while the
other 20 species belonged to the facultative epigees. In 2018, a new species to the Dendropark’s bryoflora,
Ephemerum minutissimum, was found in an oakery (locality 14). It grew there together with Dicranella heteromalla,
Bryum rubens, Barbula convoluta, Ceratodon purpureus, Tortula acaulon, and Weissia brachycarpa. This is the
second record of E. minutissimum from Ukraine. The highest number of epigeic moss species was registered in the
central part of Olexandria (29 taxa). At present, the epigeic bryoflora of the Dendropark’s historical part comprises
44 % of its whole bryoflora (90 species).

Key words: epigeic bryofiora, regionally rare species, Olexandria Dendrological Park.
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UccnepoBaHue conopbl anUremHbIX MOXOo6pa3HbIX AeHAponapKa

«AnekcaHppusa»
J1.A. NMneckay4, B.M. BupyeHko

B TeueHne 2017-2019 rr. npoBedeHbl WUCCNeLOBaHMS BWMAOBOrO COCTaBa 3MUreMHbIX  MOX006pasHbIX
OEHOPONorMyeckoro napka «ArnekcaHapusi», pacrofioXEHHOTO B CEBEPO-BOCTOMHOM 4acTu [paBobepexHoi
necoctenu. Pe3ynbTaTbl NpoBeAEHHbIX UCCreaoBaHMI noka3anu, YTo anureHas Gpuodrnopa MCTopUYECKon YacTu
geHgponapka «AnekcaHaopusi» HacuutbiBaeT 40 BumpoB. OHa npeactaBneHa 25 pogamu, 14 cemenictBamu,
7 nopsagkamu, 2 knaccamu u 1 otgenom. TakCOHOMUYECKUIA aHann3 anurenHblX MXOB AeHApornapka nokasarn, Y4To B
dnope anurees Hanbonee npeacrtasneHsbl nopsaku Hypnales (14 supos), Pottiales (9 Buaos) u Bryales (9 sugos).
Benywmmn cemericteamu aenisitotca Pottiaceae (9 BuaoB), Brachytheciaceae (7), Bryaceae (5), Amblystegiaceae n
Mniaceae (xaxpgoe no 4 snaa). Begywwmmmn pogamun okasanuce: Bryum (5 BugoB), Brachythecium (4 Buga), Tortula (4
Buga) u Plagiomnium (3 Bupga). Cpean BbISBNEHHbIX TakCOHOB ABa Buaa (Barbula convoluta v Bryum rubens)
SIBMNSIIOTCS peruoHanbHO peakumu B Mpefernax IecocTenHow 30Hbl YKpauHbl. Hambonee pacnpocTpaHeHHbIMU
SMNUrerMHbIMU BUAaAMK, pacTyLlMMM B WUCTOPUMYECKOW YacTuM JeHpponapka, okasanuck Ceratodon purpureus,
Oxyrrhynchium hians, Hypnum cupressiforme, Atrichum undulatum v Bryum moravicum. pu 3TOM OTMEY€eHO, 4TO B
3anagHon YacTy napka Hanbonee pacnpocTpaHeHHbIMW Buaammn okasanuce: Atrichum undulatum, Bryum moravicum,
Oxyrrhynchium hians, Hypnum cupressiforme, Brachytheciastrum velutinum, Hygroamblystegium varium, B
ueHTpanbHom — Bryum moravicum, Hypnum cupressiforme, Ceratodon purpureus, B BOCTOYHOW 4Yactm —
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Oxyrrhynchium hians, Fissidens taxifolius, Fissidens viridulus w Brachythecium rutabulum. Cpegun BbISIBNEHHbIX
TakcoHoB 50 % (20 BmaoB) Obinn dakynbTatwBHbiMKM M 50 % — obnuratHeiMu anuresmn. B 2018 r. B aybpase
AeHpponapka (nokanutet 14) HaMu BbISIBNIEH HOBLIN ANst Napka By, Ephemerum minutissimum, roe oH poc BMeCTe ¢
Dicranella heteromalla, Bryum rubens, Barbula convoluta, Ceratodon purpureus, Tortula acaulon w Weissia
brachycarpa. OTo BTOpas Haxogka E. minutissimum B YxpauHe. Haubonbluee BugoBoe OoraTcTBO SnureriHbIX
MOX0006pa3HbiX OBHapyXeHO B nokanuTeTax LEeHTpanbHOW 4acTu geHaponapka «AnekcaHapusa» (29 TakCOHOB).
OnurenHas Gpnodrnopa NCTOPUYECKON YacTu AeHAponapka B HacToswee Bpems coctaBnseTt 44 % Bcen 6pnodnopsbl
(90 BngoB).

KnroueBble cnoBa: anuzeliHas 6puogbriopa, peauoHabHO pedkue 8udbl, 0eHOponapK «AnekcaHopusi».
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Molecular genetic data in terms of associative and population genetics
L. Atramentova, H. Ehyakonandeh

In studies on associative genetics of various multifactorial diseases, it is most often found that the minor allele’s
frequency in the group of patients is higher than in the group of healthy people. Due to reduced adaptation, the minor
allele manifests itself as a disease. In the group of patients, the number of homozygotes by major allele is reduced,
the number of heterozygous carriers of the provocative allele is increased, and the frequency of homozygotes by the
provocative allele is significantly increased. The aim of this article was to analyze the unusual result for SNP 1298A/C
of the MTHFR gene in multiple sclerosis, previously obtained by one of the authors. The allele frequencies in the
control group and in the group of multiple sclerosis do not differ, but the distribution of genotypes in the patients does
not correspond to the Hardy—Weinberg ratio in compare to healthy people. Among patients, the number of
heterozygotes is increased and the number of each homozygote is decreased. The increase in the proportion of
heterozygotes can be explained by the presence of one provocative allele, but the large shortage of homozygotes for
the minor allele is unclear. To explain this fact, the composition of the group of patients was analysed. The patients
are of different ages, this group is heterogeneous in sex and form of multiple sclerosis, but none of these indicators
has not be taken into account in the analysis of the distribution of genotypes. The age of the disease is a diagnostic
sign and may depend on the genotype. The manifestation of multifactorial diseases depends on gender as well.
Clinical forms of the disease usually have a different genetic basis. Due to the neglect of these conditions, a
genetically heterogeneous group is formed, and any result, difficult for explanation, can be obtained. The lack of CC
genotypes may be due to increased mortality, which reduces the probability of patients to be investigated in the
sample. These facts once again indicate the need to form homogeneous groups for research on associative genetics.

Key words: multiple sclerosis, SNP 1298A/C MTHFR, associative genetics, science methodology, research design,
sample formation, natural selection, Hardy—Weinberg equilibrium.
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Introduction

Associative genetics typically uses a case/control pattern. The most important condition for
a reliable conclusion from such is an investigation of representative samples. When forming a group of
patients and a control group, their comparability by sex, age, ethnic origin, and lifestyle must be ensured.
When it comes to multifactorial pathological signs with varying age of manifestation, the formation of
comparable groups becomes especially difficult. In such research works, the most frequent errors are
generated as a result of incorrect methodology which distort the result. A frequent drawback of many
works on associative genetics is the use of biased samples. Usually they are heterogeneous by gender,
age, origin of group members, and the variance of these indicators in the compared groups does not
coincide. When characterizing the groups being compared, authors often only state their comparability,
without giving any numerical characteristics, or giving only fragmentary information from which it is
impossible to make an idea of the true state of affairs. It is known from practice that a group of patients is
usually more heterogeneous in age and the statement about the equality of middle age and/or other
biologically important indicators is not a serious argument for the methodological correctness of the study.
The distribution of subjects by gender is also a big problem. Usually in the main group, the proportion of
men and women reflects this ratio in the population. In the control group, this ratio is determined by the
unequal willingness of healthy men and women to participate in the study.
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It is not difficult to perform a formal genetic analysis according to molecular genotyping data, but it
can be difficult to explain the result obtained in such samples. This also raises the question of the
reliability of the source data. The analysis of the questions that arise when reading articles devoted to the
description of the results of molecular genetic analysis was the aim of this article.

Materials and methods

For the analysis, we used the results of genotyping by SNP 1298A/C of the MTHFR gene obtained
by one of the authors of this article (Naghibalhossaini et al., 2015). 180 patients with multiple sclerosis
and 186 healthy residents of southern Iran were examined. The algorithm of genetic-statistical analysis
was described in our previous work (Ehyakonandeh, Atramentova, 2020). The prevalence index of
multiple sclerosis obtained from (lzadi et al., 2015) was used in calculations of some statistical indicators
(Atramentova, 2015).

Results

The frequency distribution of genotypes in the group of patients with multiple sclerosis differs
significantly from the distribution of genotypes in the control group (table 1). The number of AC
heterozygotes in this group is almost one and a half times higher than the control value (68 % vs 46 %),
and the proportion of homozygotes is reduced: AA is almost one and a half times (29 % vs 42 %), CC is
more than four times (3 % vs 12 %). The frequency distribution of genotypes in the control group ideally
corresponds to the Hardy—Weinberg proportion (p?aa: 2pgac: g%cc).

Table 1. The distribution of genotypes in healthy people and patients

Genotypes 1298A/C

Group Index AA AC cC Total
n* 79 85 22 186
Control % 425 457 11.8 100
95% ClI 35.6 — 49.7 38.7-52.9 7.9-173
n* 53 122 5 180
Patients % 29 4 67.8 238 100
95% ClI 23.3-36.5 60.6 — 74.2 10-65
A 11.44 11.48 14.21
RR 0.69 1.48 0.24

* — Naghibalhossaini et al., 2015, Cl — confidence interval, RR — relative risk, A — change from control, | — decrease,
1 —increase.

Allele A is the major one in the population of southern Iran. Allele frequency ratio (pa = 0.653, qc =
0.347) significantly differs from the 1 : 1 ratio (p < 0.05), that may indicate the adaptive disambiguity of
these alleles with a selective advantage of one of them, although the drift of genes cannot be ruled out.
Though the allele frequencies in patients were almost the same as in the control group, the distribution of
genotypes did not correspond to the Hardy—Weinberg proportion.

Table 2. The allele frequencies

Group Allele Frequency 95 % CI
Control A 0.653 0.604 — 0.700
C 0.347 0.300 — 0.397
Patients A 0.633 0.582 —0.682
C 0.347 0.319-0.418

Cl - confidence interval.
Confidence intervals indicate the significance of all calculated odds ratio (OR) (table 3).
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Table 3. Odds ratio for different genotypes

Testing a b ¢ d OR InOR smor 95%CIINOR  95% CIOR
genotype
AA 53 79 127 107 0565 —0571 022 -1.011.-0131 0.36—0.88
AC 122 85 58 101 2500 0916 022 0476—1.356 1.61—3.88
cC 5 22 175 164 0213 -1532 051 -2.552...-0.512 0.08—0.60
AA+CC 58 101 122 85 0400 -0.916 022 —1.356...-0476 0.26—0.48

a — the number of patients with the testing genotype, b — the number of healthy people with the testing genotype, ¢ —
the number of patients without the testing genotype, d — the number of healthy people without the testing genotype,
OR - the odds ratio, simor — the standard error of INnOR, CI — the confidence interval.

The RR value shows how much the risk of the disease is changing for the given genotype in
comparison to the empirical risk (17) calculated as mRR. So, if we assume that the empirical probability for
a resident of southern Iran to get multiple sclerosis is approximately 0.072 %, then the risk for AA and CC
genotypes is reduced, and for the genotype AC is increased. The feasibility of using this method for
screening programs can be estimated based on the statistical characteristics of the test (table 4).

Table 4. Statistic characteristics of the tests

. Genotype
Characteristics A CC ac
Prevalence, = 0.000721*
Index of sensitivity, % 40.2 18.5 58.9
Index of specificity, % 59.8 81.5 411
Prognostic value of positive result, % 0.05 0.03 1.2
Prognostic value of negative result, % 99.91 99.92 99.95

*|zadi et al., 2015

As can be seen, the prognostic significance of the results of testing the genotype for polymorphism
1298A/C of the MTHFR gene is very low, and this method is not advisable to include in screening
programs. Nevertheless, it can be useful for consulting patients when choosing a treatment method taking
into account the characteristics of the genotype, if any are found in special studies.

Discussion

In studies on associative genetics of various multifactorial diseases, it is most often found that the
minor allele’s frequency in the group of patients is higher than in the group of healthy people. This is not
surprising, since it logically follows from the fact of the minority of the allele, due to its reduced
adaptability, which manifests itself as a disease. In such cases, the minor allele is designated as
provocative, and the major one as preventive in relation to the studied disease. The change in allele
frequencies in the group of patients is caused by a shift in the ratio of genotypes compared to the control
group. In the group of patients, the frequency of heterozygotes with one dose of a provocative allele is
usually increased, and the frequency of homozygotes in the minor allele with two doses of a provocative
allele is even more increased. The frequency of homozygotes for the major preventive allele is lower than
in the control. This ratio of genotypes in the main and control groups is observed with the same viability of
all genotypes. The similar result was found for the SNP 677T7/C genotype of the same gene
(Naghibalhossaini et al., 2015).

With regard to the MTHFR gene described by SNP 1298A/C, an unusual result was obtained. The
allele frequencies in the control group and in patients with multiple sclerosis practically do not differ, but
the distribution of genotypes in the group of patients is unusual. Among patients, the frequency of
heterozygotes is increased and the frequency of both homozygotes is reduced. The formal phrase that
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the observed distribution of genotypes corresponds to a certain genetic model gives little to understand
this unusual result. It can be explained in different ways, for example by selection against heterozygotes.
In this case, heterozygotes are characterized by reduced fithess compared to both homozygotes. The
most famous example of the selection against heterozygotes is the hemolytic disease of newborns due to
the incompatibility of Rh-positive fetus and Rh-negative mother. The physiological mechanism of
hemolytic disease is well known, but how the reduced fithess of patients with the 1298AC genotype of the
MTHFR gene is formed is not yet clear. Another reason for the unusual distribution of genotypes in the
group of patients may be the uneven survival of patients with different genotypes (Fig. 1).

AA AC cC
Healthy Healthy
Healthy Deaths due to

multiple sclerosis
Multiple sclerosis

- - Multiple sclerosis
Multiple sclerosis P

Fig. 1. Scheme of population distribution and inclusion of patients in the sample

Following the logic described above, we assume that the major allele A of polymorphism 71298A/C
MTHFR is protective, and the minor C is provocative. Then in the group of patients we naturally expect
the percentage of AA homozygotes to be lower, and the percentage of AC heterozygotes and CC
homozygotes to be higher than in the control. Nevertheless, the result coincides with the expected only
partially and the patient sample seems to be truncated due to the lack of CC genotypes. It can be
assumed that the lack of CC genotypes is due to more severe manifestation of the disease with increased
mortality rate, which reduces the likelihood of patients with the CC genotype falling into the researcher's
field of vision. This explanation seems reasonable, since the increased mortality rate of patients with
multiple sclerosis is the well-known fact (Lunde et al., 2017).

The methodological problem of this study is probably non-comparable sex ratio in studied groups.
In the group of multiple sclerosis, women account for 74 %, and the sex ratio in the control group is not
indicated at all. Exposure to multifactorial diseases is known to be modified by sex. This means that the
genetic and statistical characteristics obtained in such samples are subject to a statistical artifact similar
to the long-known Simpson’s paradox (Armitage, Berry, 1994). Multiple sclerosis is an age-related
disease. Although the groups are heterogeneous by age, statistical indicators of the age distribution of
patients and healthy people are not indicated, namely age can be the cause of a shift in genotypes due to
differential survival of patients. It is important in terms of genetics that the studied group of patients is
phenotypically heterogeneous, it presents patients with three forms of multiple sclerosis: relapsing—
remitting multiple sclerosis (MS) — 128 (71 %), secondary progressive MS — 43 (24 %), primary
progressive MS — 9 (5 %). These forms of multiple sclerosis can be associated with various genetic
variants, therefore it is always important to ensure their maximum possible uniformity when forming
groups for genetic analysis.

When reviewing scientific publications, authors usually indicate that the results do not coincide. The
reason for this, as we see, may be in a different way of sampling, in particular, differentiation of the
clinical forms of the disease. As for the polymorphism 1298A/C, for a definitive answer to its role in the
disease of multiple sclerosis, it is necessary to conduct research on a well-organized sample.

References
Armitage P., Berry G. (1994). Statistical methods in medical research. Blackwell Scientific Publications,
Oxford. 620 p.
Atramentova L.A. (2015). Design and statistics of biological research. Kharkiv: NTMT. 269 p. (in Russian)
Ehyakonandeh H., Atramentova L.A. (2020). Prognostic value of markers in associative genetics. The
Journal of V.N. Karazin Kharkiv National University. Series "Biology", 34, 63—-68. https://doi.org/
10.26565/2075-5457-2020-34-7

BicHuk XapkiBcbKoro HauioHanbHoro yHiBepcuteTy imeHi B. H. KapasiHa
The Journal of V. N. Karazin Kharkiv National University



J1.0. AtpameHTOoBa, X. EXbsikOHaHAex m
L. Atramentova, H. Ehyakonandeh

Izadi S., Nikseresht A.R., Poursadeghfard M. et al. (2015). Prevalence and incidence of multiple sclerosis
in Fars Province, Southern Iran. Iran J. Med. Sci., 40(5), 390-395.

Lunde H., Assmus J., Myhr K.M. et al. (2017). Survival and cause of death in multiple sclerosis: a 60-year
longitudinal population study. Journal of Neurology, Neurosurgery, and Psychiatry, 88(8), 621-625.
https://doi.org/10.1136/jnnp-2016-315238

Naghibalhossaini F., Ehyakonandeh H., Nikseresht A., Kamali E. (2015). Association between MTHFR
genetic variants and multiple sclerosis in a Southern Iranian Population. Int. J. Mol. Cell Med., 4(2), 87—
93.

MonekynsipHO-reHeTUYHI AiaHi 3 TOYKU 30pYy acouiaTUBHOI Ta NONynsLUinHOI
reHeTUKun
J1.0. AtpameHToBa, X. ExbsikoHaHAex

Y pocnifKeHHsX 3 acouiaTUBHOI FeHEeTUKN MynbTUAAKTOPHUX 3aXBOPKOBaHb 3a3BM4Yan BUSIBNSETHCS, LIO 4YacToTa
pigkicHoro B nonynsauii anens B rpyni nauieHTiB BuUWa, HbK y rpyni 340poBux nofen. Yepes 3HKEHy
NPUCTOCOBaHICTb MIHOPHUI anenb NPOSIBMSETLCA $K xBopoba. Y Takmx Bunagkax pigkiCHMI anenb (OyHKUIOHYe siK
NPOBOKaTUBHUIN, @ 4YaCcTUM K NPOTEKTMBHMI. B rpyni nauieHTiB KiNbKiCTb roMO3WroT 3a 4YacTUM anernemM 3HWXeHa,
KINbKICTb reTepo3uroTHUX HOCITB MPOBOKaTMBHOrO anens 36inblieHa, avyactoTa romMo3uroT 3a MnpOBOKaTUBHUM
anenem cyTTeBo nigsuweHa. MeTtoto ctaTTi 6yno npoaHanisyBatu He3BuYHUI pe3dynbTtat woao SNP 1298A/C reny
MTHFR npwv po3cigaHOMY CKNeposi, OTpUMaHui paHiwle ogHuM 3 aBTopiB. YactoTa aneniB y KOHTPOSbHIN rpyni Ta y
XBOPUX Ha PO3CISHUIM CKMNepo3 He BiOpPI3HAETbCS, ane pOo3nodin reHoTUniB y nauieHTiB NOPIBHAHO i3 340pOBUMMU
nogbMu He Bignosigae cniseigHoweHHo Xapai—BanH6epra. Cepeq nauieHTIB KinbKicTb retepo3uroT 30inbLieHa, a
KiNTIbKICTb KOXHOI 3 rOMO3UroT 3MeHLWeHa. 30iMblUEeHHs] 4acTKM reTepo3uroT MOXHA MOSICHUTU HAsIBHICTIO OOHOro
NPOBOKaTUBHOIO arens, ane Benuka HecTaya romMo3uroT 3a MIHOPHVMM anenem € He3po3yMminot. Ons NosiCHEHHS
uboro hakTy npoaHanisoBaHO Cknaf rpynu nauieHTiB. Xoda nauieHTM MalTb Pi3HMIM BiK, rpyna HeopHopigHa 3a
cTaTTio i 32 POPMOIO PO3CITHOrO CKIEPO3y, KOAEH 3 NMOKa3HMKIB HE BPaxoBaHWI NPy aHanisi po3noginy reHotunis. Bik
MaHidecTauii 3axBOPIOBaHHSA € iarHOCTUYHOIO O3HAKOD i MOXe 3anexartu Bif reHoTuny. [posiB MynbTUdaKTOPHUX
3axBOpOBaHb 3anexutb Big ctaTi. KniHidHi opMn 3axBOpHOBaHHSA 3a3BuM4Yal MalTb Pi3HY FEHEeTUYHY OCHOBY.
BHacnigok HexTyBaHHA nepenidyeHnMyn ymoBamu OPMYETLCH FEHETUYHO HEOAHOpIAHa rpyna, Ha sk Moxe 6yTu
ogepxaHo 6yab-SKuni pesynbTaT, WO BaXKo noscHUTU. Hectava reHotunie CC moxe 6yt obymoBneHa niaBULLEHOD
CMEPTHICTHO, L0 3MEHLLYE MMOBIPHICTb NOTPaNmsHHA NauieHTiB y BUOipKy. MpoBeaeHuin aHanis we pa3s cBiguntb nNpo
HeobXigHICTb ANs reHeTUYHOro AocChiaXeHHs hopMyBaTH OAHOPIAHI rpyny NauieHTiB.

Knto4oBi cnoBa: po3scigHuti cknepos, SNP 1298A/C MTHFR, acouiamusHa seHemuka, Memo0orioeis Hayku, Ou3aliH
docnidxeHHs, popmysaHHs 8ubipku, npupodHuUl 0obip, pisHosaza Xapdi—BaliHbepaa.
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MoneKynﬂpHo-reHeTqucxue AaHHbIe C TOYKHN 3peHnsA accouMaTUBHOMU U

nonynaunoH HOW reHeTUKU
J1LA. ATpameHToBa, X. ExbikoHaHAaex

B nccnegoBaHmnsx no accoumMaTvBHON reHeTuke MynbTUakTopHbIX 3aboneBaHuin 06bIYHO OKa3biBaeTCs, YTO YacToTa
peakoro B MOMynAuMW annens B rpynne nauveHToB Bbille, YeM B rpynne 3[40poBbIX Niofgen. M3-3a noHvwkeHHoN
NPUCNOCOBNEHHOCTM MUHOPHBIA  annenb nposiBnseTcd Kak OGonesHb. B Takux cnyyasx pegkui  annenb
bYHKLUMOHMPYET Kak MPOBOKATMBHbLIN, @ YacTbI Kak NPOTEKTUBHLIWA. B rpynne naumMeHTOB KONMYECTBO FOMO3WUIOT MO
YaCcTOMYy anmnernto CHUXEHO, KONMYEeCTBO reTepo3nroTHbIX HOCUTENEN NPOBOKaTMBHOIO annens yBenM4eHo, a YacTtoTa
rOMO3MroT MO NPOBOKATMBHOMY annenio CyLleCTBEeHHO mnoBbliweHa. Llenbio ctatbnm 6bINno npoaHanusuposaTtb
HeoObluHbIA pe3ynbTaT no SNP 1298A/C reva MTHFR npu paccesiHHOM ckrnepose, NOoMyYeHHbI paHee OfHUM U3
aBToOpoB. YacTtoTa annenem B KOHTPOSbHOM rpynne n Yy GOMbHbIX pacCesHHbIM CKMEepo30OM He OTNn4YaeTcs, HO
pacrnpegeneHne reHoTunoB Yy NaLWeHTOB MO CPABHEHWIO CO 300POBLIMU MOAbMW HE COOTBETCTBYET COOTHOLLUEHMIO
Xapaun-BainH6epra. Cpean naumeHTOB KONWYECTBO reTepo3vroT YBENMYEHO, a KONMMYECTBO KaXdoW M3 romMo3urot
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YMeHbLUEHO. YBenuyeHne [Onu reTeposnurotr MOXHO OOBSACHWTb HamMuuMeM OOHOrO NPOBOKAaTMBHOIO anmnens, Ho
HonbLuas HexBaTka roMO3UroT N0 MUHOPHOMY anmnento HenoHsATHa. [na o6bscHeHUs1 3Toro dhakTa NpoaHanu3npoBaH
CoCTaB rpynnbl NauneHToB. XOTS NauMeHTbl UMET pasHbi BO3pacT, rpynna HeOAHOPOAHA Mo Mony v no dopme
paccesiHHOro CKrnepo3a, HM OAWH W3 Mokas3aTenew He yyTeH Npu aHanuse pacnpegeneHus reHotunos. Bospact
MaHudecTauun 3aboneBaHnsa SBNAETCA AMArHOCTUYECKMM NMPU3HAKOM M MOXET 3aBuUCeTb OT reHotuna. MNposieneHve
MyNbTU(AKTOPHbIX 3aboneBaHui 3aBUcuUT OT nona. KnuvHudeckue dopmbl 3aboneBaHnsa oObIYHO MMEKT pasHyto
reHeTu4yecKkylo OcHoBy. Bcneactsue npeHebpexxeHns nepeyncrieHHbIMW YCroBMAMU (DOPMUPYETCH FeHEeTUYECKM
HeogHopoAHas rpynna, Ha KOTOpow MOXeT ObITb NonyyeH NboN pedynbTaT, KOTOPbLIN TPyAHO 06bACHMTL. HexBaTka
reHotunoB CC moxeT ObiTb 00ycrnoBneHa MOBbILLEHHON CMEPTHOCTBIO, YTO YMEHbLUaeT BEPOSATHOCTb MonagaHus
nauneHToB B BbIGOPKY. NpoBeAeHHbIN aHanu3 ele pa3 CBMOETENbCTBYET O HEOOXOAMMOCTU ANA reHeTUYecKoro
ncecnenosaHna OpMMpoBaTh OAHOPOAHbIE rPYMMbl NALUEHTOB.

KnioueBble cnoBa: paccesiHHbil cknepo3, SNP 1298A/C MTHFR, accoyuamueHasi eeHemuka, mMemodosnoausi
Hayku, dusalH uccredosaHusi, popmuposaHue 8biIbOPKU, ecmecmeeHHbIlU ombop, pasHosecue Xapou-BatiH6epea.
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Association of Balantidium coli and intestinal coccidia (Eimeria,
Cryptosporidium, Isospora) in domestic pigs in Azerbaijan
N.A. Hajiyeva

The purpose of our work is to determine the prevalence of associative infections of domestic pigs in the farms of
Azerbaijan. The research was conducted in 2009-2015. The faeces samples were taken from 2272 domestic pigs of
different ages kept in private farms in the districts of Balaken, Zagatala, Shamakhi, Ismayilli, Guba, Khachmaz,
Khudat, Salyan and Absheron peninsula in Azerbaijan, in the region of the Great Caucasus. Species composition,
infection intensity, and ecological features of the pig parasitic protozoans had not been studied prior to our research.
In the course of our study, the associative invasions in domestic pigs were as follows: Eimeria and Isospora oocysts
were found in 582 pigs (25.6 % out of the total animals examined), Eimeria and Cryptosporidium oocysts in 622 pigs
(27.4 %), Eimeria oocysts with Balantidium cysts in 273 pigs (12.0 %), Isospora and Balantidium oocysts in 18 pigs
(0.8 %), Eimeria, Isospora and Cryptosporidium oocysts were detected in mixed form from one pig only (0.04 %).
None of the analysed faecal samples contained a four-component mixed parasitic invasion. The two-component
mixed infestations, viz. Eimeriosis + Cryptosporidiosis and Eimeriosis + Isosporiasis, were recorded during the whole
year, while the prevalence of Eimeriosis + Balantidiosis and Isosporiasis + Balantidiosis mixed infestations decreased
in summer. Keeping pigs of different ages in one pen at the farms increases the risk of associative invasion. In the
pig farms equipped with various technological devices, the epizootic situation is different. If the animals kept
traditionally, the infestation with associative invasions is much higher. Among the animals that live in unventilated
pens with a wooden floor, the intensity of mixed infestation is the highest that results in the extremely high economic
loss in such farms. In the animals kept in warm pens with high humidity, the invasion intensity is high even in winter.
The primary reasons of this phenomenon are heat and humidity that create favourable conditions for the exogenous
development of coccidian oocysts.

Key words: Eimeria, Isospora, Cryptosporidium, Balantidium, domestic pigs, monoinvasion, associative invasion.
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Introduction

One of the factors hindering the increase in livestock and productivity is the association of various
parasitic diseases. Thousands of specimens of a number of parasitic species can invade simultaneously
the host animal and then reside in its organs and tissues, which results in severe degenerative changes,
development delay, and, finally, death (Anisimova, 2013; Kulikova, 2010; Ponomarev et al., 2011).
Parasitoses rarely act as monoinvasions. Mostly, they are caused by a combination of various species,
which form an associative invasion. The course of associative invasions is more severe than that of
monoinvasions (Gavrilova, Petrova, 2015; Maikai et al., 2009; Safiullin, Basynin, 2008; Ponomarev et al.,
2011). Investigation of associative invasions has scientific and practical significance for animal
husbandry. In particular, the study of separate and mixed infestations of balantidium and intestinal and
tissue coccids in domestic pigs is always relevant. It gives grounds for taking preventive measures and/or
measures of pathogen eradication. Species composition, infection intensity, and ecological features of the
pig parasitic protozoans in the region of Great Caucasus of Azerbaijan has not been studied prior to our
research.

The aim of our study was to determine prevalence and composition of associative infections of
domestic pigs in the farms of Azerbaijan.

Material and methods
The material was collected in the districts of Absheron, Salyan (lowland), Khudat, Khachmaz, Guba
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(hills), Shamakhi, Ismayilli, Zagatala, and Balakan (mountains) in 2009-2015 (Fig. 1). To identify parasitic
protozoans, we sampled faecal of 2272 pigs of different ages and then examined the collected material in
the Laboratory of Protistology, Institute of Zoology of National Academy of Sciences of Azerbaijan. Each
faecal sample was kept in 2.5 % potassium dichromate solution. The samples were processed by
Flulleborn’s flotation with the use of Darling’s solution.

After centrifugation, the upper layer of supernatant was screened under a light microscope
AMPLIVAL with magnification x100, 400, and 1000 depending on the objects, viz. Isospora and
Cryptocporidium oocycts, Balantidium cycts and trophozoits. After the ethanol fixation, the slides were
stained with carbol fuchsin and methyl green by Ziehl-Nielsen with a modification adopted to look for
Cryptosporidium oocysts (Henriksen, Pohlenz, 1981). Safaraliyev’'s preservative was used to maintain
viability of the balantidium cysts. Fresh faecal samples were placed on a microscope slide and mixed with
an equal amount of warm isotonic sodium chloride solution. Then the sample was covered with a cover
glass and examined at a low magnification (x100). Detected balantidium vegetative forms and cysts, as
well as coccidian oocysts were measured on the eyepiece micrometer scale x7.

RUSSIA

GEORGIA

ARMENIA

Fig. 1. Map of collecting localities in Azerbaijan

Sample proportion (percentage ratio of the number of animals excreting oocysts to the total number
of examined animals — the disease prevalence (Pr)) and its standard error were calculated (Lakin, 1990)
for each variant of associative invasion.

Results and discussion

Out of 2272 domestic pigs examined in the farms of Azerbaijan, Eimeria and Isospora oocysts
were found in 582 pigs (25.6 % of all surveyed animals), Eimeria and Cryptosporidium oocysts in 622
pigs (27.4 %), Eimeria oocysts with Balantidium cysts in 273 pigs (12.0 %), Isospora oocysts in 18 pigs
(0.8 %), and a mixture of Eimeria, Isospora and Cryptosporidium oocysts in one pig only (0.04 %).
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Table 1. Associative invasions recorded in domestic pigs in Azerbaijan

Diseases
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18,7 19,5 17,9 2,3 0,5
Absheron 380 7 * 74 t 68 t 11 + 2 * - -
2,00 2,03 1,97 0,77 0,36
42,3 53,6 22,7
Salyan 97 41 + 52 + 22 + - - - - - -
5,02 5,06 4,25
39,3 35,7 121 7.1 0,4
Khudat 224 88 + 80 + 27 + 16 * 1 + - -
3,26 3,20 2,18 1,72 0,42
26,6 42,7 10,2 4,0 1,8
Khachmaz 274 73 t 117 t 28 t 11 * 5 t - -
2,67 2,99 1,83 1,18 0,8
24,3 30,6 7,6 3,2 1,4
Guba 222 54 + 68 + 17 + 7 * 3 + - -
2,88 3,09 1,78 1,18 0,79
34,9 34,9 11,8 59 1,9
Shamakhi 152 53 + 53 + 18 + 9 + 3 + - -
3,87 3,87 2,62 1,91 1,11
21,4 19,3 10,5 29 0,1 0,1
Ismayilli 714 153 + 138 t 75 + 21 * 1 + 1 *
1,53 1,48 1,15 0,63 0,12 0,12
19,7 9,4 9,4 55
Balakan 127 25 + 12 * 12 + 7 + - - - -
3,53 2,59 2,59 2,02
29,3 341 7,3 3,7 3,7
Zagatala 82 24 + 28 + 6 + 3 + 3 + - -
5,03 5,23 2,87 2,08 2,08
25,6 274 12,0 3,7 0,81 0,04
Total | 2272 | 582 + 622 + 273 + 86 + 18 * 1 *
0,92 0,94 0,68 0,40 0,57 0,04

Notes: n — number of infected animals; Pr — prevalence of parasitosis; mp% — standard error.

In the course of our study, Eimeria (E. debliecki Douwes, 1921, E. polita Pellerdy, 1949, E. scabra
Henry, 1931, E. perminuta Henry, 1931), Isospora (l. suis Biester, Murray, 1934), Cryptosporidium
(C. parvum Tyzzer, 1912), and Balantidium (B. suis (sp. nov.)) were constantly detected at the pig farms.
Most mixed infections were caused by the protists of two genera that formed two-component parasitic
infection: Eimeriosis + Isosporiasis, Eimeriosis + Cryptosporidiosis, Eimeriosis + Balantidiosis,
Cryptosporidiosis + Balantidiosis, and Isosporiasis + Balantidiosis. Only one case of a three-component
infestation (Eimeriosis + Isosporiasis + Cryptosporidiosis) was registered. The most frequent forms were
Eimeriosis + Isosporidiosis, Eimeriosis + Cryptosporidiosis and Eimeriosis + Balantidiosis. The
prevalance of Eimeria + Isospora infestation ranged from 18.7 % to 42.3 %, and that of Eimera +
Cryptosporia from 9.4 % to 42.7 %. In case of Cryptosporidiosis + Balantidiosis and Isosporiasis +
Balantidiosis, the prevalence was much lower, 3.7 % and 0.81 %, respectively. Eimeriosis +
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Isosporidiosis + Cryptosporidiosis association was registered in one out of 714 animals examined in the
District of Ismayilli (Table 1).

