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3a 1OMOMOro0 METOIB (iIOreHETHYHOTO aHaNi3y HYKJICOTHIHHUX MOCIiZOBHOCTEH HOoCiiKeHo reH Yyl
3JIaKOBHX Ta BCTAHOBJICHO, IO PO3IMOJLI KJIACTEPiB 30Iira€ThCsl 3 CUCTEMATHYHUM PO3IOJLJIOM TaKCOHIB.
Bcranosnenuii D koedinient Tanzumu n1eMoHCTpyEe HEUTPATbHUN AUBEPCUPIKYIOUNH XapaKTep eBOIIOLIT
y1 reHa. 3a pe3ynbTaTaMM aHali3y CHJIM BiJOOPY OKpEMHX aMIHOKHMCIOTHHX 3aJIMIIKIB BCTAHOBJICHO 19
BXKJIMBUX TO3UIiH, y SIKAX KUTBKICTh CHHOHIMIYHHX 3aMiH HEPEBUINY€E KiBKICTh HECHHOHIMIYHUX, IIIO
CBIYUTH IPO IX CYTTEBY POIb Wi QpyHKIIOHYBaHHS (epMEeHTY (iTOTHCHHTA3H.
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C nomMomp0 MeTOAOB (HIOTEHETHYECKOTO aHAIM3a HYKJICOTHUIHBIX MOCIEJOBAaTEIbHOCTEH HCCIeJOBaH
reH yl 3/1aKOBBIX M YCTaHOBIIEHO, YTO pacIpelielieHHe KJIacTepOB COBIAJaeT C CHCTEMAaTHYECKUM
pacrpezieJIeHHeM TaKCOHOB. YcCTaHOBIEHHBIH D ko3 duunent Tan3uMbl ZEMOHCTPUPYET HEUTpPATbHBIN
IauBepcuUIMpYOMui xapakTep sBorounu Y1 rena. 1o pedynpraTtaMm aHann3a CHIIbl OTOOpa OTACIBHBIX
AMHHOKHCIIOTHBIX OCTaTKOB YCTAHOBIICHBI 19 Ba)KHBIX MO3MLHUI, B KOTOPBIX KOJIHYESCTBO CHHOHUMHUYHBIX
3aMeH NPEBbIMAET KOJNYSCTBO HECHHOHUMHYHBIX, YTO CBUACTEIBCTBYET 00 MX CYIICCTBEHHOW POJIH IS
(GYHKIHOHUPOBAHUS (epMeHTa PUTOMHCHHTAZHI.
Knouegvie crosa: gunocenemuxa, Kykypysa, 2en Y1, ax3om, unmpou, nonumopusm, cerexyusi.
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First important step in carotene biosynthesis pathway is geranilgeranil pyrophosphate to phytoene
conversion via phytoene synthase enzyme. Phytoene synthase-coding gene in maize genome was
designated as yl. Phylogenetic dendrogram was reconstructed as a result of 92 y1 gene nucleotide
sequences global alignment. The bootstrap consensus tree inferred from 500 replicates. Branches
corresponding to partitions reproduced in less than 50% bootstrap replicates are collapsed. Samples were
divided into two clusters. Panicoideae, Pooideae, and Bombusodae clades representatives have formed
cluster I, while as Oryzodae subfamily have formed cluster Il. Maize formed | cluster with other
Panicoideae clade representatives, such as tripsacum (Tripsacum spp.), Job’s Tears (Coix lacryma),
sorghum (Sorghum bicolor), and foxtail millet (Setaria italica). Pooideae subfamily, as well as
Bombusodae formed separate branches within cluster I. Cluster allocation generally corresponds to
systematic one. Maize y1 gene neutrality of evolution evaluation was conducted using Tajima D criteria.
Tajima D negative value, which equals -0,036137, indicates this gene neutral evolution pattern, and
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consequently its diversifying pattern. Due to the fact that maize is domesticated plant, this indicates that
artificial selection was not centered on one or another allele of this gene.
For maize yl intraspecific polymorphism investigation 53 pre-mRNA, 53 mature mRNA yl gene
samples, obtained via in silico splicing nucleotide alignment was conducted.
Maize yl1 pre-mRNA phylogenetic dendrogram contains large amount of separate subclasters, their
allocation indicates that vast majority of polymorphic sites in y1 gene belong to intronic regions and
doesn’t interfere with enzyme function. Large amount of subclusters within maize y1 gene mature mRNA
phylogenetic dendrogram, which indicates that there is large amount of lesser polymorphisms within
exons. Samples FJ971190 and FJ971191 formed separate cluster, which indicates polymorphism within
exons.
Maximum Likelihood analysis of natural selection codon-by-codon was performed. So, within 412
investigated codons only 26 were nonzero selection rate. For these aminoacid residues, which dN — dS
evaluated to be negative (codons 33, 38, 54, 56, 59, 61, 104, 161, 184, 241, 250, 265, 270, 272, 291, 308,
339, 341, 376), it can be argued that number of synonymous substitutions exceeds the number
nonsynonymous ones by these sites, which indicates that these sites are critical for phytoene synthase
enzyme.
For these sites, were dN — dS was positive (codons: 47, 52, 53, 199, 201, 256, 343), it can be assumed
that there was diversifying selection by these sites.
Thereby, as a result of phylogenetic analysis it was concluded that cereals distribution by y1 gene
generally corresponds to their common systematic taxon distribution and to «An update of the
Angiosperm Phylogeny Group classification for the orders and families of flowering plants: APG III». As
a result of maize pre-mRNA and mature mRNA nucleotide alignment it was shown that majority of y1
gene polymorphism is within intronic regions and doesn’t influence enzyme function. Large amount of
lesser substitutions were detected within y1 gene exons.
Maximum Likelihood analysis of natural selection codon-by-codon is concluded that 26 codons were
under non-neutral selection. Within only 19 among them amount of synonymous substitutions exceeds
non-synonymous ones, which indicates their importance for phytoene synthase functioning.
Obtained results could became strong scientific basis for yl gene molecular-genetic analysis, which
could led to Marker assisted selection technique. Molecular genetics approaches combination with
traditional breeding ones may enhance maize lines creation efficiency.

Keywords: phylogenetics, Zea mays L., gene y1, exon, intron, polymorphism, breeding.

BCTYII

Kykypynza (Zea mays L.) € ogHi€o 3 HalBaXIMBILINX 31aKOBUX KYJIbTYpP AJIs OLIBLIOCTI KpaiH
CBITY, B TOMY YHCII JUJIsl HAPOJAHOIO TOCHOoJapcTBa YKpaiHu. 3epHO KYKYPYA3U MICTUTh BEJIHMKY
KUTBKICTh HYTPIEHTIB, BOHO € HAJIIMHUM JIKEpeNIoM 0JIii, O0poIIHa, KPYIH, KPOXMATI0, €THJIOBOTO
CIUPTY, NEKCTPUHY, INIIOKO3HU, BiTaMuHy A Ta iHmux pe4doBuH [1]. Okpim 1poro, Kykypynasza
XapaKTepU3yeThCsl 3HAYHUM MPUPOIHUM DPI3ZHOMAHITTAM CKIJIAJy KapOTHHOIJIB, y TOMY 4HMCII
nornepeaHUKa BITaMUHY A — [-KapoTHHY, ajlé MICTUTh iX Yy JAyXKe HU3bKill KOHIeHTparil
(y cepenabomy 0,13-2,70 amMonw/r) [2]. TomMy akTyaJlbHUM € BUBYEHHSI T€HIB, IO KOAYIOTh
(bepMeHTH KapOTUHOTEHE3Y B 3€pHI KyKYpy/I3H.

I'en y1 kykypynsu, 1mo koaye ¢itoincuHTasy (phytoene synthase), — neprmii pepMeHT y UK
KapOTHHOTEHE3y — JIOKaJIi30BaHO Y AOBroMy Iuiedi xpomocomu 6. Jlo HOro cTpyKTypH BXOAUTH 6
€K30HIB Ta 5 IHTPOHIB.

diToiHCHMHTa3a KaTalli3ye JBOCTYNEHEBY peaklilo, IMiJ 4ac sIKOI KOHJEHCYIOThCS JBI MOJIEKYITH
repaniia-repanin  mipodocdara (geranylgeranyl pyrophosphate) s yrBOpeHHS (BiTOIHY
(phytoene) uepes mpediroinmipodocdar (prephytoene pyrophophate). Ane cam ¢iToiH pinko
HaKOMHUYYEThCSI B POCIMHAX, Yy MOJANBIIUX eTamax O10CHHTE3y KapOTHHOiNIB BiH IOBHICTIO
MEPETBOPIOETHCS B JIIKOIIIH [4].