Two-component invasions, viz. Eimeriosis + Isosporidiosis, Eimeriosis + Cryptosporidiosis, and
Eimeriosis + Balantidiosis, were observed in suckling pigs and in 2-5 year-old pigs. Associations of
Eimeria + Isospora (Pr 25.6 %) and Isospora + Cryptosporidia (Pr 27.4 %) were detected in pigs of 6-9
months. Cryptosporidiosis + Balantidiosis and Isosporiasis + Balantidiosis affect pigs of 1-2 and 34
years. Due to higher immunity against coccidiosis, the disease prevalence in the animals of aged group
was lower than that in young animals.

We consider that high prevalence of mixed infestations in animals of six days and from one to nine
months is associated with high animal density in pigsties, failure to comply with veterinary standards and
lack of immunity against these parasitoses. Epizootic situation in the collective farm named after Nikitin in
Ivanovka village of Ismayilli district differs from the situation in the individual farm economies. Keeping
pigs clean in small groups, temporary cleaning and washing the pig flop and place, periodic disinfection of
pens, and automation of technological processes results in low prevalence of infestation. Balantidium
cysts and coccid oocysts were one by one found as a form of mixed infestation during faecal examination
of the materials taken from the animals in this farm. An average prevalence of infestation in Ismayilli
District averaged 0.1-2.14 % (Table 1).

The study of seasonal dynamics of various mixed invasions revealed two peaks, in spring and
autumn.

180 m Absheron
3 160 ® Salyan
é ) :Zg Khudat
s 5 m Khachmaz
5 a 100
_g 80 m Guba
3 60 Shamakhi
40 Ismayilli
20 Balakan
0 . Zagatala

Mixed infestation

Fig. 2. Occurrence of domestic pig infections in the studied districts of Azerbaijan

A complete analysis of faecal samples taken all year round showed that the two-component mixed
infestations (Eimeriosis + Cryptosporidiosis and Eimeriosis + Isosporiasis) were recorded during the
whole year, while the prevalance of Eimeriosis + Balantidiosis and Isosporiasis + Balantidiosis was lower
in summer. Eimeria + Isospora and Eimeria + Cryptosporidium oocysts were found in mixed form during
the whole year. The highest prevalence of Eimeriosis + Balantidiosis was registered in Salyan District
(22.7 %) and on the Absheron peninsula (17.9 %), the lowest ones were recorded from the districts of
Guba (7.6 %) and Zagatala (7.3 %). Invasion of Cryptosporidium + Balantidium was not registered in
Salyan District; the highest prevalence of this invasion was recorded from Khudat District (7.1 %), and the
lowest one, from Ismayilli District (2.9 %) (Fig. 2).
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A three-component mixed infestation (Eimeriosis + Isosporiasis + Cryptosporidiosis) was found in
spring in Ismayilli district. A four-component mixed infestation (Eimeria + Isospora + Cryptosporidium +
Balantidium) was not detected in the examined pigs. In addition to intestinal protozoan parasites, we
found eggs of Ascarissuum spp. (Nematoda) in aged (geriatric) mother pigs.

According to literature data, parasitic diseases are detected in all regions where people keep
domestic pigs. The most spread are parasitic protozoans, helminths and mixed infestations. For instance,
the economies of 14 cities and suburbs were investigated in Kenya (Eastern Africa). In the cities, the
disease prevalence was as follows: Strongylid nematodi (11.7 %), Ascarissuum spp. (1.8 %), Entamoeba
ssp (27.2 %), Balantidium coli (3.8 %) and Coccidia spp. (3.3 %); in the suburbs, it was rather different:
Strongylid nematodi (9.7 %), Ascarissuum spp. (12.9 %), Entamoeba spp. (51.6 %), Balantidium coli
(20.6 %), and Coccidia spp. (5.5 %) (Mhoma et al., 2011). In Russia (the City of Ryazan, 2013), the
prevalance of Ascaridosis + Balantidiosis was 41 %, Ascaridosis + Oesophagostomosis — 21.5 %,
Oesophagostomosis + Balantidiosis — 23.5 %, Nematodiasis + Balantidiosis + Isosporiasis — 9-12 %
(Yengashev et al., 2014).

In Azerbaijan, mixed invasions were studied in various domestic animals (Musaev et al., 1985;
Iskenderova, 2007). For example, in the poultry (goose, duck, quail and turkey) investigated in several
districts in 2002-2010, the highest prevalence was registered in quails and the lowest in turkey
(Gasanova, 2012). The prevalence of Eimeriosis + Cryptosporidiosis in cattle in the Balakan-Shaki region
in 2009-2011 was 14.3 % (Gaibova et al., 2011).

Epizootic situations of parasitic diseases in the pig breeding farms vary depending on the
technologies used. The prevalence of various parasitoses is higher in the animals under traditional
treatment if they are kept in pens with wooden floor not cleaned in a proper way. Monoinfections
complicated with mixed invasions thrive in such farm economies that causes severe economic losses.

We consider that keeping old (geriatric) and young pigs together in farm economies promotes
occurrence of associative invasions. Being the source of infection in latent period, these animals play an
important role in spreading pathogens of various diseases. Untimely cleaning and disinfection results in
activation the pathogenic forms (appearance of infective stages of parasites) that, in turn, increases the
prevalence and infection intensity of both mono and mixed invasions. Therefore, keeping conditions
impacts dramatically on the epizootic state of protozooses.

Conclusion

Our research has showed that mixed infestation of domestic pigs at private farms and pig breeding
complexes in the study area of Azerbaijan is high. Eimeriosis + Cryptosporidiosis (27.4 % of the total
cases studied) is prevalent; the disease peaks in spring and autumn.
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Acouiauia Balantidium coli i knwkoBux kokumain (Eimeria, Cryptosporidium,
Isospora) y cBinCbknx cBuHen B AsepbangxaHi
H.A. N'apgxueBa

MeTa gocnigkeHHs — BU3HAYEHHSA KapTUHM NOLUMPEHHST acouiaTMBHUX iHBA3iN Yy CBIMCbKUX CBUHEN Y pepMepCbKunx
rocnogapcTsax. focnigpkeHHsa nposogunumcsa B 2009-2015 pp. Bynu 3ibpaHi i npoaHanizoBaHi 3pasku kany CBilCbKMX
CBWHeW (2272 ronis) pi3HOro Biky B NpMBaTHWUX bepmMepcbkux rocnogapcteax y banakeHeHcbkomy, 3aratansbcbkomy,
LamaxiHcbkomy, IcmainiHcbkomy, [ybuHcbkomy, Xaumasbkomy, XyaaTcbkomy, CanbsHCbKOMY panoHax i Ha
AnLepoHcbKkoMy NIBOCTPOBI, L0 BXoAsATb A0 ckrnagy AsepbaiaxaHy. Buaosuii cknag, CTyniHb MOLMPEHHS y CBUHEN
Ta eKonoriyHi ocobnmMBOCTI NapasMTUYHUX HaWNPOCTIWMX Ha Ui TepuTopii paHiwe BuBYeHi 6ynu. BusasneHo, wo
acouiauist iHBa3MBHOCTI ¥ CBINCbKMX CBMHEN Y 3a3HaYeHUX parioHax Taka: oouncTn Eimeria i Isospora BusiBneHi y 582
cBuHen (25,6 %), oounctn Eimeria i Cryptosporidium 'y 622 csuHen (27,4 %), oounctu Eimeria i unctu Balantidium y
273 cBuHen (12,0 %), oounctn Isospora i Balantidium y 18 cBunen (0,8 %), ooumctn Eimeria, Isospora i
Cryptosporidium y 0,04 % cBuHen. 3 npoaHanizoBaHWX 3paskiB Kany }Xo4eH He MICTUB 4-KOMMNOHEHTHY MIKCT-iHBa3ilo.
[IBOKOMMNOHEHTHI MiKCT-iHBa3ii Eimeriosis + Cryptosporidiosis i Eimeriosis + |sosporiasis Big3Hayanuca npotsarom
yCbOro POKy, piBEHb acoLiaTuBHKX iHBa3i Eimeriosis + Balantidiosis i Isosporiasis + Balantidiosis 6yB Hux4e BRiTKy.
YTpUMaHHA CBWHEWN pi3HOro BiKy B OAHOMY MPUMILLIEHHI Ha depmax Crpuse iX 3apaKeHHI0 Pi3HMMK Buaamu
napasuTis, WO NPU3BOANTb [0 NOSBM acouiaTMBHUX iHBa3in. Y CBUHApPCbKUX dyepmax, SKi OCHaLleHi pi3HMMK
TEXHOMOTMYHNUMW NPUCTOCYBAHHAMM, €Ni300TUYHI CUTYaLii napasvTapHUX 3axBopioBaHb OyayTb PidHi. Takum YMHOM,
cepef TBapwiH, AKi YTPMMYIOTBCA TPaAULIMHAM YMHOM, 3apaxeHiCTb HabaraTto Bulie. Y TBapWH, SKi YTPUMYOTbCH B
HEMpPOBITPIOBAHMX MPUMILLEHHSX 3 AepeB'sHO Miaforoln, eKCTEHCUMBHICTb MIKCT-iHBa3i Haibinbw BUCOKa, i
€KOHOMIYHMI 30MTOK Ha Takmx depmax BENUKUA. Y TBapWH, SKi YTPUMYKOTBCA B TENMMX MPUMILLIEHHAX 3 BMCOKOH
BOJIOFCTIO, HaBIiTb B3UMKY €KCTEHCUBHICTb iHBa3ii OyBae BMCOKO, OCKINbKM TEMMO i BOMOrCTb CTBOPHOKOTL CNPUSTIIUBI
YMOBW [N €K30r€HHOro PO3BUTKY OOLIMCT KOKLMAIN.

KntouoBi cnoBa: elimepil, isocnopudii, kpurnmocropudii, 6anaHmudii, ceilicbKi C8UHI, MOHOIH8a3isi, acoyiamueHa
iHeasis1, AsepbalioxaH.

llpo aemopa:
H.A. lapxneBa — IHcTuTyT 3oonorii HAH Asep6angxany, Byn. A. A6Gacsage, npoisg 1128, ksaptan 504, Baky,
AsepbangxaH, AZ1073, nuruhaciyeva@gmail.com, https://orcid.org/0000-0002-2500-5073

BicHuk XapkiBcbKoro HauioHanbHoro yHiBepcuteTy imeHi B. H. KapasiHa
The Journal of V. N. Karazin Kharkiv National University



H.A. NapxueBa

N.A. Hajiyeva

Accouunauusna Balantidium coli v kuwe4Hbix kokunaum (Eimeria, Cryptosporidium,

Isospora) y pomawHux cBuHen B AsepbangxaHe
H.A. NapxueBa

Llenb nccnepoBaHns — onpegeneHne KapTuUHbl PacnpoCTpaHeHNs accoUMaTMBHBLIX MHBA3UA y AOMALLUHUX CBUHEN B
depmepcknx xossncteax. Nccneposanus nposoamnmck B 2009-2015 rr. Bbinn cobpaHbl U npoaHanv3npoBaHbl
obpa3ubl kana OoMalHuX CBUHen (2272 romoB) pasHOro Bo3pacTa B YacCTHbIX (hepMepcKkMx XOo3sncTBax B
BanakeHeHckom, 3aratanbckom, LamaxuHckom, WcmawmnnuHckom, [yGuHckom, Xaumasckom, XyaaTcKoM,
CanbsHCKOM parioHax U Ha AMLWEepOHCKOM MOMyoCTpoBe, BXoAdwmx B cocTaB AsepbanpkaHa. Bugosow cocTtas,
CTeneHb pacrnpoCTPaHEeHNss y CBUHEW M 3Komnormdeckne ocobEeHHOCTU napasMTUYecKux NpPOCTEWLIMX Ha 3TOWn
TeppUTOpUN paHee u3ydeHbl He Obinu. OBHapyxeHo, 4TO accoumauusi MHBA3MBHOCTM Yy AOMALUHUX CBUHEN B
yKa3aHHbIX palioHax TakoBa: oouucTbl Eimeria n Isospora o6HapyxeHbl 'y 582 ceuHel (25,6 %), ooumncTsl Eimeria v
Cryptosporidium y 622 csuHen (27,4 %), oounctel Eimeria n unctel Balantidium y 273 cuHen (12,0 %), oouucTsl
Isospora v Balantidium y 18 csuHen (0,8 %), oouuctsl Eimeria, Isospora v Cryptosporidium y 0,04 % cBuHein. 13
npoaHannaMpoBaHHbIX 06pa3LoB Kana HY OOuH He codepkan 4-KOMMOHEHTHYIO MUKCT-MHBa3NH. [JBYXKOMMOHEHTHbIE
MukcT-MHBa3um Eimeriosis + Cryptosporidiosis n Eimeriosis + Isosporiasis oTMe4yanuce Ha NpoTsXeHun Bcero roga,
YpOBeHb accoumaTuBHbIX WHBa3um Eimeriosis + Balantidiosis n Isosporiasis + Balantidiosis 6bin Huwke netom.
CopepxaHne CBUHEN pasHOro Bos3pacta B OOHOM MOMELUEHUW Ha depmax CnocobCTBYET MUX 3apaKeHUIo
pasnuuyHbIMK BMOAMW MapasnToB, YTO MPUBOOUT K MOSIBMEHWIO accouMaTuMBHbIX WHBa3uin. B cBuHOBOOYECKMX
depmax, KOTOpble OCHAaLLeHbl Pas3fUYHbIMU TEXHOMOrMYeCcKMMM MpPUCNOCOBNEHMAMM, 3MM300TUYECKME CUTYaLMK
napasuTapHblx 3aboneBaHui OyayT pasHble. Takum o06pa3oM, cpeaou >KMBOTHbIX, KOTOpble COAEepXaTcs
TpaauLMOHHBIM 06pa3oM, 3apaKEHHOCTb HAMHOIO BbILE. Y XKMBOTHbIX, KOTOPbLIE COAEPXKATCs B HEMPOBETPUBAEMbIX
NMOMeLLeHNAX C AePEBSAHHbIM MOMIOM, 9KCTEHCUBHOCTb MUKCT-MHBA3MI Hanbornee BbiCOKasi, U 9KOHOMUYECKNIA yLepb
Ha Takux pepmax Benuk. Y XUBOTHbIX, KOTOPbLIE COAEPXATCA B TENbIX MOMELLEHUSAX C BbICOKON BMNaXHOCTbIO, AaXe
3MMOM 3KCTEHCUMBHOCTb MHBA3unM ObiBaeT BbICOKAdA, TaK Kak TEMNso M BMaXHOCTb CO3AalT GnaronpusaTHble YCNOBUS
[ONS 9K30reHHOro pa3BUTUSt OOLUCT KOKLMANA.

KnroueBble cnoBa: alivepuu, usocrnopuduu, Kpunmocropuduu, 6banaHmuduu, doMawHuUe C8UHbU, MOHOUH8a3Usl,
accouuamusgHas uHea3us, AsepbalioxaH.
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Ecological analysis of the fish cestode fauna of the mouth of Kura River
Sh.R. Ibrahimov, S.N. Mamedova

The research was conducted in 2014-2019 in the mouth of Kura River. A total of 334 fish specimens of 24 species
were examined by the method of full parasitological dissection. As a result, 17 tapeworm species in two orders and
eight families were found: Caryophyllaeus fimbriceps, C. laticeps, Caryophyllaeides fennica, Eubothrium
acipenserinum, Bothriocephalus acheilognathi, Ligula colymbi, L. intestinalis, Bothriocephalus acheilognathi, Ligula
colymbi, L. intestinalis, Proteocephalus filicollis, P. gobiorum, P. ocellata, P. osculatus, Siluritaenia siluri,
Gryporhynchus pusillus, and Paradilepis scolecina. Of these, seven species are specific cyprinid parasites, two
species are specific sturgeon parasites, two species are specific to sticklebacks, two species to catfish, and one
species to gobies; the other three species parasitize in fishes of various families. The main organ of cestode
localisation in the studied fishes is the intestinal lumen, where 11 worm species were found. In other fish organs
(body cavity, mucous membrane of the anterior intestine, liver, mesentery, and intestinal walls), the number of
tapeworm species ranged from one to four. One cestode species invaded from one to seven fish species. In the
bream, we found six tapeworm species, while in the other fish species, from one to five. Among the cestodes found,
14 species infect zooplankton-eating fish and only three species (Caryophyllaeus fimbriceps, C. laticeps,
Caryophyllaeides fennica) infect fish that feeds on benthic invertebrates. The largest trophic group was the
benthophages; they hosted 12 cestode species. In the planktophages and predators, we found eight and seven
tapeworm species, respectively. Predatory fishes like pike, asp, round and bighead gobies accumulate parasites from
the bodies of their preys, consequently, their cestode fauna is the richest. Most recorded fishes are euryhaline.
Nevertheless, due to the absence of typical marine forms among the found cestodes, we registered more tapeworm
species in the fish occurring the highly desalinated area of the Kura mouth than in more mineralized water. Six
recorded species (Caryophyllacus fimbriceps, Bothriocephalus acheilognathi, Ligula colymbi, L. intestinalis,
Digramma interrupta, and Paradilepis scolecina) are causative agents of fish diseases. Ligula colymbi and
L. intestinalis, which have large plerocercoids, caused pathogenic changes in fish organisms. The other pathogenic
species did not induce noticeable disorders. They are much smaller, and, thereto, had comparatively low invasion
rate in the examined fish.

Key words: parasites, cestodes, fish, Kura River, Caspian Sea.
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Introduction

As the largest river in the Caucasus, the Kura is 1515 km long and has a catchment area of
188,000 km?. Originating in Turkey, it passes through Georgia and Azerbaijan, and flows into the
southwest part of the Caspian Sea. The river delta is formed by several small and two main branches,
which account for 85 % of the total flow. The delta area is 15 000 ha, its width is about 15 km, and its
length is 20 km in the southeast direction. The water salinity in the river mouth fluctuates within 2—7 %e.. Its
soil consists of sand, silty sand and silt; the microphytes are well developed there. Invertebrate fauna
numbers 34 species of zooplankton and 83 species of zoobenthos. There are some semi-migratory
fishes, such as roach, kutum, zanthe, asp, shemaya, silver bream, bream, carp, catfish, and zander,
which spawn in the delta. Sturgeons, Caspian common sprat, Caspian shad, black-backed shad, pike,
South Caucasian bleak, stickleback, atherina, golden mullet, perch and gobies also occur there. The delta
is a habitat of a large number of waterfowl, including fish-eating birds, as well as amphibians and reptiles:
green toad, tree frog and marsh frog, Caspian tortoise, European pond terrapin, and grass snake
(Potential Ramsar Sites of Azerbaijan, 2000; Ismayilov, 2005).

Despite the fact that investigation of fish cestodes in the area in question is of great practical and
theoretical importance, these parasites remained unstudied prior to our works. In contrast, other areas of
the Caspian Sea (lbragimov, Mamedova, 2005, 2007; Ibragimov, 2012; Mamedova, 2016; Mamedova,
Veliyeva, 2017, etc.), as well as various water bodies of Azerbaijan (Mikailov, 1975; Mikailov, Ibragimov,
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1980) were investigated well. Therefore, the purpose of our study was to make a list of fish cestodes
occurring in the mouth of Kura River and to analyse their ecological traits.

Material and methods

In 2014-2019, we examined 334 fishes of 24 species caught in the mouth of Kura River: Persian
sturgeon — Acipenser gueldenstadti, Caspian sprat — Clupeonella delicatula caspia, Caspian shad — Alosa
caspia caspia, black-backed shad — A. kessleri kessleri, pike — Esox lucius, Caspian roach — Rutilus
rutilus caspius, kutum — R. frisii kutum, Caspian asp — Aspius aspius taeniatus, shemaya — Chalcalburnus
chalcoides, Transcaucasian bleak — Alburnus hohenackeri, Transcaucasian silver bream — Blicca
bjoerkna transcaucasica, bream — Abramis brama orientalis, Caspian zanthe — Vimba vimba persa,
golden carp — Carassius gibelio, carp — Cyprinus carpio, catfish — Silurus glanis, small southern
stickleback — Pungitius platygaster, pipe fish — Syngnathus nigrolineatus caspius, atherina — Atherina
boyeri caspia, golden mullet — Chelon auratus, zander — Sander lucioperca, perch — Perca fluvistilis,
round goby — Neogobius melanstomus, bighead goby — Ponticola gorlap. Fish species were identified
using Abdurakhmanov, 1962, Bogutskaya et al., 2013, and Reshetnikov, 2003, the scientific
nomenclature follows Freyhofa et al., 2020. The method of full parasitological dissection (Bykhovskaya-
Pavlovskaya, 1985; Pronina, Pronin, 2007) was applied and the corresponding keys (Gaevskaya et al.,
1975; Dubinina, 1987) were used to identify tapeworm species occurred in the fish. The obtained material
in the form of permanent slides is deposited at the Department of Medical Biology and Genetics of the
Azerbaijan Medical University. A schematic map of the study area and collecting localities is given in

Fig. 1.
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Fig. 1. A schematic map of the study area and collecting localities

Results

In the course of fish study in the mouth of Kura River, we found 17 helminths species of the class
Cestoda. A taxonomic overview of these species is provided with the host names, prevalence (%) and
intensity (specimens) of invasion, and parasite localisation in the fish body.
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Class TAPEWORMS — CESTODA Rudolphi, 1808
Order CARYOPHYLLIDEA Van Beneden in Carus, 1863
Family Caryophyllaeidae Leuckart, 1878
Caryophyllaeus fimbriceps Annenkova-Chlopina, 1919

Hosts: roach (11.8 %), bream (21.4 %), golden carp (15.4 %), carp (16.7 %); invasion intensity in
the study area: 1-6 specimens.

Localization: intestine.

The adult form parasitizes in the intestine of cyprinids, intermediate hosts are oligochaetes of the
family Tubifecidae (Dubinina, 1987).

C. laticeps (Pallas, 1781)

Hosts: roach (17.7 %), asp (15.4 %), silver bream (30.0 %), bream (14.3 %), carp (16.7 %);
invasion intensity in the study area: 1-14 specimens.

Localization: intestine.

The adult form parasitizes in the intestine of cyprinids, the larvae are tubificid parasites (Dubinina,
1987).

Caryophyllaeides fennica (Schneider, 1902)

Hosts: roach (5.9 %), silver bream (10.0 %), bream (21.4 %), golden carp (23.1 %); invasion
intensity in the study area: 1-7 specimens.

Localization: intestine.

Parasitizes in the intestine of cyprinids. Presumed intermediate hosts are oligochaetes (Dubinina,
1987).

Order PSEUDOPHYLLIDEA Carus, 1863
Family Amphicotylidae Ariola, 1899
Eubothrium acipenserinum Cholodkovsky, 1918

Host: sturgeon (in one of the two examined individuals); invasion intensity in the study area:
7 specimens.

Localization: intestine.

Parasitizes in the intestine of sturgeon. Its life cycle is unstudied; the assumed intermediate hosts
are benthic invertebrates (Dubinina, 1987).

Family BOTHRIOCEPHALIDAE Blanchard, 1934
Bothriocephalus acheilognathi Yamaguti, 1934
Hosts: roach (29.4 %), asp (22.2 %), shemaya (16.7 %), carp (20.0 %), round goby (17.7 %),
bighead goby (25.0 %); invasion intensity in the study area: 2—12 specimens.
Localization: intestine.
Parasitizes in the intestine of cyprinids, sometimes occurs in some predatory fish; intermediate
hosts are cyclops (Musselius, 1974).

Family LIGULIDAE Claus, 1885
Ligula colymbi Zeder, 1803

Hosts: shemaya (5.6 %), bleak (9.5 %); invasion intensity in the study area: 1-3 specimens.

Localization: body cavity.

Plerocercoids live in the body cavity of cyprinids and cobitids (mainly spined loaches), the first
intermediate host is copepods, the definitive ones are grebes, less common are gulls and other fish-
eating birds (Dubinina, 1966).

L. intestinalis (L., 1758)

Hosts: bleak (23.8 %), silver bream (20.0 %), bream (30.8 %), golden carp (7.7 %); invasion
intensity in the study area: 1-3 specimens.

Localization: body cavity.

Plerocercoids parasitize in the body cavity of cyprinids, procercoids occur in the body cavity of
copepods, adult worms — in the intestine of fish-eating birds, more common in gulls (Dubinina, 1966).

Digramma interrupta (Rudolphi, 1810)

Hosts: bleak (14.3 %), bream (14.3 %), carp (6.7 %); invasion intensity in the study area: 1-4

specimens.
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Localization: body cavity.

Plerocercoids parasitize in the body cavity of cyprinids, procercoids occur in the body cavity of
copepods, adult worms — in the intestine of fish-eating birds (Dubinina, 1966).

Schistocephalus pungitii Dubinina, 1959

Hosts: stickleback (33.3 %); invasion intensity in the study area: 1-3 specimens.

Localization: body cavity.

Plerocercoids are parasites of the body cavity of sticklebacks; procercoids occur in the body cavity
of copepods, adult worms — in the intestine of fish-eating birds (Dubinina, 1966).

Family CYATOCEPHALIDAE Nybelin, 1922
Bothrimonus fallax Lihe, 1900
Hosts: sturgeon (in both studied individuals); invasion intensity in the study area: 1-12 specimens.
Localization: intestine.
Parasitizes in the digestive tract of sturgeon, intermediate host is an amphipod Dikerogammarus
haemobaphes (Sudarikov, Kurochkin, 1964).

Family Proteocephalidae La Rue, 1911
Proteocephalus filicollis (Rudolphi, 1810)
Hosts: stickleback (42.9 %); invasion intensity in the study area: 1—4 specimens.
Localization: intestine.
Parasitizes in the intestine of sticklebacks, intermediate hosts are cyclops (Dubinina, 1987).
P. gobiorum Dogiel et Bychowsky, 1939
Hosts: round goby (23.5 %), bighead goby (33.3 %); invasion intensity in the study area: 1-14
specimens.
Localization: intestine.
Parasitizes in the digestive tract of gobies (Dubinina, 1987).
P. ocellata (Rudolphi, 1802)
Hosts: pike (10.0 %), zander (16.7 %), perch (34.5 %); invasion intensity in the study area: 1-9
specimens.
Localization: intestine.
Parasite of the intestine of perch, pike, asp, sometimes in other predatory fish, intermediate hosts
are cyclops (Dubinina, 1987).
P. osculatus (Goeza, 1782)
Host: catfish (91.6 %); invasion intensity in the study area: 21-276 specimens.
Localization: intestine.
Parasitizes in the European catfish intestine (Dubinina, 1987).
Siluritaenia siluri (Batsch, 1786)
Host: catfish (83.3 %); invasion intensity in the study area: 11-76 specimens.
Localization: intestine.
Parasitizes in the European catfish intestine (Dubinina, 1987).

Family GRYPORHYNCHIDAE Spassky et Spasskaya, 1973
Gryporhynchus pusillus Nordmann, 1832
Hosts: shemaya (22.2 %), bleak (19.1 %), bream (14.3 %), carp (13.3 %), catfish (16.7 %), bighead
goby (25.0 %); invasion intensity in the study area: 1-9 specimens.
Localization: mucous membrane of the anterior intestine.
Parasitizes in the mucous membrane of the anterior intestine of various fishes, mainly cyprinids
(Dubinina, 1987).

Family DILEPIDIDAE Railliet et Henry, 1909
Paradilepis scolecina (Rudolphi, 1819)
Hosts: kutum (6.7 %), asp (38.4 %), bleak (23.8 %), silver bream (20.0 %), zanthe (12.5 %), round
goby (23.5 %), bighead goby (33.3 %); invasion intensity in the study area: 2—16 specimens.
Localization: body cavity, liver, mesentery, intestinal walls.
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Plerocercoids occur in the body cavity, in the liver, on the mesentery and the intestinal walls of
various fishes. Procercoids parasitize in copepods, the adult worms — in the intestine of cormorants,
(Jarecka, 1970).

Out of 17 cestode species registered, the six are fish parasites at the larval stage (Ligula colymbi,
L. intestinalis, Digramma interrupta, Schistocephalus punagitii, Gryporhynchus pusillus, and Paradilepis
scolecina). They reach sexual maturity in the body of fish-eating birds, which are their definitive hosts.
The other 11 species use fish only as definitive hosts. The most typical organ of the parasite localization
is the intestinal lumen: 11 cestode species were registered there. Four species were found in the body
cavity and one species in the mucous membrane of the anterior intestine. One species invaded various
organs; body cavity, liver, mesentery and intestinal walls.

One cestode species can infect from one to seven fish species: Paradilepis scolecina has seven
host species, Bothriocephalus acheilognathi and Gryporhynchus pusillus — six, Caryophyllaeus laticeps,
Caryophyllaeus fimbriceps, Caryophyllaeides fennica, and Ligula intestinalis — four, Proteocephalus
ocellata — three, Ligula colymbi, Digramma interrupta and Proteocephalus gobiorum — two, Eubothrium
acipenserinum, Schistocephalus pungitii, Bothrimonus fallax, Proteocephalus filicollis, P.osculatus, and
Siluritaenia siluri — only one fish species.

The largest number of tapeworm species was found in the bream. It was a host of six cestode
species: Caryophyllaeus fimbriceps (21.4 %), C. laticeps (14.3 %), Caryophyllaeides fennica (21.4 %),
Ligula intestinalis (30.8 %), Digramma interrupta (14.3 %), and Gryporhynchus pusillus (14.3 %). The
bleak had five cestode species: Ligula colymbi (9.5 %), L. intestinalis (14.3 %), Digramma interrupta
(14.3 %), Gryporhynchus pusillus (19.1 %), Paradilepis scolecina (23.8 %); the carp — five species:
Caryophyllaeus fimbriceps (16.7 %), C. laticeps (16.7 %), Bothriocephalus acheilognathi (20.0 %),
Digramma interrupta (6.7 %), Gryporhynchus pusillus (13.3 %); the roach — four species: Caryophyllaeus
fimbriceps (11.8 %), C. laticeps (17.7 %), Caryophyllaeides fennica (5.9 %), Bothriocephalus
acheilognathi  (29.4 %); the silver bream — four species: Caryophyllaeus Ilaticeps (30.0 %),
Caryophyllaeides fennica (10.0 %), Ligula intestinalis (20.0 %), Paradilepis scolecina (20.0 %); the
bighead goby — four species: Bothriocephalus acheilognathi (25.0 %), Proteocephalus gobiorum (33.3 %),
Gryporhynchus pusillus (25.0 %), Paradilepis scolecina (33.3 %); the asp - three species:
Caryophyllaeus laticeps (15.4 %), Bothriocephalus agobycheilognathi (22.2 %), Paradilepis scolecina
(38.4 %); the shemaya — three species: Bothriocephalus acheilognathi (16.7 %), Ligula colymbi (5.6 %),
Gryporhynchus pusillus (22.2 %); the golden carp — three species: Caryophyllaeus fimbriceps (15.4 %),
Caryophyllaeides fennica (23.1 %), Ligula intestinalis (7.7 %); the catfish — three species: Proteocephalus
osculatus (91.6 %), Siluritaenia siluri (83.3 %), Gryporhynchus pusillus (16.7 %); the round goby — three
species: Bothriocephalus acheilognathi (17.7 %), Proteocephalus gobiorum (23.5 %), Paradilepis
scolecina (23.5 %); the sturgeon — two species: Eubothrium acipenserinum (in one of the two examined
individuals), Bothrimonus fallax (in both studied individuals); the sticklebacks — two species:
Schistocephalus pungitii (33.3 %), Proteocephalus filicollis (42.9 %); the pike — one species:
Proteocephalus ocellata (10.0 %); the zanthe — one species: Paradilepis scolecina (12.5 %); the zander —
one species: Proteocephalus ocellata (16.7 %); and the perch — one species: Proteocephalus ocellata
(34.5 %).

No cestodes were found in six fish species — Caspian sprat, Caspian shad, black-backed shad,
pipefish, atherina and golden mullet.

A large number the recorded cestodes are specific cyprinid prasites (Caryophyllaeus fimbriceps,
C. laticeps, Caryophyllaeides fennica, Ligula colymbi, L. intestinalis, and Digramma interrupta).
Bothriocephalus acheilognathi should also be included in this group, although it occurs in various
predatory fish of other families. Presumabily, it gets in the predators when they feed on infected cyprinids.
Two species — Proteocephalus osculatus and Siluritaenia siluri, are specific to the European catfish. The
other cestodes listed above are specific parasites of the fishes of other families or have a wide host range
that includes various fish families. For example, Eubothrium acipenserinum and Bothrimonus fallax are
the parasites of sturgeon, Schistocephalus pungiti and Proteocephalus filicollis — of sticklebacks,
Proteocephalus osculatus and Siluritaenia siluri — of European catfish, Proteocephalus gobiorum — of
goby fish, Proteocephalus ocellata, Gryporhynchus pusillus and Paradilepis scolecina parasitize in fishes
of several families. The presented data shows that most cestode species, except the two from the
European catfish, have a relatively wide range of hosts and show specificity at the rank of family or a
group of families.
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The intermediate hosts of most recorded cestodes are zooplankters. Fish is infected with these
helminths when feeding on invertebrates that live in the water column. Only three species
(Caryophyllaeus fimbriceps, C. laticeps, and Caryophyllaeides fennica) get into the fish intestine with
invertebrate hosts occurring in benthos.

The studied fish belong to four trophic groups: eight predatory species — black-backed shad, pike,
asp, catfish, zander, perch, round goby, bighead goby; six planktophages — Caspian sprat, Caspian shad,
shemaya, bleak, pipe fish, atherina; nine benthophages — sturgeon, roach, kutum, silver bream, bream,
zanthe, golden carp, carp, stickleback; and one species that feeds on detritus — golden mullet. As
mentioned above, the black-backed shad, the sprat, the Caspian shad, the pipefish, the atherina, and the
golden mullet were not infected with tapeworms.

Since the most identified cestodes invade the fish body when it feeds on planktonic invertebrates,
one might assume that the planktophages are more infected with tapeworms than the fishes of other
trophic groups. However, our research did not prove that. In our case study, the benthophages had the
richest cestode fauna that included 12 species: Caryophyllaeus fimbriceps, C. laticeps, Caryophyllaeides
fennica, Eubothrium acipenserinum, Bothriocephalus acheilognathi, Ligula intestinalis, Digramma
interrupta, Schistocephalus pungitii, Bothrimonus fallax, Proteocephalus filicollis, Gryporhynchus pusillus,
and Paradilepis scolecina. The predators were the hosts of eight cestode species: Caryophyllacus
laticeps, Bothriocephalus acheilognathi, Proteocephalus gobiorum, Proteocephalus ocellata,
Proteocephalus osculatus, Siluritaenia siluri, Gryporhynchus pusillus, Paradilepis scolecina; while the
planktophages hosted seven species: Bothriocephalus acheilognathi, Ligula colymbi, L. intestinalis,
Digramma interrupta, Proteocephalus ocellata, Gryporhynchus pusillus, Paradilepis scolecina.