Agneni reHa y1 nmoB’si3aHi 3 KOHIIEHTpAII€l0 KapOTHMHA B €HJOCHEpMi HACiHHS, I0 (DEHOTUIIOBO
BHUPAXAEThCS B KOJIbOPi, AKi cTae MEHII HacuYeHUM abo 30BCiM Oinmum. s KyKypya3u 1ie
MPOSIBIIAETHCS O171MM a00 0J1110-)KOBTHM eHjocniepmoM [3].

Pi3ui "quki Tunu" aneniB reHa Y1 BiAPI3HSAIOTHCS 1HCEPLIsIMH MOOUIBHHUX €IEMEHTIB Y TPOMOTOP,
MOJTiaJICHIHOBUMHU JTOJATKOBHUMH PETIOHAMU Ta JOBIMMH TaHJIEMHHMH MOBTOPAaMU HYKJICOTH]IIB
CCA, 6e3 nomitHOro BIUIMBY Ha (yHKuito reHa. [lominantHuit "mukuii tun" Y1 anens
MPOSIBIIIETHCS Y BUCOKOMY PiBHI eKcmpecii B eMOpioHi Ta engocnepmi [5].
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Meta Hamoi po6oTH monsrana y (iJOreHEeTHYHOMY JOCHiJKeHHI mnoniMopdizmy Yyl reHa
y 3JIaKOBHUX Ta KYKypYyII3H 30KpeMa.

MATEPIAJIM TA METOIHU JOCILIKEHHSA

JocmimkyBasim 92 HYKJICOTHAHI TOCTIAOBHOCTI TeHa Yl 37makoBUX, 13 HUX 53 HYKICOTHIIHI
MOCJIIIOBHOCTI KYKYpyA3u, OTpuMaHi 3 0a3u naHux HarioHaJbHOTO MHEHTPY O10TEXHOIOTIYHOL
inpopmartii  (National Center for Biotechnology Information). Ilomyk HYKJI€OTHIHHX
MOCTIIOBHOCTEH TeHa Y1 MpOBOMWMIM JIOKAJIBHUM BHPIBHIOBaHHSIM 3a anroputmMom Cwirta-
Borepmana 3a momomororo oH-iaiiH mporpamu “blastn” [6]. ['moOanpHE MOHYKICOTHIHE Ta
MIOKOJIOHHE BHPIBHIOBAHHS MOCIIAOBHOCTEW MPOBOIMIM 3a anroputMoM Himnmmana-Bynma [7] 3
Bukopuctanusam nporpam MEGAS.2 ta UGENE 3a anroputmom ClustalW ta Clustalw (Codons)
[8].

dinoreHeTHYHHUI aHaji3 MPOBOAMINM 3 BuUKOopucTaHHsAM makera MEGASL.2 [9]. Hocnimkenus
HelTpanpHOCTI eBomtonii mpoBomwmm 3a D-xpurepiem Tamumu [10]. KoHcTpyroBaHHS
¢bioreHeTHYHUX JeHaporpaM mpoBoauian 3a MerogoM UPGMA [11], eBomromiiiHi aucTaHIii
po3paxoBani 3 BukopuctaHHsiM Maximum Composite Likelihood (MCL) metony, kputepiem
JOCTOBIpHOCTI cayryBaB bootstrep test [12]. Maciirab neHaporpaMu Takuid, 110 JOBKHHA TiIOK
IPONOpIiHA EBOJNIOUIMHUM TUCTaHIIsM, 3TiIHO 31 IIKauow mix  jaeHaporpamoro  [13].
CrniBBiIHOIIEHHS! CHHOHIMIYHMX Ta HECHHOHIMIYHUX 3aMiH aHaJi3yBalld 3a JOMOMOTror (yHKII{
TECTYBaHHS B1IOOpY 32 OKpeMUMH KoJoHaMu riporpamu MEGAS.2.

PE3YJBbTATH TA iX OBTOBOPEHHSI

Y pe3ynbraTi TIOOAJIBHOTO BHPIBHIOBAaHHS 92 HYKICOTHIHUX TOCHIAOBHOCTEH TeHa Yl
PEKOHCTPYHOBaHO (PLIOTeHETUYHY AeHaporpamy (puc. 1).

4 Zea mays
| =i ripsacum spp.
——enl] Coix lacryma Panicoideae
—{ Sorghum bicolor
1 Setaria italica -
I :
— ——{@ Hordeum chilense
Pooideae
-« Hordeum vulgare
o Brachypodium distachyon .
Phylostachys edulis ] Bambusodae
« Oryza sativa ] Orizodae
II
—_—
0.02

Puc. 1. ®inoreHeTnvna aeHApOrpaMa 3JaKiB, IO OTPUMaHAa 3a PE3yJbTaTaMH TJIOOATHHOTO
BUPIBHIOBaHHS HYKJICOTUIHMUX TMOCHiAoBHOCTEH reHa Yl. TpukKyTHMKamMHu BigMmiueHa KiIbKICTb
MPOaHAII30BaHUX 3pPa3KiB

Bichuk 3anopizbko2o HauioHaibHO20 yHIGEPCUMENLY Ne2, 2014



10

BbyrcTpen-koncencycue nepeBo copmonano 3 500 moBTopiB. ['i1KH, 1110 BIATBOPIOBATIKCS MEHIII
HiX Y 50 % moBTOpHOCTEH, BHAAIICHO. 3pa3sKu pO3MOIUIUINCS y ABa Kiactepu. Jo kimactepy |
BBililuIK npeacTaBHUKY Kiagu Pooideae, Panicoideae ta Bombusodae, no kmacrepy 11 BBiiinum
npeacraBHuku Jsmmie onHiei kmagu Oryzodae. Kykypynmza ysiifiia B oauH cyOKiactep 3
IHIIMMU TIpeAcTaBHMKamu kiaau Panicoideae, takumu sik Tpumncakym (Tripsacum spp.),
O0ycennuk 3Buuaiinuii (Coix lacrima), copro (Sorghum bicolor) ta morap (Setaria italica).
IIpencraBuuku Pooideae ta Bombusodae yrBopwin okpemumii cyOkmacrep y kiaactepi I
Po3monin kmactepiB 30ira€Tbcs 3 CHUCTEMaTHYHHUM pO3MOALIOM TakcoHiB An update of the
Angiosperm Phylogeny Group classification for the orders and families of flowering plants:
APG IlI [14].

[TpoBoamaM BH3HAYEHHS HEHUTpadbHOCTI eBodIONii Y1 reHa B KyKypyA3u 3 BUKOPHCTAaHHSM
kputepito Tamumu. HeratuBHe 3HauenHs, mo nopiBHoe -0,036137, cBiguuTh 1po
HEHTpaNbHUI XapakTep eBOJIONIi I[bOTO TIeHa Ta, K HACHiJoK, Npo auBepcHpiKyrounii
XxapakTep. Y 3B’S3Ky 3 THM, 110 KYKYpYZA3a € OKYJbTYPEHOIO POCIMHOO, 11€ CBIAYUTH PO T€, 110
ITYy4YHHUH Bi10ip HEe OyB CKOHIIEHTPOBAaHMUM Ha TOMY a00 1HIIOMY BapiaHTi I[bOTO I'eHa.

JUis BHUBYEHHS BHYTPIIIHHOBHJIOBOTO NOJMIMOP}IZMYy KYKypyA3u 3a TeHoM Y1 mpoBeaeHo
BUpPiBHIOBaHHA Ta aHanmi3 53 3paskiB npo-MPHK Ta 53 3paskiB 3pinoi MPHK, orpumanoi npu
npoBezeHHi in Silico crutaiicinry ta BupiBHIOBaHHs 3pa3kiB npo-MPHK (puc. 2).

dinorenernuna neHaporpama 3paskiB npo-MPHK y1 rena kykypyns3u (puc. 2a) MiCTUTh BEIIUKY
KUIBKICTB KJIACTEPiB, PO3MO/LI IKHX CBIAYUTH MPO TE, IO OiIbIIa YaCTHHA MOJTIMOP(I3My B reHi
y1 mpuxoguThCS HA PETiOHM IHTPOHIB Ta He BIUMBae Ha (yHkmito ¢gepmenty. IlpucyrHicTh
BEJIMKOI KIJIBKOCTI cyOkiiactepiB y aenaporpami 3pinoi MPHK y1 rena kykypyasu (puc. 20) Ta
pi3HMI MK JqucTaHuisMu y aengporpamax npo-mPHK ta MPHK nemoncTpye HasBHICTBH
noyiiMmop¢i3My B €K30HHIM cTpykTypi reHa yl. OkpemMuM KiactepoM B 000X IeHIporpamax
Buainunucs 3pa3ku FJ971190 ta FJ971191, st skux BCTAaHOBJICHO 3CYB PaMKH 3YUTYBAaHHS.