Table 1. Occurrence of cestode species in the areas with various water mineralization

Parasite species names 2—3 %o 4-5 %o 6—7 %o

Caryophyllaeus fimbriceps + - -

C. laticeps

+ |+

Caryophyllaeides fennica

Eubothrium acipenserinum

Bothriocephalus acheilognathi

Ligula colymbi

L. intestinalis

Digramma interrupta

+ 4+ + |+ ]
1
1

+ |

Schistocephalus punagitii

Bothrimonus fallax

Proteocephalus filicollis

+ |+

P. gobiorum

P. ocellata

P. osculatus

Siluritaenia siluri

Gryporhynchus pusillus

N S T S N R
+ |+
1

Paradilepis scolecina

—_
[@)]

Number of species found 6 4

This phenomenon can be explained by two reasons. First, the benthophages were the largest
trophic group of the studied fishes in the Kura mouth. Only these fishes had all the three cestode species
that invade fish body with benthic invertebrates. Only one of them was found in the predators and no one
invaded planktophages. Second, when the predators feed on other fish infected with tapeworms, these
helminths survive and accumulate in the predator body. This is confirmed by the higher number of
predatory species infected with these helminths in comparison with fish of other trophic groups. For
example, the invasion rate of a predatory bighead goby with the cestode Gryporhynchus pusillus, whose
intermediate hosts are planktonic organisms, is higher (25.0 %) than that in both zooplanktophages
(shemaya, 22.2 % and bleak, 9.1 %) and benthophages (bream, 14.3 % and carp, 13.3 %). The same
pattern is observed in the Paradilepis scolecina invasion: in the predators — asp (38.4 %), round goby
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(23.5 %), and bighead goby (33.3 %), its invasion rate is not lower, sometimes even higher, than in the
planktophages (bleak, 23.8 %) and benthophages (kutum, 6.7 %; silver bream, 20.0%; zanthe, 12.5 %). It
is noteworthy that in the typical ichthyophages like asp and bighead goby, these parasites are more
common than in the round goby, whose primary diet includes a large number of invertebrates.

The studied fishes have different adaptability to water salinity. Evidently, migratory and semi-
migratory fish have the widest reaction rate to the water salinity. This group of fishes includes 13
species — sturgeon, black-backed shad, roach, kutum, asp, shemaya, zanthe, silver bream, bream, carp,
golden carp, catfish, and zander. In addition, three euryhaline species (stickleback, round goby and
bighead goby) form both freshwater and marine coastal populations. We also examined five species of
typical marine fishes (Caspian sprat, Caspian black-backed shad, pipefish, atherina and golden mullet),
occasionally entered the highly desalinated areas of the Caspian. The number of typical freshwater fish,
poorly adapted to changes in water salinity, is relatively small — three species only (pie, bleak and perch).

Since all cestodes are endoparasites, they have no contact with the external aquatic environment
at the parasitic stage of their individual development. Consequently, they do not react to changes in water
salinity. However, all the studied cestodes have free-living stages (eggs and larvae) that depend on water
mineralization. Moreover, all cestodes get into the fish intestine with the invertebrate hosts, which serve
as food for fish. These invertebrates differ in their adaptability to water salinity and range from steno- to
euryhaline. As a result, dependence of the fish cestode fauna on water salinity manifests itself only in the
places where the invasion process takes place. A relationship of cestode invasion and water
mineralization is a challenging task to establish.

Table 1 shows occurrence of different cestode species in the areas of various water salinity. Fifteen
species were recorded in the areas with 2-3 %.. The typical freshwater species (Caryophyllacus
fimbriceps, C. laticeps, Caryophyllaeides fennica, Bothriocephalus acheilognathi, Ligula colymbi,
L. intestinalis, Digramma interrupta, Gryporhynchus pusillus, Proteocephalus ocellata, and Paradilepis
scolecina) (lbragimov, 2012) were found only in these areas. Schistocephalus pungiti and
Proteocephalus filicollis, specific parasites of a highly euryhaline sticklebacks, were registered in the
areas with a wide range of salinity, from 2-3 %o to 6—7 %o.. This was to be expected based on available
publications (Mitenev, Shulman, 2005; Butorina et al., 2018), which claim that specific stickleback
parasites are euryhaline like their hosts. A similar pattern, when euryhaline fish have specific euryhaline
parasites, is observed in migratory sturgeon and its parasites Eubothrium acipenserinum and
Bothrimonus fallax, in migratory catfish and parasitic Proteocephalus osculatus and Siluritaenia siluri, in
both round and bighead gobies and their parasite Proteocephalus gobiorum.

Although most examined fishes are euryhaline, the species richness of their cestode parasites was
higher in the desalinated area of the Kura mouth than in the areas with more mineralized water. We can
explain this proportion by the absence of marine forms among the studied cestodes.

Only six cestode species found (Caryophyllaeus fimbriceps, Bothriocephalus acheilognathi, Ligula
colymbi, L. intestinalis, Digramma interrupta, and Paradilepis scolecina) are pathogenic for fish (Bauer et
al., 1977; Golovina et al., 2003). We observed pathogenic phenomena caused by the large plerocercoids
of Ligula colymbi and L. intestinalis. Even in case of their small number, they had a strong mechanical
impact. Other pathogenic species, being much smaller and having relatively low invasion intensity, did not
cause noticeable pathogenic changes. Nevertheless, all the causative agents should be taken into
account in fishery activities.

Conclusion

In the course of parasitological investigation of 334 individuals of 24 fish species caught in the
mouth of Kura River, 17 tapeworm species of two orders and eight families were recorded. Of these,
seven species are specific cyprinid parasites, two species are specific to sturgeons, two species to
sticklebacks, two species to catfish, and one species to gobies; three species parasitize in fishes of
various families. The main organ of cestode localization was the intestinal lumen, where 11 species were
registered. In the other fish organs, we found from one to four tapeworm species. One cestode species
invaded from one to seven fish species. The largest number — six tapeworm species, was recorded from
the bream; in the other fish species, we found from one to five tapeworm species. Among the cestodes
found, 14 species infect fish that feed on zooplankton and only three species (Caryophyllaeus fimbriceps,
C. laticeps, Caryophyllaeides fennica) invade fishes with benthic invertebrates. In terms of trophic
preferences, most studied fish are benthophages; they hosted 12 cestode species; eight tapeworm

BicHuk XapkiBcbKoro HauioHanbHoro yHiBepcuteTy imeHi B. H. KapasiHa
The Journal of V. N. Karazin Kharkiv National University



LU.P. I6parimoB, C.H. MamepnoBa m
Sh.R. Ibrahimov, S.N. Mamedova

species were found in predators and seven species in planktophages. Predatory fishes viz. pike, asp,
round and bighead gobies accumulate parasites from the bodies of their preys. Most recorded fishes are
euryhaline. Nevertheless, due to the absence of typical marine forms among the found cestodes, we
registered more tapeworm species in the fish occurring in a highly desalinated area of the Kura mouth
than in the fish caught in more mineralized water. Six species are causative agents of fish diseases. Due
to moderate cestode invasion, these parasites did not cause pathogenic changes in fish.
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ExonoriyHun aHani3 dpayHu uecton pmo rupna pivkm Kypu
LL.P. I6parimoB, C.H. MamepoBa

Y 2014-2019 pokax y rvpni pidkn Kypy MeTogoM NOBHOIoO NapasuTororiYyHoro po3TuHy gocnimxkeHo 334 eks. pub, Wwo
HanexaTb Ao 24 BuaiB. Y pe3ynbTaTti NpoBeAeHMX 4ochigKeHb BUSBNEHO 17 BUAIB CTbOXKOBMX YEPBIB, LLIO Hanexartb
no 2 pagis i 8 poauH: Caryophyllaeus fimbriceps, C. laticeps, Caryophyllaeides fennica, Eubothrium acipenserinum,
Bothriocephalus acheilognathi, Ligula colymbi, L. intestinalis, Digramma interrupta, Schistocephalus punagitii,
Bothrimonus fallax, Proteocephalus filicollis, P. gobiorum, P. ocellata, P. osculatus, Siluritaenia siluri, Gryporhynchus
pusillus, Paradilepis scolecina. 3 H1x 7 BugiB € cneumdiyHnMy napasutammu koponosux pub, 2 suam cneundidHi ans
OCETPOBUX, 2 BUOW — ANs KOMYOK, 2 BUAW — Ans coma, a 1 Bug — ana 6uykosux, 2 Buan napasutyloTb Yy pub, wo
Hanexatb A0 pi3HMX poauH. OCHOBHMM OpraHoM Jiokani3auii BUSIBIIEHUX BUAIB NapasvTiB € NOPOXHUHA KULIEYHMKA,
e 6yno 3apeectpoBaHo 11 BuaiB uecton. B iHWNX opraHax pub — B NOPOXHWHI Tina, B CrM30Bi NepegHboro Biaginy
KMLLIEYHUKA, B neviHui, 6puxi i cTiHKkax kuweyHuka 6yno Big3HayeHo Bif OOHOrO 4O YOTMPbOX BMAiB. KoxeH 3 Buais
uecton OyB KOHCTaTOBaHWI Yy BiA o4HOro A0 ceMu BuaiB pub. Hambinbluy KinbkicTb — 6 BUAIB CTbOXKOBMX YepBiB
3apeecTpoBaHO Yy nslla, y iHWKX gocnigkeHux sugis pnb 3HanaeHo Big 1 oo 5 Buais uecton. 3 BUSABMNEHUX LECTOL,
14 BugiB 3apaxarTb pub npu noigaHHi 3oonnaHkToHHMX | Tinbkn 3 Buaun (Caryophyllaeus fimbriceps, C. laticeps,
Caryophyllaeides fennica) — npu noigaHHi 6eHTMYHMX Ge3xpebeTHux. BinbwicTe gocnigxeHux pub HanexuTb 40
TpodhivHOi rpynn GeHTOariB, y HUX 3a3Ha4yeHo 12 BMAIB LECTOA, Yy MnaHKTodhariB i XmxkakiB 3apeecTpoBaHo,
BignoBigHo, 8 i 7 BuaiB. Mae micue akyMynsuis LecTo NPOKOBTHYTMX pUO B KULLEYHWUKY XWXKaKiB — LLYKM, XXepexa,
6uukiB Kpyrnsika i ronoeava. binbLicTe gocnimkeHnx pub Hanexatb 40 eBpuraniHHux opmM, ogHak B 3B'A3KY 3 TUM,
WO cepen BUSIBIEHUX BUAIB LECTOA BiACYTHI TMMOBO MOPCbKi chopmu, y pub, BMMOBMEHMX Y CUIMbHO OMPICHEHIN
AinsHUi rvupna Kypu, koHcTaTtoBaHo Ginblue BUAIB LMX NapasuTiB, HiX Ha AinsHkax 3 Ginbll MiHEpanisaoBaHOK BOAOHO.
Cepeg Bcix BusiBneHux uectoq 6 suais — Caryophyllaeus fimbriceps, Bothriocephalus acheilognathi, Ligula colymbi,
L. intestinalis, Digramma interrupta i Paradilepis scolecina € 36ygHvkamun 3axBoptoBaHb pub. Cnocrtepiranucs
naToreHHi 3MiHW, BUKNUKaHi Bugamu Ligula colymbi i L. intestinalis, nnepouepkoign SKMX MalTb BeEnuki po3mipw.
PelwTa natoreHHMx BMAiB, Mar4M 3HAYHO MEHLUI pO3Mipu, MpWU Ti NOPIBHAHO HEBWUCOKIM iIHTEHCMBHOCTI iHBa3il, sika
Marna micue cepepn OoCniaXeHux pub, He BUKIMKaNyM NOMITHUX NAaTOrEHHUX SBULL,.

KniouoBi cnoBa: napasumu, yecmoou, pubu, piuka Kypa, Kacniticoke mope.
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dkonornyeckun aHanus dgpayHbl LecToa pbid ycTbsa peku Kypbl
LW.P. U6parumos, C.H. MamegoBa

B 2014-2019 rogax B ycTbe peku Kypbl METOAOM MOMHOro MapasnToriormMyeckoro BCKPbITUS nccnenoBaHo 334 k3.
pbIb, OTHOCAWMXCA K 24 Buaam. B pesynbraTe npoBeAeHHbIX MccnegoBaHuii obHapyxeHo 17 BMAOB NMEHTOYHbIX
yepBen, OTHocsAWwmMxcs K 2 oTpsgam u 8 cemencteam: Caryophyllaeus fimbriceps, C. laticeps, Caryophyllaeides
fennica, Eubothrium acipenserinum, Bothriocephalus acheilognathi, Ligula colymbi, L. intestinalis, Digramma
interrupta, Schistocephalus pungitii, Bothrimonus fallax, Proteocephalus filicollis, P. gobiorum, P. ocellata,
P. osculatus, Siluritaenia siluri, Gryporhynchus pusillus, Paradilepis scolecina. N3 HUX cemb BWOOB SABASIOTCA
cneumdunyHbIMKM Napasutamu KaprnoBbiX pblb, ABa BMAa cneuuduyHbl AN OCETPOBLIX, ABA BuAa — AN KOJSOLUEK,
OBa BuMaa — AnNA coMa, OAWH BuA — Ansa OblYKOBbIX, @ TpU BuAa NapasvTUpyloT y pblb, OTHOCALMXCA K pPasHbiM
cemerictBaM. OCHOBHbIM OpraHoMm rokKanu3aumnm OBHapyXeHHbIX NapasvWToB HABNAETCH MPOCBET KULLEYHWKA, rae
6bin0 3aperucTpmpoBaHo 11 BMOoB LecTod. B ocTtanbHbIX opraHax pelé — B MOMOCTY Tena, B CAM3NCTON nepegHero
oTAena KWLEeYHUKa, B neveHu, Bpbhkenke M CTEeHKax KUWweYHuKa ObiNno OTMEYEeHO OT OAHOro A0 YeTbipex BUAOB.
OpavH BYA uecton nopaxan OT O4HOro A0 ceMu BuAoB pbld. Hanbonbliee yncno — 6 BUOOB NMEHTOYHBIX YepBeit
3aperncTpupoBaHo y felLla, y octanbHbIX UCCNef0BaHHbIX BUAOB pblb HamaeHo OT O4HOro 4o NATM BMAOB uectoq. 14
06Hapy>XeHHbIX BUAOB LECTO 3apaxatoT pblb Npy noegaHumn 300MNaHKTOHHBIX U Tonbko Tpu Buaa (Caryophyllaeus
fimbriceps, C. laticeps, Caryophyllaeides fennica) — npu noegaHun 6eHTUYeckmx 6ecno3BOHOYHbIX. BonbLMHCTBO
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uccnegoBaHHbiX pbl6 OTHOCUTCS K Tpodpmuyeckon rpynne OeHTodaroB, y HWX OTMedeHO 12 BMOOB uecTod, Yy
NnaHKToaroB M XULLHUKOB 3aperMcTpMpoBaHo, COOTBETCTBEHHO, 8 1 7 BMOOB. VIMeeT MecTo akkymynsaums LecTos
NPOrMOYEHHBIX Pbli6 B KWLIEYHUKE XULLHWKOB — LUYKW, Xepexa, ObIMKOB Kpyrnsika M ronosaya. BonblUMHCTBO
uccnefoBaHHbIX pblG OTHOCUTCS K 3BpUranvHHbIM hopmMaM, Of4HaKo, Tak Kak cpeau obHapyXeHHbIX BUAOB LIecTod
OTCYTCTBYIOT TUMUYHO MOPCKME POPMbI, Y pblb, BbLINIOBMEHHLIX B CUIIbHO OMPECHEHHOM Yy4yacTke ycTbsi Kypbl,
HangeHo Gonblue BMOOB 3TMX MapasuToB, YeM Ha yyacTkax ¢ Gonee muHepanu3oBaHHoW Bopow. Cpeawm Bcex
obHapyXeHHbIX LecTo, wecTb BuaoB — Caryophyllaeus fimbriceps, Bothriocephalus acheilognathi, Ligula colymbi,
L. intestinalis, Digramma interrupta w Paradilepis scolecina sBnstoTcsa BO30OyauTenamu 3aboneBaHun pbib.
Habnoganvck natoreHHble M3MeHeHMs, Bbi3BaHHble Ligula colymbi v L. intestinalis, nnepouepKonabl KOTOPbIX UMEOT
KpynHble pa3mepbl. OcTanbHble NaToreHHble BuAbl, 6yay4n 3HAYNTENBHO MEHbLUE, MPU CPaBHUTENBHO HEBbLICOKOW
WHTEHCMBHOCTW MHBA3WM B UCCNEAOBAHHOM PEMMOHE HE BbI3blBanu y pbld 3aMeTHbIX OTKITOHEHWN.

KnroueBble cnoBa: napasumsl, yecmoodsl, pbibbl, peka Kypa, Kacrniutickoe mope.
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A systematic review of the parasites (Plathelminthes: Cestoda) of the domestic

goose (Anser anser dom.)
F.H. Rzayev, A.M. Nasirov, E.K. Gasimov

In many countries, poultry (including Anser anser dom.) play an important role in meeting population needs for meet.
One of the factors that affect directly the meat quality and the industrial products obtained from domestic waterfowl
are helminths, which cause diseases in their hosts. Helminthological research of the helminth fauna of domestic
geese has been carried out in many countries, including Azerbaijan. Nevertherless, there is no general survey or
species list of the world fauna of the domestic goose helminths. Tapeworms (Class: Cestoda) also parasitize the
geese, causing them serious harm. Taking into account the relevance of the topic, we set the task to determine and
systematize the species composition of tapeworms parasitizing the domestic goose (A. anser dom.) with the use of
extensive literature data and our personal material. The species list is arranged in alphabetical order, families, genera
and species of cestodes follow the nomenclature and classification by Khalil et al. (1994) and Olson et al. (2001), with
updates by Kuchta et al. (2008) and Caira et al. (2014). We also took into account the classification adopted from the
database of Fauna Europaea. Each species is provided with the following data: scientific name, author and year of
description, synonyms, final, intermediate and auxiliary hosts, habitat in the bird body, collecting localities, geographic
distribution, prevalence (Pl) and intensity (II) of infection, and literature sources. An analysis of the worldwide
literature and our personal data has established that 147 helminth species (Trematoda — 64 species, Cestoda — 33,
Nematoda — 46, Acanthocephala — 4) are hitherto known from the domestic goose. The 33 tapeworm species of this
list belong to five families (Dilepididae — 1 species, Hymenolepididae — 27, Mesocestoididae — 1, Paruterinidae — 1,
and Diphyllobothriidae — 3). In Azerbaijan, 11 cestod species were found in the domestic goose. Six of them (Diorchis
inflata, Drepanidotaenia lanceolata, D. przewalskii, Fimbriaria fasciolaris, Tschertkovilepis setigera, Ligula intestinalis)
were registered in the course of our helminthological studies. The cestodes D. inflata and L. intestinalis were
recorded in domestic geese in Azerbaijan for the first time. Five helminth species (Dilepis undula, Drepanidotaenia
lanceolata, Ligula interrupta, L. intestinalis, Schistocephalus solidus) parasitize both birds and mammals
(D. lanceolata in humans). Of these, two species (D. lanceolata and L. intestinalis) were found in Azerbaijan.

Key words: cestodes, systematic list, domestic goose parasites, infection rates, geographical distribution.
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Poultry (including Anser anser dom.) play an important role in meeting the population needs for
meat in many countries. One of the factors that affect directly the meat quality and the industrial products
obtained from domestic waterfowl are helminths that cause diseases in the hosts. Helminthological
studies of domestic geese were carried out in many countries (Czaplinski, 1956; Lapage, 1961; Vasilev,
1962; Spasskaya, 1966; McDonald, 1969; Smogorzhevskaya, 1976), including Azerbaijan
(Shakhtakhtinskaya, 1952, 1959; Shirinov, 1961; Vahidova, 1978; Vahidova et al., 1982). In recent years
(2005-2020), we have studied the helminth fauna of domestic waterfowl (geese and ducks), developed
methods for controlling the main helminthiases, and investigated ultrastructure of the helminth species of
practical importance (Rzayev, 2011, 2013; Rzayev, Ibrahimova, 2015; Seyidbeyli, Rzayev, 2016, 2018;
Seyidbeyli, Maharramov, 2018; Rzayev et al., 2020, 2021; Seyidbeyli et al., 2020). The tapeworms
(Class: Cestoda) parasitize geese, causing them serious harm. Some species (D. undula, D. lanceolata,
S. solidus) recorded in domestic waterfowl can infect mammails, including human. It should be noted that
despite the practical importance, there is no general overview of the helminth fauna of the domestic
goose. Only some articles for specific regions are available. Taking into account the relevance of the
topic, we set the task to determine and systematize species composition of the tapeworms parasitizing
domestic geese (A. anser dom.) based on our personal material and extensive literature data.
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The list of cestodes is arranged in alphabetic order; families, genera and species follow the
nomenclature and classification by Khalil et al. (1994) and Olson et al. (2001), with the updates by Kuchta
et al. (2008) and Caira et al. (2014). We also took into account the classification adopted from the
database of Fauna Europaea (http://www.faunaeur.org). Each species is provided with the following data:
scientific name, author and year of description, synonyms, final, intermediate and auxiliary hosts, habitat
in the bird body, collecting localities, general geographic distribution and the regions/countries of the
records in domestic goose, prevalence (Pl) and intensity (Il) of infection, and literature sources. Six
cestode species were identified using a Zeiss Primo Star light microscope. Of these, four species
(Diorchis inflata, Drepanidotaenia lanceolata, Fimbriaria fasciolaris, Tschertkovilepis setigera) were
prepared for microscopic studies and photographed using an EOS D 650 Canon camera. Since
D. przewalskii, Ligula intestinalis are of considerable length, their preparations were not made.

Phylum: Platyhelminthes Gegenbaur, 1859
Class: Cestoda Rudolphi, 1808
Order: Cyclophyllidea Braun, 1900
Family: Dilepididae Fuhrmann, 1907
Genus: Dilepis Weinland, 1858

Species: Dilepis undula Schrank, 1788

Syn.: Taenia undula Schrank, 1788; T. undulata Rudolphi, 1810; Dilepis vulpis Petrov & Janchev,
1960; Malika daviesi Mathevossian, 1963; Hymenolepis angulata (Rudolphi, 1810) Parona, 1899;
H. pyramidalis Sinitsin, 1896; H. undulata (Rudolphi, 1810) Parona, 1899.

Final host: Anser anser dom.

Intermediate hosts: Eiseniella tetraedra Savigny, 1826; Allolobophora longa Ude, 1885;
Lumbricus terrestris L., 1758 (Rysavy, 1973).

Habitat: Small intestine.

Distribution: Holarctic (Schmidt, 1986). Czech Republic (PL 0.1 %) (Busta, 1980).

Family: Hymenolepididae Ariola, 1899
Genus: Aploparaksis Clerc, 1903

Species: Aploparaksis furcigera Rudolphi, 1819

Syn.: Aploparaksis japonensis Yamaguti, 1935; A. pseudofurcigera Mathevossian, 1946;
A. rhomboidea (Dujardin, 1845) Linstow, 1905; Taenia lineata Bloch, 1779; T. longirostris Froelich, 1803;
T. trilineata Batsch of Rudolphi, 1819; T. furcigera Rudolphi, 1819; T. conica Molin, 1858; T. caecalis
Geibel, 1866; T. rhomboidea Dujardin, 1845; Dicranotaenia furcigera (Nitzsch, 1819) Stiles, 1896;
D. rhomboidea (Dujardin, 1845) Railliet, 1893; Diplacanthus furcigera (Nitzsch, 1819) Cohn, 1899;
Hymenolepis furcigera (Nitzsch, 1819) Railliet, 1899.

Final host: Anser anser dom.

Intermediate hosts: Lumbriculus variegates Muller, 1774; Limnodrilus sp.

Habitat: Small and large intestine, caecum.

Distribution: Holarctic (Schmidt, 1986; Spasskaya, 1966). Russia — Yakutia, Kamchatka
(Petrochenko, Kotelnikov, 1976; Ryzhikov, 1967; Spasskaya, 1966; Ryzhikov et al., 1974; Ryzhikov,
Gubanov, 1959; Tolkacheva, 1971; Spassky, 1965), Slovakia (Hanzelova et al., 1995), Poland (Lapage,
1961; Czaplinski, 1956).

Genus: Cloacotaenia Wolffhligel, 1938

Species: Cloacotaenia megalops Nitzsch, 1829

Syn.: Taenia megalops Nitzsch in Creplin, 1829; T. cylindrica Krefft, 1871; Hymenolepis megalops
(Nitzsch, 1829) Parona, 1899; Drepanidotaenia megalops (Nitzsch, 1829) Hutyra & Marek, 1906;
Weinlandia megalops (Nitzsch, 1829) Mayhew, 1925; Lallum magniparuterina Johri, 1960; Orlovilepis
megalops (Nitzcsh in Creplin, 1829) Spassky et Spasskaja, 1954.

Final host: Anser anser dom.

Intermediate hosts: Cypris pubera Muller, 1776.

Habitat: Cloaca, large intestine.

Distribution: Cosmopolitan (McDonald, 1969).

Genus: Dicranotaenia Railliet, 1892

Species: Dicranotaenia coronula (Dujardin, 1845) Railliet, 1892

Syn.: Taenia coronula Dujardin, 1845; Hymenolepis coronula (Dujardin, 1845) Railliet, 1899;
H. megalhystera Linstow, 1905; H. introversa (Mayhew, 1925) Fuhrmann, 1932; H. querquedula
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Fuhrmann, 1920; H. makundi Singh, 1952; H. apicaris Sharma, 1943; H. anceps Linton, 1927;
H. parvisaccata Shepard, 1943; H. macrostrobiloides (Mayhew, 1925) Fuhrmann, 1932; H. sacciperium
Mayhew, 1925; H. mergi Yamaguti, 1940; Weinlandia coronula (Dujardin, 1845) Mayhew, 1925;
W. querquedula (Fuhrmann, 1920) Mayhew, 1925; W. infroversa Mayhew, 1925; W. macrostrobiloides
Mayhew, 1925; Dicranotaenia mergi Yamaguti, 1940; D. apcaris (Sharma, 1943) Yamaguti, 1950;
D. pseudocoronula Skrjabin et Mathevossian, 1945; D. deglandi Skrjabin et Mathevossian, 1942;
D. anceps (Linton, 1927) Lopez-Neyra, 1942; D. kutassi Mathevossian, 1945; D. makundi (Singh, 1943)
Yamaguti, 1959; D. parvisaccata (Shepard, 1943) Yamaguti, 1959; Diplacanthus coronula (Dujardin,
1845) Colin, 1899.

Final host: Anser anser dom.

Intermediate hosts: Cyclocypris laevis Muller, 1776; C. cinerea Brady, 1868; C. ovum Jurine, 1820;
C. globosa Sars, 1863; Eucypris viriens Jurine, 1820; Potamocypris ophthalmica Fischer, 1855; Candona
candida Muller, 1776; Cypridopsis vidua Muller, 1776; Dolerocypris fasciata Muller, 1776; Heterocypris
incongruens Ramdohr, 1808; Notodromas monacha Muller, 1776; Physocypria fadeevi Dubowsky, 1927;
Eucyclops agilis Koch, 1838; Mesocyclops oithonoides Sars, 1863; Cypria ophthalmica Jurine, 1820.

Auxiliary hosts: Lymnaea ovata Draparnaud, 1805; L. palustris Muller, 1774; L. vulgaris Hartmann,
1840.

Habitat: Small intestine, caecum.

Distribution: Holarctic, Neotropical and Australian regions (Spasskaya, 1966; Schmidt, 1986;
Macko, 1991). Russia — Krasnoyarsk, Amur, Rostov regions, Siberia (Petrochenko, Kotelnikov, 1976;
Ryzhikov, 1967; Spasskaya, 1966; Spassky, 1963; Ryzhikov et al., 1974; Belyaeva, 1961; Ryzhikov,
Timofeeva, 1961; Fedyushin, 1937), Ukraine — Dnipropetrovsk, Odesa, Mykolaiv, Kyiv, Khmelnitskyi,
Volyn regions, the Black Sea coast (PL 0.1 %, Il 4 ind.) (Smogorzhevskaya, 1976), Turkey — Marmara,
Ankara regions (Gicik, Arslan, 2003), China — Qingyuan (PL 13.03 %) (Wang et al., 2012), Czech
Republic and Slovakia (Barus et al., 1977; Hanzelova et al., 1995), Bulgaria — around Danube and
Rositsa rivers (Marinova et al., 2013), Azerbaijan — Khachmaz and Shabran regions (PL 4.8 %, Il 2-3
ind.) (Vahidova et al., 1982; Vahidova,1978; Shakhtakhtinskaya, 1952, 1959; Shirinov, 1961).

Genus: Diorchis Clerc, 1903

Species: Diorchis inflata (Rudolphi, 1819) Clerc, 1903. Fig. 1.

Fig. 1. Cestode Diorchis inflata. A — scolex, B — hooks of scolex. Photo: F. Rzayev

Syn.: Drepanidotaenia inflata Rudolphi, 1819; D. inflate (Rudolphi, 1819) Farona, 1800; Taenia
inflata Rudolphi, 1819; T. fulicarum Gmelin, 1790; T. fulicae Rudolphi, 1810; T. inflate Rudolphi, 1819;
Halysis fulicarum (Gmelin, 1790) Zeder, 1803; Diplacanthus (Dilepis) inflata (Rudolphi, 1816) Cohn, 1896;
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Hymenolepis inflata (Rudolphi, 1819) Railliet, 1800; Diorchis americana Ransom, 1909; D. endacantha
(Dubinina, 1953) Spassky, 1963; D. turkestanica Skrjabin, 1914; Aploparaksis endacantha (Dubinina,
1954) Spasskaya, 1966.

Final host: Anser anser dom.

Intermediate hosts: C. vidua; C. laevis (McDonald, 1969).

Habitat: Intestine.

Distribution: Europe, Asia, Africa and North America (McDonald, 1969; Spasskaya, 1966). We
registered this parasite for the first time in domestic goose in Azerbaijan — Shabran Region, Gala-Alty
village (PL 1.72 %, 1l 2—4 ind.).

Species: Diorchis stefanskii Czaplinski, 1956

Final host: Anser anser dom.

Intermediate hosts: C. vidua,; C. ovum; Macrocyclops fuscus Jurine, 1820; D. fasciata; N. monacha.

Habitat: Small intestine, large intestine.

Distribution: Holarctic (Spasskaya, 1966; Schmidt, 1986). Ukraine (PL 0.03 %, Il 1 ind.)
(Smogorzhevskaya, 1976), Bulgaria (Marinova et al., 2013; Vasilev, 1973), Slovakia (Hanzelova et al.,
1995), Czech Republic (Barus et al., 1977).

Genus: Diploposthe Jacobi, 1896

Species: Diploposthe laevis Bloch, 1782

Syn.: Taenia laevis Bloch, 1782; T. trichosoma Linstow, 1882; T. bifaria (Siebold, 1846) Creplin,
1846; T. tuberculata Krefft, 1871; Halysis laevis (Bloch, 1782) Zeder, 1803; Diploposthe laevis (Bloch,
1782) Jacobi, 1806; Drepanidotaenia laevis (Bloch, 1782) Clerc, 1903; Cotugnia bifaria (Siebold, 1846)
Diamare, 1803; Ophryocotyle tuberculata (Krefft, 1871) Blanchard, 1891; Hymenolepis trichosoma
(Linstow, 1882) Yamaguti, 1959; Diploposthe lata Fuhrmann, 1900.

Final host: Anser anser dom.

Intermediate hosts: Macrocyclops albidus Jurine, 1820; Mesocyclops leuckartii Claus, 1857;
Acanthocyclops viridis Jurine, 1820; M. fuscus; C. vidua; H. incongruens.

Habitat: Small intestine.

Distribution: Cosmopolitan (Spasskaya, 1966; Schmidt, 1986). Poland (Lapage, 1961; Bezubik,
1956).

Genus: Echinocotyle Blanchard, 1891

Species: Echinocotyle anatina Krabbe, 1869

Syn.: Hymenolepis anatina Krabbe, 1869; Taenia anatina Krabbe, 1869; Drepanidotaenia anatina
(Krabbe, 1869) Railliet, 1863; Diplacanthus anatina (Krabbe, 1869) Cohn, 1800; Dicranotaenia anatina
(Krabbe, 1869) Wolffhdgel, 1900; Anatinella anatina (Krabbe, 1869) Spasskaya, 1961; Drepanidolepis
anatine (Krabbe, 1869) Spasskii, 1963.

Final host: Anser anser dom.

Intermediate hosts: Eucypris crassa Muller, 1885; Acanthocyclops bicuspidatus Claus, 1757,
Acanthocyclops vernalis Fischer, 1853; Gammarus pullex L., 1758; C. ophthalmica; C. pubera; C. ovata;
P. ophthalmica.

Habitat: Small intestine, large intestine.

Distribution: Turkey — Kars district (Gicik, Arslan, 2003), Slovakia and Czech Republic (Barus et al.,
1977).

Genus: Drepanidotaenia Railliet, 1892

Species: Drepanidotaenia lanceolata (Bloch, 1782) Railliet, 1892. Fig. 2.

Syn.: Taenia lanceolata Bloch, 1782; T. anseris Bloch, 1779; T. acutissima Pallas, 1781;
T. anserum (Frisch, 1727) Rudolphi, 1810; Halysis lanceolata (Bloch, 1782) Zeder, 1803; Hymenolepis
lanceolata (Bloch, 1782) Weinland, 1858; Diplacanthus Ilanceolata (Bloch, 1782) Cohn, 1899;
Hymenolepis anserum (Frisch, 1727) Fuhrmann, 1908; Drepanidotaenia lobata Szpotanska, 1931.

Final host: Anser anser dom.

Intermediate hosts: Acanthocyclops nanus Sars, 1863; Ectocyclops phaleratus Koch, 1838;
A. bicuspidatus; A. vernalis; A. viridis; Cyclops diaphanus Fischer, 1853; C. furcifer Claus, 1857;
C. globosus Baird, 1843; C. insignis Claus, 1857; C. strenuus Fischer, 1851; C. vicinus Uljanin, 1875;
Eucyclops macruroides Lillieborg, 1901; E. macrurus Sars, 1863; E. serrulatus Fischer, 1851; E. speratus
Lillieborg, 1901; M. albidus; M. fuscus; Mesocyclops crassus Fischer, 1853; M. dybowskii Lande, 1890;
M. leuckarti; M. oithonoides; Paracyclops affinis Sars, 1863; P. fimbriatus Fischer, 1853; Tropocyclops
prasinus Fischer, 1860; Diaptomus gracilis Sars, 1863; D. sarsi Rylov, 1923; D. spinosus Daday, 1891.
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Auxiliary hosts: Lymnaea auricularia L., 1758.

Habitat: Small intestine.