TakoX MPOBOIWIW BHWBYCHHS CHJIM BiIOOPY IIOAO0 OKPEMHUX TPHIUIETIB, IO KOIYIOThH
amiHokuciotu (tabiu. 1). Tak, cepen 412 gocuigKyBaHUX TPUIUIECTIB JuIIe sl 26 3HAYCHHS
cunu BimOopy BiaMiHHE Bif Hyms. JlJisi TUX aMiHOKUCIOTHHUX 3alUIIKIB, JJIS SAKUX 3HAYCHHS
CUJIM BiOOpY Mayo HeraTWBHI Moka3HUKU (komoHu: 33, 38, 54, 56, 59, 61, 104, 161, 184, 241,
250, 265, 270, 272, 291, 308, 339, 341, 376), MoxKHa CTBEPAKYBaTH, 110 32 UMM MO3ULISIMU
KUIBKICTh CHHOHIMIYHHX 3aMiH MEePEBUIIY€ KiTbKICTh HECHHOHIMIYHUX, 1110 MOXKE CBITYUTH IPO
Te, 10 caMe LI MO3UIIT € KpUTUYHUMHU [ GQYHKLIOHYBaHHS (pepMeHTy (iTOIHCHHTA3H.

Jlnst mo3umii, Ui SKUX XapakTepHE MO3WTHUBHE 3HaueHHs (komoHu: 47, 52, 53, 199, 201, 256,
343), MoXHA IPUIYCTUTH, 110 BiAO1p OyB cIpsIMOBAaHMM HA MiJBUILEHHS PI3HOMAHITTS.

Fu Z. 3i cniBaBropamu [15] mpoBeneHo ¢inorenernynuii aHaniz poauau redis PSyl (y1) mpwu
JOCHIJPKeHH] 1X pI3HOMAHITTS Ta €BoJOILii. BcTaHOBIEHO BIAMOBIAHICTH HAIIMX PE3yJbTaTiB
1010 PO3IOALTY KJIACTepiB HA ACHAPOTpaMi Ta HEraTUBHOTO 3HaYeHHs D-koeodinienta Tagzumu.

bionoziuni nayxu
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Tabmuus 1— Cuna Bigbopy 3a aMiHOKUCIOTaMH, 110 CKJIaal0Th epMeHT (iTOTHCHHTAa3U

Kononu Tpurnetn Cuna Bigbopy
33 ACG -108,92
38 GCG -54,46
47 CTT 25,92
52 TGG 12,67
53 GAG 11,47
54 GCT -27,23
56 CGT -54,46
59 CCC -27,23
61 GTC -54,46
104 AGG -36,91
161 CTT -27,23
184 CTG -21,42
199 GAT 10,01
201 ATC 11,39
241 GCT -27,23
250 CCT -54,46
256 ACC 54,46
265 GTA -81,69
270 TTG -78,12
272 CTG -65,45
291 AGA -36,47
308 GAT -100,49
339 GAG -71,52
341 GGG -27,23
343 AAT 13,56
376 ACG -27,23

Otpumani pe3ynbTaTH OyAyTh BHMKOPHCTaHI JUIsI MPOBEACHHS MOJIEKYJIIPHO-TEHETUYHOIO
AocipKeHHs noiaiMopdismy Y1 rexa 3a momomororo ITJIP in vitro, mo 103BOJHTE y MEPCIEKTUBI
CTBOPUTU CHUCTEMY MOJEKYJSIPHUX MapkepiB anenbHoro crany Yl rena. Iloennanus mobopy 3a
MmoJsiekynsipaumu Mapkepamu (Marker assisted selection) 3 mpuitomamu TpaauIiiHOT CceneKii
HiABUIIUTG €(PEeKTUBHICTh CTBOPEHHS BHXIJIHOTO MaTepialy KyKypyd3W 3 II€BHUM BMICTOM
KapOTHUHOIAIB Y 3€pHI.