Distribution: Cosmopolitan (Spasskaya, 1966; Schmidt, 1986). Tajikistan — Dushanbe (Borgarenko,
1981), Kyrgyzstan (Ablasov, 1953), Russia — Kaluga, Bryansk, Kursk, Yaroslavl, Ryazan, Amur, Omsk
regions, Karachay-Cherkessia and Bashkortostan (Engasheva, 2012; Akbaev, 2015; Sidiki, 1999;
Zakhryalov, Savinkova, 1962; Kopyrin, 1946; Mukhametshin, 2004), Ukraine — Poltava (Yevstafyeva,
Yeresko, 2018; Yevstafyeva et al., 2018; Yuskiv, Melnychuk, 2020; Yevstafyeva et al., 2020), Turkey —
Kars district, Ankara (PL 7.4 %) (Gicik, Arslan, 2003; Guchlu, 1992), China — Qingyuan, Guangdong
(PL 2.42 %) (Wang et al., 2012), Slovakia and Czech Republic (Barus et al., 1977; Hanzelova et al.,
1995), Bulgaria (Marinova et al., 2013), Azerbaijan — Guba, Khachmaz, Astara, Shabran, Zagatala,
Masally, Ujar and Yevlakh regions (PL 19 %, Il 1-32 ind.) (Vahidova et al., 1982; Vahidova, 1978;
Shakhtakhtinskaya, 1952, 1959; Shirinov, 1961).

S e R

Fig. 2. Cestode Drepanidotaenia lanceolata. A — strobila and scolex, B — scolex. Photo: F. Rzayev

We recorded this parasite from the Shabran and Lankaran regions (PL 2.59 %, Il 3-43 ind.), and
the Nakhchivan AR — Babek Region (PL 2.72 %, 1l 1-2 ind.).

Species: Drepanidotaenia przewalskii (Skrjabin, 1914) Lopep-Neyra, 1942

Syn.: Hymenolepis przewalskii Skrjabin, 1914.

Final host: Anser anser dom.

Intermediate hosts: E. serrulatus; M. crassus; M. leuckarti; M. oithonoides.

Auxiliary hosts: L. auricularia.

Habitat: Small intestine.

Distribution: Russia — Bashkortostan (Spasskaya, 1966; Spassky, 1963; Mukhametshin, 2004),
Azerbaijan — Salyan, Yevlakh, Shabran regions (PL 6.2 %, Il 1-11 ind.) (Shirinov, 1961). We recorded
this species from the Barda Region (PL 0.24 %, 11 6-23 ind.).

Genus: Fimbriaria Froelich, 1802

Species: Fimbriaria fasciolaris Pallas, 1781. Fig. 3.

Syn.: Taenia fasciolaris Pallas, 1781; T. anatis Miller, 1780; T. malleus Goeze, 1782; T. trilineata
Batsch, 1786; Alyselminthus malleus (Goeze, 1782) Zeder, 1800; Fimbriaria malleus (Goeze, 1782)
Froelich, 1802; F. mitra Froelich, 1802; Halysis malleus (Goeze, 1782) Zeder, 1803; Taenia pediformis
Krefft, 1871; Epision plicatus Linton, 1892; Notobothrium arcticum Linstow, 1905.
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Final host: Anser anser dom.

Intermediate hosts: A. bicuspidatus; A. vernalis; A. viridis; Cyclops gigas Claus, 1857; C. strenuus;
C. vicinus; E. serrulatus; M. albidus; M. crassus; M. leuckarti; M. oithonoides; P. fimbriatus; Diaptomus
vulgaris Schmeil, 1896; D. coeruleus Ficsher, 1853; C. laevis; C. vidua;, Gammarus lacustris Sars, 1863;
G. locusta L., 1758; G. maeoticus Sovinskij, 1894; Fontogammarus obesus Sars, 1894; Cloeon dipterum
L., 1761.

Fig. 3. Cestode Fimbriaria fasciolaris. A and B — pseudoscolex and scolex. Photo: F. Rzayev

Habitat: Small intestine.

Distribution: Cosmopolitan (Spasskaya, 1966; Schmidt, 1986). Russia — Bryansk, Kursk, Amur, and
Yaroslavl regions, Krasnoyarsk Krai (Sidiki, 1999; Ryzhikov, 1967; Ryzhikov et al., 1974; Spasskaya,
1966), Ukraine (Yuskiv, Melnychuk, 2020), Turkey (Merdivenci, 1967; Guchlu, 1992), Slovakia and Czech
Republic (Barus et al., 1977), Bulgaria — Rositsa River and Sofia (Marinova et al., 2013; Vasilev, 1962,
1973).

We recorded this helminth from Azerbaijan — Kurdamir, Masally, Bilasuvar, Khachmaz regions
(PL 6.52 %, Il 1-15 ind.), Nakhchivan AR — Babek, Sharur, Kengerly, Ordubad regions (PL 11.4 %, Il 2—
4 ind.).

Genus: Gastrotaenia Wolffhigel, 1938

Species: Gastrotaenia dogieli Gynezynskaja, 1944

Syn.: Apora dogieli Gynezynskaja, 1944; Gastrotaenia cygni Wolffhlgel of Maksimova, 1963.

Final host: Anser anser dom.

Intermediate hosts: Diatomus sp.; Arctodiaptomus bacillifer Koelbel, 1885; A. salinus Daday, 1885.

Habitat: Gizzard — under lining.

Distribution: Kyrgyzstan (Spasskaya, 1966).

Genus: Microsomacanthus Lopez-Neyra, 1942

Species: Microsomacanthus abortiva (Linstow, 1904) Lopez -Neyra, 1942

Syn.: Abortilepis abortiva Linstow, 1904; Taenia abortiva Linstow, 1904; Hymenolepis abortive
Linstow, 1904; H. volute (Linstow, 1901) Fuhrmann, 1921; H. upsilon Rosseter, 1911; Weinlandia
abortive (Linstow, 1901) Mayhew, 1925.

Final host: Anser anser dom.

Intermediate hosts: Gammarus pulex L., 1758.

Habitat: Caecum, small intestine.

Distribution: Bulgaria — Rositsa River (Marinova et al., 2013).

Species: Microsomacanthus collaris Batsch, 1786

Cepisn «Bionorisi», Bun. 36, 2021p.
Series “Biology”, issue 36, 2021



m CuctematuyHum ornsag napasuriB (Plathelminthes: Cestoda) cBiicbkoi rycku (Anser anser dom.)
A systematic review of the parasites (Plathelminthes: Cestoda) of the domestic goose (Anser anser ...

Syn.: Hymenolepis collaris Batsch, 1786; H. sinuosa Railliet, 1899; Myxolepis collaris Batsch,
1786; Taenia sinuosa Zeder, 1803; T. collaris Batsch, 1786; Weinlandia collaris (Batsch, 1786) Mayhew,
1925; Dicranotaenia collaris Batsch, 1786; Myxacanthus collaris (Batsch, 1786) Oshmarin, 1963;
Sobolevicanthus collaris (Batsch, 1786) Ablasov, 1953.

Final host: Anser anser dom.

Intermediate hosts: Cyclops Iucidulus Koch, 1838; A. bicuspidatus; A. vernalis; A. viridis;
C. strenuus; E. agilis; E. serrulatus; M. leuckarti; M. oithonoides; D. coeruleus; G. pulex.

Auxiliary hosts: L. palustris; L. vulgaris.

Habitat: Small intestine.

Distribution: Cosmopolitan (Spasskaya, 1966; Schmidt, 1986). Ukraine (PL 7.7 %, Il 1-1342 ind.)
(Smogorzhevskaya, 1976), Russia — Far East, Eastern and Western Siberia, along the Volga River
(Ryzhikov, 1967; Spasskaya, 1966; Ryzhikov et al., 1974), Georgia (Petrochenko, Kotelnikov, 1976),
Slovakia and Czech Republic (Barus et al., 1977), North America (Ransom, 1909), Azerbaijan — Astara,
Shabran, Khachmaz regions (PL 1.3 %, Il 1-34 ind.) (Vahidova et al., 1982; Vahidova, 1978;
Shakhtakhtinskaya, 1952, 1959; Shirinov, 1961).

Species: Microsomacanthus compressa Linton, 1892

Syn.: Taenia compressa Linton, 1892; Hymenolepis compressa (Linton, 1892) Kowalewski, 1904;
H. megarostellis (Solovev, 1911) Skrjabin, 1914; H. solowiowi Skrjabin, 1914; Nadejdolepis solowiowi
(Skrjabin, 1914) Yamaguti, 1959.

Final host: Anser anser dom.

Intermediate hosts: C. strenuus; M. albidus; M. leuckarti.

Auxiliary hosts: Anisus spirorbis L., 1758; L. ovata; L. palustris; L. peregra Muller, 1774;
L. stagnalis L., 1758; Planorbis planorbis L., 1758; Valvata cristata Muller, 1774; Viviparus viviparus L.,
1758.

Habitat: Small intestine.

Distribution: Holarctic (Spasskaya, 1966; Schmidt, 1986). Russia (Petrochenko, Kotelnikov, 1976;
Ryzhikov, 1967; Spasskaya, 1966), Azerbaijan — Astara, Shabran, Gusar, Salyan, Khachmaz, Yevlakh,
Ujar, Masally, Lankaran regions (PL 14.5 %, Il 1-21 ind.) (Vahidova, 1978; Shirinov, 1961).

Species: Microsomacanthus microsoma Creplin, 1829

Syn.: Taenia microsoma Creplin, 1829; Diplacanthus microsoma (Creplin, 1829) Cohn, 1899;
Drepanidotaenia microsoma (Creplin, 1829) Parona, 1899; Hymenolepis microsoma (Creplin, 1829)
Railliet, 1890; Weinlandia microsoma (Creplin, 1829) Mayhew, 1925; Monocercus lymnaei Willot, 1883;
Cysticercus lymnaei (Willot, 1883) Luhe, 1910.

Final host: Anser anser dom.

Intermediate hosts: E. agilis; E. serrulatus; Gammarus locusta; Ampithoe rubricata Montagu, 1808;
Pallasea quadrispinosa Sars, 1867.

Auxiliary hosts: Lymnaea lagotus Schrank, 1803; L. peregra; L. stagnalis.

Habitat: Small intestine.

Distribution: Russia — Far East and Western Siberia (Petrochenko, Kotelnikov, 1976; Ryzhikov,
1967; Spasskaya, 1966).

Species: Microsomacanthus paracompressa Czaplinski, 1956

Syn.: Hymenolepis paracompressa Czaplinski, 1956.

Final host: Anser anser dom.

Intermediate hosts: A. bicuspidatus; A. viridis; C. gigas; E. macruroides; E. serrulatus; M. albidus;
M. crassus; M. leuckarti; M. oithonoides; P. fimbriatus.

Auxiliary hosts: Lymnaea ampla Hartmann, 1821; L. auricularia; L. ovata; L. palustris; L. peregra;
L. stagnalis; P. planorbis; V. viviparus.

Habitat: Small intestine.

Distribution: Palaearctic (Spasskaya, 1966; Schmidt, 1986). Russia — Kaluga, Kursk, Ryazan
regions, Khabarovsk Krai (Engasheva, 2012; Shirinov, 1961), Poland (Czaplinski, 1956; Shirinov, 1961),
Ukraine — shore of the Black Sea (PL 0.5 %, Il 2-123 ind.) (Smogorzhevskaya, 1976), Kazakhstan —
Pavlodar (Egizbaeva, 1962, 1963, 1964, 1971; Belokobylenko, 1962, 1963, 1964).

Species: Microsomacanthus paramicrosoma Gasowska, 1931

Syn.: Hymenolepis paramicrosoma Gasowska, 1931; Microsomacanthus paramicrosoma
(Gasowska, 1932) Ablasov, 1957.

Final host: Anser anser dom.
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Intermediate hosts: A. bicuspidatus; A. viridis; E. serrulatus; M. albidus; M. crassus; M. leuckarti;
M. oithonoides; P. fimbriatus; D. sarsi.

Auxiliary hosts: P. planorbis; L. auricularia; L. ovata; L. palustris; L. peregra; L. stagnalis.

Habitat: Small intestine.

Distribution: Holarctic (Spasskaya, 1966; Schmidt, 1986). Ukraine (PL 0.9 %, Il 4-3010 ind.)
(Smogorzhevskaya, 1976), Russia — Khabarovsk Krai and Amur Region (Zakhryalov, Savinkova, 1962;
Ryzhikov et al., 1974; Shirinov, 1961), Kazakhstan — Pavlodar (Egizbaeva, 1962, 1963, 1964, 1971;
Belokobylenko, 1962, 1963, 1964).

Genus: Retinometra Spasskii, 1955

Species: Retinometra longicirrosa (Fuhrmann, 1906) Spassky, 1963

Syn.: Hymenolepis longicirrosa Fuhrmann, 1906; H. fasciata (Krabbe, 1869) Railliet, 1899;
H. fasciculata Ransom, 1909; Alyselminthus crenatus (Goeze, 1782) Zeder, 1800; Halysis crenata
(Goeze, 1782) Zeder, 1803; Diplacanthus (Dilepis) fasciata (Krabbe, 1869) Cohn, 1899; Drepanidotaenia
fasciata (Krabbe, 1869) Railliet, 1893; Sphenacanthus fasciculata (Ransom, 1909) Lopez-Neyra, 1942;
Hymenosphenacanthus fasciculata (Ransom, 1909) Yamaguti, 1959; Retinometra fasciculata (Ransom,
1909) Spasskaya, 1965.

Final host: Anser anser dom.

Intermediate hosts: A. viridis; C. strenuus; E. agilis; E. serrulatus; M. leuckarti; D. coeruleus;
D. sarsi.

Habitat: Small intestine.

Distribution: Palaearctic (Spasskaya, 1966; Schmidt, 1986). Russia — Kaluga, Kursk, Bryansk,
Tula, Yaroslavl, Ryazan, Omsk, Chelyabinsk regions, Bashkortostan, Western Siberia, mouth of the
Volga River (Engasheva, 2011, 2012; Sidiki, 1999; Petrochenko, Kotelnikov, 1976; Ryzhikov et al., 1974),
Slovakia and Czech Republic (Busta, 1980; Barus et al., 1977), Bulgaria (Marinova et al., 2013), China
(Tseng, 1932), North America (Ransom, 1909), Ukraine (PL 3.8 %, Il 2-7 ind.) (Smogorzhevskaya,
1976).

Species: Retinometra longistylosa Tseng-Shen, 1932

Syn.: Hymenolepis longistylosa Tseng-Shen, 1932; Dicranotaenia longistylosa (Shen Tseng, 1032)
Lopez Neyra, 1942; Stylolepis longistylosa (Shen Tseng, 1932) Yamaguti, 1959.

Final host: Anser anser dom.

Intermediate hosts: unknown.

Habitat: Small intestine.

Distribution: China (Tseng, 1932).

Genus: Sobolevicanthus Spasskii & Spasskaya, 1954

Species: Sobolevicanthus fragilis (Krabbe, 1869)

Syn.: Taenia fragilis Krabbe, 1869; Hymenolepis fragilis (Krabbe, 1869) Dubinina, 1951;
Drepanidotaenia fragilis (Krabbe, 1869) Cohn, 1901.

Final host: Anser anser dom.

Intermediate hosts: Crustacea.

Habitat: Small intestine.

Distribution: Palaearctic (Spasskaya, 1966; Schmidt, 1986). Slovakia and Czech Republic (Barus
etal., 1977).

Species: Sobolevicanthus gracilis Zeder, 1803

Syn.: Halysis gracilis Zeder, 1803; Taenia gracilis (Zeder, 1803) Rudolphi, 1810; Drepanidotaenia
gracilis (Zeder, 1803) Railliet, 1803; Diplacanthus (Dilepis) gracilis (Zeder, 1803) Cohn, 1890;
Hymenolepis gracilis (Zeder, 1803) Railliet, 1800; H. meleagridis Clerc, 1902; Weinlandia gracilis (Zeder,
1803) Mayhew, 1925; Fuhrmaniella gracilis (Zeder, 1803) Shen Tseng, 1932; Sphenacanthus gracilis
(Zeder, 1803) Lépez-Neyra, 1942.

Final host: Anser anser dom.

Intermediate hosts: Candona compressa Koch, 1838; C. neglecta Sars, 1887; C. rostrata Brady,
1889; Cyclocypris dispersa Sars, 1863; C. globosa; C. vidua; Cypria opthalmica Jurine, 1820; D. fasciata;
Eucypris virens Jurine, 1820; H. incongruens; N. monacha; A. viridis; C. vicinus; E. serrulatus; M. albidus;
M. crassus; M. leuckarti; M. oithonoides; P. fimbriatus; D. sarsi; D. spinosus; Eudiaptomus graciloides
Lillieborg, 1888.

Auxiliary hosts: L. palustris; L. vulgaris.

Habitat: Small intestine.

Cepisn «Bionorisi», Bun. 36, 2021p.
Series “Biology”, issue 36, 2021



m CuctematuyHum ornsag napasuriB (Plathelminthes: Cestoda) cBiicbkoi rycku (Anser anser dom.)
A systematic review of the parasites (Plathelminthes: Cestoda) of the domestic goose (Anser anser ...

Distribution: Holarctic, Indomalaya (Spasskaya, 1966; Schmidt, 1986). Ukraine — AR of Crimea,
Dnipropetrovsk, Odesa, Mykolaiv, Kyiv, Khmelnitskyi, Volyn regions (PL 0.3 %, Il 1-16 ind.)
(Smogorzhevskaya, 1976; Pashchenko, 1951; Golubev, 1963), Bulgaria — River Rositsa (Marinova et al.,
2013), Slovakia and Czech Republic (Barus et al., 1977), North America (Ransom, 1909), Russia —
Krasnoyarsk Krai, Amur Region (Ryzhikov, 1967; Ryzhikov et al., 1974; Belyaeva, 1961; Ryzhikov,
Timofeeva, 1961), Azerbaijan — Shabran Region (PL 1.8 %, Il 6-58 ind.) (Vahidova et al., 1982;
Vahidova, 1978; Shirinov, 1961).

Species: Sobolevicanthus krabbeella Hughes, 1940

Syn.: Hymenolepis krabbeellus Hughes, 1940; H. krabbeella Hughes, 1940; Sobolevicanthus
krabbeellus Hughes, 1940.

Final host: Anser anser dom.

Intermediate hosts: Crustacea.

Habitat: Small intestine, caecum.

Distribution: Palaearctic (McDonald, 1969). Russia — South of Ural (Ryzhikov, 1967).

Species: Sobolevicanthus octacanthus Krabbe, 1869

Syn.: Sobolevicanthus octacantha Krabbe, 1869; Hymenolepis octacantha Krabbe, 1869; Taenia
octacanthus Krabbe, 1869; Taenia octacantha Krabbe, 1869; Drepanidotaenia octacantha (Krabbe, 1869)
Cohn, 1901; Weinlandia octacantha (Krabbe, 1869) Mayhew, 1925; Sphenacanthus octacantha (Krabbe,
1869) Lopez-Neyra, 1942; Dicranotaenia octacantha Krabbe, 1869.

Final host: Anser anser dom.

Intermediate hosts: C. vicinus; E. serrulatus; M. oithonoides; H. incongruens.

Habitat: Small intestine.

Distribution: Palaearctic (McDonald, 1969). Azerbaijan — Shabran Region (PL 0.9 %, Il 1-3 ind.)
(Vahidova et al., 1982; Vahidova, 1978; Shirinov, 1961).

Genus: Tschertkovilepis Spasskii & Spasskaya, 1954

Species: Tschertkovilepis krabbei Kowalewski, 1895

Syn.: Taenia krabbei Kowalewski, 1894; T. conscripta Railliet & Henry, 1909; Drepanidotaenia
krabbei (Kowalewski, 1891) Zurn, 1898; D. conscripta (Railliet & Henry, 1909) Lérez-Neyra, 1909;
Hymenolepis krabbei (Kowalewski, 1894) Joyeux & Baer, 1936; H. tenuirostris Rudolphi, 1819;
H. conscripta (Railliet & Henry, 1909) Fuhrmann, Tschertkovilepis krabbei Kowalewski, 1894; 1924;
T. conscripta (Railliet & Henry, 1909) Yamaguti, 1959; Monosaccanthus tenuirostris Rudolphi, 1819.

Final host: Anser anser dom.

Intermediate hosts: E. agilis; C. strenuus; C. serrulatus; M. oithonoides; M. crassus; M. leuckarti;
A. vernalis; E. macrurus; E. serrulatus; D. vulgaris; G. pulex.

Auxiliary hosts: L. Auricularia.

Habitat: Small intestine.

Distribution: Holarctic (Czaplinski, Jarecka, 1967; Schmidt, 1986). Ukraine (Smogorzhevskaya,
1976; Spasskaya, 1966; Yuskiv, Melnychuk, 2020), Russia — Bryansk, Kursk, Orel, Yaroslavl, Omsk,
Amur, Novosibirsk regions, St. Petersburg, Rybinsk reservoir, Tatarstan (Spasskaya, 1966; Sidiki, 1999;
Kopyrin, 1946; Zakhryalov, Savinkova, 1962; Ryzhikov et al., 1974), Belarus (Ryzhikov, 1967), Slovakia
and Czech Republic (Barus et al., 1977), Bulgaria (Marinova et al., 2013), Poland (Bezubik, 1956;
Czaplinski, 1956), North America (Ransom, 1909).

Species: Tschertkovilepis setigera Frolich, 1789. Fig. 4.

Syn.: Hymenolepis anseris Skrjabin & Matevosyan, 1942; H. setigera (Froelich, 1789) Railliet,
1899; Taenia setigera Frolich, 1789; T. setigera Froelich, 1789; T. setosa Rudolphi, 1810; T. fasciata
Rudolphi, 1810; Halysis setigera (Froelich, 1789) Zeder, 1803; Drepanidotaenia setigera (Froelich, 1789)
Railliet, 1893.

Final host: Anser anser dom.

Intermediate hosts: A. bicuspidatus; C. gigas; C. strenuus; E. serrulatus; E. speratus; M. leuckarti;
M. oithonoides; D. coeruleus; D. sarsi; Cypris pubera; Anonyx nugax Phipps, 1774; G. locusta.

Auxiliary hosts: L. auricularia; L. ovata; L. palustris; L. stagnalis.

Habitat: Small intestine.

Distribution: Palaearctic, Indomalaya (Spasskaya, 1966; Schmidt, 1986). Ukraine — Odesa,
Mykolaiv, Kyiv, Poltava regions (PL 4.9 %, Il 1-200 ind.) (Smogorzhevskaya, 1976; Andriyevskaya, 1960;
Pashchenko, 1951; Sergiyenko, 1968; Yevstafyeva, Yeresko, 2018; Yevstafyeva et al., 2018, 2020;
Yuskiv, Melnychuk, 2020), Russia — Bashkortostan, Dagestan; Kaluga, Kursk, Ryazan, Bryansk,
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Yaroslavl, Omsk, Novosibirsk, Amur regions (Mukhametshin, 2004; Engasheva, 2012; Sidiki, 1999;
Aliyev, 2006; Gorshkov, 1937; Kopyrin, 1946; Tolkacheva, 1968; Ryzhikov et al., 1974), Turkey — Kars
district (Kurtpinar, Merdivenci, 1956; Gicik, Arslan, 2003), Slovakia and Czech Republic (Barus et al.,
1977), Bulgaria — Pavlikeni Region, Veliko Tarnovo Region, Elena Region (Marinova et al., 2013).

We recorded T. setigera from the Absheron Region (PL 1.72 %, 11 30-39 ind.) and the Nakhchivan
AR — Sharur Region (PL 2.72 %, 1l 2-3 ind.) of Azerbaijan.

¥

Fig. 4. Cestode Tschertkovilepis setigera. A — adult strobila — mature proglottids, B — scolex. Photo:
F. Rzayev

Genus: Wardium Mayhew, 1925

Species: Wardium aequabilis Rudolphi, 1810

Syn.: Dicranotaenia aequabilis Rudolphi, 1810; Taenia aequabilis Rudolphi, 1810; Hymenolepis
aequabilis (Rudolphi, 1810) Railliet, 1800; Hymenofimbria aequabilis (Rudolphi, 1810) Spasskii, 1961.

Final host: Anser anser dom.

Intermediate hosts: C. laevis; M. fuscus.

Habitat: Small intestine.

Distribution: Russia (Petrochenko, Kotelnikov, 1976; Ryzhikov, 1967; Spasskaya, 1966).

Species: Wardium creplini Krabbe, 1869

Syn.: Hymenolepis creplini Krabbe, 1869; H. pingi Shen Tseng, 1932; Taenia creplini Krabbe,
1869; Dicranotaenia creplini (Krabbe, 1869) Stossich, 1898; D. pingi (Shen Tseng, 1932) Lopez-Neyra,
1942; Wardium pingi (Shen Tseng, 1932) Ablasov, 1955.

Final host: Anser anser dom.

Intermediate hosts: unknown.

Habitat: Small intestine.

Distribution: China (Tseng, 1932).

Family: Mesocestoididae Fuhrmann, 1907
Genus: Mesocestoides Vaillant, 1863
Species: Mesocestoides imbutiformis Polonio, 1860
Syn.: Taenia imbutiformis Polonio, 1860.
Final host: Anser anser dom.
Intermediate hosts: unknown.
Habitat: Intestine.
Distribution: Georgia (Ryzhikov, 1967).
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Family: Paruterinidae Fuhrmann, 1907
Genus: Metroliasthes Ransom, 1900
Species: Metroliasthes lucida Ransom, 1900
Final host: Anser anser dom.
Intermediate hosts: Chorthippus curtipennis Harris, 1835; Melanoplus femurrubrum De Geer, 1773;
Paroxya clavuliger Serville, 1838.
Habitat: Small intestine.
Distribution: Cosmopolitan (McDonald, 1969).

Order: Diphyllobothriidea Kuchta, Scholz, Brabec, Bray, 2008
Family: Diphyllobothriidae Lihe, 1910
Genus: Ligula Bloch, 1782

Species: Ligula interrupta Rudolphi, 1810

Syn.: Digramma interrupta Rudolphi, 1810; L. abdominalis carassi Gmelin, 1790; L. abdominalis
ciprinorum Gmelin, 1790; L. carassi (Gmelin, 1790) Zeder, 1803; L. constringens Rudolphi, 1810;
L. caprionis Rudolphi, 1810; L. digramma Creplin, 1839; Diplogonoporus brauni Leon, 1907.

Final host: Anser anser dom.

Intermediate hosts: A. bicuspidatus; A. vernalis; A. viridis; C. furcifer; C. insignis; C. strenuus;
E. serrulatus; M. albidus; M. fuscus; P. fimbriatus; Acanthodiaptomus denticornis Wierjeski, 1887;
D. glacilis; E. graciloides; Heterocopa appendiculata Sars, 1863.

Auxiliary hosts: Abramis brama L., 1758; A. sapa Pallas, 1814; Barbus lacerta Heckel, 1843;
Carassius auratus L., 1758; C. carassius L., 1758; Cyprinus carpio L., 1758; Gobio gobio L., 1758;
Leuciscus brandti Dybowski, 1872; Rhodeus sericeus Bloch, 1782; Rutilus rutilus L., 1758; Saurogobio
dabryi Bleeker, 1871.

Habitat: Intestine.

Distribution: Europe, Asia (McDonald, 1969).

Species: Ligula intestinalis (Linnaeus, 1758) Gmelin, 1790

Syn.: Fasciola intestinalis Linnaeus, 1758; F. abdominalis Goeze, 1782; Taenia cingulum Pallas,
1781; Ligula cingulum (Pallas, 1781) Rudolphi, 1810; L. piscium Bloch, 1782; L. avium Bloch, 1782;
L. abdominalis (Goeze, 1782) Gmelin, 1790; L. simplicissima Rudolphi, 1802; L. alternans Rudolphi,
1810; L. contortrix Rudolphi, 1810; L. edulis Briganti, 1819; L. uniserialis Rudolphi of Creplin, 1839;
L. monogramma Creplin, 1839; Dibothrium ligula Donnadieu, 1877; Braunia jasseyensis Leon, 1908;
Monogramma uniserialis (Rudolphi, 1810) Kholodkovsky, 1915.

Final host: Anser anser dom.

Intermediate hosts: A. bicuspidatus; A. viridis; C. strenuus; E. serrulatus; M. albidus; M. leuckarti;
M. oithonoides; D. gracilis; D. sarsi; E. graciloides.

Auxiliary hosts: Pisces.

Habitat: Small intestine.

Distribution: Europe, Asia, North America, Africa (McDonald, 1969). We registered this parasite for
the first time in domestic goose in Azerbaijan — Masally Region (PL 0.36 %, 1l 1-3 ind.).

Genus: Schistocephalus Creplin, 1829

Species: Schistocephalus solidus Miiller, 1776

Syn.: Taenia solidus Muller, 1776; T. solida Muller, 1776; T. acutissima Pallas, 1781; Rhytis solida
(Muller, 1776) Zeder, 1800; Bothriocephalus solidus (Miiller, 1776) Rudolphi, 1810; Schistocephalus
solidus (Miiller, 1776) Steenstrup, 1857; S. dimorphus Creplin, 1829; Dibothrium ligula Donnadieu, 1877.

Final host: Anser anser dom.

Intermediate hosts: A. bicuspidatus; A. vernalis; A. viridis; C. furcifer; C. strenuus; C. vicinus;
E. macrurus; E. macruroides; E. serrulatus; M. albidus; M. fuscus; M. leuckarti; D. gracilis; E. graciloides.

Auxiliary hosts: Pisces.

Habitat: Small intestine.

Distribution: Russia (Ryzhikov, 1967).

An analysis of literature data and the results of our research has established that a total of 147
helminth species (Trematoda — 64, Cestoda — 33, Nematoda — 46, Acanthocephala — 4) is hitherto known
in domestic geese. The recorded tapeworms belong to five families (Dilepididae — 1 species,
Hymenolepididae - 27 species, Mesocestoididae — 1 species, Paruterinidae — 1 species,
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Diphyllobothriidae — 3 species). In Azerbaijan, 11 cestod species were found in domestic geese. Six of
them (Diorchis inflata, Drepanidotaenia lanceolata, D. przewalskii, Fimbriaria fasciolaris, Tschertkovilepis
setigera, Ligula intestinalis) were registered in the course of our helminthological studies. The cestodes
D. inflata and L. intestinalis were found in domestic geese in Azerbaijan for the first time. Five species
(Dilepis undula, Drepanidotaenia lanceolata, Ligula interrupta, Ligula intestinalis, Schistocephalus
solidus) parasitize both birds and mammals (D. lanceolata also in humans). Of these, two species
(D. lanceolata, L. intestinalis) occur in Azerbaijan.
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CuctematnyHunm ornag napasutiB (Plathelminthes: Cestoda) cBincbKoOiI rycku

(Anser anser dom.)
&®.I. P3aeB, A.M. Hacupos, E.K. NlacumoB

MTaxiBHMLTBO Mae BaXnuBy pornb Yy 3abesnedeHHi HaceneHHs BinbLIOCTI KpaiH CBITY M'ACHOI NMpoAyKuieto, B TOMY
yncni M'ACOM BOAOMMaBHMX MTaxiB, BKMYaK4M CBINCbKY rycky — Anser anser dom. OgHum 3 dakTopiB, SKi
Oe3nocepeaHbO BMAMBAKOTL Ha SKICTb M'sica i OTPUMYBaAHOI 3 HbOrO MPOMWCIIOBOI MPOAYKLI, € renbMiHTh, sKi
BMKIUKAOTb 3axBOPIOBaHHS y rocnogapis. [MapasuTonoriyHi JOCRigXEeHHS 3 METOH BUBYEHHS renbMiHTOdayHu
CBIlICbKMX rycen npoBoauMnucst B GaraTbox kpaiHax, Bkrntoudatroum AsepbanmxkaH. CTboxkoBi yepBu (knac: Cestoda)
TaKOX nNapasuTyloTb Yy TyckW, 3aBAaloydM in cepinosHoi wkoan. OrnggoBa iHOPMaLis 3 BUBYEHHS CBITOBOI
renbMiHTOayHn CBINCbKMX Tycew BiOCYTHS. 3 Ornsgy Ha akTyanbHIiCTb TeMu, Ha OCHOBI BnacHMX marepianis i
BEMUKOI KifbKOCTI NiTepaTypHMX OaHWX MU MOCTaBUNWN 3aBAaHHA BW3HaAYUTU i cUCTeMaTudyBaTu BMOOBUW cKNapg
CTbOXKOBMX YepBiB, MapasuTylounmx Ha CBiCbKMX rycax. Cnucok BuAiB LecTod npeacTaBrneHuin B andasiTHOMY
nopsaKy, POAVHKU, POAM | BUAM BignosigaoTbe HOMeHknaTypi i knacudikadii Khalil et al. (1994) i Olson et al. (2001) 3
oHoBneHHAMM Kuchta et al. (2008) i Caira et al. (2014). Mu Takox BpaxyBanu knacudikadito, npuiHATy B 6a3i gaHmx
Fauna Europaea. [1nsa KoxxHOro BMay npeActaBneHo Taky iHpopmadiio: HaykoBa Ha3Ba, aBTOp i pik ONuUCy, CUHOHIMMU,
OCHOBHI, NPOMiXHI i pe3epByapHi rocnogapi, nokanisauis B Tini ntaxa, micua 36opy B Asepbangxati, reorpadiyHe
MOLUMPEHHS, EKCTEHCUBHICTb Ta IHTEHCUBHICTb iHBa3il, niTepaTypHi Sxepena. Ha nigctasi nitepatypHux i BnacHuX
[aHuX BCTAHOBIEHO, WO A0 TenepiwHbOro 4Yacy y CBIMCBKUX rycen Oyno 3apeectpoBaHO 147 BuAiB renbMiHTIB
(Trematoda — 64, Cestoda — 33, Nematoda — 46, Acanthocephala — 4). BusiBneHi 33 BuOu CTbOXKOBUX YepBiB
HanexaTtb Ao n'stm poauH (Dilepididae — 1, Hymenolepididae — 27, Mesocestoididae — 1, Paruterinidae — 1,
Diphyllobothriidae — 3), 3 Hux 11 BugiB 3ycTpivatoTbCs y CBicbkux rycevt B AsepbangxaHi. Wicte Bugis (Diorchis
inflata, Drpanidotaenia lanceolata, D. przewalskii, Fimbriaria fasciolaris, Tschertkovilepis setigera, Ligula intestinalis)
Oynn BiA3HaYeHi B XoAi HaWuMX renbMiHTOMOrMYHMX AocnimkeHb. Ha Teputopii AsepbangkaHy y CBIVICBKMX Tycen
Bneple 6ynu BusineHi uectoan D. inflata i L. intestinalis. M'aTe BuaiB reneminTiB (Dilepis undula, Drepanidotaenia
lanceolata, Ligula interrupta, L. intestinalis, Schistocephalus solidus) napasuTyloTb 8K y nTaxiB, TaK i y ccasuiB
(D. lanceolata B Tomy uuncni y nioguin). iea 3 Hux (D. lanceolata, L. intestinalis) 3apeectpoBaHi B Azepbangxari.

KnrouoBi cnoBa: yecmodu, cucmemamuyHuUl CriuCOK, napasumu CeiliCbKoi 2yCKu, NMoKa3HUKU iHeasii, eeoepachiyHe
MOWUPEHHS.
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Cuctematunyecknm o63op napasutoB (Plathelminthes: Cestoda) nomawHero rycs

(Anser anser dom.)
®.I". P3aeB, A.M. Hacupos, 3.K. NacbimoB

MTuueBoaCcTBO MrpaeT HemanoBaXHyK ponb B obecnevyeHWu HaceneHust GOMbLUMHCTBA CTpaH Mupa MSICHOW
npoaykumen, B TOM YMcrne MSCOM BOAOMMaBaloLwwmMX NTMU, BKOYas gomaluHero rycs — Anser anser dom. OgHumM 13
(PaKToOpOB, HaNPsSMy BANSAKOLLUX HA KaYECTBO MSCA U MOJTy4aeMOon 13 HEro NPOMbILLNEHHOW NMPOAYKLMM, SABNSOTCS
renbMVHTbI, BbI3blBaloWMe 3aboneBaHusi y xo3seB. [lapasvTonornyeckne WUCCNedoBaHUs C Lenblo  U3yYeHus
renbMmHTOayHbl JOMAaLLUHUX Mycel NPOBOAMIUCL BO MHOIMMX CTpaHax, Bkrovas AsepbangxaH. JleHTouHble YepBu
(knacc: Cestoda) Takke napasuTupyIoT Y rycs, HaHOCA eMy cepbesHbli Bped. O630pHOM MHOPMaLMK N0 N3YyYEHUIO
MUPOBON renbMUHTOMayHbl AOMALUHMX TyCcel HeT. YunTbiBad akTyarbHOCTb TeMbl, Ha OCHOBE COOCTBEHHbIX
MaTepuarnoB W OOLUMPHBLIX NUTEpaTYpHbIX OaHHbIX Mbl MOCTaBUNM 3afdadvy onpeaenuTb U CMCTEMaTU3MPOBaTb
BMAOBOW COCTaB NMEHTOYHbIX YEPBEW, NapasuTUpYOLLUX Ha AoMaLUHMX rycsx. Cnncok BUAOB LeCcTon NPeaCcTaBrieH B
andgaBuMTHOM Mnopsiake, ceMencTBa, podbl U BMAbI COOTBETCTBYIOT HOMeHknatype u knaccudpukauumn Khalil et al.
(1994) n Olson et al. (2001) ¢ o6HoeneHusmn Kuchta et al. (2008) n Caira et al. (2014). Mbl Takke y4nu
Knaccudmkaumio, npuHATY0 B 6a3e gaHHbix Fauna Europaea. Kaxabi Bug cHabxeH cnegytolien nHdopmMaumen:
Hay4YHoe HasBaHWe, aBTOP M oA ONUCaHWs, CUHOHUMbI, OCHOBHbIE, MPOMEXYTOYHbIE U pe3epByapHble XO35eBa,
nokanusaums B Tene ntuubl, Mecta cbopa B AsepbangkaHe, reorpaduyeckoe pacnpocTpaHeHne, SKCTEHCUBHOCTb U
WHTEHCMBHOCTb WHBAa3uK, NUTepaTypHble WCTOYHWKM. Ha OCHOBaHWM nuTepaTypHbIX UM COOCTBEHHbLIX AaHHbIX
YCTAHOBJIEHO, YTO A0 HACTOSLLEro BPEMEHM Y AOMALUHUX Fycen Obino 3apermctpupoBaHo 147 BMAOB refibMUHTOB
(Trematoda — 64, Cestoda — 33, Nematoda — 46, Acanthocephala — 4). O6HapyeHHble 33 Buaa NeHTOYHbIX YepBei
oTHocaTcs Kk nsatu cemenicteam (Dilepididae — 1, Hymenolepididae — 27, Mesocestoididae — 1, Paruterinidae — 1,
Diphyllobothriidae — 3), n3 Hux 11 BugoB BcTpeyatoTcs y AoMaLLHKX rycen B Asepbavigxare. Wects Bugos (Diorchis
inflata, Drpanidotaenia lanceolata, D. przewalskii, Fimbriaria fasciolaris, Tschertkovilepis setigera, Ligula intestinalis)
ObININ OTMEYEHbI B XO4€ HaLUMX reflbMUHTONOMMYEeCKux ncenegoBanunin. Ha tepputopun AsepbarigxkaHa y JoMalLHNX
rycevi Bnepsble Obinyu obHapyxeHbl uectoabl D. inflata v L. intestinalis. MaTe BugoB renbMuHToB (Dilepis undula,
Drepanidotaenia lanceolata, Ligula interrupta, L. intestinalis, Schistocephalus solidus) napas3nTupytoT kak y nTuu, Tak
n y mnekonutalowmx (D. lanceolata B Tom uucne y uyenoseka). [1Ba mn3 Hux (D. lanceolata, L. intestinalis)
3aperncTpmpoBaHbl B A3epbangkaHe.

KnroueBble cnoBa: uyecmodsl, cucmemamu4yeckuli Crucok, napasumsl OoMalHe20 2yCs, Mokazamenu uHeasuu,
eeoepaghudeckoe pacrnpocmpaHeHue.
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Donors of valuable breeding traits of pea (Pisum sativum L.)
A.O. Vasylenko, N.O. Vus, |.N. Bezuhlyi, O.N. Bezuhla, L.N. Shevchenko,
Ye.Yu. Kucherenko, A.V. Hliantsev

Analysis of the existing basic collections and identification of the core collections with clearly defined properties are
important stages of the plant genetic banks activities. The NCPGRU pea collection has not been studied through this
lens. The article presents results of the study of pea (Pisum sativum L. subsp. sativum) accessions as donors of
valuable breeding traits for its multipurpose use in agriculture and processing industries. We examined 307
accessions representing the breeding material from the working pea collection of the Laboratory of Grain Legume
Breeding of the Plant Production Institute named after V.Ya. Yuriev and the collection accessions of various eco-
geographical origins of the National Center for Plant Genetic Resources of Ukraine (NCPGRU). Eleven donors were
selected by one or more important agronomic traits in combination with valuable economic characteristics (yield,
performance, protein content in seeds, disease resistance (Fusarium wilt and Ascochyta blight)). The cultivars
Modus, Efektnyi (multi-flowering (fn fna), leafless (tendril) (af)), Tsarevych (seed shedding resistance (def), leafless
(af)), and SL DTR 94-120 (multi-flowering (fn fna), luhansk type of determinancy (d)) were chosen as donors for the
grain pea breeding. Orpella (anthocyanin pigmentation of the corolla (A)) and Rezonator (stem length (Le)) were
used for the grain/fodder pea breeding; Kharkivskyi Yantarnyi and Banan (seed culinary qualities) — for the groats
pea breeding; Stambovyi (parchmentless pods (pv), fascicle stems (fa fas) and Asgrow sead (wrinkled seeds (r),
leafless (af), multi-flowering (fn fna)) — for the garden pea breeding; Violena (the rb gene carrier — amylose-free
starch) — for the technical pea breeding. All the accessions proved their donor capacities. A qualitatively new input
material for practical selection has been derived by means of hybridization with some cultivars (Kharkivskyi
Yantarnyi, Banan, Tsarevych, Violena, Asgrow seed). Further study of the NCHRRU pea collection aimed at
identification of valuable accessions and creation a core collection is essential.

Key words: pea, collection, donors, genetic trait control, breeding, breeding value.
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Introduction

Pea is one of the most important legume crops. In terms of world production, it ranks second after
the bean (FAOSTAT, 2021). Being the basic object of genetic research since G. Mendel and Ch. Darwin,
it has not lost its importance in genetics and breeding yet. Ukraine is among the top 10 pea producing
countries; the collection of the National Center for Plant Genetic Resources of Ukraine (NCPGRU) is
among the 10 largest world collections.

Since the beginning of the 215t century, the scientific and international community attitude to
genetic resources has changed fundamentally (Zhuchenko Jr., 2014). The modern breeding process
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requires extended studies and analyses of the plant pool available, in particular, its genetic
characteristics. Attention to genetic resources has rose due to the narrowing genetic base of the breeding
cultivars and reduction in their genetic variability (heterogeneity, heterozygosity), which increase
epiphytotic risk.

The objectives and prospects of breeding and seed production cannot be achieved without
mobilizing the world's plant resources. Here, national breeding centers have the real advantages, as they
possess unique genetic donors for the most important species that are resistant to the most harmful
abiotic and biotic stressors and have a high nutritional value (Zhuchenko, 2012). Thus, in Belarus, new
cultivars and hybrids based on collections of genetic resources were introduced in agriculture and forestry
with an economic effect of $ 116.9 million and $ 5.7 million, respectively (Privalov et al., 2016).

M.A. Vishnyakova demonstrated the possibilities and necessity of more efficient use of the
legumes’ gene pool in new directions of breeding: symbiotic, ecological, ecotypic, phytocenotic, and
bioenergetic (Vishnyakova, 2012). The pea collection of the All-Russian Research Institute of Plant
Industry comprises 8,057 accessions (as at 01/01/2014); of these, the 685 are from the Mediterranean
pool (center of the crop origin). Commercial cultivars and landraces account for 46.0 % and 38.0 %,
respectively, while wild forms and accessions with unknown status comprise 1.5 % and 13.0 %. A long-
term analysis allowed identifying individual accessions that are sources of alleles determining valuable
traits (Vishnyakova et al., 2016). Having studied retrotransposons in 3,020 accessions of the pea
collection of the John Innes Center (Great Britain), which is one of the most diverse and representative
collections of the world gene pool of the genus Pisum L., the researchers found that the greatest genetic
diversity is represented not by breeding cultivars, but by their wild congeners. At the same time, "wild"
alleles are rarely present in cultivars, and the genome of pea cultivars is rather poor. As a result, the
knowledge about the pea gene pool has been expanded, which contributes to its more efficient
application in the breeding practice (Jing et al., 2010).

The pea collection of Ukraine (NCPGRU) contains 2,683 specimens (as at 01/01/2018); 49 % of
them are breeding cultivars created in Ukraine and/or other countries (Kobyzeva et al., 2018). The gene
pool is evaluated in terms of a wide range of morphological and agronomic characteristics. The studied
accessions are being used to form collections for different purposes. Unfortunately, the National Center
for Plant Genetic Resources of Ukraine has no accessible genotypic and/or phenotypic database of
available accessions (Smykal et al., 2012).

In India, where the chickpea is the legume crop number one, a similar work has already been done.
In the Indian National Genebank (New Delhi), the available gene pool of the basic collection had been
fully assessed; the especially valuable accessions were selected, which provided basis for a core
collection. To increase selection efficiency, the basic chickpea collection (14,651 accessions) was
evaluated by eight quantitative and 12 qualitative agronomic and morphological traits. The database is
now publicly accessible (Singh et al., 2012; Archak et al., 2016).

A.A. Churakov and L.I. Valiulina emphasize that assessment of genetic resources in a particular
region can increase selection efficiency. For example, in the Krasnoyarsk Krai, the growing period of pea
plants (80-90 days) is a limiting trait when assessing the resource material. Therefore, the material
involved in crossing has to combine this growing period and a set of economically useful traits (Churakov
et al., 2021).

In China, the pea basic collection contains almost 5,000 specimens from 70 countries. To assess
the accessions’ genetic diversity, a core collection of 731 specimens from 67 countries was analyzed with
the use of 21 SSR primers. This study showed the greatest genetic heterogeneity of the Asian
accessions. The European accessions ranked the second place, while the accessions from the other
countries were less heterogenic. It turned out that 48 accessions (6.57 % of the collection) cover 84.4 %
of all allelic variations (Zong et al., 2008).

An investigation of genetic resource collections by modern methods of genome analysis can
evaluate not only genetic diversity of the modern gene pool, but also evolutionary relationships and
development paths of agricultural crops (Jing et al., 2010).

An amount of the studied collection material can be quite extensive while the number of accessions
chosen for the further research can be very small. Nevertheless, this is the promising material that
determines selection effectiveness. When assessing a garden pea collection, consisted of 277 specimens
of different eco-geographical origins, I.M. Kaigorodova et al. (2013) chose only six accessions with
several valuable agronomic traits. Based on the traits relevant for the crop breeding, O.V. Alikina and
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A.G. Besedin (2016) selected only 25 out of 522 accessions from the garden pea collection of the All-
Russian Research Institute of Plant Industry.

Given the available diversity of initial material, a chose of the most promising parents for crossing
remains a challenging task of selection. Comprehensive studies of genetic resource collections are a way
to solve this problem (Merezhko, 2005). At the same time, it is obvious that the current prevailing trends
in the choice of parental pairs for crossing (the best commercial cultivars) inevitably lead to an increase in
genetic vulnerability of closely related cultivars. Only few of numerous cultivars involved in hybridization
are proved to be outstanding donors of economically valuable traits and corresponding blocks of co-
adapted genes (resistance, performance, quality, etc.) (Zhuchenko Jr., 2014).

Based on the above, our purpose was to reveal and identify accessions with a pool of valuable
economic characteristics that can be donors for one or more agronomic traits.

Study objects and methods

The research objects were 307 accessions (Pisum sativum L. subsp. Sativum) representing the
pea breeding material from a working collection of the Laboratory of Grain Legume Breeding of the Plant
Production Institute named after V.Ya. Yuriev as well as the collection accessions of different eco-
geographical origin deposited in the National Center for Plant Genetic Resources of Ukraine (NCPGRU)
and defined as a source of valuable traits. The field experiments were carried out in the scientific crop
rotation of the Plant Production Institute named after V.Ya. Yuriev (Kharkiv, Ukraine) in 2016-2020 in
accordance with the methods of field experimentation (Dospekhov, 1985).

The pea collection accessions were studied according to "Guidelines on studying genetic resources
of grain legumes" (Kobyzeva et al., 2016). Morphological description of the accessions, their classification
by economic and biological features, identification of the genes of the above-mentioned traits were
performed by morphological and phenological methods specified in the Classifier of the genus Pisum
(CMEA’s international classifier..., 1990; Makasheva, 1979; Genetics of domestic plants..., 1990).

Carriers of the r and rb mutations were identified by the starch granule morphology and the
amylose content in starch (Wang et al., 1998; Hedley et al., 1996). Starch granule morphology was
analyzed in light microscopy (Large workshop on plant physiology, 1978) after 48-hour fixation of seeds in
a mixture of 96 % ethanol, glycerin and water (in a ratio of 1: 1: 1) and 0.01 M sodium azide as a
bacteriostatic preservative. After fixation, the seeds were grounded in a porcelain mortar. Granules were
photographed with a DMC-FZ300 digital camera and microscopically analyzed in a Biolam-15 microscope
with the lens x40.

Results and discussion

The NCPGRU'’s pea collection has no complete genetic database. A pea genetic collection formed
in 2014 was the first step in resolving this problem (Bezuhla et al., 2014). Donor identification is the next
important stage in the gene pool classification and systematization. The field and laboratory investigations
conducted in the Laboratory of Grain Legume Breeding and the Laboratory of Genetic Resources of
Grain Legumes and Groats Crops resulted in identification the donors of valuable agronomic traits.

The modern trend in the pea breeding is creating vegetable cultivars, which, in addition to high
yields and protein content in seeds, have good culinary properties (cooked seed weight/dry seed weight
ratio, cooking time, palatability). The cultivars Kharkivskyi Yantarnyi (UD0101296), UKR and Banan
(UD0101543), UKR, have confirmed their donor capacities for the “seed culinary quality” trait. They have
good cooking properties: seed cooking coefficient 2.26; cooking time 80-90 min. (rating "good"), excellent
palatability (7+). Kharkivskyi Yantarnyi and Banan are leafy, mid-tall (the stem length is 105-110 cm and
80-110 cm, respectively), highly productive (their yields amount to 5.5 t/ha), high-protein (the protein
content in seeds is 23-26 % and 24-28 %, respectively) cultivars. Kharkivskyi Yantarnyi has bright
orange cotyledons. These cultivars have moderate resistance to Fusarium wild (5 points) and Ascochyta
blight (7 points). When these cultivars were used as female components in regular crosses, the obtained
hybrids got higher protein content in seeds (by 6-12 %) and better culinary quality than their parents
(Bezuhlyi et al., 2018; Vasylenko et al., 2018).

In peas, like in many other legumes, flowers develop in racemes on the specialized lateral flower-
bearing stems (12), while the main stem (I1) grows indefinitely. Usually, the pea racemes have two
flowers. In addition to fundamental interest, data on the regulation of inflorescence development and
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formation of multi-flowered inflorescences are of particular practical value for the breeding of new high-
performance pea cultivars (Sinjushin, Liberzon, 2016).

We distinguished the cultivars Modus (UD0101938) and Efektnyi (UD0102018) as donors of a
“‘multi-flowering” trait controlled by the fn fna genes. Being leafless, these cultivars form three fully
developed pods in the first and/or second productive node. Resistance to Fusarium wilt: Modus — 3
points, Efektnyi — 5 points; to Ascochyta blight: Modus and Efektnyi — 5 points each. The cultivars’
potential capacity amounts to 6.0 t/ha; both of them are lodging resistant and suitable for direct
combining.

The “leafless" trait is attributed to the af gene, which is phenotypically manifested as the formation
of tendrils instead of normal leaves that increases lodging resistance. Leafless pea cultivars are
considered to give some 10 % lower yields (Pesic et al., 2013). When lodging, yield losses in leafy pea
cultivars reach 32-43 % compared to the tendril (leafless) cultivars (Bugrej, Avdeenko, 2012). Seed
shedding is prevented by the def gene expression, causing hypertrophy of the seed pedicel tissue. After
seed ripen, seed pedicels do not come off and remain attached to the central raphes of the beans
(Makasheva, 1979; Genetics of domestic plants..., 1990; Ayeh et al., 2011). This mutation can slightly
decrease the yield due to a lower seed number per pod. Nevertheless, in a zone with unstable
precipitation, the losses caused by an overmature stand can be outstanding, and the cultivation of non-
shedding pea cultivars is economically profitable (Zelenov, 2013). Seed non-shedding makes it possible
to reduce losses during harvest by 10—-20 % (Zubov, Katyuk, 2007). A combination of these features was
discovered in Tsarevych (UD0102105) that gives the reason to recommend it as a donor of both “leafless”
and “shedding resistance” traits. The cultivar yield amounts to 6.0 t/ha (Bezuhlyi et al., 2016); it is highly
resistant to lodging (8-9 points), suitable for direct combining, shows weak resistance to Fusarium wilt (3
points) and high resistance to Ascochyta blight (7 points).

Determinant forms are of particular value in breeding, since their seeds ripen from lower to upper
productive nodes processes more evenly than that in the indeterminate forms. On the other hand, they
have a number of disadvantages: poor performance (only 3—4 pods on the main stem), late fruiting and a
tendency to generate lateral shoots (Alikina, Besedin, 2016). The breeding line SL DTR 94-120 was
distinguished as a donor of the "determinancy" and the "multi-flowering". The determinancy is caused by
the r genes, manifested phenotypically as the presence of 1-2 productive nodes only; two carpophores
emerge from the last node. A determinant type of the stem growth ensures shorter anthesis and a good
yield due to the total apical meristem transformation into the apical inflorescence (Kotlyar et al., 2019).
Such cultivars can be used for post-harvest crops in areas with sufficient precipitation or with irrigation. In
the breeding line DTR 94-120, the reduced number of productive nodes, characteristic of determinant
cultivars, is compensated by the “multi-flowering” fn fna gene that makes it possible to form a sufficient
performance. The line is leafy; its performance is 7.2 g of seeds per plant; the stem length is 55-65 cm;
the protein content in seeds is 21-23 %; the resistance is moderate, to Fusarium wild — 5 points, and to
Ascochyta blight — 7 points.

The listed traits ("multi-flowering" (fn fna), "leafless" (af), "shedding resistance" (def), and
"determinancy" (r)) are monogenic, recessive and clearly diagnosed by phenotype (Ellis et al., 2010)
(Fig. 1). Therefore, when such donors are involved in both simple combination and backcrossing, the trait
appearance in a hybrid confirms its monogenicity.

Year 1 AfFAf x afaf
Crossing leafy i leafless

Year 2 F1 Afaf x afaf
Crossing leafy

Year 3
Selection

F1 Afaf (leafy) and afaf (leafless)

Fig. 1. An example of a complex pea hybridization scheme
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Grain/fodder cultivars can be sown as a monocrop for commercial grain and as a mixed crop with
cereals for green fodder, hay and silage. In the grain/fodder pea breeding, both anthocyanin-free cultivars
and cultivars with anthocyanin pigmentation of the corolla (field pea) are used in crossing as initial forms
(Kosterin, 2015). We chose the leafy cultivar Orpella (UD0100520), a carrier of the “anthocyanin
pigmentation of the corolla” trait controlled by the A gene. This cultivar shows good performance (an
average seed weight per plant is 10.4 g; an average number of beans per pod is 4.7); it is resistant to
Fusarium wilt (5 points) and Ascochyta blight (5 points).

Grain/fodder cultivars are to have long stems and many leaves. The pea stem length (up to 150
cm) is controlled by the Le gene, which is responsible for the gibberellin synthesis. It also can stimulate
internode growing in the pea plants (Martin et al., 1997).The cultivar Rezonator (UD0100668) is a donor
of the "long stem" trait; it is a leafy cultivar with a maximum of seed performance of 5.0 t/ha and green
mass productivity of 30.0-35.0 t/ha. In the phase of the bean complete filling, the percentage of green
beans is 32—-34 % of the total number of seeds; the protein content in seeds is 22-24 %; the resistance to
Fusarium wilt and Ascochyta blight is 3 and 5 points, respectively.

The “anthocyanin pigmentation of the corolla® and the “stem length” traits are monogenic and
dominant. Selection is conducted in F2 hybrids with the trait control in subsequent generations.

Vegetable cultivars can be grouped into two categories with a purpose of green seed and green
pod production. Green seeds are used as raw material for canning and processing industries. When
breeding these cultivars, it is necessity to pay attention at the green seeds’ yield, seed yield per plant,
contents of dry matter and carbohydrates in seeds, seed color and size, etc. Mature seeds are wrinkled,
which is a characteristic feature of these cultivars. This trait is controlled by the r gene (linkage group (LG)
7 (Genetics of domestic plants..., 1990)) responsible for the higher concentration of sucrose in developing
corcules of pea plants that, in turn, increases water absorption, cell size, and fresh seed weight. During
maturation, such seeds experience significant water loss, which makes the seed surface wrinkled. In
addition to this morphological variation, the mutation also causes changes in the amount of lipids and
storage proteins (legumins) (Bhattacharyya et al., 1993).

Since Asgrow seed (UD0101648, USA) is a donor of a bulk of important traits: “wrinkled seeds”
(rgene) (Tymchuk et al., 2017), “leafless (tendril)” (af gene), "multi-flowering" (fnfna gene), it was
proposed for creating new vegetable (garden) cultivars. The protein content in dry seeds is 22.0-27.8 %;
the starch content is 26.85 %; the sugar content in seeds in the phase of technical ripeness (green peas)
is 3.92— 5.32 %. The cultivar is highly resistant to Fusarium wilt (7 points) and Ascochyta blight (5 points).

Garden cultivars, used to obtain green pods in the “unripe, flat and long pod” phase, have very
wide parchmentless pods. Two non-complementary recessive genes — p and v, determine a
parchmentless or «sugar» pod; each of them reduces the parchment layer in great extent, and, acting
together, they eliminate it completely. These genes determine thick shells of pea pods that makes the
whole pod (with shell) edible (McGee, Baggett, 1992). Shtambovyi Sakharnyi (UD0101816, Russia) is a
donor of the “parchmentless (sugar) pods” (pv) and “fascicle stems” (fa fas) traits. The fascicle stem is
attributed to two independent genes, fa in LG 4 and fas in LG 3. This trait changes both the stem
architecture and the physiology of plant blossoming and ripening. Its characteristic feature is a pod
grouping at the top of the stem; consequently, the pea plants lodge and become vulnerable to drought
during the short periods of their anthesis and pod formation (Gawlowska, Swiecicki, 2016; Siniushin,
Gostimskii, 2008). Shtambovyi Sakharnyi is highly resistant to Fusarium wilt (7 points) and Ascochyta
blight (7 points).

In the modern processing industry, pea is considered a source of high-quality starch. Therefore,
creation of cultivars with a high starch content in seeds and a high amylose/amylopectin ratio is another
direction of breeding. Carriers of the rb mutation in pea (LG 3 (Genetics of domestic plants..., 1990)) are
richer in the oil content in seeds than the carriers of smooth-seed and r mutation (Wang et al., 1990). An
influence of the rb locus on the starch content in pea seeds is mediated by changes in the ADP-glucose
pyrophosphorylase activity in developing corcules (Smith et al., 1989). The RRrbrb genotype is
characterized by a higher content of amylopectin in the seed starch (Bhattacharyya et al., 1993).
Phenotypically, the RRrbrb genotype manifests itself as wrinkled cotyledons and simple starch granules.

In the pea collection studied, we distinguished only one carrier of the rb gene, the cultivar Violena
(UD010077). The amylose rate in seed starch of Violena is only 28.2 %, compared with 63.9 % of
amylose in the carriers of the r gene (Asgrow sead). Analyzing crosses and light microscopy of the seed
samples have also confirmed the presence of the rb gene (Tymchuk et al., 2017; Vasylenko et al., 2017).

BicHuk XapkiBcbkoro HauioHanbHoro yHiBepcutety imeHi B. H. Kapasina
The Journal of V. N. Karazin Kharkiv National University



A.O. BacuneHko, H.O. Byc, I.M. Be3yrnuii, O.M. Be3ayrna, J1.M. LLleB4eHko, €.10. KyuyepeHko, A.B. lnsaHueB
A.O. Vasylenko, N.O. Vus, I.N. Bezuhlyi, O.N. Bezuhla, L.N. Shevchenko, Ye.Yu. Kucherenko, A.V. Hliantsev

In Violena, the starch content in seeds is 26.85 %; the protein content is 21-23 %. It has an average
resistance to Fusarium wilt (3 points) and high resistance to Ascochyta blight (7 points).

Conclusions

Since the National Center for Plant Genetic Resources of Ukraine has no publicly accessible
genotypic and phenotypic databases of available pea specimens, our work on identification of the donors
of valuable agronomic traits can provide the beginning of a creation of pea core collection in the
NCPGRU.

In practical terms, the use of presented donors with a set of economic performance in specialized
breeding programs can increase their efficiency. Eleven donors were selected for various directions of
pea breeding: Modus and Efektnyi (multi-flowering, leafless (tendril)), Tsarevych (seed shedding
resistant, leafless), SL DTR 94-120 (multi-flowering, determinancy), Orpella (anthocyanin pigmentation of
the corolla), Rezonator (stem length), Kharkivskyi Yantarnyi and Banan (culinary qualities of seeds),
Stambovyi (parchmentless pods, fascicle stems), Asgrow sead (wrinkled seeds, leafless, multi-flowering),
and Violena (amilose-free starch).

In the future, the need in more profound studies of genetic resources by both the classical methods
and the molecular genetic technologies will be growing.
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HoHopM LiHHUX ceneKuinHMX O3HaK ropoxy nociBHoro (Pisum sativum L.)
A.O. BacuneHko, H.O. Byc, I.M. Besyrnun, O.M. Be3syrna, J1.M. LLleBYeHKo,
€.10. KyuepeHko, A.B. NsaHues

Baxnueuin etan poboTu reHeTU4YHUX GaHKiB pocnunH — aHani3 icHyto4oi 6a30Boi konekuil i BUAINEHHsT cepLeBUHHNX
KOMekKui 3 4iTKO BM3HaYeHMMM BnactmBocTamu. [Ons konekuii ropoxy HUIMPPY Taka poGoTta paHiwe He
nposoaunacs. Y ctaTTi NpeAcTaBneHi pesynbTatv poboTu 3 ineHTudikaLii AOHOPIB LiHHUX CENEKLIMHMX 03HaK ropoxy
nocisHoro (Pisum sativum L. subsp. sativum), 3 ypaxyBaHHAM O0araTouiNlbOBOrO BWKOPUCTaHHS KynbTypu Y
CinbCbKOMY rocnogapcTsi i nepepobHin npomucnosocTi. O6’ekTamun BuBYeHHSA 6ynn 307 3paskiB 3 pobo4oi Konekuii
CernekuinHoro marepiany ropoxy, sikui 6yB cTBopeHun y nabopartopii cenekuii 3epHO6060BUX KynbTyp IHCTUTYTY
pocnvHHMuTBa iMeHi B.A. HOp’eBa, i konekuii HauioHanbHOro LUEHTPY rEeHETUYHMX PECYPCiB POCNUH  YKpaiHu
(HUIPPY) pisHoro ekornoro-reorpadivyHoro noxomxeHHs. BugineHo 11 3paskiB JOHOpPIB 3a OAHiE 4M Aekinbkoma
BaXXMMBMMW arpoOHOMIYHUMM O3HaKamy 3 KOMMMEKCOM ULiHHWX TOCMOQAPChKMX XapaKTepuUCTMK (YpPOXamHiCTb,
NPOOYKTUBHICTb, BMICT 6inka y HaciHHi, CTilkicTb Ao xBopob (dy3apio3 Ta ackoxitos)). B sakocTi goHopis Ans
BMKOPUCTaHHS 3a HanpaAMamu cernekuii BUGINeHo: AN 3epHOBOro HanpsiMy BUKOPUCTaHHA — copTu Moayc, EdexTHuia
(baraTtoksiTkoBiCTb (fn fna), Bycatmn Tun nucta (af)), LlapeBuy (CTinkicTb 4O ocunaHHA HaciHHS (def), BycaTui Tun
nucrta (af)), CN OTP 94-120 (6araTtokBiTkoBiCTb (fn fna), nyraHCbKMIA TN AeTepMiHaHTHOCTI (dfr)); Ans 3epHOyKiCHOro
Hanpsimy BuKOpUCTaHHs — Opnenna (aHTouiaHoBe 3abapBneHHs BiH4Yuka (A)), PesoHatop (goexuHa ctebna (Le));
0N Xap4yoBOro HanpsMy BMKOPUCTaHHSA — XapKiBCbkuni sHTapHUi, baHaH (kyniHapHa SiKiCTb HaCiHHSA); ANS OBOYEBOro
Hanpsimy BukopucTaHHs — LLTamboBun (6eaneprameHTHuiA TN 606a (pv), dacuinoBaHuii Tun crebna(fa fas), Asgrow
sead (3MOpLUKYBaTUA TUN HaciHWHK (r), BycaTui Tvn nucta (af), 6araToksiTkoBiCcTb (fn fna); AN TexHiYHOro HanpsiMy
BMKOPUCTaHHs — BioneHa (HOCi reHy rb — aminonekTMHOBMI TUN Kpoxmanto). Bci 3pasku nigTBepavMnu AOHOPCHKI
BnactusocTi. Lnsaxom ribpuamsadii 3 BMKOPUCTaAHHAM Aesdkux copTiB (XapkiBcbkui sHTapHui, baHaH, Liapesuy,
BioneHa, Asgrow seed) oTpMMaHO SIKIiCHO HOBMI BUXIOHUIA MaTepian Ans npakTUYHOI cenekuiiHoi pobotu. 3pobneHo
BMCHOBKM MPO HeOOXiAHICTb NoaanbLIoro BUBYEHHs konekuii ropoxy HLUITPPY 3 meToto ineHTudikadii LuiHHMX 3paskis
Ta CTBOPEHHS CepLEeBUHHOI KOMneKLii.

KnrouoBi cnoBa: 2opox, Konekuisi, 00HOpU, 2eHeMUYHUU KOHMPOJIb O3HaKU, CeNeKuisi, cefieKkyitiHa UiHHicmb.
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[OHOpbI LeHHbIX CeNeKLUMOHHbIX NPU3HaAKOB ropoxa noceBHoro (Pisum sativum L.)
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BaxHbIn 3Tan paboTbl reHeTn4ecknx GaHKOB pacTEHUIN — aHanu3 CyLecTByoLen 6a30BON KONMEKUMN U BbiAENeHe
CepALEBMHHbIX KOMMEKLUMIN C YETKO onpeaerneHHbIMU cBocTBamu. Ons konnekumm ropoxa HLIPPY Takasa pabota
paHee He npoBoaunacb. B ctatbe npeacTtaBneHbl pesynbTatbl paboTbl N0 MAeHTUdMKALMU OOHOPOB LEHHbIX
CEneKLMOHHbIX MPU3HAKOB ropoxa noceBHoro (Pisum sativum L. subsp. sativum) ¢ y4eTOM MHOroueneBoro
UCMNOMb30BaHUSA KymnbTypbl B CEMbCKOM XO3ANCTBE W nepepabaTbiBalollerr MNPOMbIWMAEHHOCTU. 3a rogpl
nccnegoBaHus 6bino nsydeHo 307 obpasuos (Pisum sativum L. subsp. sativum), npeacTaBnstoWmX CenekUMOoHHbIV
maTtepwuan 13 pabo4en Konnekumn ropoxa, cosgaHHon B nabopaTtopun cenekumm 3epHobo60BbIX KynbTyp MHCTUTYTa
pacteHveBoacTea nmeHn B.A. FOpbeBa, 1 konnekumo HaumoHanbHOro LEHTpa reHeTUYECKUX PECYPCOB paCTEHUN
YkpauvHbl (HUMPPY) pasnuuHoro akonoro-reorpaduyeckoro nponcxoxaeHus. BoigeneHo 11 obpasuoB OHOPOB Mo
OQHOMY WM HECKOINbKUM BaKHbIM arpOHOMUYECKMMM MNPU3HAKaM C KOMIMIMEKCOM LEHHbIX XO3AWCTBEHHbIX
XapakTepucTuk (ypoXkalHOCTb, MNPOAYKTUBHOCTb, COAepXaHue Oenka B CeMeHax, YCTOMYMBOCTb K OonesHsm
(dby3apuos 1 ackoxuto3s)). B ka4ecTBe AOHOPOB AMS MCMOMb30BaHMS MO HanpaBneHUsM Cenekuun BblaeneHsbl: Ans
3epHOBOr0 HanpaBneHus ucrnonb3oBaHuss — copta Moayc, OddekTHbIn (MHOrouBeTkoBoCTb (fn fha), ycatblin Tun
nucta (af)), LlapeBuy (ycTonMumMBOCTb K OCbiNaHuio cemsH (def), ycateim tun nwucta (af)) v CITOTP 94-120
(mHorouBeTtkoBoCTb (fn fna), nyraHCKuiA Tun AeTepMUHAHTHOCTU (dfr)); OnNA  3epHOYKOCHOrO HanpaBsrieHus
ucnons3oBaHusa — Opnenna (aHTounaHoBas okpacka BeHuuka (A)), PesoHaTtop (anvHa ctebns (Le)); Ans nuwiesoro
HanpaBneHUs NUCMonb3oBaHWs — XapbKOBCKUN sIHTapHbIN, BaHaH (KynuHapHoe Ka4vecTBO CeMSsH); AMNs OBOLLHOMO
HanpaBneHusa ucnonb3oBaHusa — LtamboBbin (GecneprameHTHbIn Tun 606a (pv), dacummpoBaHHbIM TUN cTEbnA
(fa fas)), Asgrow sead (MOPLIMHMCTBLIA TUN ceMsaH (r), ycaTbin TMn nucta (af), mHorouBeTkoBocCTb (fn fna)); ona
TEXHWYECKOro HanpaBrieHust Ucnosnb3oBaHus — BuoneHa (HocuTenb reHa rb — amMunoneKTMHOBLIA TUM Kpaxmana).
MyTem rubpmamnsauum ¢ UCNonNb30BaHWEM HEKOTOPbIX COPTOB (XapbKOBCKMI siHTapHbIW, BaHaH, LilapeBny, Buonewa,
Asgrow seed) nony4yeH KayeCTBEHHO HOBbI WCXOAHbLI MaTepuan Ansi NpakTUYecKoW CenekumoHHOW paboTbl.
CpaenaHbl BbIBOAbl 0 HEOOXOAMMOCTHY AanbHenLWero udydeHus konnekuum ropoxa HUMPPY ¢ uenbio ngeHtudmkaumm
LeHHbIX 06pa3uoB 1 Co3aaHus CepALEBMHHON KOMMEKLUN.