BUCHOBKH

dinoreHeTnyHa AeHaAporpaMa reHa y1 KyKkypya3u Ta 1HIIHUX 3JIaKOBUX POCIUH JIEMOHCTPYE Te, 1110
pO3MoAin KiacTepiB 3a Y1 reHoM y 371aKOBUX 30ira€Tbcs 3 3arajJbHONPUHHATHM CHCTEMATHUYHUM
po3nojiioM TakcoHiB 3a «An update of the Angiosperm Phylogeny Group classification for the
orders and families of flowering plants: APG III».

Hennporpamu npo-MPHK Ta 3pimoi MPHK Yyl rena kykypya3u cBiiyaThb IpO HasBHICTh
noJiMopdi3My SIK y IHTPOHHIH, Tak 1 B €K30HHIA CTPYKTYpi, aje OuIbIlIa YacTHHA MoniMopdizMy y
reHi Y1 BusiBieHa came B IHTpOHAX Ta HE BITUBAE Ha (QYHKIIIO (DEPMEHTY.

3nayenHs D xoedinienta Tam3umu AeMOHCTpYe HEHTpalbHUN AMBEpPCUDIKYIOUMH XapakTep
€BOJIIOLII] TeHa, 1110 TOBOPUTH PO Te, 110 ITYYHHUH B1AOIp He OyB HaNpaBiIeHHUI Ha IEBHI BapiaHTH.

AHani3 cuid BiZ0Opy OKpeMHX aMiHOKMCIIOTHHX 3aJIMILIKIB BUSBUB, 10 3 412 TpumieTis auime 26
mignaBanucs Binoopy. Cepen Hux numie y 19 mo3umiil KiTbKICTh CHHOHIMIYHUX 3aMiH TIEPEBHUIILYE
KUTBKICTh HECMHOHIMIYHMX, IIO CBIAYUTH MPO IX BaXJIMBICTh U1 (PYHKI[IOHYBaHHS (EpMEHTY
(biToiHCUHTA3MH.
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YK 582.751.42 : 681.151

JTUHAMIKA JJEKTUHOBOI AKTUBHOCTI XJIOPOILJIACTIB

XJIOPODIJIBHUX MYTAHTIB LINUM HUMILE MILL. MTPOTATOM

OHTOI'EHE3Y
JleBuyk I'.M.

3anopizbkuti HayioHANLHULL YHIgepcumem,
69600, Vkpaina, 3anopisxcocs, syn. Kykoscvkozo, 66

anna.levchuck@yandex.ua

Ha 490TMpbOX MYTaHTHHX JiHISIX JIbOHY OJIHHOIO 3 pi3HUM MOPQOJIOTIYHMM TMPOSBOM XJIOPOQiNbHOT
HEJOCTaTHOCTI OyB MNpOaHaNi30BaHWN pIiBEHb JIEKTUHOBOI AKTUBHOCTI JIBOX THIIB XJIOPOILJIACTiB
MPOTSrOM OHTOreHe3y. BCTaHOBIEHO, IO B MyTaHTHOTO 3pa3ka 3 PIBHOMIPHUM IPOSIBOM XJI0po(diibHOT
HepocTatHOCTi (M-28) piBeHb JIEKTHHOBOT aKTMBHOCTI 000X THIIB XJIOPOIUIACTIB € BUIUM y HOPIBHSIHHI
3 KOHTPOJIEM IMPOTATOM YCHOTO OHTOTeHe3y. Y XJIOpPO(ITBHUX MYTaHTIB 3 YaCTKOBHM IPOSBOM
xyopodineHoi HenocratHocTi (M-80, M-81 Ta M-84) Ha NMOYaTKOBHMX eTamax OHTOTEHE3y JIEKTHHOBA
aKTUBHICTh 3HAYHO HW)KYa 32 KOHTPOJBbHUI BapiaHT, a Ha CTafil LBITIHHSI — JOCTOBIPHO 301MBIIYETHCS B
JpiOHHUX XJIOPOIUIACTaX, @ Y BEJIMKHX JIOCTOBIPHO BiZl KOHTPOJIIIO HE BiJIPI3HAETHCS.

Kmiouosi cnosa: Linum humile Mill, xzopogirena nedocmamuicms, nexmunosa axmugnicmv, X10PONIACHIU,
AeKMUH-Ni2MeHMHUN KOMNIEKC.
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