KniouyeBble cnoBa: 20pox, KoseKyus, OOHOpr, 2eHemuYecKuli KOHMpPO/b fpu3HaKa, Cerekuus, CeneKkyUuoHHas
UEeHHOCMb.
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CrinkicTb npopocTkiB npoca (Panicum miliaceum L.) oo nocyxu Ta Caxku
0O.B. NopnayoBa, C.H. Nop6a4oBa, A.K. €Eropos, 0.B. AHuudepoBa, A.M. NpoaaHuk,
0.B. Cambopcbka

MeToto gocnigpkeHbs Oyrno BUBYMTU BMAIMB NMOCYXU HA CXOXICTb HACiHHSA | MopdonoriyHi napameTpy NpopoCTKiB npoca
(Panicum miliaceum L.) Ta BMAINUTM TeHOTMNM MPOCA, WO MalTb HOPManbHWUIA PU30- Ta OpPraHoOreHe3 B yMOBax
nocyxu, y nocywnueux ymoBax. OCKiNbkuM HecTaya Boforum y [FpyHTI nocnabnie iMyHiTeT pocnuHu B doasi
NPOPOCTaHHS | MPOBOKYE PO3BUTOK XBOpP0O, ocobnuneo caxku (Sorosporium destruens (Schlecht) Yanki), HeobxigHo
BU3HAYMTU rEHOTUNW, SIKi He BTpayaloTb CTIMKOCTI 40 BipyNeHTHMX pac caxku. BuBueHo cTilikicTb 28 reHoTuniB npoca
0o igeHTudikoBaHmx B YkpaiHi 13 pac caxku. [ina mofenioBaHHSA rpyHTOBOI MOCYXM B Mepiod NPOpOCTaHHA npoca
BuKkopuctoByBanun ocmotuk MNEF 6000 y koHueHTpauii 23 %. OuiHKy CXOXOCTi HaciHHA Ta napameTpiB NpPOPOCTKIB
npoBoaunu Ha 6-ty noby. CTyniHb CTIKOCTi COpTIB nNpoca A0 CTPeCcOoBOro gpakrtopa OUiHBanM 3a BigHOLLEHHAM
OOBXuHa kopeHs/noBxumHa naroHa (OK/OMM). Mpu HecTaudi BONMOrM CXoXiCTb HACiHHA npoca 3HMXKyeTbca A0 50,12 %.
BinbLwi 3miHn BiAbyBalOTLCS Yy NaroHax, HiXX y KOPEHIB (JOBXWHA NaroHa 3HWKyeTbesa Ha 77,3 %, kopeHsa — Ha 37,7 %).
Mpu cnpusTNMBUX MOrO4HUX yMOBax criocTepirany piBHOMIpDHWIA pu3o- Ta opraHoreHe3 y npopocTkiB (OK/AOM
popisHioe 0,75+0,02). Mpu aii nocyxu 3HavenHs OK/OMN popisHioe 2,19+0,03. JocnigxeHi 3pa3ku, B OCHOBHOMY, CTilKi
popac Rs 1, Rs 5-Rs 7, Rs 9-Rs 11, i nuwe y 10 % pocnigXeHnx copTospaskis crocTepirany BUCOKY CTiNKiCTb (9-8
6aniB) 0o Rs 2, Rs 8, Rs 12, Rs 13 pac caxku. [lo Rs 3 pacu caxku He 6yno BCTaHOBIEHO CTIAKOro reHoTuny npoca.
Omxe, HaWbiNblW UiHHAM reHeTWYHMM MaTepianoMm y Aobopi Ha MOCYXOCTIMKICTb CMiA BBaXKaTW 3pasku, Yy AKUX
3HayeHHsa OK/OMN Habnwxaetbes go oannuui. Le coptu 3anositHe (OK/OM — 1,77), 3onywka (1,54), Onitan (1,4),
Ckapgo (1,79), Oanuno (1,79). Coptn OnitaH i [laHnno nokasanu BUCOKY CTilkicTb 4o Rs 1, Rs 4, Rs 7, Rs 9—Rs 11
pac caxku; coptu HosokuiBcbke 01 (OK/OM — 2,17) i KoHcTaHTuHiBCbke (OK/OM — 2,22) manu BMCOKY CTilikiCTb 40
Rs 1, Rs 4-Rs 7, Rs 9—Rs 12, copt bina AnbTaHka (OK/OMN — 2,68) He ypaxyBaBcsi HaWbinbLU BipyNneHTHUMKU pacamu
Rs 2, Rs 8 Ta Rs 13. Ui reHoTUN® npoca M1 pekoMeHAyeMO 3anyyaTti B CenekuinHi nporpamMmu 3a nocyxocTivKiCTIo Ta
CTIMKICTIO A0 CaXKu.

KnrouoBi cnoBa: ripoco, nocyxocmitikicms, MNEI 6000, cxoxicmb, 008xuHa rnazoHa, 008XUHa KOPEHS, CaxkKa.
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BeTyn

Mpoco (Panicum miliaceum L.), yepe3 BUCOKUWA piBEHb MPUCTOCYBAHHA A0 Pi3HMX KMiMaTUYHUX
YMOB Ta KOpPOTKMI BereTauinHui nepiog (85—110 aHiB), BMpoOLLyOTh B Baratbox KpaiHax CBiTy (Ha MiBHOYi
Kutato, MoHronii, Kopei, Pocii, AdranictaHni, MakucTtaHi, IHaii, AMepuku, Ha niBaHi €8ponu Ta B YKpaiHi)
(Wang et al., 2016). OcTaHHi gocnigXeHHs GioxiMmiYHOro cknagy 3epHa npoca csigvaTb, WO 3aranbHui
BMICT KpOXMasio B 3epHi CTaHOBUTb 6nnabko 70 % Ta xapakTepu3yeTbCA HU3bKUM FMIiKEMIYHUM iHOEKCOM
(Gl) Ta BMmicTOoM cTirikoro kpoxmanto (RS) — Big 2,8 go 3,2 % (McSweeney et al., 2017; Mikulikova et al.,
2005). 3aranbHuin BMICT Ginka B 3epHi npoca cknagae Big 11 go 19 %, ane noro amiHOKMCNOTHWIA cKNaza
OinbLU LUiHHWIA y NopiBHAHHI 3 6inkom nweHuui (Kalinova, Moudry, 2006; Vetriventhan, Upadhyaya, 2018).
HocnipkeHHsa ceigyaTb Npo Bucokuin BMIicT Glu, Leu Ta Ala-aMiHOKMCNOT y 3epHi. [10 3aranbHOro BMIiCTy
XWpy npoca BXOAsITb JIiHOMEHOBA Ta OfiEiHOBA XMPHiI KUCNOTU. 3epHO Mpoca Mae BUCOKUIMA piBEHb
aHTMoKcugaHTHol Ta aHtunponidepatmeHoi Ail (Shen et al., 2018). Pi3Hi reHoTMNM npoca nokasyTb
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m CrikicTb npopocTKiB npoca (Panicum miliaceum L.) o nocyxm Ta caxku
Drought and smut resistance of millet (Panicum miliaceum L.) seedlings

LUMPOKMI CNEKTP BMICTY Takux enemeHTiB, 9k Fe — 41-73 wr/kr, Zn — 26—47 wmr/kr, Ca — 91-241 mr/kr
(Vetriventhan, Upadhyaya, 2018). Takmm 4YMHOM, MPOCO € LiHHOK Xap4OBOK KynbTypok Ta Mae
aHTUOKCUAAHTHI, NpoTuaiabeTnyHi, NPoTUpPakoBi BNAcTUBOCTI.

B YkpaiHi, 3i 3miHONO KniMaTy Big NMOMIPHOro A0 Pi3KOKOHTUHEHTASIbHOrO, KMHYOBUM CTPECOBUM
hakTopOM BMMMBY Ha POCNMHM MpOCa € HecTaya BOMOrM B IPyHTi, TOGTO rpyHTOBa nocyxa. [lpwu
HecnpuATNMBNX YyMOBax (I'pyHTOBa Ta MOBITPsiHA NOCyxa) cxoam 3'aBnstoTbea Ha 15—20 goby nicns cisbw.
[MonboBa CXOXiCTb HAacCiHHA Mpoca Moxe 3HwkKyBatuca A0 25 %. FAKWwo Hectaya BOMOMM B 'PYHTI
30epiraeTbes i nicns gasu cxofie, TO POCNUHM He chOPMYIOTb BTOPUHHI KOPEHI, BiOyBaeTbCst 3acuXaHHs
HWXKHIX NUCTKIB, YNOBINbHIOETECS PO3BUTOK BEreTaTMBHOI Macu Ta reHepaTMBHUX OpraHis. Lie npnssoguTb
00 3HWKEHHS OCHOBHUX KOMMOHEHTIB NPOAYKTUBHOCTI Ta AKOCTi 3epHa (Awosckuin, 1987; Tadele, 2016;
Govindaraj et al.,, 2010). Hectaya Bonoru B [IpyHTi NpM3BOAWTL OO CMOBINIBHEHHA MNEPEMILLEHHSA
MiHEpanbHUX PEYOBWMH 3 T'PYHTY OO POCMAMHW, i OyXe YMOBINBbHIOETLCSA MPOUEC (POTOCMHTE3Y POCIIUH,
CMoCTepIraeTbCsa CUNbHE 3MEHLLEHHS BMICTY xrnopodinie chla Ta chib B nuctkax (Keshavars et al., 2012).

Peakuis Ha cTpecoBi paktopu (nocyxa Ta 3HWXKEHHS Temnepatypu) € copTocneuudivyHo
O3HakKo, dka 3MiHKE disionorivHi dpyHkuii pocnmH (Awosckun, 1987; Blum, 2005; Seghatoleslami et al.,
2008; Govindaraj et al., 2010; Demuyakor et al., 2013). BukopuctaHHs CTiiKMX 0O CTPECOBUX YMOB
3paskiB A4a€e MOXIMBICTb CeNeKUioHepy CTBOpHOBaTW COpPTU, Ginbll CTiMKi 4O nocywnvMBux ymoB. [1ns
MacoBOro nepBUHHOro Aobopy B cenekuii npoca Ha aganTMBHICTb A0 MOCYXM BaXIMBY POrib Bigirpae
nabopaTtopHa oLjiHKka CopTo3paskiB Ha NocyxocTinkictb (Mitra, 2001).

Mig yac BAnMMBY CTPecOBOro HakTopy Ha POCAUHY B MNepiog CXOAIB naToreHm [OCUTb ferko
NPOHUKalOTb B OcrnabneHuni opraHiam, Lo Npu3BoanTb A0 MNOBHOMO MOrO 3HULLEHHS. 3apaXeHHs POChvH
caxkoto (Sorosporium destruens (Schlecht) Yanki) BigbyBaeTbcsa npu NPOPOCTaHHI HaCiHHS HaBECHi
NPOTSArOM yCbOro JOCXOA0BOro nepiody. Lle HaibinbL po3noBclogkeHa i WKogoYMHHA xBopoba npoca,
sika 3Ha4YHO BMNNMBAE Ha piBEHb BPOXaMHOCTI Ta SKICTb NpoAyKLUil B YKpaiHi (Awosckui, 1987). YpaxeHHs
nocisis B OKpemux obnactax moxe pocsaratm 15-20 % (Bonkogas, 1990). Konm Teniocnopwm
NpoOpOCTaTb, TO BOHW MPOHMKAKTb Y NAPOCTKM MOMOAOI pOCnMHK Bins KOpeHeBoro By3na, e LWBUAKO
JOCAraloTb TOYKM POCTY POCIMHWU | NMPOAOBXYHOTb POCTM pa3oM i3 Het. Hanbinbw cnpusatnneumm
yMOBaMu ANs PO3BUTKY Ta PO3MOBCIOMKEHHSA CaKKu mpoca € AediunTt Tenna i Bonoru, ocobnveo B
nepwiv nonoBuHi Beretauii pocnuH (Sikora, Schonbeck, 1975). Ha cboroaHi B YkpaiHi ineHTudgikosaHo 13
pac caxku, HanbinbLw BipyneHTHUMM € 2, 3 i 12 pacu (Mpoaanuk Ta iH., 2015; Kaminskyi et al., 2020).

Taknm 4nHOM, HaBefeHi NiTepaTypHi OaHi cBig4aThb, WO HecTaya BOMOMM € OOHUM 3 KPUTUYHUX
YMHHUKIB OOBKINMSA, 9Ki BM3HaAYalTb 3[4aTHICTb npoca (hopMyBaTy MOBHOLIIHHUIA NPOPOCTOK, LLO MOXe
OyTuK BUpilIaAnbHMM AN NPOAYKTUBHOCTI Ta SIKOCTi BpoXKato. Ha Tni uboro YMHHMKA iCTOTHUM HEeraTMBHUM
dakTopoM Ans poCTy, PO3BUTKY i MPOAYKTUBHOCTI NPOCa € BPaXKEHHS CaXKOK. Y 3B'A3KY 3 LM HeobxigHe
nofanblue nornubneHe BMBYEHHS CTIMKOCTI BMXIOHOro marepiany OO UMX YMHHMKKIB JOBKINNA 3 METOH
CTBOPEHHS1 HOBMX COPTIB Mpoca.

MeTol Hawwmx OocrigKeHb € BCTaHOBIIEHHSI BMMBY CTpecoBoro caktopy (nocyxa) Ha picT Ta
PO3BUTOK POCAMH MpOCa Ha paHHiIX eTamnax OHTOreHedy Ta BM3HAYEHHS PiBHA CTINKOCTI CydYacHOro
CenekuinHoro marepiany A0 Hanbinbll LKOAOYMHHOTO OiOTMYHOrO (QakTopy — CaXKW; BUAINEHHS
reHoTMMiB Npoca, WO MakTb HOpManbHUIA PU30- Ta OpraHoreHe3 B yMOBax MOCYXM, @ TaKOX BUSBMSOTb
BMCOKY CTIMKICTb A0 NOLIMPEHMX Hamnbinbll BipyneHTHMX pac CaxKu, WO CTaHyTb LiHHUM BUXigHUM
MaTepianoMm Ansa cenekuii npoca Ha aganTUBHICTb | CTIMKICTL A0 Bi0TMYHMX Ta abioTUYHKX dakTopiB B
ymoBax YKpaiHu.

MaTepianu i meToaun

BuBYEHHSA BMMMBY MOCYXM Ha CXOXICTb HacCiHHA npoca, piCT Ta PO3BMTOK MaroHa Ta KOPEHS
npoBoaunu B nabopaTopHMx ymMoBax IHCTUTYTY pocnuHHuuTBa iMeHi B.A. HOp'eea HAAH y 2019-
2020 pp. Ak ekcnepumeHTanbHWUIN MaTepian BMKOPMCTOBYBamnu HaciHHA 28 copto3paskie npoca (60 %
copTiB 3 PeecTpy copTiB YKpaiHu), 0QHOrO poKy ypoXat Ta OfHiel penpoaykuii 3i cxoxictio 98—100 %.
[Ona mopgenoBaHHA TPYHTOBOI MOCYyXM Ta OTPUMAaHHS Hanmbinbloi audepeHuiauii reHotTunis 3a
NMOCYXOCTIMKICTIO B nepiog NPpOpPOCTaHHSA Npoca BUKOPUCTOBYBaNM ONTUMarnbHy KOHLEHTPaLilo OCMOTUKA
MEr 6000 — 23 % (Gorlachova et al., 2020). HaciHHa npoca B kinbkocTi 50 wT. NpopoLlyBany B Yallkax
MeTpi B Tpmnpas3oBin NOBTOPHOCTI. B koxHy yvaliky lNeTpi Hanmeanu no 7 mn ocmotuka MNMEM 6000 abo
ANCTUNBbOBaHOI BoAW (ONA KOHTponio). HaciHHA mpopollyBanu B TepMocTaTi npu Temnepatypi 25°C B
ymMoBax BiACYTHOCTi cBiTna. CXoXMM BBaXkanu HacCiHHs, ke Mano HopmarbHO PO3BMHYTUIA KOpiHeUpb abo
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nariH He MeHwe 5 MM. KifbKiCTb CXOXOro HaciHHA Ta MOpdOMETPUYHI aHanianm BCiX MPOPOCTKIB npoca
npoBoannu Ha 6 o0y (YepHobiwesa, 1987).

3 MeTOo BMBYEHHS pacocneundivyHoi CTiMKoCTi 28 reHoTuniB 4o 13 pac caxkn BYEHUMU [HCTUTYTY
3emnepobctea HAAH y 2019-2020 poui O6yno BUCISHO HaCiHHA UMX 3paskiB Yy creuianbHoMy
iToIMyHONOrYHOMY pPO3CagHuKy. 3 KOXHOro cenekuinHoro 3paska 6panu no 100 HaciHWH y ABOpPa3oBii
NOBTOPHOCTI | 06pobnsanM cnopoBuM MaTepianom BigMNOBIAHUX pac caxku y kinbkocTi 0,3-0,7 % Big macu
HaciHHA. 3pasku BuCiBanu 3 06MikoBoto noweto AinaHku 0,7 m2. MigpaxyHoK KifbKOCTi YpaXeHUX POCHUH
Ha KOXHi/ AingHUi npoBoAMNM B nepiod AOCTUraHHA BOJOTi, KOMM 3aMiCTb BOMOTI 3'ABNSAOTLCS COPYCU
caxku. CTyniHb CTIMKOCTI OO PI3HUX pac CaxXKu BM3HA4Yanu LWASXOM BM3HAYEHHS BiAHOLUEHHS KiNbKOCTI
ypaxkeHuUX poCruH A0 KiNbKOCTI BCiX pOCnuWH Ha AinsHui, y Bigcotkax (MpogaHuk Ta iH., 2015). 3rigHo 3
MiKHapoaHo Knacudikauieto, CoOpTo3paskv po3noAiNsnm 3a CTyNneHeM CTIKOCTI 40 Caxku 3a 9-6anbHoro
wkanoto (KupuyeHko, MNetpeHkosa, 2012):

1 6an — ypakeHo pocnvH caxkoto Ginble 76—100 %;

2 B6anun — ypaxkeHo pocrnuH Big 68 o 75 %;

3 6ann — ypaxeHo pocnuH Big 51 oo 67 %;

4 6anu — ypaxeHo pocnvH Big 39 oo 50 %;

5 6anie — ypaxxeHo pocnuH Big 26 o 38 %;

6 baniB — ypaxkeHo pocnvH Big 19 go 25 %;

7 6aniB — ypaxeHo pocnuH Big 11 0o 18 %;

8 6anis — ypaxeHo pocrnvH o 10 %;

9 BbaniB — He Mae ypaxeHux pocnuvH, 0 %.

CtaTUCTMYHWMIA aHani3 NpoBeAEHO 3a AOMOMOroK nporpaMHoro 3abesneveHHs "Statistica 13 Trail".
BukopuctoByBanu gucnepcinHmin aHania ANOVA. ObuvcnioBany HalMeHL CYTTEBY Pi3HULIO Ha PiBHi
p<0,05.

PesynbTatn gocnigxeHb

3a pesynbTatamy OOCHiIKEHb, HE3BaXalt4yu Ha Te, WO MNPOCO € MOCYXOCTIMKOK KyNbTYpOH
(Awosckuin, 1987; Tadele, 2016), B ymoBax BMCOKOro OCMOTUYHOIO TUCKY (Moaenb aediunuty BONorn B
I'pyHTi) BigOYBanoCb MPUrHIMEHHSI MPOPOCTAHHS HAaCiHHA Mnpoca Ta MnoAdanbLIoro PocTy Ta PO3BUTKY
pocnuH (tabn. 1). Mpu koHueHTpauii po3uuHy MNEI 6000 23 % cepeOHs CXOXICTb Yy BCiX reHOTUMIB
3MmeHwyBsanacb Ha 50,12+1,53 %. BapitoBaHHSA CXOXOCTi HacCiHHA 3paskiB mpoca crnocTepiranochb Bif
16,314,23 % po 63,1+13,64 %. Hanbinbl iCTOTHOK 34aTHICTIO MPOPOCTaTU B MOCYLUIMBUX YyMOBax
Xapaktepuaysanucsa 3paskm [onumHcbke (59,2+7,51 %), CoHeuko Cnobigcbke (60,7+4,73 %), 3anoBiTHe
(56,0+4,91 %), 3onywka (54,618,881 %), OnitaH (56,914,700 %), HoBokuiscbke 01 (54,4+0,64 %), Ckapno
(61,412,62 %), [Hanuno (60,0+5,15 %), bina AnbtaHka (55,4+10,11 %), KoHCTaHTUHIBCbKE
(63,1£13,64 %). MNpaktnyHo 38,0 % reHoTuniB, WO BMBYaNuUCb, Manu MigBULLEHUIA piBEHb CTIKKOCTI A0
nocyxu.

Mocywnuei ymoBM Ginbll HEraTMBHO BMMMBANM Ha PIiCT Ta PO3BUTOK HAA3EeMHOI Macu, HiX Ha
OOBXMHY KOpiHUA pocnuH (Tabn. 1). Y cepeaHbOMy, MPUrHIYEHHST POCTY AOBXWHM NaroHa BiabyBanocs Ha
77,3 %, a kopeHs — Ha 37,7 %. Npu koHUeHTpauii po3umHy MEI 23,0 % goBXnHa NpopocTKa KonmnBanach
Big 6,91+1,31 go 21,7+1,46 mm. Coptn >KoguHcbke (19,311,64 mm), Cox (16,6+1,23 mm), Ackonbao
(17,8+1,57 mm), 3anosiTHe (18,0+1,47 mm), Opex (17,3%1,35 mm), MNonto (16,4+1,38 mm), J1.80-67
(19,542,34 wmm), Bonywka (18,7£1,30 mwm), OnitaH (21,7£1,46 wmm), Hanuno (20,311,49 wmm),
CsiysasaHckoe (19,2+1,56 MM) xapakTepu3yBanucsi 3Ha4HUM NEePEBULLIEHHAM LOBXMHWN NAroHiB, HixX iHLUI
3paskn B CTpeCcoBuUx ymoBax. [JOBXUHaA KOPEHs B yMOBax HecCTadi BONOrM B I'PYHTI (BUCOKMI OCMOTUYHUI
TMck po3umHy MEM 6000) 6yna B mexax 22,5+3,34 — 42,4+2.67 MM. Y UMX AOCRIAXKEHHSX BOANOCS
BUAINUTM 3pa3ku, SIKi 3HAYHO MepeBuLLYBanu 3a OOBXWHOK KOPEHS iHWI reHoTunu npoca: XXoanHcbke
(42,4+2,67 mm), CrnoboxaHckke (36,3+2,35 mm), Ackonbgo (33,7+2,74 mm), 3anosiTHe (32,0£1,82 mm),
3onotucte (35,0£2,28 mm), Opex (33,7£2,34 mm), MNonTto (36,212,34 mm), HesanexHe (40,213,34 mm),
HoBsokuniscbke 01 (32,212,24 mm), Ckago (32,8+1,73 mm), Oanuno (36,5+2,06 mm), bina AnbTaHka
(33,2+2,54 mm), OwmpisiHe (40,412,92 mm), KoHcTaHTuHiBCebke (32,4+1,69mMm), JoBckoe (40,4+3,58 mm),
Boratupceke (33,212,46 mm).

LliHHMMM B cenekuii Ha NOCYXOCTIMKICTb € reHOTUNK, ki 36epiraloTb BMCOKY CXOXICTb HACIHHS Ta B
SIKMX BCT@HOBIHETLCH BiAHOLLEHHSA pPU30- Ta OpraHoreHesy y NpopocTKax, sk i Mpy onTUManbHUX YMOBaXx.
Y Hawwmx OocnimpKeHHAX BUAINEHo Taki copTu: 3anosiTHe, 3onywka, OnitaH, HoBokuicbke 01, Ckano,
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CrikicTb npopocTKiB npoca (Panicum miliaceum L.) o nocyxm Ta caxku

Drought and smut resistance of millet (Panicum miliaceum L.) seedlings

bina AnbTaHka, JaHuno ta KOHCTaHTUHIBCbKE, L0 MalTb MiABULLEHY CXOXICTb HACIHHA | HAWMeHLUUI
piBEHb NPUrHIYEHHS MiHIMHOrO POCTY AOBXWHU NaroHa Ta KOPEHS B yMOBaXx MOCYXM.

Tab6n. 1. CxoxicTb HaciHHA | 4OBXMNHA NaroHa Ta KOPeHA NPOPOCTKIB Npoca 3a Ail WUTY4YHOI NocyXxw,
cTBopeHoi ocmotukom MEI 6000 (2019-2020 pp.)

Table 1. Seed germination and length of shoot and root of seedlings at the influence of drought,
simulated with osmotic PEG 6000 (2019-2020)

CxoxicTb [JoBxunHa, MM
Ne [NoxomXeHHs, HaCiHHS naroHa KOpeHs
n/n Ha3Ba 3paska 3a NOCyxXmu™*, . - . -
% KOHTPOIb nocyxa KOHTPOIb nocyxa
YKpaiHa
1 XapkiBcbke 57-st 50,0+5,03 73,844,59" | 13,5641,24 | 71,3+3,98" | 29,4+2,04
2 Cno6oxaHcbke 57,7+4,91 68,3+4,44 | 11,7£1,25 | 57,845,77 | 36,3+2,35"
3 CoHeyko Crnobiacbke 60,7+4,73" 68,1+3,43 15,4+1,15 | 59,3+5,79 | 28,8+1,61
4 KaskoBe gxepeno 48,9+1,73 75,0+£5,03V | 15,7+1,42 | 56,6+6,14 30,3+2,08
5 HesanexHe 44,8+9,38 73,315,43Y | 14,4+1,28 | 60,8+8,76" | 40,2+3,34"
6 KoHcTaHTUHIBCBKE 63,1+£13,64" | 68,0£¢5,45 | 14,6%1,28 | 47,5¢7,01 | 32,4+1,69"
7 Boratupcbke 43,715,44 62,845,72 | 15,6+1,38 | 53,746,66 | 33,2+2,46"
8 OwmpisiHe 52,1+4,59 68,0£3,96 | 10,8+1,25 | 55,314,91 | 40,4+2,92"
9 3anoBiTHe 56,0+4,91" | 69,2+5,74" | 18,0+1,47" | 45,0£8,04 | 32,0+1,82"
10 | HoBokuiecbke 01 54,4£0,64" 61,445,83 | 14,841,55 | 34,846,70 | 32,2+2,24"
11 | Bina AnbTaHka 55,4+10,11" | 47,644,86 | 12,0£1,34 | 39,3+5,90 | 33,2+2,54"
12 | NonTaBcbke 30M10TUCTE 51,3+4,67 58,9+5,70 | 13,1£1,34 | 31,7#5,57 | 29,4+2,31
13 | 3onoTtucte 48,614,66 65,7+5,83 | 13,0£1,47 | 49,3+3,71 | 35,0+2,28"
14 | Ackonbao 46,4+4,21 74,1+4,67 | 17,841,57V | 59,4+6,45 | 33,7+2,74"
15 | MNonto 51,1+1,11 67,644,25 | 16,4+1,38" | 56,8+5,77 | 36,2+2,34"
16 | Sonyuwka 54,6+8,81" 64,0+4,61 | 18,7+1,30" | 59,8+4,77 | 28,8+1,38
17 | Ckago 61,4+2,62" 67,244,94 | 14,1+1,12 | 46,1+7,80 | 32,8+1,73"
18 | OnitaH 56,9+4,70" 61,245,36 | 21,7+1,46" | 39,4+5,23 | 30,4+1,36
Binopycb
19 | Opex 47,344,81 61,7+£3,17 | 17,3+1,35" | 35,6+4,39 | 33,7+2,34"
20 | XXoguHcbke 48,0+4,97 71,644,24" | 19,3+1,64" | 67,0+5,61" | 42,4+2,67"
21 | Cox 44,148,32 75,2+4,46" | 16,6+1,23" | 60,3+5,31" | 24,1+1,84
22 | CsiusizaHckoe 44,248,74 56,9+5,79 | 19,241,56 | 33,246,50 | 24,5+1,81
23 | OoBckoe 39,3+4,66 69,0+4,27 | 6,91+1,31 | 52,1+4,80 | 40,4+3,58"
Pocis
24 | OaHuno 60,0+5,15" 62,8+6,23 | 20,3+1,49" | 33,8+5,88 | 36,5+2,06"
25 | K-177 TypkmeHus 46,942,84 80,5+3,20" | 11,2+1,26 | 75,244,207 | 26,9+2,00
KasaxcrtaH
26 | JonuHcbke 39 59,247,510 [ 81,1#517" | 11,1+1,16 | 63,9+6,59" | 28,7+2,43
Kutan

27 | 11.80-67 27,616,62 61,145,568 | 19,5642,34" | 42,7+8,76 | 22,5+3,34
28 | KOnnuHb 1 16,314,23 65,1+5,31 14,242,50 | 37,545,67 | 27,3+2,77

CepefiHe 3HaYeHHs 50,12+1,53 67,5£0,94 | 15,3+0,26 | 51,1+1,16 | 32,1+0,42
MopiBHSHHSA cepeaHix 3HaYeHb B % 50,12 100,0 22,7 100,0 62,3

*

lMpumimku:

KOHMPOJIb — MpopolLy8aHHsI Ha 800,

*%

koHueHmpauis 23 %; 7 cmamucmuyro 3Hayywa pisHuus npu p<0,05.
Notes: * control — germination in water, ** drought — germination in 23 % solution of PEG 6000; ") significant

difference at p<0,05.
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Mpy ouiHUi reHoTMNiB Mpoca Ha MNOCYXOCTINKICTb TakoX MOXHa BUKOPUCTOBYBATU KoedilieHT
CMiBBIOHOLLEHHS: AOBXMHA KopeHsa/goexuHa naroHa (OK/OM) (Govindaraj et al., 2010). B ontumanbHux
05151 NPOPOCTaHHSA HACiHHA yMoBax Ha 6-Ty noby [K/OIM (3aranbHuiA cepeaHin piBeHb) cknagas 0,75+0,02,
LLIO BKa3ye Ha nepesaryu akTMBHOCTI PO3BUTKY MaroHa Hag, NepBMHHMM KopiHuem (puc. 1). Y Ton xe yac, y
nesikmx 3paskie npoca (MontaBcbke 3onotucte, Opex, HOwnuHe 1, daHuno, Csiusa3aHCKOE) B Takux
ymoBax BigbyBaBcs HanbinbLU iHTEHCMBHUIA PO3BUTOK NaroHa. TakMMm YMHOM, NPY NPOPOCTaHHI HaciHHA B
CMNPUSATIIMBUX YMOBaX Y KOXXHOMO 3paska npoca BCTaHOBMEHi cneuundivHi ocobnuei MmopdoreHesy pocnuH.

Mpu koHueHTpavii MEI 6000 23 %, sk Moaentoe yMOBHUIW niMiT Bonorn B rpyHTi, OK/OMN
(3aranbHuUn cepedHin pieeHb) cknagas 2,19+0,03. Takum 4YMHOM, Y NOCYLUNIMBUX YMOBaX POCAMHK Npoca
Pi3KO 3MiHIOTE AUHAMIKY MOpdOreHesy, NoYMHaKuM akTMBHO (popMyBaTM Ta PO3BMBATU KOPEHEBY
cucteMy. Taka peakuiss Ha CTPecoBi YMOBM MPOPOCTaHHSA crnocTepiranacb B YCiX reHoTunax, Lo
BuBYanucb. Ha puc. 1 npegcrasneHo [OK/OM y 8 reHoTuniB npoca, ski B CTPECOBMX YMOBax
XapaKTepuayBarnucsl BUCOKOK CXOXICTH HAaCiHHA Ta HaMbinbLUOK iHTEHCMBHICTIO POCTY KOpeHs. Ane
onTuUmarbHe CMiBBIAHOLIEHHS] OOBXWHW MaroHiB Ta KOPEHIB Y MOCYLUNMBUX yMOBax 306epiranv He BCi
pocnuHM BuAineHux reHotunis. Jluwe y coptiB 3anositHe (1,77+0,15), 3onywka (1,54+0,09), OnitaH
(1,4+0,08), Ckago (1,79+0,12), Oanwuno (1,79+0,16) koecpidient [OK/OMN O6yB Hwxk4e 3aranbHOro
cepegHbOoro 3HadeHHs npu koHueHTpauii posunHy MNEM 6000 23 %. Ui reHoTunn € HanbBinbw UiHHUM
BUXiAHMM MaTepianomM B cenekuii Ha nocyxocTinkictb. CopTn HoBokuiBcbke 01, bina AnbTaHka,
KoHcTaHTMHIBCbke Manu 3Ha4veHHsa koedpivieHTy OK/OMN BignosigHo 2,17+0,17, 2,68+0,18, 2,22+0,18, wo
CBiAYNTb NPO BinbLU IHTEHCUBHWIA PO3BUTOK KOPEHEBOT cucteMu npu aediuunTi BONOMN B I'PYHTI.
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— cepedHe 3HaqyeHHs OK/AOIN npu koHueHmpauii NME 6000 — 0 %
— cepeldHe 3HadeHHs OK/OIM npu koHuyeHmpauii NEI 6000 — 23 %
— average R/S at concentration of osmotic PEG 6000 — 0 %

— average R/S at concentration of osmotic PEG 6000 — 23 %

Puc. 1. CniBBigHOLWEHHs JOBXWHA KOpPeHA/QOBXWHA NaroHa HanoGinbw WiHHUMX reHOTUNIB Npoca 3a
O3HaKOI NOCYXOCTINKICTb

Fig. 1. The root length/shoot length ratio of the millet genotypes most valuable for drought
resistance

3apaxeHHs1 MPOPOCTKIB Mpoca CaXXKol BigOyBaETbCS TiNbKM OQHOYACHO 3 MPOPOCTAHHAM HACiHHS, B
a3y cxopis (Awosckuini, 1987; Dyussibayeva et al., 2020). NMpomiuenin caxku NPOHMKAE B TKAHWHU
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NPOPOCTKIB Npoca, Ae 3AiINCHIOE MOBHUN XUTTEBMI LMK NatoreHa. B TkaHWHax CTiMKMX COPTiB PO3BUTOK
CaXKN MPUrHIYYETbCH, | YPaXKeHi POCINUHM 3BIMbHATLCA Big XBOPOOM; B TKaHMHAX HECTIMKUX COpPTIB
XUTTEBUA LIMKIT MATOreHa 3aBepLUyeTbCA MOBHICTHO (AwoBckui, 1987). HasiBHICTb natoreHa B POCHMHI
NPoSIBNSAETLCA B Nepiog AOCTUraHHA BOMOTi: Ha YPaXeHWMX pOCMMHax YTBOPHKTbLCA copycu. B
pocnigpkeHHsx H6araTbox BYeHux (Awosckun, 1987, Dyussibayeva et al., 2020) Bka3dyeTbcs, IO COPTH, K
NPOSBNSATL CEPEAHIO CTIMKICTb A0 caxku (4—7 6anis), B MOCYLUNMBMX yMOBaX EMOHCTPYIOTh Le Binbumi
BiJCOTOK YpaXeHHsl. Ane reHoTUnM, siki XapakTepusytoTbCs BUCOKOK CTIVKICTIO A0 caxku (8—9 Ganis), i B
CNPUSTNMBI ANA PO3MOBCIODKEHHS] CaKKM POKW MOKa3ylTb BUCOKUWA piBEHb CTIMKOCTI 4O L€l XBOpooOw.
Takum YMHOM, OOHUM i3 3aBAaHb LOCHiMpKEHb Oyno He nule BMBYEHHS | BUAINEHHS] MOCYXOCTIMKUX
reHoTuniB Npoca, a ¥ 34iNCHeHHs1 aHani3y CTINKOCTI AOCNiAKyBaHNX COPTiB A0 30yAHMKa Caxku. Y Halumx
pocnigpkenHsx Big 3 0o 10 % copTospaskis, L0 BMBYaANMCh, Nokasanu BUCOKY CTinkicTb (9—8 6anis) oo Rs 2,
Rs 8 Rs 12, Rs 13 pac caxku, a o Rs 3 He Gyno BM3HAYeHO CTIKOrO >XOAHOro reHoTuny (puc. 2).
BinbLicTb AaHMx 3paskiB, B oCHOBHOMY, Bynu cTinki 4o pac Rs 1, Rs 5-Rs 7, Rs 9—Rs 11 (puc. 2).

Rs 12 Rs13
10% /7%

Rs2

0,

3% Rs3
/ h

Rs 8
10%

Puc. 2. YacTka CTiMKMX reHOTUNIB Npoca A0 TPUHaAUATU pac caxku (%)
Fig. 2. Proportion of resistant millet genotypes to thirteen smut races (%)
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Puc. 3. CTinikicTb fo 13 pac caXkm NOCyxOoCTiMKMX FreHOTMNIB npoca
Fig. 3. Resistance to 13 smut races of drought-resistant millet genotypes
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Hamu BusHauveHo (puc. 3) piBeHb CTinKocTi 3pa3kiB 3anosiTHe, 3onywka, OnitaH, HoBokuiBcbke 01,
Ckapo, annno, bina AnbTaHka, KOHCTaHTMHIBCbKE JO OCHOBHUX pac CaXKu, siKi MOEOHYHTbCSA 3 BUCOKUM
piBHEM MOCYXOCTIKOCTi. [pynoBot CTinkicTio Ao pac caxkm Rs 1, Rs 4, Rs 7, Rs 9-Rs 11
xapaktepusyBanucsa coptn OnitaH Ta [aHuno, a iMmyHiTeT 0o pac caxkm Rs 1, Rs 4-Rs 7, Rs 9—Rs 12
mManu coptn HosokuiBcbke 01 Ta KoHcTaHTuHIBCbke. CopT bina AnbTaHka — yHikanbHUA reHoTun cepea
BMBYEHUX 3pasKiB, TOMY LU0 BiH €OUHWIA He ypaxKyBaBcs HambinbLl BipyneHTHUMU pacamn Rs 2, Rs 8 1a
Rs 13. CopTtn 3anoBiTHe, 3onylwka Ta Ckago He manu CTIMKOCTI 40 JocnigKyBaHux pac (6anosa ouiHka
konueanack Big 1 oo 6). BipyneHTHuin natotun Rs 3 copT Hosokuiscbke 01 nokasas BuULLY CTIiRKICTb
cepefl NOCyxXOCTilknx 3pa3skiB (5 6anis).

O6roBopeHHs

OgHuM i3 Hambinbl egEeKTUBHUX, EKOHOMIYHMX Ta LWBUOKUX CMNOcoBiB BU3HAYEHHSI PiBHS
NOCYXOCTIMKOCTi reHOTUMIB Pi3HUX CiNbCbKOrOCNOAapPChKUX KyNbTYp in Vitro € NpopoLLyBaHHA HaCiHHS B
po3uuHi MNEI 6000 npu pisHux oro KoHueHTpauisx (Farsiani, Ghobadi, 2009; Kalefetoglu et al., 2009;
Govindaraj et al.,, 2010; O'Donnell et al., 2013). Ona Toro wob 6yno MOXMIMBO MOPIBHIOBATU CTYMiHb
NMOCYXOCTIMKOCTi CydaCHUX COpTIB Mpoca YKpaiHCLKOI Cenekuil 3 reHotunamu CBITOBOI cenekuil
NpoOCOBUAHMX, BnepLlie B YKpaiHi NpoBeAeHO OuiHKy 28 copTo3paskiB npoca B dasi NMpopoCTaHHA npu
KoHUeHTpauii posdnHy MNMEI 6000 23 %. 3a gaHumun Bigomoro ByeHoro M. NosiHgapan (Govindaraj et al.,
2010), crnocTepiranyu CyTTEBUA HEraTMBHUI BIMIMB YOTUPbLOX KOHUeHTpauin MNEM 6000 (-3, -5, -7,5, -10
Bap) Ha cxoxicTb, AOBXMHY naroHa (r=-0,991) Ta kopeHs (r=-0,998) y 21 reHoTUNIB acpprkaHCLKOro npoca
(Pennisetum glaucum L.). na BU3Ha4YeHHA piBHA NOCYXOCTINKOCTi reHOTUNIB adhprMKaHCHKOro Npoca BYEHi
3 TyHicy npopoulyBanu HaciHHA B po3uuHi NMEM 6000 3 ocMOTMYHMM noTeHuianom -1 Ta -2 Mpa
(Radhouane, 2007). Npu ocMoTnyHOMY TUCKY 2 Mpa CXOXiCTb HaCiHHS 3MeHLlyBanacs, B cepeHboMY,
00 73 % B MOPIBHSAHHI 3 KOHTPOMNEM, a y AeSKUX reHOTUMIB CXOXICTb HaCiHHS 3MeHLwyBanack o 50 %. B
HWMX JoCnifpKeHHAX Ha nweHwudi ( Triticum aestivum L.) npu BUpOLLYBaHHiI HAaCiHHA B pO34MHaxX OCMOTUKA
MEr 6000 15 % Ta 25 % Takox cnocTtepiranu crnoBifibHEHHS POCTY NPOPOCTKA Ta KOPEHS!, B MOPIBHSHHI 3
koHTponem (Bayoumi et al., 2008). Y Hawwmx AOCAIAXEHHAX BUABMNEHO 3HAYHWUIA HeratuBHWUiA BNnme 23 %
posunHy MNEI 6000 Ha cxOXiCTb, OOBXWHY KOPEHS Ta MnaroHa CopTo3paskiB Mpoca: CXOXICTb HaCiHHS
npoca, B cepegHboMy, 3HMxKyBanacb o 50,12+1,53 %. B mocywnuBmx ymoBax MPUrHIYEHHS LOBXWHM
naroHa Bigbyeanoca Ha 77,3 %, a OOBXWMHU kKopeHs — Ha 37,7 %. Y adpukaHcbkoro npoca npu
ocMoTu4HOMY noTeHuiani -1,0 Mpa goBxuHa naroHis 3HwxyBanacb Ha 44 % i npu -2,0 Mpa — Ha 84,5 %.
Ane Ha piCT i pPO3BUTOK KOPEHEBOI CUCTEMM OCMOTUYHUM TUCK -2 Mpa maB 6inbll HeraTtMBHY Aito
(mpurHiveHHs BigbyBanocs Ha 88,0 %) (Radhouane, 2007). Pe3ynbTaTn Hawmx gocnigpkeHb 36iratoTbcs 3
aanmmm M. Govindaraj et al. i nigTBepaXytoTh, WO AediunT I'PyHTOBOI BOMOMM Ma€ MEHLUUA BMNMAMB Ha
PO3BUTOK KOPEHEBOT CUCTEMMU, HXXK HA NaroHu.

Y adpmKkaHCbKOro npoca Npv NPOpPOCTaHHI HAcCiHHA B CApUATAMBMX norogHux ymosax OK/OMM, sakvi
BM3Havyae GanaHc poCTy MaroHa Ta KOpeHsi, MaB 3Ha4YeHHs 2,2 i npu ocMoTuyHOMY Tucky MEI 6000 -10
Oap 3HayeHHs LbOro CriBBigHOLWIEHHSI MPaKTUYHO He 3MiHoBanocs — 2,5 (Govindaraj et al., 2010). Y
HaLlLMX OOCRNIMKEHHAX MpU cnpusaTnMBux norogHmx ymosax OK/OM cknapgano B cepeaHbomy 0,75+0,02.
Ane npu HecTaui Bonorn B I'pyHTi cepedHe 3HadveHHs OK/OM 6yno 2,19+0,03. Takum YMHOM, Y POCHMH
npoca B CTPeCOBUX yMoOBax BiaOyBa€TbCH pi3ke ranbMyBaHHA NiHIMHOIO POCTY MaroHa i HaBiTb MOro
NPUNUHEHHA. Y nepiog cxodiB NpW HecTadi BOMOrM BCi MOXMBHI 3anacu HaciHHA Npoco Bigaae Ha
dopMyBaHHS, PiCT i pO3BUTOK KOpeHs. Jluwe n'atb copTiB npoca 3anositHe (OK/OIM 1,77+0,15), Sonywika
(1,5440,09), Onitan (1,410,08), Ckapgo (1,79+0,12), Oanuno (1,791+0,16) y cTpecoBux ymoBax Manu
30aTHICTb O HOPMaribHOIO PO3BUTKY KOPEHS i NaroHa.

3rigHo 3 pavumum (MpogaHuk Ta iH., 2015; Kaminskyi et al., 2020), B YkpaiHi HanGinbLu
BiPYNIEHTHUMU Ta arpecuMBHMMM pacamu caxku € 2, 3 i 12 pacu. B Hawwux gocnimkeHHsx nuwe go 10 %
reHoTunis, WO BMBYaNMCb, MOKasanu BUCOKY CTikKiCTb Ao Rs 2 i Rs 12, a Rs 3 pacoi caxku
ypaxyBanucsa BCi copTo3pasku. Ane BOanocs BUSIBUTU COPTU, SKi XapakTepu3yBanvcsi OOHOYAaCHO
BMCOKOK MOCYXOCTIMKICTIO Ta CTIMKICTIO O OCHOBHMX pac caxku. Lle coptu — OnitaH i JaHuno (cTinkicte
o Rs 1, Rs 4, Rs 7, Rs 9—Rs 11), Hoeokuiscbke 01 i KoHCTaHTMHIBCbKe (CTivikicTb 0o Rs 1, Rs 4-Rs 7,
Rs 9—Rs 12), copt bina AnbTaHka (Rs 2, Rs 8 Ta Rs 13).
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BucHoBku

AK nNokasylTb Halli JOCRIAKEHHS, NPU HecTadi BOMOMM CXOXICTb HaCiHHA npoca 3HWXKYETbCA A0
50,1241,53 %. Hanbinbwi mopdonoriyHi 3miHM BigOyBalOTbCA Yy nNaroHi (MPUrHIYEHHS X OOBXWHU
BigbyBanocs Ha 77,3 %), HiX y KOpeHs (3HWKEHHS O0BXuHM — Ha 37,7 %). CTyneHb CTINKOCTI copTiB
npoca OO CTPECOBOro YMHHMKA MOXHa OLiHIOBaTK Yepes KoeilieHT — BiQHOWEHHS JOBXUHU KOPEHS 40
AoxuHn naroHa (OK/OMM). BcraHoBneHo, WO npu CAPUATAMBUX ANS NPOPOCTAHHS HACiHHA MOrogHuMx
ymoBax Ha 6-ty goby OK/OIM popisHioe 0,75+0,02, a npwu gii 23 % posuunny MEN 6000 3HaveHHs OK/OMN, B
cepegHbomy, 6yno 2,19+0,03. Takum YMHOM, HaMBINbL LiHHUM FreHETUYHUM MaTepianom y cenekuii Ha
MOCYXOCTINKICTb CMig BBaXkaTu 3pasku, y fkux GanaHc pocTy MpopocTka Ta KopeHst Habnwxkascs [0
OAMHULI, TOMY LLO TaKi FreHOTUNK Npoca Npu HecTadi BONOrM B Nepios NpopoCTaHHa 34aTtHi (bopMyBaTh He
TiNbKM PO3BUHYTWMI KOpiHeub, ane ” nariH. Ceped [ocCnigXeHMX 3paskiB BMCOKY OLIHKY 3a UMM
nokasHukoMm oTpumanu coptu 3anositHe (OK/OM 1,77+0,15), 3onywka (1,54+0,09), Onitan (1,4+0,08),
Ckapo (1,79+0,12), Oanuno (1,79+0,16). Hectaya Bomorv y r'pyHTi He TiflbkW HEraTUBHO BMSMBA€E Ha
CXOXICTb Ta MOPQOSIONiYHi 3MiHM MPX NPOPOCTaHHI HACIHHA, ane nocrnabnoe IMyHITET pocnvHu B dasi
MPOPOCTaHHSA i TMM CaMUM MNPOBOKYE PO3BMTOK XBOPOO, ocobnmBo caxky. PesdynbTatm [ocnigxeHb
nokasanu, Lo Ui 3pasku, B OCHOBHOMY, CTilki 8o pac Rs 1, Rs 5-Rs 7, Rs 9-Rs 11 i nuwe po 10 %
OOCNifXeHNX copTo3pasKiB nokasanu BUCOKY CTinkicTb (9—-8 6aniB) oo BipyneHTHUx Rs 2, Rs 8, Rs 12,
Rs 13 pac caxku. [lo 3 pacu caxku He Byno BCTaHOBMEHO CTiMKOro reHoTuna npoca. Mun pekomeHayeMo
3any4atu B CemnekuinHi nporpamm npoca nocyxocTinki coptu OnitaH i JaHuno (cTinkicte go Rs 1, Rs 4,
Rs 7, Rs 9—Rs 11) Ta HoBokuiBcbke 01 i KOHCTaHTUHIBCbKe (CTinkicTb 4o Rs 1, Rs 4-Rs 7, Rs 9—Rs 12)
Ta CTiikui NpoTK HanbinbLL BipyneHTHKX pac (Rs 2, Rs 8 Ta Rs 13) copT bina AnbTaHka.
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Drought and smut resistance of millet (Panicum miliaceum L.) seedlings
0.V. Gorlachova, S.N. Gorbachova, D.K. Yegorov, O.V. Ansyferova, A.M. Prodanyk,
0O.V. Samborska

The aim of the work was to study the impact of drought on the millet (Panicum miliaceum L.) seed germination and
morphological parameters of seedlings and to identify millet genotypes with balanced rhizo- and organogenesis
under arid conditions. Since the soil drought weakens plant immunity during seed germination and provokes
development of various diseases, especially smut (Sorosporium destruens (Schlecht) Yanki), it is necessary to
identify plant genotypes with high resistance to virulent smut races. We studied resistance of 28 millet varieties to
13 smut races registered in Ukraine. The osmotic PEG 6000 (23 %) was used to simulate soil drought during the
seed germination. After six days of incubation, seed germinability was assessed and the length of shoots and roots of
seedlings was measured. The stress resistance of millet varieties was evaluated by the root length/shoot length ratio
(R/S). Water deficit in the soil decreased seed germinability to 50.12 %. Morphological changes were more
pronounced in shoots (decrease in length by 77.3 %) than in roots (decrease by 37.7 %). Under favorable weather
conditions, the rhizo- and organogenesis in seedlings was even (R/S=0.75+0.02). In case of soil drought, the ratio
R/S dropped to 2.19+0.03. Most of the varieties were resistant to smut races Rs 1, Rs 5~Rs 7, and Rs 9—Rs 11; in
addition, around 10 % of the studied varieties was highly resistant (9-8 points) to smut races Rs 2, Rs 8, Rs 12, and
Rs 13. Millet genotypes resistant to Rs 3 smut race were not found. Thus, the varieties with R/S ratio around one and
higher should be considered the most valuable genetic material in selection for drought resistance. High R/S ratios
were observed in the varieties Zapovitne (1.77), Zolushka (1.54), Olitan (1.4), Skado (1.79) and Danilo (1.79). The
varieties Olitan and Danilo were highly resistant to the smut races Rs 1, Rs 4, Rs 7, Rs 9—-Rs 11, while the varieties
Novokyivske 0.1 (2.17) and Konstantynivske (2.22) to the smut races Rs 1, Rs 4-Rs 7, Rs 9—Rs 12. The variety Bila
Altanka was not affected by the most virulent smut races Rs 2, Rs 8 and Rs 13. We recommend to include these
millet genotypes in selection for drought and smut resistance.

Key words: millet, drought resistance, PEG 6000, germination, shoot length, root length, smut resistance.
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YcTonumBoCcTb NPOPOCTKOB npoca (Panicum miliaceum L.) K 3acyxe 1 ronoBHe
0.B. NopnaueBa, C.H. Nop6aueBa, A.K. Eropo, O.B. AHubithepoBa, A.M. NpoaaHuk,
0.B. Cambopckas

Llenbio nccrnegoBaHuin ObIN0 M3yunTb BRMSHME 3aCyXM Ha BCXOXECTb CEeMSAH U Mopdorornyeckue napameTpbl
npopocTkoB npoca (Panicum miliaceum L.) v BbiAenuTb reHOTUNbl Mpoca, UMelolMe HOpManbHbIA PU3o- U
opraHoreHes B 3aCyLUMMBbIX YCNOBUAX. TakK kKak HEAOCTaTOK Briary B Noyse ocnabnsetr MMMyHUTET pacTeHus B hase
npopacTaHus 1 NpoBoUMpYeT pa3sutMe GonesHeln, ocobeHHo ronoeH (Sorosporium destruens (Schlecht) Yanki),
HeoOXoAMMO onpefennTb FeHOTUMbI, HEe yTpauuBaloLMe CTOMKOCTU K BUPYNEHTHbIM pacaMm ronoBHWU. W3ydeHa
YCTONYMBOCTb 28 reHOTUNOB Mpoca K MAeHTUUUMPOBaHHbLIM B YKpauHe 13 pacam ronosHu. [Ana mopaennpoBaHus
NMOYBEHHOW 3aCyxu B Nepuop npopactaHusa npoca mcnonb3osanu ocmoTtuk MNEN 6000 B koHUeHTpauumn 23 %. OueHky
BCXOXECTW CEeMSH U MapaMeTpoB NPOPOCTKOB MpoBOAWMMAM Ha 6-e cyTku. CTeneHb yCTOMYMBOCTWM COPTOB npoca K
CcTpeccoBoMy (hakTopy OLEHMBanu Mno OTHOLLUEHWIO AnuHa KopHs/anuHa nobera (OK/OM). Mpu HepocTaTke Bnaru
BCXOXECTb CEMSIH npoca cHuxaeTca Ao 50,12 %. bonblune nameHeHus NpomucxoanaT B noberax, Yem B KOPHAX (AnvHa
nobera ymeHbluaetcsa Ha 77,3 %, kopHa — Ha 37,7 %). Npu GnaronpusATHbIX MOroAHbIX YCrNoBWAX Habniopanu
paBHOMEpPHbLIA pM30- U opraHoreHes y npopocTtkoB (OK/OM — 0,75+0,02). Mpu 3acyxe 3HadveHnue [OK/OM paBHO
2,1940,03. Vccnenyemble 06pasupbl, B OCHOBHOM, YCTOWYMBLI K pacam Rs 1, Rs 5~Rs 7, Rs 9-Rs 11, n Ttoneko y

BicHuk XapkiBcbKoro HauioHanbHoro yHiBepcuteTy iMmeHi B. H. KapasiHa
The Journal of V. N. Karazin Kharkiv National University


https://orcid.org/0000-0003-0519-568X

0.B. NopnauoBa, C.H. N'op6auoBa, [.K. €Eropo, 0.B. AHundepoBa, A.M. NMpogaHuk, O.B. Cambopcbka m
0.V. Gorlachova, S.N. Gorbachova, D.K. Yegorov, O.V. Ansyferova, A.M. Prodanyk, O.V. Samborska

10 % copToobpa3uoB Habnwganu BbICOKYH yCToW4MBOCTb (9—8 6annoB) K BUpyneHTHeIM Rs 2, Rs 8, Rs 12, Rs 13
pacam ronoBHu. K Rs 3 pace ronoBHuW He Oblno yCTaHOBMEHO YCTOWYMBOrO reHotuna npoca. Takum obpasom,
Hanboree LEHHbIM reHETUYECKMM MaTepUarnom B CerekuMu Ha 3acyXoyCTOMYMBOCTbL CriefyeT cumTatb obpasupl, Y
KoTopbIx oTHoweHue OK/OM npnbnukaeTca k eanHuue. 3to copta 3anosuTHe (1,77), Sonywka (1,54), OnutaH (1,4),
Ckapo (1,79), Oanunno (1,79). Copta OnutaH n [laHuno nokasanu BbICOKYO yCTON4MBOCTb K RS 1, Rs 4, Rs 7, Rs 9—
Rs 11 pacam ronosHu; copta Hosokuesckoe 01 (AK/OM — 2,17) n KoHctanTnHoBCckoe (OK/AM — 2,22) umennu
BbICOKYH0 YCTOMYMBOCTb K Rs 1, Rs 4-Rs 7, Rs 9-Rs 12. CopT benas AnbtaHka (OK/OMN — 2,68) He nopaxancs
Hambonee BMPYNeHTHbIMU pacamn Rs 2, Rs 8 n Rs 13. 3Tn reHoTunbl Npoca Mbl PeKOMeHAyeM MpuBrekaTb B
CeneKLUMOHHbIE MporpaMmmbl Ha 3aCyX0yCTONYMBOCTb U YCTONYMBOCTbL K FOSIOBHE.

KnioueBble cnoBa: rpoco, 3acyxoycmotdueocms, 131 6000, ecxoxecms, OnuHa nobeaa, OruHa KOPHS, 20/1068HS.
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Comparison of common wheat and spelt by total lipids and fatty acid levels
L.l. Relina, O.H. Suprun, R.L. Bohuslavskyi, L.A. Vecherska, O.Yu. Leonov, O.V. Antsyferova,
0.V. Golik

Nowadays the interest of breeders, producers and consumers is going back to ancient wheat species, such as
Triticum spelta, which are often considered as more valuable for healthy nutrition. In this light, we compared spelt
cultivars and breeding lines with commercial common wheat cultivars by total lipid content, fatty acid levels and
unsaturated/saturated ratio in grain. Lipids were extracted by Soxhlet procedure. Fatty acid composition was
determined by gas chromatography. On average, the total lipid content was higher in the spelt cultivars than in the
breeding spelt lines (3.04+0.24 % vs. 2.231£0.69 %, p < 0.05). There was a significant difference between the average
content of total lipids in the spelt cultivars, but not the breeding spelt lines, and the common wheat cultivars
(3.04£0.24 % vs. 2.44+0.57 %, p < 0.05). Six major fatty acids were found in hexaploid wheat species, with linoleic
acid being the most abundant. They are ranked in order of decreasing levels as follows: linoleic > oleic >palmitic >
linolenic > stearic > palmitoleic. We also detected trace amounts of 3 minor fatty acids: eicosanoic (arachidic),
eicosenoic and behenic acids. Common wheat is not inferior to spelt in terms of unsaturated fatty acid levels,
because the ratios of unsaturated acids to saturated ones in grain of T. spelta accessions were similar to those in
commercial common wheat cultivars. The oleic acid content was higher in spelt accessions; though the linoleic acid
content was higher in T. aestivum cultivars. Spring common wheat cultivar Heroinia had the most beneficial
unsaturated/saturated ratio of 4.5. We detected no differences in unsaturated acid amounts between spring and
winter hexaploid wheats. We observed no patterns in variability of fatty acid contents across the accessions under
investigation, because the same accession can be characterized by a wide variability in one fatty acid and by a
narrow range for another, and, at the same time, the same fatty acid can be very variable within one accession and
little variable in another. There were no significant differences in the total lipid content and fatty acid levels between
the study years for the same accession.

Key words: fatty acids, total lipids, unsaturated/saturated ratio, Triticum spelta, Triticum aestivum.
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Introduction

The value of lipids for human and animal health lies in fatty acids being precursors of important
classes of biomolecules in the body, which are involved in metabolic processes like regulation of blood
lipid levels. Several unsaturated fatty acids (UFAs) are defined as ‘essential fatty acids’, because they are
able to prevent some pathologies. Wheat is the main cereal crop used for humans’ and animals’
consumption worldwide, and despite the fact that it does not belong to oil crops, the contribution of wheat
products to the intake of UFAs can be tangible. In addition, wheat germ oil is widely used in cosmetics
industry. Such by-product as bran is also evaluated for fatty acid contents (Durante et al., 2012). Most of
studies in this area are conducted on traditional commercial wheat cultivars. However, there is an opinion
that the value of wheat oil reduced in the course of domestication. Beleggia et al. (2016) reported about a
reduction in unsaturated fatty acids associated with selection during domestication of emmer (primary
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domestication). At the same time, nowadays the interest of breeders, producers and consumers is going
back to ancient wheats (einkorn, emmer, spelt) as well as to domestic, but underutilized species
(Gabrovska et al., 2002).

In this respect, it is prudent to analyze fatty acid contents in commercial common wheat (Triticum
aestivum L.) cultivars and spelt (Ttiticum spelta L.) accessions.

Our purpose was to study the fatty acid composition in grain of different hexaploid wheat
accessions.

Materials and methods

Test accessions

Common wheat cultivars and spelt lines were kindly provided by the Laboratory of Wheat Breeding
and Physiology of the Plant Production Institute (PPIl) named after V.Ya. Yuriev of NAAS. Cultivars of
Triticum spelta Frankenkorn (UA0300103, DEU), Lohnauer Sommerspelz (IU067152, Austria), Tridentina
(UA0300218, ltalia), CDC Bavaria (UA0300391, Canada), CDC Zorba (UA0300392, Canada) were kindly
provided by the National Center for Plant Genetic Resources of Ukraine (NCPGRU).

Wheat accessions were grown in the PPI's experimental plots in compliance with conventional
farming techniques. Grain was harvested in 2015, 2016, 2017, 2018 and 2019. Whole kernels were milled
on a laboratory mill LZM.

Total lipid content

Lipids were extracted from dried (to the constant weight) whole wheat kernels (5 g, in two
replications) by Soxhlet procedure (Juhaimi et al., 2019). Oil was repeatedly washed (percolated) with
petroleum ether of boiling range between 40-60°C (Haltermann GmbH, Germany). The Soxhlet extractor
was heated to 40°C (hot extraction). After 6-hour incubation at 40°C, the solvent was evaporated under
vacuum using a rotary evaporator. The oil percentage in the initial sample was calculated using the
following formula:

Total lipids (crude oil), % =
weight of obtained oil x 100/weight of absolutely dry milled kernels used in a run.

Fatty acids

Two samples were analyzed for each year. Fatty acid methyl esters were prepared by the modified
Peisker method (Peisker, 1964). Chloroform (Thermo Fisher Scientific Inc., USA) — methanol (Honeywell
Research Chemicals, Romania) — 96 % sulfuric acid (Dneprochem, Ukraine) mixture in a ratio of
100 : 100 : 1 was used for methylation. 30—-50 microliters of lipid extract was placed in a glass ampoule;
2.5 milliliters of methylation mixture was added, and the ampoule was sealed. Ampoules were incubated
in a thermostat at 105°C for 3 hours. After methylation, ampoules were opened, the contents were
transferred to test tubes, a pinch of powdered zinc sulfate (ChemElements, Ukraine) was added, and then
2 milliliters of distilled water and 2 milliliters of hexane (MOL Group, Hungary) were poured to extract
methyl esters. After thoroughly stirring and settling, the hexane extracts were filtered and analyzed by gas
chromatography (Prokhorova, 1982).

Fatty acid composition was determined using a gas chromatograph Selmikhrom 1 (OAO SELMI,
Ukraine) equipped with a flame ionization detector (FID). The stainless steel column, 2.5 m length x 4 mm
i.d., was packed with a stationary phase, Inerton AW-DMCS (0.16-0.20 mm) (Lachema, Czechia)
processed with 10 % diethylene glycol succinate (BOC Sciences, USA). 2 microliters of hexane solution
of fatty acid methyl esters was injected. Gas chromatography was operated under the following
conditions: nitrogen flow 30 milliliters/min; hydrogen flow 30-35 milliliters/min; air flow 300 milliliters/min;
column temperature 180°C; injector temperature 230°C and FID temperature 220°C. The fatty acids were
identified by comparing the retention time of sample with those of reference fatty acid methyl esters
(Sigma-Aldrich, USA).

Data processing

The percentages of fatty acid methyl esters were calculated by internal normalization. The data
were statistically processed in STATGRAPHICS PLUS, using ANOVA method or the Mann—Whitney U-
test for small samples with an unknown distribution, as appropriate. The results are presented as mean +
standard deviation (SD) and reported to three significant figures.
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Results and discussion

Total lipids

Triticum spelta

The total lipid content in spelt accessions ranged from 1.16+0.14 % dry basis (d.b.) in spelt cultivar
(cv.) Yevropa to 3.37+0.39 % d.b. in cv. Tridentina. This is in line with published data: Suchowilska et al.
(2009) reported that the crude fat content in T. spelta grain was 2.4 %; in a study of hexaploid wheat
species the total lipid content varied within 2.57-3.08 %, depending on the cultivar and averaging 2.92 %
across the cultivars (Ruibal-Mendieta et al., 2005). In our experiments, differences between years for the
same accession were not significant. Narducci et al. (2019) came to a similar conclusion in their study of
tetraploid wheat. On average, the total lipid content was higher in the spelt cultivars than in the breeding
spelt lines (3.04+0.24 % vs. 2.23+0.69 %, p < 0.05). Not being an oil crop, wheat is unlikely to be bred for
oil content, but involvement of collection spelt accessions in wheat breeding can bring an additional
benefit in terms of the lipid content.

Triticum aestivum

The total lipid content in common wheat cultivars ranged from 1.23+£0.14 % d.b. in cv. Podolianka
to 3.531£0.41 % d.b in cv. Doridna. Other researchers report similar values: common wheat cv. Gerek-79
contained 1.44 % of crude oil (Kan, 2016); T. aestivum cultivars contained 2.24 % to 2.61 % of total lipids
(Ruibal-Mendieta et al., 2005). Like in spelt, there were no significant differences between years for the
same accession.

Fatty acid composition

Six major fatty acids were detected in all the wheat accessions under investigation. They are
ranked in order of decreasing levels as follows: linoleic > oleic > palmitic > linolenic > stearic >
palmitoleic. This distribution remains unchanged from year to year and is slightly different from the
rankings reported by other authors. Research by Riubal-Mendieta et al. (2004, 2005) demonstrated the
following ranking for spelt and common wheat: linoleic > oleic > palmitic > linolenic > stearic and linoleic >
palmitic > oleic > linolenic > stearic, respectively. Grela (1996) found more fatty acids in spelt and
common wheat: linoleic > oleic > palmitic > linolenic > stearic > eikosenoic > myristic > palmitoleic and
linoleic > palmitic > oleic > linolenic > stearic > eikosenoic > myristic > palmitoleic, respectively.
Suchowilska et al. (2009) studied T. spelta and arranged fatty acids in decreasing order of percentages:
linoleic, oleic, palmitic, a-linolenic and stearic acids. We also detected trace amounts of 3 minor fatty
acids: eicosanoic (arachidic) acid, eicosenoic acid and behenic acid. Their contents were 0.1 % in most of
the species under investigation (below 0.5 % in all the species) and characterized by wide variability.
However, the greatest variability was intrinsic to palmitoleic acid (its content was also very low — 0.14 % in
cv. T. spelta CDC Zorba or lower in the other hexaploid wheat accessions): the peak variation coefficients
amounted to 58.2 % in common wheat cvs. Doskonala and Pryvitna. Fig. 1A, B shows a typical
chromatogram of two of the best (in terms of UFA contents) hexaploid wheat accessions.

We found no patterns in variability of fatty acid contents across the species under investigation.
The same cultivar (e.g. common wheat cv. Podolianka with variation coefficients of 23.6 % and 0.50 % for
palmitoleic and oleic acids, respectively) can be characterized by a wide variability in one fatty acid and
by a narrow range for another. At the same time, the same fatty acid (e.g. stearic acid) can be very
variable within one accession (7. spelta cv. Lohnauer Sommerspelz; variation coefficient = 9.78 %) and
demonstrate a relatively stable content in another (7. spelta line 1145-16; variation coefficient = 0.49 %).

Triticum spelta

Spelt accessions had the unsaturated/saturated ratios within 3.9 (T. spelta cv. CDC Bavaria due to
an increased palmitic acid content of 19.3+0.04 %) — 4.4 (cv. Frankenkorn due to an increased linoleic
acid content of 52.7+0.07 % and an decreased palmitic acid content of 16.8+0.03 %; spelt breeding lines
1139-16 and 1140-16 due to an increased content of oleic acid of 27.41+0.12 % and 27.7+0.06 %,
respectively, and a decreased palmitic acid content of 16.840.02 % and 16.6+0.05 %, respectively)
(Table 1). These ratios are comparable with the literature data: 4.7 and 5.0 with a high content of linoleic
acid of 61.0 % and 63.2 %, respectively, and a relatively low content of palmitic acid (16.7 % and 16.8 %,
respectively) (Riubal-Mendieta et al., 2004, 2005), 4.0 as calculated from the data published in
(Suchowilska et al., 2009) and 4.4 with unusually high levels of linolenic and eicosenoic acids (5.98 %
and 0.87 %, respectively) as calculated from the USDA’s data (USDA, 2019). The linoleic acid content
was the highest in cv. CDC Bavaria and cv. Lohnauer Sommerspelz grain (53.1£0.06 % and
53.1£0.13 %, respectively) and significantly higher than in cv. CDC Zorba grain. The oleic acid content
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was the highest in grain of spelt breeding line 1140-16 — 27.74+0.06 % and the lowest in cv. CDC Bavaria
grain (22.7+0.06 %), which is significantly lower than in most of the other spelt accessions. The
palmitoleic acid content was the highest in cv. CDC Zorba grain (0.14+0.02 %), though there were no
significant differences between cv. CDC Zorba and the other spelt accessions. The linolenic acid content
was the highest in cv. Lohnauer Sommerspelz grain (3.82+0.09 %), though there were no significant
differences between cv. Lohnauer Sommerspelz and the other spelt accessions. The eicosenoic acid
content was the highest in grain of spelt breeding line 1139-16 — 0.18+0.01 %. No significant differences
were found in the eicosenoic acid content. The palmitic acid content was the highest in cv. CDC Bavaria
grain (19.3+£0.04 %), significantly higher than in grain of cv. CDC Zorba, cv. Lohnauer Sommerspelz and
cv. Tridentina.

Fig. 1. A. Chromatograms of fatty acid methyl esters. T. spelta Lohnauer Sommerspelz, harvested
in 2019. Y — Signal, V; X — Retention time, sec

Cepisa «Bionorisi», Bun. 36, 2021p.
Series “Biology”, issue 36, 2021



m MopiBHAHHA M’SIKOI NWEHWLi Ta cnefibTU 3a BMiCTOM 3arafibHuX ninigiB Ta piBHEM XXUPHUX KUCNOT
Comparison of common wheat and spelt by total lipids and fatty acid levels

When it comes to comparison between the breeding lines of spelt and original spelt accessions
from the NCPGRU'’s collection, they differed in 3 unsaturated acids (oleic, linoleic and linolenic) and 1
saturated acid (palmitic) (Table 2). There were no differences in fatty acid contents between the breeding
lines of spelt, which is attributed to their close origin. The breeding lines were richer in oleic only, and their
unsaturated/saturated ratios were not superior to that of T. spelta cv. Frankenkorn. Check spelt
cv. Yevropa did not have the best unsaturated/saturated ratio 4.0); its oleic content was lower than that of
the breeding lines, on the contrary, the palmitic acid content was higher than in the breeding lines, and
the only unsaturated acid that was more abundant in Yevropa grain was linoleic.

Fig. 1. B. Chromatograms of fatty acid methyl esters. Spring common wheat Heroinia, harvested
in 2019. Y — Signal, V; X — Retention time, sec
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Table 1. Fatty acid composition in grain of hexaploid wheat accessions (relative content, %)

Source Palmitic Stearic Oleic Linoleic Linolenic Behenic Ugsa?:l:;?;d/

C16:0 C18:0 c18:1 C18:2 c18:3 C22:0 ;

Ratio
Triticum spelta
Based on the National
Nutrient Database of the
US of Agriauttre (USDA, | 170 1.10 195 54.9 5.98 0.37 4.4
2019)
Ruibal-Mendieta et al. Not
2004) 16.7 0.7 17.3 61.0 4.00 detocted 47
Ruibal-Mendieta et al. Not Not
(2005) 16.8 detected 16.1 63.2 3.90 detected 50
Suchowilska et al. Not
G000) 18.8 1.1 19.4 55.9 35 detocted 4.0
Our data.
Species or
cultivar/growth habit
T. spelta line 16.8+0.02 | 1.3240.09 | 27.4+0.12 | 50.840.06 | 2.84+0.20 | 0.45+0.01 4.4
1139-16/winter
T. spelta line 16.6+0.05 | 1.42+0.03 | 27.7+0.06 | 50.8+0.11 | 2.83+0.04 | 0.36+0.01 44
1140-16/winter
T. spelta line 16.9+0.11 | 1.4620.01 | 27.240.02 | 50.9+0.14 | 2.82+0.06 | 0.40+0.11 43
1145-16/winter
T. spelta . 16.8+0.03 | 1.1540.07 | 25.5+0.05 | 52.7+0.07 | 3.25+0.08 | 0.35+0.07 4.4
Frankenkorn/winter
T. spelta Yevropa 18.0+0.09 | 1.3840.11 | 24.4+0.09 | 52.3+0.33 | 3.01+0.06 | 0.49+0.02 4.0
T. spelta Lohnauer 17.8+0.09 | 0.80£0.08 | 23.9+0.04 | 53.1+0.13 | 3.82+0.09 | 0.37+0.02 4.3
Sommerspelz/spring
T.spelta 18.0+0.03 | 1.1440.02 | 24.7+0.04 | 52.4+0.07 | 3.34+0.09 | 0.24+0.01 4.1
Tridentina/spring
T. spelta CDC 19.3+0.04 | 0.8740.02 | 22.7+0.06 | 53.140.06 | 3.63+0.18 | 0.19+0.02 3.9
Bavaria/spring
T. spelta CDC 17.540.14 | 1.06£0.07 | 24.9+0.16 | 52.5+0.26 | 3.31£0.09 | 0.34%0.05 43
Zorba/spring
Triticum aestivum

Ruibal-Mendieta et al. Not
2004) 19.1 0.9 1.6 63.5 5.11 detocted 4.0
Ruibal-Mendieta et al. Not Not
(2005) 19.3 detected 10.7 64.6 53 detected 4.2
Kan Not
2015) 18.3 1.20 14.9 59.1 3.81 detocted 4.0
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Table 1 — Continued

Our data.
Species or cultivar/growth
habit

Common wheat

) 17.3+£0.18 | 1.204+0.08 | 23.2+0.18 | 53.7+0.13 | 3.97+0.10 | 0.41+0.08 4.3
Doskonala/winter

Common wheat 17.0£0.14 | 1.09+0.02 | 23.2+0.23 | 54.3+0.33 | 3.85+0.10 | 0.32+0.03 4.4

Pryvablyva/winter

Common wheat 17.040.04 | 1.12£0.12 | 22.540.18 | 55.0+0.35 | 3.80+0.07 | 0.34+0.02 44
Pryvitna/winter

Common wheat 18.240.35 | 1.31£0.04 | 23.0£0.11 | 53.620.40 | 3.25:0.07 | 0.41%0.01 4.0
Doridna/winter

Common wheat 18.2+0.14 | 1.26+0.06 | 22.5+0.11 | 53.440.25 | 3.8+0.07 | 0.47+0.02 4.0
Podoplianka/winter

Common wheat 16.940.22 | 0.95+0.04 | 18.940.24 | 58.5+0.40 | 4.12+0.06 | 0.31+0.02 45
Heroinia/spring

Common wheat 18.0+0.17 | 0.90+0.56 | 19.1+0.12 | 57.7+0.18 | 3.7240.12 | 0.35+0.05 4.2

Uliublena/spring

Common wheat

. 18.1+£0.23 | 0.88+0.08 | 19.2+0.09 | 57.6+£0.37 | 3.54+0.05 | 0.37+0.05 4.1
Barvysta/spring

Triticum aestivum

The common wheat cultivars under investigation had the unsaturated/saturated ratios within 4.0
(winter common wheat cv. Podolianka) — 4.5 (spring common wheat cv. Heroinia), which is in accordance
with the literature data (4.0 (Kan, 2015), 4.0 and 4.2 (Riubal-Mendieta et al., 2004, 2005) (Table 1). The
highest contents of linoleic and linolenic acids were recorded in spring common wheat Heroinia —
58.5+0.40 % and 4.121+0.06 %, respectively. The highest content of oleic acid was observed in common
wheat cultivars Doskonala (23.2+0.18 %) and Pryvablyva (23.2+0.23 %). The content of eicosenoic and
palmitoleic acids little differed between the common wheat cultivars.

Among the winter common cultivars under investigation, Pryvablyva and Pryvitna had the best
unsaturated/saturated ratios — 4.4, mainly due to higher contents of oleic and linoleic acids and a lower
content of palmitic acid (Table 1). Among the spring common cultivars under investigation, Heroinia was
distinguished by the unsaturated/saturated ratio of 4.5 due to highest contents of linoleic and linolenic
acids and the lowest content of palmitic acid (16.9+0.22 %), while grain of cultivars Uliublena and
Barvysta contained slightly more of oleic acid.

Triticum spelta vs. Triticum aestivum

Analysis of wholemeal samples demonstrated that the total lipid content was, on average,
significantly higher (by 18 %) in spelt grain than in common wheat grain (Riubal-Mendieta et al., 2005). In
contrast to our assumption, we detected no significant differences in the total lipid content between the
breeding lines of spelt and the common wheat cultivars under investigation. However, there was a
significant difference between the average total contents of lipids in the spelt cultivars and the common
wheat cultivars (3.04+0.24 % vs. 2.44+0.57 %, p < 0.05), indicating deterioration in the grain quality in
terms of oil content in the process of spelt breeding for high yield capacity, easy threshing, etc.

Although spelt is praised owing to its high nutritional value, including UFA levels (the
unsaturated/saturated ratios were 4.7 and 5.0 in spelt and 4.0 and 4.2 in common wheat; calculated from
the data published in (Riubal-Mendieta et al., 2004, 2005), our spelt accessions did not best modern
common wheat cultivars in terms of UFA contents, judging from the unsaturated/saturated ratios. The
oleic acid content was higher in spelt accessions, though the linoleic (contributing to higher unsaturated
acid levels) acid content was higher in T. aestivum cultivars (Table 2).
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Table 2. Averaged amounts of fatty acids in spelt and common wheat (relative content, %)

Palmitic Stearic Oleic Linoleic Linolenic Behenic
C16:0 C18:0 C18:1 C18:2 C18:3 C22:0

Collection spelt cultivars
17.1£0.63 1.40£0.06 26.7+1.53* 51.2+0.74* 2.89+0.09 0.43+0.06

Breeding spelt lines

17.9+0.92 1.00+0.16 24.3+1.08* 52.8+0.33* 3.47+0.25 0.30+0.09
Commercial common wheat cultivars
17.4+0.74 1.11+£0.17 21.7+2.05 55.3+2.04 3.79+0.27 0.37+0.05

Note: " significant difference between spelt and common wheat, p < 0.05.

Winter cultivars vs. spring cultivars

Previously (Relina et al., 2020), we found no differences in UFA contents between spring and
winter tetraploid wheat cultivars, and this study on hexaploid accessions confirmed this conclusion
(Table 3). The spring and winter hexaploid accessions differed in oleic and linoleic acids: the winter
accessions contained more oleic acid than the spring ones (22.9+0.35 % vs. 19.1+0.20 %, respectively),
while linoleic acid was more abundant in grain of the spring accessions (54.0+0.64 % vs. 57.91£0.52 %,
respectively).

Table 3. Averaged amounts of fatty acids in wheat cultivars of different growth habits (relative
content, %)

Palmitic Stearic Oleic Linoleic Linolenic Behenic
C16:0 C18:0 C18:1 C18:2 C18:3 C22:0
Spring growth habit
17.7£0.59 0.91+0.06* 19.1+0.20* 57.9+0.52* 3.7910.26 0.34+0.05
Winter growth habit
17.5+0.58 1.19+0.10 22.9+0.35 54.0+0.64 3.73+0.27 0.39+0.06

Note: * - significant difference between spring and winter cultivars, p < 0.05.

Conclusions

1) On average, the total lipid content was higher in the spelt cultivars than in the breeding spelt
lines (3.04+0.24 % vs. 2.23+0.69 %, p < 0.05); 2) There was a significant difference between the average
content of total lipids in the spelt cultivars, but not the breeding spelt lines, and the common wheat
cultivars, indicating deterioration in the grain quality in terms of oil content in the process of spelt
breeding; 3) Six major fatty acids were found in hexaploid wheat species, with linoleic acid being the most
abundant; 4) Common wheat is not inferior to spelt in terms of unsaturated fatty acid levels, as the ratios
of unsaturated acids to saturated ones in grain of T. spelt accessions were similar to those in commercial
common wheat cultivars; 4) Common wheat cultivar Heroinia had the most beneficial
unsaturated/saturated ratio of 4.5; 5) We detected no differences in unsaturated acid amounts between
spring and winter hexaploid wheat accessions; 6) We observed no patterns in variability of fatty acid
contents across the accessions under investigation, because same accession can be characterized by a
wide variability in one fatty acid and by a narrow range for another, and, at the same time, the same fatty
acid can be very variable within one accession and little variable in another; 7) There were no significant
differences in the total lipid content and fatty acid levels between the study years for the same accession.
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MNMopiBHAHHA M’AIKOI NWeHULi Ta crnenbTU 3a BMICTOM 3aranbHUX NinigiB Ta piBHEM

XUPHUX KNCIOT
J1I. Penina, O.I'. CynpyH, P.J1. BorycnaBcbkui, J1.A. Beuepcbka, O.10. JleoHoB, O.B. AHuudeposa,
0O.B. lNonik

CborogHi iHTepec cenekuioHepiB, BUPOOHMKIB Ta CMOXWBa4YiB MOBEPTAETbLCA OO CTapoAaBHiX MLEHWUb, Takux SK
Triticum spelta, siki yacTo BBaXatTb Oinbll UiHHUMKW ONS 300POBOrO XapyyBaHHA. B CBiTNi LbOro My MopiBHAMM
COPTH, 3pasku Ta CenekuiiHi MiHii cnenbTy 3 KOMEPUIMHMMM CopTaMy M’SIKOI MLWEHWLI 3a BMICTOM 3aranibHUX ninigis,
PIBHEM >XUPHMX KUCINOT Ta CNiBBIAHOLEHHAM HEHACUYeHi/Hacu4eHi XMpPHi KNCnoTu B 3epHi. Jlinign ekctparyBanu B
anapati Cokcneta. Cknag >XUPHMX KWACMNOT BM3HA4Yanum MeToAOM ras3oBoi xpomaTtorpadii. B cepegHboMy BMiICT
3aranbHuX ninigis 6yB BuLle B copTax CnenbTu, HiK B cenekuinHux niHisx (3,04+0,24 % npotn 2,2310,69 %,
p < 0,05). BusBneHa ictoTHa pisHMUS 3a cepedHiM BMICTOM 3aranbHuX MinigiB Mk copTamu cnemnbTu Ta copTamu
M’sikoi nwenudi (3,04+0,24 % npotn 2,44+0,57 %, p < 0,05), npoTe cenekuinHi NiHii cnenbTn He BiOPI3HANWCH Big
COpTiB M’'SIKOI NeHMUi. Y rekcannoigHux Buaax nweHudi 6yno BMSIBNEHO 6 rONOBHUX XUPHUX KUCMOT, cepen sIKUx
nepeBaxara niHonesa kucnota. BoHM po3TalloBylOTLCS Y NOPSAKY 3HWKEHHS BMICTY HacTyrnmHUM YMHOM: NiHonesa >
orneiHoBa > nanbMiTUHOBa > fMiHONEHoBa > cTeapuHoBa > nanbMmiToneiHoBa. Mu TakoX BUABUNN 3 MIHOPHI XUPHI
KMCMOTW Yy CnigoBiiA KiNbKOCTI: eliko3aHoBa (apaxiHoBa), eviko3eHoBa Ta GereHoBa kucnoTu. M’dka nuwieHvusa He
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MOCTYNaeTbCA CnenbTi 3@ PiIBHEM HEHaCUYEHWUX >KUPHWUX KUCMOT, OCKINbKW BiAHOLUEHHS HEHaCWYeHWX KUCMOT A0
Hacu4eHnx y 3epHi 3paskiB T. spelta nogidbHe OO0 TaAKOro y KOMEpPUiNHMX copTax M’sikOi mweHuui. BmicT oneiHoBoi
KWCNOTU BULLMIA Y 3paskax crnenbTu, TOAi K BMICT NiHOMEeBoi kucnotn 6ys BuwmmM y coptax T. aestivum. CopT apoi
M’sIKOT MweHuui epoiHa MaB Halikpalle BBIOHOLLEHHSI HEHACUYEHUX KUCNOT OO0 HacuveHux — 4,5. Mu He BusaBunu
BiAMIHHOCTEWN Y KiNMbKOCTi HEHACUYEHUX XXMPHUX KUCIOT MK 3pa3kamm Spoi Ta 03MMOi rekcannoigHoi nwenuui. Mu He
cnocrepirany 3akOHOMIpHOCTEN BapiabenbHOCTI BMICTY XXMPHUX KUCNOT Y AOCHISKEHUX 3pa3kax, OCKINbKN OAWH i TON
e 3pa3oK xapakTepusyBaBCs LUMPOKOK BapiabenbHICTIO BMICTY OOHIET XUPHOI KUCNOTKM i BY3bKOO BapiabenbHiCTo
BMICTy iHLIOT, i y TOM e camuii Yac ofHa i Ta XX cama >XWpHa KucrnoTa Morna Bigpi3HATUCL Oyxe BapiabensHUM
BMICTOM y O0HOMY 3pa3Ky i manoapiabenbHuM B iHWOMY. He BUSIBNEHO iCTOTHOI Pi3HMLi Y BMICTi 3aranbHux ninigis
Ta PIBHAMM XUPHUX KUCMOT 33 pOKamMun B Mexax Of4HOro 3paska.

KntouoBi cnoBa: XupHi kucromu, 3aearnbHi niniou, 8i0HOWEeHHs HeHacudyeHux kucrom Ao Hacu4yeHux, Triticum
spelta, Triticum aestivum.
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CpaBHEHVIe MSATKOM NWeHULUbl U cnenbTbl NO coaepxaHuro ooWwmux NMNuAoB U

YPOBHIO XNPHbIX KUCIOT
JI.U. Penuna, O.I'. CynpyH, P.J1. BorycnaBsckun, J1.A. Beuepckas, O.10. JleoHos, O.B. AHubIcepoBa,
0.B. lNonuk

CerofHs VHTEpEC CenekuMoHepoB, Npon3BoaUTENen 1 NoTpebuTenein Bo3BpallaeTcsl K APeBHUM MNLLEHMLAM, Takum
kak Triticum spelta, KOTOpble YacTo cunTalT Oonee LieHHbIMW ANst 300POBOro nNuTaHus. B cBeTe aTOro mMbl cpaBHUNM
copTta, 06pas3ubl U CeneKUMOHHbIE NMMHUM cnenbTbl C KOMMEPYECKUMI COPTaMy MSITKOW MLUEHULBI MO COAEPXKaHMIO
O6LLMX NTMMMAO0B, YPOBHIO XXUPHbBIX KUCIOT M COOTHOLUEHUIO HEHAChILEHHbIE/HACBILLEHHBIE XUPHbIE KACMOThI B 3€pHE.
Jivnnabl akcTparnpoBanu B annapate CokcrneTta. COCTaB XUPHbIX KWACMOT onpedensnun MeTOAOM ra30BOK
xpomatorpacduun. B cpegHem copepxaHune obwmx nunuaoB Gbin Bbilie B cOpTax cnenbTbl, YeM B CENEKLUOHHbIX
nmHuax  (3,04+0,24 % npotuB 2,23+0,69 %, p <0,05). OOGHapyxeHa CylleCTBEHHas pasHuua no cpeaHemy
CoAepXaHuio o0WMX NUMNuAoB Mexay CopTamMu cnenbTbl U copTamu Msrkon nweHuupl (3,04+0,24 % npoTuB
2,44+0,57 %, p < 0,05), ogHaKo CeneKkuMOHHbIE NIMHWM CMeNbTbl HE OTNMYANUCb OT COPTOB MSATKOW MLIEHUUpbl. Y
rekcannougHbIX BMAOB MLIEHWLbl ObiNo BbISBNEHO 6 rMaBHbIX XMPHBIX KUCIOT, cpeau KOTopbix npeobnagana
nuHonesas kucrnota. OHKM pacnonaralTcst B nopsiake yobiBaHUS copepkaHus criedytowum obpasom: nuHonesast >
onevHoBas > NanbMWTUHOBAsi > FNMHOMEHOBasi > CTeapuHOBas > nanbMuTofieMHoBasi. Mbl Takke OOHapyxunu
3 MWHOpPHbIE XUPHbIE KUCMNOTbI B CrEeJOBOM KONMYECTBE: 3MKO3aHOBas (apaxvHoBasi), arko3eHoBasi U GereHoBas
KucnoTel. Msrkasi nuweHuua He ycTynaeT chefnbTe MO YPOBHIO HEHACHILEHHBIX >XMPHbBIX KWCMOT, MOCKOJbKY
OTHOLLUEHME HEHAaCbILWEHHbIX KUCMOT K HacbllWeHHbIM B 3epHe ob6pasuoB T. spelta nogobHo TakoBOoMy B
KOMMEPYECKMX copTax MArkow nweHuubl. CogepxaHme OnevHOBOW KUCMOThI Bbille B 06pa3uax cnenbTbl, Toraa Kak
COAEepXXaHune NMHONEBO KMCOTbI Obino Bbiwe B copTax T. aestivum. CopT SpoBON MATKOW NieHUUbl FeponHa umen
nyyliee OTHOLUEHME HEHACLILEHHbBIX KUCIOT K HacbiWeHHbIM — 4,5. Mbl He oBHapyXunu pasnuyvin B KONMM4ecTBe
HeHaCbILLEHHBIX XWPHbIX KUCNOT Mexay obpa3suamm SpoBON 1 03MMON rekcannonaHon nweHuusl. Mel He Habnoganm
3aKOHOMEPHOCTEN BapunabernbHOCTM COAEePXKaHUS XUPHbIX KUCINOT B UCCrefoBaHHbIX obpasLax, MOCKONbKY OAMH U
TOT e obpasey xapakTepu3oBarcsi LUMPOKON BapuabenbHOCTbI0 COAEpXaHWUs OLHOWM XXMPHOW KUCNOTbl U Y3KOW
BapunabenbHOCTbIO CoAepXKaHUs OPYroi, U B TO )Xe BPEMSI OfHA U Ta Xe XUPHas KACMNoTa Morna OTnnyaTbCsl O4eHb
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BapuabesnbHbIM codepxaHMeM B o4HOM obpasue M manoBapuabenbHbiM B ApYroM. He BbISIBNIEHO CyLLECTBEHHOW
pa3sHULbl B coaepXaHnn oBLLIMX NMUMULAOB M YPOBHSIX XUPHbIX KUCIOT No rodam B npefenax ogHoro oGpasua.

KnroueBble cnoBa: XupHble Kucriomsbi, obwue nunudbl, OMHOWEHUEe HEHAaCbIUEHHbIX KUC/IOM K HacCbIUEHHbIM,
Triticum spelta, Triticum aestivum.
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NMPABUNA ONNA ABTOPIB
XypHany «BicHuk XapKiBCbKoro HalioHanbHoro
yHiBepcuTeTy imeHi B. H. KapasiHa. Cepisa «Bionoris»

Y xypHani nybnikyloTbca pesynbTaTh SOCNIOXEeHb 3a BCiMa HanpaMkamu GionoriyHmx Hayk. [o
ny6nikauii npunmarTbCa:
— 3aKiH4YeHi opuriHanbHi poboTu, Lo OOCi Hige He BuaaBanucs;
— onucu opuriHanbHUX METOAIB Ta Npunagis;
— TEOPETUYHI Ta Orns4oBi cTaTTi;
— MaTepianu Ta NOoBiAOMIIEHHS NPO NOAil HAYKOBOrO XUTTS;
— peLueHsil Ha KHUI.
CraTTi OpyKytTbCS YKPAiHCBKOK Ta aHIMiNCbKO MOBaMMU.

TeKCT ekcnepuMeHTarnbHOI CTaTTi Mae cknagaTtucsa 3 HacTynHUX po3aainie: «Bctyn», «MeTtoamkay
(«OB’ekT Ta MeToaou OOCHimKEHHS»), «Pesdynbtatn», « O6GroBopeHHs1» (MOXIMBUA 006’€aAHaHWIA po3ain
«Pesynbtatn Ta ob6roBopeHHsi»), «[llepenik nocunaHb». TEKCTM cTaTel MNOBUHHI OyTWM BUKOHaHI Yy
pegaktopi Ms Word 3 BukopuctaHHsam wpudpty Arial — 10 pt; ab3ay — 1 cm; MikpsiAkoBun iHTepsan —

OAVMHApHWRW; nons: BepxHe Ta HwkHe — 35 cm; niBe — 25 cm, npase — 2 cwMm.
TekcT cTaTTi novnHaeTbea 3 iHgekcy YOK, gani 3aronosok (Arial — 12 pt), iHibianu Ta npissuwia aBTopiB
(Arial — 10 pt), noBHi Ha3BM HayKOBUX YCTaHOB, agpecu enekTpoHHol nowTtu (Arial — 9 pt).

AHOTaUia po3MilyeTbCA Nif «LWwankow» cTaTTi MoBoto opuriHany (Arial — 9 pt). ig aHoTauieto gpykyeTbes
CNUCOK KItovoBmMx criB (He Ginbwe 10). Oani apykytoTbest aHoTauii (Arial — 9 pt) aHrninceKoto i pocincbkoo
(SKWo cTaTTa HanucaHa yKpaiHCbKO) MOBaMKU Pa3oM i3 TPaHCKPUNLUiSMW Npi3BuLL, aBTOpPIB, Nepeknagom
Ha3BKu poboTK i BigNOBIAHUMU ciMcKamMy KnoyYoBux cniB. OBCAr KOXXHOMO 3 TPbOX Pe3toMe — He MEHLL Hix
1800 cpoHeTnYHMX cumBoniB. Tabnuui i pUCYHKM pO3MILLyHOTbCS Y TeKcTi. HasBm Tabnuup i pucyHkiB Ta
NPUMITKN 0O HUX NOJAIOTLCHA YKPaAIHCBLKOK Ta aHrmincbkol MoBaMu. [locunaHHAa Ha niTepaTtypy Yy TeKCTi
NoAalTbCs Y KPYINUX OyXKKax i3 BKadyBaHHAM Mpi3BuLLa aBTopa Ta poKy BuaaHHs. CnnMcok BUKOPUCTaHMX
mkepen ogopMITETBCA 3a andasiToM (cnoyaTky — [pKepena Kupunuuero, noTiM — naTuHuueto), 6es
HyMepaLii.

BibniorpacdiyHun onuc mxepen Ta nocunaHb Yy TEKCTi BUKOHYETbCS BignosigHo o sumor MOH
YkpaiHn, 3okpema — ACTY 8302:2015, ane y BapiaHTi, HabnwkeHomy o Hopm ctunto APA (American
Psychological Association). lpu onuci gpykoBaHoro mkeperna OOOB’SI3KOBO Criif 3a3HayaTu Micue
BMAAHHA (MICTO), BUAABHWULTBO, PiK BUAAHHS, 3aranbHy KifbKiCTb CTOPIHOK (Y MEepioanYHMX BUOAHHAX —
CTOpiHKM cTaTTi). bibniorpadiyHuin onuc mxepen adrnincbkoo mosoto (References) odpopmntoeTbest
BignosigHo ago Hopm ctuno APA (American Psychological Association). [xepena nicns cnosa
«References» po3TaloBytoTbCA 3a aHrniNcbkMM andasiToM, 6e3 Hymepadii. [1o nocunaHb 060B'A3KOBO
Tpeba nogasaTtn DOI, SKWO BiH NPUCBOEHWIA.

EnekTpoHHi Bepcii cTater HaacunawTbCAd A0 pedakuii enekTpoHHow nowTow. Pasom 3
E€MNeKTPOHHOK Bepcield [0 pefakuii HaacunaetTbCs  ApykoBaHa Komid, nignMcaHa asTopamu.
Ha okpewmiii cTopiHUi BKasyloTb Npi3BuULLA Ta iHiLianu ycix aBTopiB, MOBHI Ha3BWM HayKOBWUX YCTaHOB Ta
MoLITOBI adpecu ycTaHOB, aApecu enekTPOHHOI MOLWTN aBTOPIB Ta NOCUMAaHHA Ha IX npodini y mepexi
ORCID. s iHdopMmaLiss HaBOOUTHCA YKPAIHCLKOM, aHrMiINCbKOK Ta POCIMCBKOK MOBaMU.

CratTq, AKa HagxoouTb OO pefakuii, peecTpyeTbCa Ta HanpaBnAe€TbCA OO0 PeLEeH3eHTa, AKUn
nignucye cTaTtTio 40 ApyKy abo Bigaxunse ii. [pn HasBHOCTI 3ayBaXkeHb CTATTIO MOBEPTAOTb aBTOpam Ans
JoornpawoBaHHs.
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	Introduction
	Pea is one of the most important legume crops. In terms of world production, it ranks second after the bean (FAOSTAT, 2021). Being the basic object of genetic research since G. Mendel and Ch. Darwin, it has not lost its importance in genetics and bree...
	Since the beginning of the 21st century, the scientific and international community attitude to genetic resources has changed fundamentally (Zhuchenko Jr., 2014). The modern breeding process requires extended studies and analyses of the plant pool ava...
	The objectives and prospects of breeding and seed production cannot be achieved without mobilizing the world's plant resources. Here, national breeding centers have the real advantages, as they possess unique genetic donors for the most important spec...
	M.A. Vishnyakova demonstrated the possibilities and necessity of more efficient use of the legumes’ gene pool in new directions of breeding: symbiotic, ecological, ecotypic, phytocenotic, and bioenergetic (Vishnyakova, 2012). The pea collection of the...
	The pea collection of Ukraine (NCPGRU) contains 2,683 specimens (as at 01/01/2018); 49 % of them are breeding cultivars created in Ukraine and/or other countries (Kobyzeva et al., 2018). The gene pool is evaluated in terms of a wide range of morpholog...
	In India, where the chickpea is the legume crop number one, a similar work has already been done. In the Indian National Genebank (New Delhi), the available gene pool of the basic collection had been fully assessed; the especially valuable accessions ...
	A.A. Churakov and L.I. Valiulina emphasize that assessment of genetic resources in a particular region can increase selection efficiency. For example, in the Krasnoyarsk Krai, the growing period of pea plants (80–90 days) is a limiting trait when asse...
	In China, the pea basic collection contains almost 5,000 specimens from 70 countries. To assess the accessions’ genetic diversity, a core collection of 731 specimens from 67 countries was analyzed with the use of 21 SSR primers. This study showed the ...
	An investigation of genetic resource collections by modern methods of genome analysis can evaluate not only genetic diversity of the modern gene pool, but also evolutionary relationships and development paths of agricultural crops (Jing et al., 2010).
	An amount of the studied collection material can be quite extensive while the number of accessions chosen for the further research can be very small. Nevertheless, this is the promising material that determines selection effectiveness. When assessing ...
	Given the available diversity of initial material, a chose of the most promising parents for crossing remains a challenging task of selection. Comprehensive studies of genetic resource collections are a way to solve this problem (Merezhko, 2005). At t...
	Based on the above, our purpose was to reveal and identify accessions with a pool of valuable economic characteristics that can be donors for one or more agronomic traits.
	Study objects and methods
	The research objects were 307 accessions (Pisum sativum L. subsp. Sativum) representing the pea breeding material from a working collection of the Laboratory of Grain Legume Breeding of the Plant Production Institute named after V.Ya. Yuriev as well a...
	The pea collection accessions were studied according to "Guidelines on studying genetic resources of grain legumes" (Kobyzeva et al., 2016). Morphological description of the accessions, their classification by economic and biological features, identif...
	Carriers of the r and rb mutations were identified by the starch granule morphology and the amylose content in starch (Wang et al., 1998; Hedley et al., 1996). Starch granule morphology was analyzed in light microscopy (Large workshop on plant physiol...
	Results and discussion
	The NCPGRU’s pea collection has no complete genetic database. A pea genetic collection formed in 2014 was the first step in resolving this problem (Bezuhla et al., 2014). Donor identification is the next important stage in the gene pool classification...
	The modern trend in the pea breeding is creating  vegetable cultivars, which, in addition to high yields and protein content in seeds, have good culinary properties (cooked seed weight/dry seed weight ratio, cooking time, palatability). The cultivars ...
	In peas, like in many other legumes, flowers develop in racemes on the specialized lateral flower-bearing stems (I2), while the main stem (I1) grows indefinitely. Usually, the pea racemes have two flowers. In addition to fundamental interest, data on ...
	We distinguished the cultivars Modus (UD0101938) and Efektnyi (UD0102018) as donors of a “multi-flowering” trait controlled by the fn fna genes. Being leafless, these cultivars form three fully developed pods in the first and/or second productive node...
	The “leafless" trait is attributed to the af gene, which is phenotypically manifested as the formation of tendrils instead of normal leaves that increases lodging resistance. Leafless pea cultivars are considered to give some 10 % lower yields (Pesic ...
	Determinant forms are of particular value in breeding, since their seeds ripen from lower to upper productive nodes processes more evenly than that in the indeterminate forms. On the other hand, they have a number of disadvantages: poor performance (o...
	The listed traits ("multi-flowering" (fn fna), "leafless" (af), "shedding resistance" (def), and "determinancy" (r)) are monogenic, recessive and clearly diagnosed by phenotype (Ellis et al., 2010) (Fig. 1). Therefore, when such donors are involved in...
	Fig. 1. An example of a complex pea hybridization scheme
	Grain/fodder cultivars can be sown as a monocrop for commercial grain and as a mixed crop with cereals for green fodder, hay and silage. In the grain/fodder pea breeding, both anthocyanin-free cultivars and cultivars with anthocyanin pigmentation of t...
	Grain/fodder cultivars are to have long stems and many leaves. The pea stem length (up to 150 cm) is controlled by the Le gene, which is responsible for the gibberellin synthesis. It also can stimulate internode growing in the pea plants (Martin et al...
	The “anthocyanin pigmentation of the corolla” and the “stem length” traits are monogenic and dominant. Selection is conducted in F2 hybrids with the trait control in subsequent generations.
	Vegetable cultivars can be grouped into two categories with a purpose of green seed and green pod production. Green seeds are used as raw material for canning and processing industries. When breeding these cultivars, it is necessity to pay attention a...
	Since Asgrow seed (UD0101648, USA) is a donor of a bulk of important traits: “wrinkled seeds” (r gene) (Tymchuk et al., 2017), “leafless (tendril)” (af gene), "multi-flowering" (fnfna gene), it was proposed for creating new vegetable (garden) cultivar...
	Garden cultivars, used to obtain green pods in the “unripe, flat and long pod” phase, have very wide parchmentless pods. Two non-complementary recessive genes – p and v, determine a parchmentless or «sugar» pod; each of them reduces the parchment laye...
	In the modern processing industry, pea is considered a source of high-quality starch. Therefore, creation of cultivars with a high starch content in seeds and a high amylose/amylopectin ratio is another direction of breeding. Carriers of the rb mutati...
	In the pea collection studied, we distinguished only one carrier of the rb gene, the cultivar Violena (UD010077). The amylose rate in seed starch of Violena is only 28.2 %, compared with 63.9 % of amylose in the carriers of the r gene (Asgrow sead). A...
	Conclusions
	Since the National Center for Plant Genetic Resources of Ukraine has no publicly accessible genotypic and phenotypic databases of available pea specimens, our work on identification of the donors of valuable agronomic traits can provide the beginning ...
	In practical terms, the use of presented donors with a set of economic performance in specialized breeding programs can increase their efficiency. Eleven donors were selected for various directions of  pea breeding: Modus and Efektnyi (multi-flowering...
	In the future, the need in more profound studies of genetic resources by both the classical methods and the molecular genetic technologies will be growing.
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